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DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. It is made up of four series of handbooks:

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

The contents of each series are listed on pages iv to viii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application information is given it is advisory and does not
form part of the product specification.

Condensed data on the preferred products of Philips Electronic Components and Materials Division is
given in our Preferred Type Range catalogue (issued annually).

Information on current Data Handbooks and on how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.

February 1984
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T

T2a

T2b

T3

ET3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types

Transmitting tubes for communications, ceramic types

Klystrons, travelling-wave tubes, microwave diodes

Special Quality tubes, miscellaneous devices (will not be reprinted)
Magnetrons for microwave heating

Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Miiller tubes

Gas-filled tubes
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories

Picture tubes and components

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data
graphic display, monochrome monitor tubes for data graphic display, components for colour
television, components for black and white television and monochrome data graphic display

Photo and electron multipliers

Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron
multiplier plates

Camera tubes and accessories

Microwave semiconductors and components

Vidicons and Newvicons

Image intensifiers . . .
9 Data collations on these subjects are available now.

Infrared detectors Data Handbooks will be published in 1985.

Dry reed switches

Monochrome tubes and deflection units
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units

iv

November 1984



SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

$2b

S3

S4a

S4b

S5

S6

S7

S8

S9

S10

S11

S12

SDr:,adIﬁZignal germanium diodes, small-signal silicon diodes, voltage regulator diodes (< 1,5 W),
voltage reference diodes, tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Devices for optoelectronics

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave semiconductors (to be published in this series in 1985)
All present available in Handbook T11

Surface acoustic wave devices

November 1984
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INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks comprises:

EXISTING SERIES

IC1

IC2

IC3

IC4

IC5

IC6

IC7

IC8

IC9

IC10

IC11

Bipolar ICs for radio and audio equipment
Bipolar ICs for video equipment
ICs for digital systems in radio, audio and video equipment

Digital integrated circuits
CMOS HE4000B family

Digital integrated circuits — ECL (superseded by 1CO8N)
ECL10000 (GX family), ECL100000 (HX family), dedicated designs

Professional analogue integrated circuits

Signetics bipolar memories

Signetics analogue circuits

Signetics TTL logic (superseded by ICO9N and IC15N)
Signetics Integrated Fuse Logic (I1FL)

Microprocessors, microcomputers and peripheral circuitry

vi
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NEW SERIES

ICOIN  Radio, audio and associated systems

Bipolar, MOS

ICO2N  Video and associated systems
Bipolar, MOS

ICO3N Integrated circuits for telephony (published 1985)
Bipolar, MOS

IC0O4AN  HE4000B logic family
CMOS

ICO5N  HE4000B logic family uncased integrated circuits (published 1984)
CMOS

ICO6N  PC54/74HC/HCU/HCT logic families
HCMOS

ICO7N  PC54/74HC/HCU/HCT uncased integrated circuits
HCMOS

ICO8N 10K and 100K logic family (published 1984)
ECL

ICO9N  Logic series (published 1984)
TTL

ICION  Memories
MOS, TTL, ECL

IC11N  Linear LSI (published 1985)

IC12N  Semi-custom gate arrays & cell libraries
ISL, ECL, CMOS

IC13N  Semi-custom integrated fuse logic
IFL series 20/24/28

IC14N  Microprocessors, microcontrollers & peripherals
Bipolar, MOS

IC15N  Logic series
FAST TTL (published 1984)

Note
Books available in the new series are shown with their date of publication.

January 1985
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

C1

C2
c3
c4
C5
C6
c7
cs
c9

c10
Cc11

C12
c13
c14
C15
c16
c17
c18
c19
C20
c21

Programmable controller modules
PLC modules, PC20 modules

Television tuners, video modulators, surface acoustic wave filters
Loudspeakers

Ferroxcube potcores, square cores and cross cores

Ferroxcube for power, audio/video and accelerators
Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators,
quartz crystal cuts for temperature measurements

Connectors

Non-linear resistors
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)

Variable resistors and test switches

Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors*

Permanent magnet materials

Stepping motors and associated electronics
D.C. motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Assemblies for industrial use
HNIL FZ/30 series, NORDbits 60-, 61-, 90-series, input devices

* Film capacitors are included in Data Handbook C22 which will be published in 1985. The September
1982 edition of C15 should be retained until C22 is issued.

viii
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LINEAR LSI PRODUCTS

PREFACE

—_———

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

Employing Signetics’ high quality processing and screening standards, the Linear LSI
Division is dedicated to providing high quality Linear products to our worldwide customers.
Our full product iine 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.

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

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

Your suggestions for improvement in future editions are welcome.

Signetics Linear LS| Marketing

ix



DEFINITION OF TERMS

Data Sheet Identification

Product Status

Definition

Formative or
In Design

This data sheet contains the design
specifications for product develop-
ment. Specifications may change in
any manner without notice.

Advance.information

Sampling or
Pre-Production

This data sheet contains advance
information and specifications are
subject to change without notice.

Preliminar

First
Production

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

No

Identification
Noted

Full
Production

This data sheet contains final
specifications. Signetics reserves
the right to make changes at any
time without notice in order to im-
prove design and supply the best
possible product.
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CROSS REFERENCE BY PART NUMBER

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
DAC 08 PMI DACOBE, N ULN  2003A SPRAGUE, TI ULN2003
DAC  0B0OLCN NSC MC1408-8N ULN  2004A SPRAGUE, TI ULN2004
AMDAC 08 AMD DACO8C, E M 21 AMD, MOTO, NSC, Ti LM211
LMDAC 08 NSC DAC08 A 211 FSC LM211
LM 1011/1111 NSC NE645/646 LM 219 AMD, NSC LM219
LF 111 NSC LM111 LM 224 MOTO, NSC, TI LM224
LM 111 AMD, MOTO, NSG, I LM111 LM 239 T LM239
WA 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, i LM124 LM 258 MOTO, NSC, TI LM258
WA 124 FSC LMi24 LM 2001 MOTO, NSC, Ti LM2901
LM 13600 NSC LM13600 WA 2901 FSC LM2901
LM 13600A NSC LM13600A LM 2003 NSC, TI LM2903
LM 139 AMD, NSC, Ti LM139 WA 2003 FSC LM 2903
WA 139 FsC LM139 LM 2904 NSC SA532
DAC 1408 PMI MC1408 LM 293 NSC, I LM293
LM 1408 NSC MC1408 LM 3089 NSC CA3089
SSS  1408A AMD MC1408-7 TCA 3089 SPRAGUE CA3089
DAC 14087 PMI MC1408-7 LM 311 AMD, INTERSIL, MOTO,NSC, Tl  LM311
MC 14087 MOTO MC1408-7 TL 311 Tl LM311
MC 14088 MOTO MC1408-8 WA 31 FSC LM311
MC 1413 MOTO ULN2003 WPC 311 NEC LM311
MC 1416 MOTO ULN2004 LM 319 AMD, NSC LM319
MC 1455 MOTO NES55 LM 324 INTERSIL, MOTO,NSC,TI  LM324
AM 1458 AMD MC1458 WA 324 FSC LM324
LM 1458 NSC MC1458 WP C324 NEC LM324
MC 1458 MOTO, Ti MC1458 MC 3302 MOTO MC3302
WA 1458 FSC MC1458 MC 3303 MOTO, Ti MC3303
WPC 1458 NEC MC1458 WA 3303 FSC MC3303
DS 1488 NSC MC1488 ULN 3304 SPRAGUE NE555
MC 1488 MOTO, TI MC1488 LM 339/A MOTO, NSC, i LM339/A
WA 1488 FSC MC1488 WA 339/A FSC LM339/A
DS 1489/A NSC MC1489/A uP G339 NEC LM339
MC  1489/A MOTO MC1489/A MC 3403 MOTO MC3403
A 1480/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 15088 AMD MC1508-8 LM 3524 NSC $G3524
LM 15088 NSC MC1508-8 SG 3524 TI $G3524
MC 15088 MOTO MC15088 LM 358 MOTO, NSC, Ti LM358
LM 158 NSC MC1558 uPGC 358 NEC LM358
MC 1558 MOTO, Ti MC1558 LM 361 NSC NE529
PM 1558 PMI MC1558 LM 387 NSC NES42
WA 1558 FSC MC1558 LM 393/A NSC, Ti LM393/A
LM 158 MOTO, NSC, Ti LM158 WPC 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 WAT23/C uPC 4558 NEC NE4558
MC 1733 MOTO yA733 RC 4558 T NE4558
MC 1747/C MOTO WATATIC TL 494 MOTO, i NES5561
LM 1870 NSC LM1870 WA 494 FSC NE5561
LM 193 NSC, Ti LM193 SN 5520 Tl NE5520
WA 193 FSC LM139 NE 5532/A T NES5532/A




LINEAR LSI PRODUCTS

CROSS REFERENCE BY PART NUMBER Continued

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
SE/NE  5534/A Tl SE/NES5534/A LM 733 NSC WA733
NE 555 INTERSIL, MOTO, Ti NES55 wA 733/C INTERSIL, FSC, T uAT733/C
LM 555/C NSC NES555 ICL 741 INTERSIL uA741C
A 555 FSC NES555 LM 741 MOTO, NSC uA741
LM 556 NSC NES556 PM 741/C PMI uA741/C
NE 556 INTERSIL, MOTO, TI NE556 uPC 741 NEC uA741
uA 556 FSC NE556 uA 741 FSC, Tl HATA1
uPC 558 NEC NE558 SSS 741 AMD uA741
LM 565 MOTO, NSC NE565 LM 747 NSC uA747
LM 566 NSC NES66 PM 747/C PMI WAT47C
uPC 566 NEC NE566 SSS 747 AMD uA747
LM 567 NSC NES67 WA 747 FSC, MOTO, TI uAT747
NE 592 MOTO NE5S92 LM 748 NSC uAT748
TL 594 TI NE594 WA 748 FSC, Ti uAT748
AM 6012 AMD AM6012 wA 758 MOTO, NSC uA758
uPC 6012 NEC AM6012 ULN 8160 SPRAGUE NE5560
UDN 6116-2 SPRAGUE SA594 ULN 8161 SPRAGUE NES561
UDN 6128 SPRAGUE NES94 SN 7588 Tl MC1488
LM 723/C MOTO, NSC wAT23/C SN 7589/A Tl MC1489/A
uA 723 INTERSIL, FSC, Ti uAT23 SN 76889 it CAzCee
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LINEAR LSI PRODUCTS

CROSS REFERENCE BY COMPANY

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 LM 119 MC 1458  MC 1458 LM 239 LM 239 ULN 2151 WA 741
LM 139 LM 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
LM 311 LM 311 MC 1489A  MC 1489A LM 2903 LM 2903 ULN 8161 NE 5561
LM 319 M MC 1508  MC 1508 LM 2904  SA 532
LM 319 T SIGNETICS
SSS 1408A  MC 1408 MC 1558  MC 1558 LM 293 LM 293
SSS 1508A  MC 1508 MC 1596  MC 1596 LM 3089  CA 3089 LF 398 LF 398
SSS 741 A 741 MC 1723 A 723 LM 311 LM 311 LM 111 M 111
SSS 747 WA 747 MC 1723C  pA 723C LM 319 LM 319 LM 124 LM 124
MC 1733 A 733 LM 324 LM 324 LM 139 LM 139
FAIRCHILD SIGNETICS LM 1458 MC 1458
MC 1747  pA 747 LM 339 LM 339
pA 111 LM 111 MC 1747C  pA 747C LM 3524 SG 3524 LM 158 LM 158
BA 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
A 1458 MC 1458 MC 3403 MC 3403 LM 387 NE 542 LM 224 LM 224
WA 1488 MC 1488 LM 239 LM 239
MC 3410 MC 3410 LM 393 LM 393
A 1558 MC 1558 MC 3456  NE 556 MC 555 NE 555 LM 258 LM 258
wA 193 LM 193 MC 3503  MC 3503 LM 555C  NE 555 LM 2901 LM 2501
WA 2901 LM 2901 MC 3510 MG 3510 LM 556 NE 556 LM 2903 LM 2903
WA 2903 LM 2903 NE 555 NE 555 LM 565 NE 565 LM 293 LM 293
WA 301A LM 301A e e LM 311 LM 311
WA 311 LM 311 NE 556 NE 556
WA 324 LM 324 NE 565 ME 565 LM 567 NE 567 tx gg; tm gg;
nA 3303 MC 3303 NE 592 NE 592 LM 723 pA 723 M 358 LM 358
nA 339 LM 339 SE 592 SE 592 tx ;i? u: ;i? M 393 LM 393
HA 398 LF 298 TL 404 NE 5581 “ LM 1458 MC 1458
A 494 NE 5561 WA 723 WA 723 LM 747 A 747
n A 741 A 741 LM 748 WA 748 MC 1558 MC 1558
wA 555 NE 555 i n NE 5532  NE 5532
pA 556 NE 556 A 747 wA 747C LMDAC 08 DAC 08 NE 5532A  NE 5532A
WA 723 WA 723 A 758 KA 758/A HA 758 nA 758/A NE 5534  NE 5534
uA 733 nA 733 NATIONAL SIGNETICS! NEC SIGNETICS NE 5534A  NE 5534A
wA 71 wATAY DAC 0800-  DAC OBEN WPC 1458 MC 1458 NE 555  NE 555
rA 747 A 747 LCN WPC 1555  NE 555 NE 556 NE 556
wA 748 A 748 wPC 311 LM 311 RC 4558 NE 4558
wA 758 A 758 DAC 0807 - .MC 1408-7 WPC 324 LM 324 SE 5534  SE 5534
pAFITT LM DAC 0808 MG 14068 wPC 339 LM339 SE 5534A  SE 5534A
I TRRTYEYT DAC 0808CN MC 1408-8N
“ DAC 0808LD MC 1508 uPC 358 LM 358 SE 555 SE 555
rA Fa11 LM 311 DS 1488 MC 1488 uPC 393 LM 393 SE 556 SE 556
INTERSI IGNET wPC 398 LF 398/ SG 3524  SG 3524
NTERSIL _ SIGNETICS DS 1489 MC 1489 NE 5537 SN 5520  NE 5520
'LC; ;41 m 2410 t'; ‘211 m 12}: wPC 4558  NE 4558 SN 7588 MC 1488
" " PC 558 NE 558
LM 324 LM 324 LF 311 LM 311 s 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 :?H NE 645/646 uPC 741 WA 741C TL 494 NE 5561
u\’a 1; Lm 111 LM 111 LM 111 PMI SIGNETICS TL 594 NE 594
LM 124 LM 124 M 119 LM 119 pA 723 A 723
LM 139 LM 139 LM 124 (M124 o et WA 733 uA733 |
LM 158 LM 158 M 13600 LM 13600 DAC 08 DAC 08C.E A 741 WA 741
LM 211 LM 211 DAC 1408A  MC 1408 WA 747 WA 747
LM 13700  NE 5517 DAC 312 AM 6012
::x ggg ":m 323 LM 139 LM 139 OP 220 LM 358 wA 748 A 748
3 LM 1408 MC 1408 ULN 2003A  ULN 2003
LM 258 LM 258 M 1458 MO 1458 PM 1558  MC 1558 ULN 2004A  ULN 2004
LM 2901 LM 2901 LM 1496 MC 1496 PM 239°A LM 239A
LM 311 LM 311 PM 741C wA 741C
LM 1508  MC 1508 PM 747C A 747C
LM 324 LM 324 LM 1558  MC 1558
LM 339 LM 339 M 158 LM 158
LM 358 LM 358 LM 1596  MC 1596
LM 565 NE 565 M 161 SE 509

LM 723C  uA 723C




LINEAR LS| PRODUCTS

APPLICATIONS BY PART NUMBER

DAC 08 AN106: Using the DAC 08 without a Negative Supply
MC 1488/1489 AN113: Applications Using the MC1488/1489 Line Drivers and Receivers
MC 1496/1596 AN189: Balanced Modulator/Demodulator Applications Using the MC1496/MC1596
MC 3403 AN160: Applications for the MC3403
SG 3524 AN126: Applications Using the SG3524
NE 5080/5081 AN195: Applications Using the NE5080, NE5081
NE 521 AN116: Applications for the NE521/522/527/529
NE 522 AN116: Applications for the NE521/522/527/529
NE 527 AN116: Applications for the NE521/522/527/529
NE 529 AN116: Applications for the NE521/522/527/529
NE 531 AN151: Applications for the NE531
NE 538 AN150: Applications for the NE538
NE 542 AN190: Applications of Low Noise Stereo Amplifiers: NE542
NE 544 AN133: Applications Using the NE544 Servo Amplifier
NE 555 AN170: NE555 and NE556 Applications
NE 556 AN170: NES555 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
uwA 758 AN191: Stereo Decoder Applications Using the uA758
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INTERFACE
Data Conversion
AN100 An Overview of Data Converters
AN101 Basic DACs
AN105 Digital Attenuator
AN106 Using the DAC-08 without a Negative Supply
AN109 Microprocessor Compatible DACs
Drivers
AN112 LED Decoder Drivers: Using the NE587 and NE589
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers
Comparators
AN116 Applications for the NE521/522/527/529
Signal Conditioner
AN118 LVDT Signai Conditioner: Applications Using the NE5520
COMMUNICATIONS
Timers
AN170 NES555 and NE556 Applications
AN171 NES558 Applications
Phase Locked Loops
AN177 An Overview of Phase Locked Loops (PLL)
AN178 Modeling the PLL
AN179 Circuit Description of the NE564
AN180 The NE564: Frequency Synthesis
AN181 A 6MHz FSK Converter Design Example for the NE564
AN182 Clock Regenerator with Crystal Controlled Phase Locked VCO
AN183 Circuit Description of the NE565
AN184 FSK Demodulator with NE565
AN185 Circuit Description of the NE566
AN186 Waveform Generators
AN187 Circuit Description of the NE567 Tone Decoder
AN188 Selected Circuits Using the NE567
AN189 Balanced Modulator/Demodulator Applications Using the MC1496/MC1596
AN190 Applications of Low Noise Stereo Amplifiers: NE542
AN191 Stereo Decoder Applications Using the pA758
Compandors
AN174 Applications for Compandors: NE570/571/SA571
AN175 Automatic Level Control: NE572
AN176 Compandor Cookbook
FSK Modems
AN195 Applications Using the NE5080, NE5081
AMPLIFIERS
Operational Amplifiers
AN165 Integrated Operational Amplifier Theory
AN166 Basic Feedback Theory
AN142 Audio Circuits Using the NE5532/33/34
AN143 Applications Using the SE/NE5535
AN150 Applications for the NE538
AN151 Applications for the NES31
AN160 Applications for the MC3403
AN144 Applications for the NE5512 and NE5514
AN145 NES517: General Description and Applications for Use with the NE5517/A
Transconductance Amplifier
AN164 Explanation of Noise
Video Amplitiers
AN141 Using the NE592/5592 Video Amplifier
AN140 Compensation Techniques for Use with the SE/NE5539

B
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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 NES560 Push-Pull Regulator Application
AN123 NE5561 Applications
AN124 External Synchronization for the NE5561
AN126 Applications Using the SG3524

Control Circuits
AN131 Applications Using the NES044 Encoder
AN132 Applications Using the NE5045 Decoder
AN133 Applications Using the NE544 Servo Amplifier
AN134 Computer Controlled Robotics Applications
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LINEAR LS| DEVICES CURRENTLY
AVAILABLE IN $.0. PACKAGE

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

3DAC-08E
3LF398
LM1870D
LM311
LM319
LM324
LM339
LM358
LM393
3MC1408-8
MC1458
MC1488
MC1489
MC1489A
MC3302
MC3403
NE4558
2NE5018
3NES5036
NE5037
NE5044
NE5045
'NES090
NES21
NE522
NE527
NE529
NE532
3NES512
2NES514
NE5517
'NE5520
'NE5532
NE5534A
NE5534
3NE5537
NES539

NOTES:

SO-16
SOL-14
SOL-20
SO-8
S0-14
S0-14
SO-14
SO-8
SO-8
SO-16
S0-8
S0-14
SO-14
SO-14
SO-14
SO-14
SO-8
SOL-24
SO-14
SO-16
SO-16
SO-16
SOL-16
SO-14
SO-14
SO-14
SO-14
SO-8
SO-8
SOL-16
S0O-16
SOL-18
SOL-18
SO-8
SO-8
§0-14
SO-14

1. SOL released in large SO package only.

2. SOL and non-standard pinout.
3. SO and non-standard pinout.

NES555
NES56
NES5560
NES5561
NE5568
'NE558
NE5592
NE564
3NE565
NES66
NE567
'NE571
NES§72
2NE587
2NE589
NES92
NES92
NES92H
NE592H
'NE594
NE602
NE604
'NE660
SAS71
SA572
SA602
SA604
SG3524
uA723C
pA741C
wA747C
ULN2003
ULN2004

SO-8
S0-14
S0-16
SO-8
S0-8
SOL-16
SO-14
SO-16
SO-14
SO-8
SO-8
SOL-16
S0-16
SOL-20
SOL-20
S0-8
SO-14
SO-8
SO-14
SOL-20
S0-8
S0-16
SOL-20
S0-16
SO-16
SO-8
S0-16
SO-16
SO-14
SO-8
SO-14
SO-16
S0-16
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LINEAR LSI PRODUCTS

ORDERING INFORMATION

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

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

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

A complete listing is located in the back of this | NE5537N LF398 LIN Sample & Hold Amp
manual. TTT e Ee— B
Minimum Factory Order: L——» Description of

i n
Commercial Product: Product Functio

$1000 per order
$250 per line item per order

Military Product:
$250 per line item per order

LIN Anaiog Products

‘——Product Famil
rocuct Famiy 1 miL Miliwary Products

Table 1 provides part number information
concerning Signetics originated products.

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

—» Package Descriptions —See Table 2

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

operating temperature range by the appropri-

e profix. It should be (”_":’;; g;’;”‘i"f;s'fg; Table 2 PACKAGE DESCRIPTIONS Table 3 SIGNETICS PREFIX AND
devices - P ; DEVICE TEMPERATURE
indicates only its operating temperature PACKAGE
range g'nd not its fnilit.ary qualification status. old | New DESCRIPTION PREFIX DEVICE ;ingEERATURE
The military qualification status of any Linear
LS! product can be determined by either | AAA | N | fd-lead plastic DIL N 0°to +70°C
looking in the Military Section in this manual | A N-14 L“"j“ad F"a;"c DIL ‘Fe'ec'ed S —-55°to +125°C
and/or contacting your local sales office. nalog products only) NE 0°to +70°C
BBA | N 16-lead plastic DIL
- o] Micrecini:i::u;: package (SO) SE -55°to +125°C
F F 14,16, 18, 22 and 24-lead SA -40° to +85°C
ceramic (Cerdip) DIL
1IK [ 14, 16, 18, 22, 28 and 4-lead
ceramic DIL Table 4 INDUSTRY STANDARD PREFIX
K H 10-lead TO-10G ;
L H 10-lead high-profile TO-100 PREFIX DEVICE FAMILY
can AM Linear Industry Standard
NANX| N 24-lead plastic DIL i
QR Q 10, 14, 16 and 24-lead CA L!near Industry Standard
ceramic flat DAC Linear Industry Standard
TTA | H 8-lead TO-99 JB Mil Rel—Jan Qualified—
3 : ﬁ':;:;asl‘i:s tPc"g‘I’i Old Designator
- i ) .
XA N 18-lead plastic DIL JM Mil Rel—Jan Qualified—
XC N 20-lead plastic DIL New Designator
XC N 22-lead plastic DIL LF Linear Industry Standard
XLXF| N 28-lead plastic DIL LM Linear Industry Standard
M Mil Rel—Jan Processed
MC Linear Industry Standard
NE Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
uA Linear Industry Standard
ULN Linear Industry Standard
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LINEAR LSI PRODUCTS

'QUALITY AND R

QUALITY AND RELIABILITY
Quality and rellability are two important
measures of a product’s merit. Quality is a
measure of an integrated circult’'s con-
formance to agreed-upon criteria at a
glven time, while Reliabllity Is a measure
of the circult'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 abllity of
the circuit to meet the specified electrical
criterla and external visual appearance.
Linear LS! Division focuses on supplying
to the user a preduct that has a high pro-
bability of meeting the user's needs
through the sampling plans defined in
MIL-STD-105D and the quality levels
(AQL's) stated in Table Il. Many of the in-
spection methods at critical process
steps are now based on MIL-STD-883
criteria in order to build, rather than test,
quality into the product.

Reliability

System performance over a period of time
Is the user's measure of an integrated cir-
cuit’s reliability. The SUPR Il Program im-
proves system reliability by building quality
into the product via additional manufac-
turing inspections and the offering of a
burn-in screen. In addition to the SUPR Il
Program, Signetice 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.

e

ELIABILITY

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 fallures 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 circult quality from the supplier
means a lower cost of ownership. This
cost saving can be effected through the
reduction or elimination of involved In-
coming inspection testing, reduced PC
board rework, simplified system checkout,
reduced In-line inventories, and less com-
plicated part tracking by Purchasing
Management.

The SUPR Il Program is Corporate in
scope and covers Logic (Standard TTL,
Schottky TTL, Low Power Schottky TTL,
ECL, 8T Interface), Analog (Industrial, Con-

ASSEMBLY
RELATED
DEFECTS

FABRICATION
RELATED
DEFECTS

FAILURE ANALYSIS
DATA SUMMARY

TEST
RELATED
DEFECTS

ELECTRICAL

OVERSTRESS
25%

Figure 1

AQL LEVELS ON FUNCTIONALITY
VERSUS BOARD REWORK RATES

sumer, Interface), Bipolar Memories
(RAMs, ROMs, PROMs), and MOS %
Memories (RAMs, ROMSs, Shift Registers).
All package options are also available. 8o
%]
The SUPR Il flow is detailed in Figure 5,in- | § ™ /’1.0% Ao
cluding the test methods and Quality ac- i e OLSTRY STANDARD,
ceptance levels (Table 2 provides the elec- § 0 /
trical/mechanical finished product AQLs). g /
Highlights of the flow are visual inspec- & P
tions, hermeticity, and burn-in, all based £ W ,/ i
on MIL-STD-883 criteria. £ L A e
A good example of the savings which can I S
be achieved by purchasing tighter inspec- I 10% AQL
tion levels is given in Figure 2. Here we are ° 0 0 s 8 100 120
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

2-3
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QUALITY AND RELIABILITY

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 Il Level B
effectively allows the system manufacturer
to ship his equipment at Point 3 on the fail-
ure rate curve in Figure 3.

Burn-In Conditions

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

RELATIVE FAILURE RATE VERSUS TIME

SUPR Il

/ LEVEL A

RELATIVE FAILURE RATE

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

INFANT
MORTALITY
PHASE

WEAR

PHASE

)

Figure 3

ed toward generating MTBF data for the
system designer.

Integrated Burn-in 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 LS! 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 5% 8~ %ccls
(CERAMIC/METAL CANS ONLY) GROSS LEAK 0.4 1000
(Combined)

2-4

Table 2 SUPR Il AQL GUARANTEE

BURN-IN FLOW

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

and B.
A2

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

L2

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

U

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

Figure 4

SURE 1ii/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
SUREIII/883B Program continues to incor-
porate additional environmental tests to
fulfill the need for special reliability
assurance of plastic products.

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

SUPR Il PROCESS FLOW

WAFER
FABRICATION
AND TEST

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

DIE ATTACH
WIRE BOND

Q-

HERMETIC
SEAL

]

PLASTIC
ENCAPSULATION

This process control reveals manufacturing defects such as
contact and oxide step coverage in the metalization process
which may result in early failures.

DIE SORT VISUAL ACCEPTANCE

Criteria based on MIL-STD-883, Method 2010, Condition B, are
employed to detect defects caused during fabrication, wafer
testing, or the mechanical scribe and break operation. Critical
defects such as scratches, smears, and glassivated bonding
pads are inspected to a 1% AQL. Lot acceptance for noncriti-

cal defects is to a 4% AQL.
\ PRE-SEAL VISUAL ACCEPTANCE

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

/ and help eliminate marginal devices. It also ensures an opti-

e

100%
ELECTRICAL

Il

OUTGOING QUALITY

SHIPMENT

CONTROL
QA GUARANTEES

mum plastic seal to enhance moisture resistance.

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.

TEST \ 100% PRODUCTION ELECTRICAL TESTING

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

A final QA ir ion step gt the and
electrical AQUs of Tabie II. Every shipment is sealed and identi-
fied by QA personnel.

Figure 5§
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MILITARY PRODUCTS/
PROCESS LEVELS

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

Fully compliant 883B flows on all products.

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

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

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

ing options available
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-
2170D.

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 Signetics’ qualified products will
change periodically, you may wish to contact
your nearest Signetics’ Sales Office or refer
to the Products Qualified under Military
Specification from DESC for our current
update.

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

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

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

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:

* 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.

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

parameters for Groups C and D are the

Group A subgroups 1, 2, and 3.

Quality Level B-2 (rq =

NOTE: This category of part conforms to
6.5 of MIL-HDBK-

Quality conformance endpoint electrical  Copies of generic data, Groups A, B, Cand ~ 217D.
D, may be ordered by customers at a
nominal charge.
PROCESS LEVEL PRE-CAP FUNCTIONAL DC/AC DC
AND MARKING VISUAL BURN IN TEST @25° C @ TEMP apL OFFSHORE
Js/uB 2010, Cond. B Yes 100% 100% 100% Yes No
JM38510XXXXX
RB 2010, Cond. B Yes 100% 100% 100% No Yes
SXXXX883B

3-4

JAN Class S Product Inventory

@,
Q

QO

O
5D

o

Wafer Lot Acceptance
(Includes SEM and GSl)

The Signetics’' JAN Class S inventory pro-
gram will reduce delivery time and shipment
delmquencnea As connnumg orders from
S are pr d to this specifi
tion, inventories will be blished

ed for

Wafer Lot
~ 24 Wafers

# Wafers Required for
Purchase Order

Ship

+Inventory Overbuild

Wafer Bank:
10r 2 Wafers

products in the form of pre-qualified wafers
and finished parts. As the program matures,
this will allow immediate delivery of JAN
Class S parts.

(Wafer Lot Accepted)

Purchase Order

Balance to
Finished
Goods Inventory

———

Balance to Support JAN Class “B” Production

. Marketin, Order Water Product
Contractor Field Sales Rcviowg Entry/Audit | Fabrication [—1 Assembly |
« Agency ¢+ Agency
Certification Certification
« Wafer Lot Accep- * Tightened Lot
Jan Class S Product Flow tance (GSI) Control (Ref:
* Baseline Flow Class B)

« Traceability to * Wirebond and Die

Silicon Sheer Monitor
* Condition “A" Pre-
cap (GSI)
* 100% Non-
Destructive Bond
Pull
’ Product JAN Qual Qual
Screening *| JAN Group A Holding Pass Ship (GSI)
+ PIND Testing M2020
* Read and Record on
Extended Burn-in Qual Test
(240 Hours) Sample (GSI)
* Tightened PDA's
(Ref: Class B)

« Catastrophic Failure
Analysis Requirements
* GSI
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PROCESSING LEVELS
DESCRIPTION OF MIL-M-38510 AND MIL-STD-883 JAN
REQUIREMENTS REQUIREMENTS, METHODS AND REQUIRE- CLASS QUALIFIED 8838
AND SCREENS TEST CONDITIONS MENT 8 (¥8) (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 manutfacturer survey by the qualifying activ-
ance Program |ity, Para. 3.4.1.1
B. Manufacturer's
Certification
2. Certitication Received after manutfacturer 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 deviceto groups A, B, C & D of method
5005, Para. 3.4.1.2
4, Traceability Traceabllity maintained back to a production lot —_ X X X
Para. 3.4.6
5. Country of Origin | Devices must be manufactured, assembied, 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. AorB (5.0 x 10‘°CCISec) 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

o]
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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).

3-6

Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (Cont'd)
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LINEAR DEVICES

DEVICE PTI PACKAGE JAN M—38510
ekl DIP DEVICE SLASH SHEET PKG | QUAL STATUS
OPERATIONAL AMPLIFIERS SES55 10903BCB F QPL 1
LH2101A Dual Op Amp F SE555 10903BPB FE QPL 1
LM101A Hi Perf Op Amp FFE SE556-1 10902BCB F QPL 1
LM124 Quad Op Amp F LH2101A 10105BEB F QPL 1
SE5532 Dual Op Amp FE LM101A 101038CB F QPL 1
SE5532A Dual Op Amp FE LM101A 101038PB FE QPL1
SE5534 Low Noise Op Amp FE
SE5534A Low Noise Op Amp FE
SES537 Sample and Hold Amp FE
SES5539 High Freq Op Amp F
COMPARATORS
SES521 Dual Differentiai Comparator F
SES527 Voltage Comparator F
SE529 Voltage Comparator F
LM139/A Quad Voltage Comparator F
DIFFERENTIAL AMPLIFIERS
SE592 Video Amplifier F
wA733 Video Amplifier F
PHASE LOCKED LOOPS
SES567 Tone Decoder PLL F
TIMERS
SE555 Timer F, FE
SES556 Dual Timer F
D to A CONVERTERS
SE5018 8-Bit uP-Comp DAC F
SMPS CONTROL CIRCUITS
SES5560 SMPS Controller F

3-7
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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 it with the
least weight.

Missing Code -

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

Monotonicity
A DAC is monotonic if its output either increases or remains the same

when the input code is incremented from any code to the next higher
code.

Most Significant Bit (MSB)

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

Offset Error

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

Output Voltage Compliance

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

Power Supply Sensitivity

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

Quantizing Error

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

Relative Accuracy
Relative Accuracy is a measure of the difference of the theoretical

output value with a given input after any offset and gain errors have
been nulled out.

Resolution

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

Setting Time

Setting Time is the delay in a DAC from the 50 percent point on the
change in the input digital code to the effected change in the output
signal. It is expressed in terms of how long it takes the output to settle
to and remain within a certain error band around the final value ard 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 | OUTPUT | e | T, PACKAGE TEMPERATURE RANGE
DEVICE | BITS | ACC.% | (s |V | | | REF [LATCH| N [ F Com'l. Mil COMMENTS
MC1408-7 8 0.38 0.07 X X X
MC1408-8 8 0.19 0.07 X X X X X
MC1508-8 8 0.19 0.07 X X X
DACO08 8 0.19 0.07 X X X
DACOBA 8 0.10 0.07 X X X
DAC08C 8 0.39 0.07 X X X X
DACO8E 8 0.19 0.07 X X X X X
DACOBH 8 0.10 0.07 X X X X
NE5018 8 0.19 02 | X X X X X X
SE5018 8 0.19 02 [ X X X X X
NE5019 8 0.10 02 | X X X X X X
SE5019 8 0.10 02 [ X X X X
NE5118 8 0.19 2.3 X X X X X X
SE5118 8 0.19 2.3 X X X X X
NE5119 8 0.10 2.3 x| X X X X X
SE5119 8 0.10 2.3 X X X X X
NE5020 10 0.10 50 | X X X X X X
NE5410 10 0.05 0.25 X X X +Y LSB DNL
SE5410 10 0.05 0.25 X X X +Y LSB DNL
MC3410 10 0.05 0.25 X X X +% LSB DNL
MC3510 10 0.05 0.25 X X X +% LSB DNL
AMB012 12 0.05 0.25 X X X +1 LSB DNL
TDA1540D | 14 0.012 0.5 X | X X X X Serlal Input
=% LSB DNL
A/D CONVERTERS
CONV. | |NpPUT THREE- PACKAGE TEM;E"}QE““
SPEED STATE INT. INT.
DEVICE BITS | ACC.% (u8) v | 1 | ourtpur 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 x'
ADC0802-1 8 0.19 73 X X X X x!
ADC0803-1 8 0.19 73 X X X X X!
" ADC0804-1 8 0.39 73 X X X X x'
ADC0805-1 8 0.39 73 X X X X X x!
Note:

1. Automotive temperature range: —-40 to +85°C
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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

Compatible with most microprocessors
Differential inputs

Three-state outputs

Logic levels TTL and MOS compatible
Can be used with internal or external
clock

Analog input range 0V to Ve

Single 5V supply

e Guaranteed specification with 1MHz
clock

APPLICATIONS

Transducer to microprocessor interface
Digital thermometer

Digitally-controlied thermostat
Microprocessor-based monitoring and
control systems

PIN CONFIGURATION

F,N PACKAGE

&5 [
75 [2]
wr 2]
cLk N [4]
TR [5]
vin(+) [€]
vin-) [7]
aanop [8]
Vrer2 [2]
D GND [10]

TOP VIEW

ORDER NUMBERS
ADCO0801/02-1F
ADC0801/02/03-1 LCF
ADC081/02/03/04/05-1 LCN

ADC0804-1 CN

SYMBOL & PARAMETER RATING UNIT
Vee Supply Voltage 6.5 v
Logic Control Input Voltages -0.3to + 16 \
-0.3 to
All Other Input Voltages (Voo +0.3) Vv
Ta Operating Temperature Range _ +12 o
ADC0801/02-1 F 5510 +125 c
ADC0801/02/03-1 LCF -40to +85 °C
ADC0801/02/03/04/05-1 LCN —40 to +85 °C
ADC0804-1 CN 0to +70 °C
Tste  Storage Temperature —-65to +150 °C
Tsop Lead Soidering Temperature o
(10 seconds) 300 c
Pp Package Power Dissipation at T, = 25°C 875 mwW




LINEAR LSI PRODUCTS

CMOS 8-BIT A/D CONVERTERS ADC0804/2/3/4/5-1

BLOCK DIAGRAMS

Vin

9
VRer2 O

LADDER AND
8 DECODER
GND, o o
L

AUTO ZERO
COMPARATOR

'|}———<

EE— D7
+8Y Vee .22 E“O (MsB) 11
—40 12
2o 13
OUTPUT O 14
LATCHES D3] o 15
D2 16
SAR -0—1 hs
"?—O'P"O (LSB) 18
GND, O
- ] I T Tor
W& oY
8-BIT
SHIFT REGISTER CLOCK

ll'.—

INTR

&5 oY L
S
FF

Dt -

CLKIN CLKR

150pF
s AAA
r

L
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LINEAR LSI PRODUCTS

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

Preliminary

DC ELECTRICAL CHARACTERISTICS V(¢ = 5.0V, fg «x = 1MHz, Tpin<Ta<Tyax, unless otherwise specified.

ADC0801/2/3/4/5

SYMBOL & PARAMETER TEST CONDITIONS UNIT
Min Typ Max

QSIca:t(i)\?g 1Accuracy Error (Adjusted) Full Scale Adjusted 0.25 LS8
Qggg\?g iccuracy Error (Unadjusted) XZFEF = 2:500 Voo 0-50 LS8
leca::i)\?g ?‘\ccuracy Error (Adjusted) Full Scale Adjusted 0.50 LS8
legg\?g 1ccuracy Error (Unadjusted) V—:F;F = 2500 Voo ! LS8
gzgg\?giccuracy Error (Unadjusted) VZEF = has no connection ! LS8
YS—EF 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

VCC =5V = 10%'

CONTROL INPUTS

Viy  Logical “1” Input Voltage Voo = 5.25Vpe 2.0 15 Voc
Vi Logical “0” Input Voltage Vee = 4.75Vpe 0.8 Voe
Iy Logical “1” Input Current Vin = 5Vpo 0.005 1 wApc
m Logical “0” Input Current Vin = OVpe -1 —-0.005 wApc
CLOCK IN AND CLOCK R
V;+ Clk In Positive-Going Threshold Voltage 2.7 3.1 3.5 Voc
Vr— Clk In Negative-Going Threshold Voltage 1.5 1.8 2.1 Voe
Vi g/'::;‘ fy(f,‘:js's 06 13 | 20 | Voo
VoL Logical “0” Clk R Output Voltage loL = 360pA, Voo = 4.75 Vpo 0.4 Voc
Vou Logical “1” Clk R Output Voltage lon = —360uA, Voo = 4.75 Vpe 2.4 Vpe
DATA OUTPUT AND INTR
VoL Logical “0” Output Voltage

Data Outputs lo. = 1.6mA, Voo = 4.75 Vo 0.4 Voc

iNTR Outputs loL = 1.0mA, Ve = 4.75 Vo 0.4 Voo
Von Logical “1” Output Voltage loy = —360pA, Voo = 4.75 Vpe 24 Vpe

low = —10pA, Voo = 4.75 Vpe 45 Voc

loz.  3-State Output Leakage Vour = OVp, CS = Logical “1” -3 rApc
loz4  3-State Output Leakage Vour = 5Vpc, CS= Logical “1” 3 pApc
Isc  + Output Short Circuit Current Vout = Oy, Ty = 25°C 45 6 mApc
Isc  — Output Short Circuit Current Vour = Veo, Ta = 25°C 9.0 16 mApg
lcc Power Supply Current fouk =1MHz, Vagr2 = Open 3.0 35 mA

CS = Logical “1", T, = 25°C

NOTE:
1. Analog inputs must remain within the range: —0.05 < Vjy < Vg + 0.05V.
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LINEAR LSI PRODUCTS

AC ELECTRICAL CHARACTERISTICS
D 1/2/3/4/!
SYMBOL & PARAMETER TO FROM TEST CONDITIONS ADCOsM2/3/4'8 UNIT
Min Typ Max

Conversion Time fok = 1MHz! 66 73 ws
foik 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, fo ik = 1MHz
CR i _— /s

Rate iNTR Tied To WR 13690 | convis
twawrL  Start Pulse Width | TS=0 30 ns
tacc Access Time | Output RD CS =0, C_ = 100 pF 75 100 ns
tins ton . == CL = 10 pF, RL = 10K

Three-State Control Output RD See Three-State Test Circuit 70 100 ns
twi tr1 R 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 PR

NOTE:

1. Accuracy is guaranteed at f « =1MHz. Accuracy may degrade at higher clock frequencies.




LINEAR LSI PRODUCTS

CMOS 8-BIT A/D CONVERTERS

ADCO0801/2/3/4/5-1

FUNCTIONAL DESCRIPTION

The ADC0801 through ADCO805 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

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
WHR pins together and holding the TS pin low.
To insure start-up when connected this way,
an external WR pulse is required at power-up.

As the WH 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-
slon begins, the INTR line goes high. Note that
the line will remain low until 1 to 8 clock
cycles after either the WR or the TS input (or
both) goes high.

When the C3 and RD inputs are both brought
low to read the data, the [NTH line will go low
and the three-state output latches are
enabled.

THREE-STATE TEST CIRCUITS AND WAVEFORMS

tin
Vee
AD DATA
OuTPUT
cL 10k
ton
Vee Vee
10k
RD DATA
OUTPUT

CL__l__

tyw CL = 10 pF

trpe—
vcc D e

1] 50%

GND 10%
——l r—im
Vor
DATA \M%
OUTPUTS
GND

t = 20 ns

tow: C. = 10 pF
trpe—

Vee —-‘I' 90%
R GND —_ﬁg;w:_

DATA
OUTPUTS
Vou

The digital control lines (C8, 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 TS
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 Viy(—) 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.



LINEAR LSI PRODUCTS

CMOS 8-BIT A/D CONVERTERS ADCO0804/2/3/4/5-1

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

START
CONVERSION
cs

—! twwAL [

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

(LAST DATA WAS READ)

INTR (| AST DATA WAS NOT READ) _,# k INT ASSERTED

— |°—- 12 Tewk

OUTPUT ENABLE AND RESET INTR

iNTR RESET
iNTR Sﬁ 7F

DATA _ _ _ _ _ _ _ _ THREE-STATE
OUTPUTS R . T e

'le‘OMI‘—

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

8-BIT HI-SPEED A/D CONVERTER

NES034

DESCRIPTION

The NES034 is a high-speed micropro-
cessor-compatible 8-bit Analog-to-Digital
converter. It uses the successive approx-
imation conversion technique, and in-
cludes the comparator, reference DAC,
SAR, an internal clock and three-state buf-
fers all on the same chip.

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

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

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢ 8-bit resolution and accuracy

* Accepts unipolar or bipolar inputs

¢ Three-state output buffers for easy
microprocessor interface

¢ Choice of internal or external clocking

o Short conversion time, 17,8 typical
using internal clock

APPLICATIONS

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

Typical applications include:
Automated process control, machine
tools, robots, test and measurement
instruments, environmental controls
Other applications include:
Ratiometric A/D conversion, very high
resolution A/D conversion systems
requiring high speed 8-bit building
blocks

PIN CONFIGURATION

F PACKAGE
8o (Ls8) [1] 18] oR
o081 [Z] [17] DIGITAL GND
082 3] [16] ANALOG GND
DB3 E E N
B4 [5] [73) - vee
085 [6] 73] tnee IN
o8 [7] [12] + Ve
o7 (] [17) cLk
o€ [3] [10) STRY

TOP VIEW

ORDER NUMBERS
NES034F

PARAMETER RATING UNIT
Vec+  Positive supply voltage 0Oto +6 Vv
Vec— Negative supply voltage Oto - 15 \
lrer Reference current 15 mA
In Analog input current 5.0 mA
Vo Data output voltage 6.0 \
Analog GND to Digital GND 1.0 \"
' Logic input voltage —-1toVgc+ v
Pp Power dissipation
F package 1000 mwW
Ta Operating temperature range Oto +70 °C
Tste  Storage temperature range —-65to + 150 °C
Tsop Lead soldering temperature (10 seconds) 300 °C
BLOCK DIAGRAM
Ingr IN +Vee =Vee
[ N
8-BIT DAC Some
+
AN=GND
AN GND
INT
€LOCK SAR
s
—l—o DIG. GND
OUTPUT BUFFER =
|———o0 DATA READY
CLK §Aar OF DB7e o o o o «DBO
(MSB) (LS8B)
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LINEAR LSI PRODUCTS

8-BIT HI-SPEED A/D CONVERTER NES034

DC ELECTRICAL CHARACTERISTICS +Vgc=5.0V, =Vee= - 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 +£1/2 | LSB
Voc+ Positive supply range 4.75 5.0 5.25 \"
Vec~ Negative supply range -114 | =12 | =128 v
Erg Full scale gain error lpgr=1.0mA, T,=25°C +2 =5 LsB
Ezs  Zero scale offset error lrge=1.0mA, To=25°C +05 | =1 LS8
Psr Power supply rejection’ lrgr=1.0 MA, Ve +4.75to +5.25V, Voo ~ 11.4

to - 12.6V +1/2 | LSB

Vin Loglc 1 Input voitage (STRT and OF) 2.0 v
Vin Loglc 1 input voltage ext. clock 2.4 v
Vi Logic 0 input voltage (STRT and OE) 0.8 v
Vi = Logic 0input voltage ext clock 0.7 v
(™ Loglc 1 Input current (STRT and OF) Vin=2.4V 20 uA
I Loglic 1 Input current ext clock Vin=24V 100 uA
he Loglc 0 Input current (STRT and OF) Vin=0.4V -20 | -100 | A
i Loglc 0 Input current ext. clock ViN=0.7V - 100 pA
Voo  Loglc 0 output voltage loL=1.6mA, OE = 0.8V 0.4 v
Vow Loglc 1 output voltage lon = 4004A, OE = 0.8V 24 v
loz  Three-state leakage OE=2.0V, Vo =0V or 5V 10 7.}
lecc+  Positive supply current Veo+ 5V, Vg - 12V 18 36 mA
lec Negative supply current. Vec+ 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 {ine drawn from zero scale to full scale of the
device.

2. Specifications given in LSBs refer to the weight of the ieast significant bit at the 8-bit level which I8 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 impegela?\r;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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LINEAR LSI PRODUCTS

8-BIT HI-SPEED A/D CONVERTER

NES034

TYPICAL PERFORMANCE CHARACTERISTICS

INTERNAL CLOCK FREQUENCY vs
EXTERNAL CAPACITOR (CL)

100,000

10,000

b

FREQUENCY (KHz2)

N

N

N

)

10 100 1000 10,000 100,000

CAPACITOR (CL) IN pF

FIGURE 1

CONVERSION TIME vs
CLOCK FREQUENCY

50

40

30

TIME (:s6c)

o

10

0
300 400

FREQUENCY (KHz)

500 800 700

800

TEST LOAD CIRCUITS

DATA OUTPUT HIGH

tp = tp = 20ns

1P (DATA)
P —o DATA READY =LAt 00% 90%
P ram - 50% 50%
DATA OUTPUT e s 5KQ 10% 10%
Z —-0— AMA—o0 liN (10.5V)
= o—] NES03a —Vee(-12V) __{
W o— Iner IN = 1mA te tr
10K S15pF v\
I \ o Vec+ (+5V) ‘
-4 L ﬁ’é’)cm 500KHz v T X 10%
E I @& START PULSE 50%
DE(TA LEVELS) 4 (TTL LEVELS) 0B(0T05)
1P (DATA) — 1P (3.8TATE)
DATA OUTPUT LOW
Vee= +5V Vee tR = tp = 20ns
’ A READY 50% s0%
[ S— -
T0Kke o— L4 sk N 10%
DATA Z eo— AAA—O IiN (= 0.1V)
OUTPUY 'S o] NESO3 —o - Ve (- 12V) — l._‘, —ta
1SpF \\\ O IRer IN=1mA
\ -O Vg + (+5V)
1..: o— CLK 500KHz Vee Vee
OE(TTL LEVELS)® START PULSE DB (0 TO 5)
L 50%
- (TTL LEVELS) 0%
— tp (DATA) 1P (3.STATE)— i——
FIGURE 2
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LINEAR LS| PRODUCTS

8-BIT HI-SPEED A/D CONVERTER

NES034

CLOCK

8th CLOCK

PULSE

50%

tp (SOR) |

oR 50%

[+]:1e)

FIGURE 3

FUNCTIONAL PIN DEFINITIONS
DATA READY (DR)

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

DBO-DB7

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

OE

Output enable input. When OE is at a logic
1" the data outputs assume a high impe-
dance state. With OE at a logic ‘0", data is
placed on the outputs. Data appearing on

the outputs is only valid if both OE and DR
are at logic ““0" (see note on DR timing).

STRT

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

4-14

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

CLKIN

An external capacitor between this pin
and ground generates the internal clock
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 NES034 is an 8-bit A/D converter which
incorporates the successive-approxima-
tion conversion method. Upon receipt of
the STRT pulse, successive bits, begin-
ning with the MSB (DB7), are applied to the
input of the internal 8-bit current output
DAC by the 1L successive-approximation
register (SAR) (see Block Diagram).

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

tha NE lina is mada a laain ‘1’ tha Autnat
NS UL ine 18 Mmate a :8GiC 7, In® Sutput

buffers will go to a high impedance state
and will remain so until the OE is returned
to a ‘0’ state.

TIMING DESCRIPTION

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

with STRT at a logic “0" the converter is
reset to a condition with DB7 at a logic
“1”, DR at a logic “1"” and DB0-DB6 at
logic “0".

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

SHORT-CYCLE OPERATION

In applications where less than 8 bits of
resolution are required the NE5034 can be
operated to achieve shorter conversion
times. No hard wire changes are required
to perform ‘““short-cycling”.

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

OE can be used to 3-state the outputs
even during short-cycle operation.
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8-BIT HI-SPEED A/D CONVERTER

NES034

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

EXTERNAL CLOCK STRT DATA JUTPUT
PULSE READY ENABLE

(IF USED)

b

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

EXTERNALCLOCK STRT DATA BUTPUT

(IF

USED)

o1

PULSE READY ENABLE

T DIGITAL
| GROUND
UNKNOWN ANALOG | UNKNOWN ANALOG MR
VOLTAGE INPUT 1 ; . VOLTAGE INPUT PRN LT CT I LT )
7 A 15 8 10.0K2 1§ 8
2o 07 mse A 2 o oarmse
5.0K2 7 R 7 & .
LEPI Soxa LD
| REFIN NEsose 5 o . 1S o .
4 NESO034 4
R REF = 5.0KQ . 5.0K0 1 3 .
= ED - EDE
2 . v v _.,-,: .
% J-'l L _ooBoLse REF ] DBOLSE
12 14 12 14
0-1F SEE FIG 1 FOR VALUE O.1uF CL — SEE FIG 1 FOR VALUE
{—4 o OR SIMILAR {4 our DI — IN014 OB SIMILAR
\____,____.{ CL AND DI NOT REQUIRED | VR " CL AND DI NOT REQUIRED
F USING EXTERNAL CLOCK iF USING EXTERNAL CLOCK
ANALOG +Veo -Veo ANALOG +Vee -Vee
GROUND GROUND
FIGURE 4. FIGURE 5.
20K0
+V O AAA——0 =V
ANALOG >
INPUT 3 sooka
R
NI AL
WA
NES5034
1000 Rrer 45
@ 10 TURN
P

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

8-BIT HI-SPEED A/D CONVERTER

NE5S034

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 puise
occurs less than 300ns prior to the posi-
tive clock edge, one of tihe following con-
ditions will occur:

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

b) The conversion starts one clock pulse
later.

¢) 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 alogic “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
input.

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

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

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

FULL SCALE (POSITIVE FULL
SCALE) CALIBRATION:

1. Apply continuous start pulses to the
STRT input.

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

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

4. Adjust the voltage applied to Vger v
(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
FS
equal tom-
2. The sequence of calibration should be:
a. Zero offset
b. Full scale adjust
c. Zero offset
d. Full scale adjust

OPERATING PRECAUTIONS:

Analog and digital grounds should have
separate returns. Noise and jitter on digi-
tal ground will degrade accuracy unless
the input is referenced to a ‘clean’ analog
ground.

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
NES034 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—11L88B 11111111
FS—2LSB 11111110
3/4 FS 11000000
1/2FS+1LSB 10000001
12 FS 10000000
1/2 FS-1LSB 01111111
114 FS 01000000
1LsB 00000001
0 00000000

Table 2. Bipolar—Offset Binary

.
.
.
N
NOTE

1. OE= Loglc 0"
2. See "Short-Cycle" section

FIGURE 7. NE5034 TIMING DIAGRAM
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DIGITAL
ANALOGINPUT | o o0 ir ODE
NOTES 1,3,4 | MSB LSB
#(FS=1LSB) | 11111111
+(FS-2LSB) | 11111110
+(1/2 FS) 11000000
+(1LSB) 10000001
0 1000000
-(1LSB) 01111111
- (12 FS) 01000000
—(FS-1LSB) | 0000000 1
-Fs 00000000

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

o. sz)'REF IN (Unipolar mode).
i 8., IREF N (Blpolar mode).
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DESCRIPTION

The NEB036 Is an easy to use, low cost,
successive approximation Analog to Digi-
tal converter, fabricated In Bipolar/IL
technology, and packaged in a convenient
8:pin mini dip package.

With an external reference voitage, the
NES038 wil! accept input voltages be-
tween OV and Vpgp. Holding the

pin low for at least 8 clock pulses in dura-
tion will provide the 8-bit resuit of the con-
version In a serial format.

6-BIT AID CONVERTER (SERIAL OUTPUT)

FEATURES

¢ Three-state output buffer for easy
uProcessor Intertacing

o Fast successive approximation
converter, 23.80c

o T2L compatibie inputs and outputs

¢ Easy interface to CMOS .Processors

¢ Guaranteed no missing codes over full
operating range

¢ Single supply operation, + 8V

¢ High impedance analog inputs

o Positive true binary serial output

PIN CONFIQURATION

FE, N PACKAGE

Vee E
vaer [Z]
Vin ﬂ:

Aanp

3] DATA

(7] STARY
1] cLock
8] Diaans

TOP VIEW
ORDER NUMBERS
NEBO38FE, NEBOISN

APPLICATIONS D? PACKAGE
o Temperature control
¢ ,uP-based appliances Vaer [T [14) Vee
¢ Light level monitor v @] il
¢ Electronic toys 5 o)
o Joystick interface
* uPITransducer interface AanD [] [17] DATA
L3 )
ABSOLUTE MAXIMUM RATINGS o o
PARAMETER RATING UNIT cLK [T] 5] START
Vee Power supply voltage 7 Vv
Vaer Reference voltage 7 v ouraz: :'::un
ViN(anaiog) Analog Input voltage 7 \ NES038D
Vinoigiay  Digital input voltage (START & CLOCK) 7 v
outT Data output pin
Three-state mode 7 v NOTES:
Enabled mode 20 mA 1. SOL~F in large SO package only
AgND Analog GND to digital GND +1 v 2. SOL gng non-standard pinout.
Ta Operating temperature range 0to70 °c 3. SO ang non-standard pinouts.
Targ Storage temperature range -85t0150 °C
tgoid Lead soldering temperature 300 °C
Pp Power dissipation
FE package 220 mw
N package 220 mw
BLOCK DIAGRAM
Vee
1
$ 3
| 112188 COME,
N | ‘ o |
Vaer vi %:g >_
3
v .S E 8
v o e | tomnon
L J
-
!4 5 !5 6. (L’I
Aano Dano cLoCK START

4-17
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6-BIT A/D CONVERTER (SERIAL OUTPUT)

NE5036

DC ELECTRICAL CHARACTERISTICS v c=5.0V; Vger = 2.0V; Clock = 350kHZ; 0°C < T, < 70°C un,less 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
Vee Positive supply voltage +4.75 +5.0 +5.50 v
ers  Full scale gain error234 Vger=2.0V, Ty=25°C %1 +2 LSB
ezs  Zero scale offset error? Vage=2.0V, T, =25°C +1/2 ~1/2, +2 LsBe
Psr Power supply rejection VRer = 2.0V +1/2 +1 LS8
Max change In full scale? 4.75V<Vgc<5.5V
Iiw  Analog input bias current OsV)ys25V 1 10 uA
lngr  Reference bias current 0=sVgges2.5V 1 10 A
Ry Analog input resistance 3 30 MQ
Viy Logic ‘1" input voitage 20 v
Vi. Logic ‘0’ input voltage 0.8 "
hn  Logic ‘1’ input current 10 P
I Logic ‘0’ input current 1 10 kA
loy Logic ‘1’ output current 2.4V=Voy 300 A
loo Logic ‘0’ output current VoL =<0.4V 1.6 mA
loz Three-state leakage current +0.1 +40 A
lcc Positive supply current 14 24 mA

AC ELECTRICAL CHARACTERISTICS V¢ =5.0V; 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 1.3 us
tg Setup time, START to clock® Clock START 500 ns
tp (oun Propagation delay® Data out Clock | To=25°C,t,=t;<20ns 600 ns
tp a.sTaTR) Propagation delay’ Data(3-State) | START | To=25°C,t,=t,<20ns 600 ns

NOTES

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

2. Specifications given in LSB's refer to the weight of the least significant bit at the bit level which is 1.56% of the fuil scale voltage.

3. Full scale gain error is the of the code point (111110 to 111111) from its ideal value (accounting for offset error at 000000).

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

. The time the if points on the clock and the output waveforms with the output changing (low to high or high to low).

. The high to low transition of the START puise should occur at least 500ns prior to the negative edge of the ciock pulse to insure its recognition. The START puise should stay
high for at least 500ns between conversions to guarantee proper recognition.

>

o wm
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6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

CIRCUIT DESCRIPTION

NES036 is a complete 6-bit, serial output,
A/D 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 {2L successive approximation
register.

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

0 and simultaneously the output buffer
goes to 0. If it is less, that bit stays at 1
and the output buffer goes to 1. After the
second high to low transition of the clock
pulse, the MSB (D5) data is valid. On suc-
cessive clock pulses, successive bits are
tried and the output buffer represents that
bit. START has to stay low for at least 8
clock pulses for the conversion to be com-
pleted and to access the 6-bit result of the
conversion. A conversion in process can
be interrupted by issuing another START
pulse.

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

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

TRANSFER CHARACTERISTICS

The NE5036 is designed to have a nominal
1/2 LSB offset, so that the code transition
points are located 1/2 LSB on either side
of the exact analog input for a given code.
Thus the first transition (000000 to 000001)
will occur at an input of 1/2 LSB (15.63mV
with a Vger of 2.0V), plus any offset. Sub-
sequent transition (to full scale — 111111)

will occur at 62.5 LSB (1.953V at Vggg 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 analog inputs
should be kept as short as possible to
minimize input noise pickup. Input bypass
capacitors from the analog inputs to
ground will eliminate noise pickup. Power
supplies should be decoupled with at
least 1uF and should be located close to
the device to minimize the effects of noise
spikes on V¢c.

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.

TIMING

START l

DIAGRAM

—

DATA
DBS
MSB

DB4

HIGH
: : : : : : DC IMPEDANCE

Figure 1

DB3 DB2  DB1 DBO

Ls8

IDEAL TRANSFER
CHARACTERISTICS

1} -~
111110} r—J

8

8 1o} !

§ 111100} —

= d ol

5 ™

S ootk Lsa=v—:;,E

2 0000 ™ FoRr 111111 oUTPUT

& 000010} |--lvm=vg5;-x.sa-1/2 LSB

3 BUILT-IN OFFSET
000001 - (—I =625158 =23 vper
000000 L— e

288888 8 &

ANALOG INPUT

Figure 2
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6-BIT A/ID CONVERTER (SERIAL OUTPUT)

NES036

TYPICAL PERFORMANCE CHARACTERISTICS

F+S GAIN ERROR (LSB’s)

ZERO SCALE OFFSET ERROR
vs TEMPERATURE
=1 -
Vee =5.0V

VReF = 2.0V

13
«
s

|
1
|
|
{
|
T
|

~

Z+S OFFSET ERROR (LSB’s)
"
5

=1/4 - ——»n—Tw t
oL |
25 50 75
Ta(°C)
FULL SCALE GAIN ERROR
vs TEMPERATURE
=2 -
Vec =50V
VRer = 2.0V
11412
[
=1 {
=102
0 25 50 75
Ta(°C)
loL v8 TEMPERATURE
(DATA OUTPUT)
H 1
3
lot @ VoL =0.4Vpc
25— o S SRR
L
||
203 25 50 75

Ta(°C)

ZERO SCALE OFFSET ERROR

"
@
=

Z+S OFFSET ERROR (LSB's)
"+ "
H 5

vs Ve

T I
| VRerp=2.0V
Ta=25°C

|
|
1
1

|

}

0
4.

75 5.0 5.25 5.5
Vee (VOLTS DC)

F+S GAIN ERROR (LSB’s)

FULL SCALE GAIN ERROR
vs Vcc
+2 T
VRer = 2.0V
& Ta=25°C
241102
<
S .
& —
c =1
w |
z L
<
S
n =z12
£ z
|
4.75 5.0 5.25 5.5
Vee (VOLTS DC)
lon v8 TEMPERATURE
(DATA OUTPUT)
10.0 T
‘ |
9.0 | ————r |
|
| |
I | —
g |
= 80 : B E—
o | |
| |
10 IoH @ Von = 2,4VD?
{ i
| |
i |
6.0 - .
0 25 50 75
Ta(°C)

ZERO SCALE OFFSET ERROR
V8 Vper
—

- I Vee =5.0V
@ Ta=25°C
@
Q=34
x
<]
-4
S x2
& |
¢ |
S =14 !
w
N i I

0 | I

15 2.0 2.5

VRer (VOLTS DC)

FULL SCALE GAIN ERROR
vs Rger
*2 T T
| Vee=5.0V
| Ta=25°C
=11/2 -
§/,-
B /
=12 :
|
] 1
1.5 2.0 25
VRer (VOLTS DC)
lcc v8s TEMPERATURE
18
T
T, VRer =2.0V
| |
15 + : —
T Ve =5.5V
E 4 —
Q
L2
N Vce =475V
L S
L
12 L i

25 50 75
Ta(°C)
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6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

AC TEST CIRCUITS AND WAVEFORMS

DATA OUTPUT (LOW TO HIGH)

. DATA
T -%1 = © ourpur
Vee= + 8V O p— ; =
Vaerm +2V O—f o ——O START (TTLLEVELS)
Vin (ADJ) O— —® 3s0kHzCLOCK
(TTL LEVELS)

GND Dano

t =t = 20ns

PROPAGATION DELAY TIME 1, oata)

DATA OUTPUT (HIGH TO LOW)

+ 8V
DATA
ouTtpuT
I 18pF
Vee= + 8V O~ -
Vaer = +2V O—] NES038 [0 START (TTL LEVELS)
Vin (ADJ.) O—d —@ 350kHz CLOCK
(TTL LEVELS)

Aanp o
l I aND

DATA 50%
———d 50% 10%
HIGH “2" e

STATE

le—————  INVALID DATA

%
) L L
—o]!m.n tPHL — l—— P (3.STATE)

VALID DATA ———————————
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6-BIT A/D CONVERTER (SERIAL OUTPUT)

TYPICAL APPLICATION

NE5036

Vee
) VOLTAGE
.1uFI

1. BASIC NES036 CONFIGURATION

4-22

REFERENCE T T T < +sv
I.ur I I I.ur Iu,m
2 1
Rret = = = SERIAL
s DATA OUT
= 3 7 Vi
ANALOG INPUT)———————————1  NE5036 ~5TA
 EXTERNAL
0 < cLock
] s
2. DIGITAL COMMUNICATIONS USING NE5036
TRANSDUCER
~roose ] SERIAL DATA
ANALOG Eeo: OUTPUT ENCODER/ |ENCODED SIGNAL OUT
INPUT conveten| ML TRANSMITTER
RECEIVER/ DECODED SHIFT v D/A ANALOG
: CONVERTER
DECODER SIGNAL REGISTER H e SUTPUT

REGISTER ACCEPTS SERIAL

INPUT DATA, FEED DIA

IN PARALLEL
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NE5037

DESCRIPTION

The NE5037 is a low cost, complete suc-
cessive approximation analog to digital
(A/D) converter, fabricated in Bipolar/I2L
technology. With an external reference
voltage, the NES037 will accept input voit-
ages between OV and Vpge. An external
START pulse of at least 300ns in duration
will provide the 6-bit resuit of the conver-
sion in parallel format. Full conversion
with no missing codes occurs in 9us.

FEATURES

o T2L compatible inputs and outputs
* Three state output buffer

Easy Interface to CMOS .Processors
Fast conversion—9,s
Guaranteed no missing codes over full

temp range

Single supply operation, + 5V
Positive true binary outputs
High impedance analog inputs

APPLICATIONS

Temperature control
uP-based appliances
Light level monitors

Head position sensing
Electronic toys
Joystick interface

PIN CONFIGURATION

D, F, N PACKAGE

vee (1]

Vaer [Z]

vin [3]

ANALOG GND [4]
DIGITAL GND [5|
cik €]

START [T

cs ]

[16] 085 (MSB)
E DBg
[74] 0B,
[13] 0B,
E DBy
[11] 08,
[10] EOC

9768

TOP VIEW

ORDER NUMBERS
NE5037F, NESO37N

NES037D
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Voo Power supply voltage 7 \
Vaer Reference voltage 7 \Y
Vin(analogy Analog input voltage 7 v
Vin pighay  Digital input voltage (CS, OE, START, CLK) 7 \
Dout Data outputs (DBO to DB5)
Three-state mode 7 \
Enabled mode (each output) 5 mA
EOC End of conversion Vee
Agno Analog GND to digital GND +1 V'
Ta Operating temperature range 0to70 °C
Tsra Storage temperature range —-65t0 150 °C
tsoLo Lead soldering temperature (10 seconds) 300 °C
Pp Power dissipation
F package 220 mwW
N package 220 mwW
BLOCK DIAGRAM
Vee
1
1
3 3
) jcom
12
LSB ’
2 U | 6.8IT lo
Vrer DAC
= DB 185 pes
o
= o
L= )
12
SAR 8 >0 DBg
o 10, ﬁ

START C8

oE
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NES0Q37

DC ELECTRICAL CHARACTERISTICS Vg =5.0V; Vagr=2.0V; Clock = 1MHz; 0°C = T, s 70°C unless otherwise
specified. Typical valyues are specified at 25°C.

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 6 6 8 Bite
Relative accuracy'? 1/4 1/2 LsB
Vee Positive supply voitage +4.75 +5.0 +5.50 v
ers  Full scale gain error234 Vagr=2.0V, Ty=25°C %1 +2 LsB
e Zero scale offset error? Veer=2.0V, T4=25°C +1/2 -1/2, +2 LSB
Psp Power supply rejection Vege=2.0V +1/2 =1 LsB
Max change In full scale? 4.75V sV s5.5V
i Analog Input blas current OsV|ys2.5v 1 10 uA
lrgr  Reference bias current 0sVpges2.5V 1 10 uA
Ry Analog input resistance 3 30 Mo
Vin  Logle ‘1" input voltage 20 %
Vi Loglc ‘0’ input voltage 0.8 v
Ly Loglc ‘1" input current 10 A
Iy Logic ‘0’ Input current 1 10 A
low Logic ‘1" output current? 2.4VsVoy 300 kA
lo. Logic ‘0’ output current? VoL 0.4V 1.8 mA
igz Three-siate ieakage current +0.3 =40 A
lcc  Positive supply current 18 24 mA
AC ELECTRICAL CHARACTERISTICS Vcc=5.0V; Vggr = 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 DaTA) Propagation delay® Data out OE Ta=25°C,t,=t;s20ns 500 ns
tpiouteoc)  Propagation delay’ EOC Clock |[Ta=25°C,t,=t;s20ns 800 ns
tp a.s7aTg)  Propagation delay, 3-state 3-State Data OE Ta=25°C,t,=t;s20ns 500 ns
NOTES

device.

rPoN

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

N oo

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 5k@ internal pull-up resistor
Propagation delay of data outputs Is defined as the delay in the data outputs reading their final value after the low going edge of OE.
. Propagation delay of EOC is defined as the delay in EOC going low, following the low going edge of the 9th clock 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

. 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

Specifications given in LSB's refer to the weight of the least signiticant bit at the 6 bit level which is 1.56% of the full scale voitage.
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 Vpgr nominally, with the output remaining at 111111 even though the input may increase from VRgg to V. (For optimum perfor-

(D5) are supplied to the input of the inter-
nal 6-bit current output DAC by the I2L
successive approximation register.

The comparator determines whether the
output current of the DAC is greater or
less than the input current, converted
from the unknown analog input voltage
through the V/I converter. If the DAC out-
put is greater, that bit of the DAC is set to
‘0’ and simultaneuusiy 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 receipt of the start pulse). The EOC pin
goes low, thereby indicating that the con-
version is complete. The output data is
now valid. In order to access the result of
the conversion, the OE pin must be set to
a low level. EOC is reset to a high state
when OE is low. When OE is in a ‘1’ state,
the output buffers are in a high impedance
state.

Refer to Figure 1 for the timing diagram.

TRANSFER CHARACTERISTICS

The ideal transfer characteristic of the
NES5037 is shown in Figure 2.

The NE5037 is designed to have a nominal
Y2 LSB offset so that the code transition
points are located %2 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 wili 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 wiil
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.

CEAKKKKR

TIMING DIAGRAM

XX DON'T CARE KKK X XXX

B KR

111110+

I——l
r—J
—
I M ot

000011 r—l
FOR 111111 QUTPUT

111101
111100

" L
EOC 1 I
HIGH HIGH HIGH
IMPEDANCE IMPEDANCE IMPEDANCE
OUTPUTS —1
DATA 1 T
READY DATA DATA
AVAILABLE AVAILABLE
AT OUTPUT AT OUTPUT
Figure 1
IDEAL TRANSFER CHARACTERISTICS
RRRARAN S r‘

DIGITAL OUTPUT CODE

000010
000001

l._l ViN =VRer ~ LSB - 1/2LSB
BUILT-IN OFFSET

)

000000

=625188 =825 vage

12LsB

32LSB |+

5/2LS8B |

aly

712LSB}

119,218

21/2LSB

123/2LSB

125/2 LS8

ANALOG INPUT

Figure 2
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NE5S037

TYPICAL PERFORMANCE CHARACTERISTICS

FeS GAIN ERROR (LSB’s)

ZeF OFFSET ERROR (LSB's)

lcc (mA)

1

*3/4

12

14
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[} 25 50 75
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS) NES037

AC TEST CIRCUITS AND WAVEFORMS

PROPAGATION DELAY TIME tp pata) AND th 5.57aTE)

trR=tp=20ns
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS) NES037

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 NE5S037 of 32
millivolts per degree Celsius. This 32mV is

the value of one LSB for the NE5037. The I

LM334 is a three-terminal temperature LM334
sensor and provides a current of 1
microamp for each degree Kelvin. The o
32K-ohm resistor provides the 32 millivolts 1: \5/:02
for each microamp through it, while the 3
transistor bleeds off 273 microamps of the 2.0V
temperature sensor (LM334) current, low- REF
ering the reading by 273 degrees Kelvin,
thus converting from Kelvin to Celsius.

«
=
|
=1

| =8l ™

@l O
m

NES037 CONTROLLER

o lo |

]

=

S 32K
b3

1% /L
10K
1%

116 7

cLock 4 L'_’ 5 6-BIT
_L DATA BUS

To read temperature, conversion is started
by sending a momentary low signal to Pin
7 of the NE5037. When Pin 10 of the
NES037 goes low, conversion is complete
and a low is applied to Pin 9 of the NE5S037
to read data on Pins 11 through 16. Note l
that this temperature data is in straight
binary format.

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

shown in Figure 3B. The ROMs or PROMs

+5v

1 74L500
Vee syry '7_°Cj
LM33a - __
€oC |-
= 9 1_2] Sili2fs [ 11
L ) OE 3 Q
2 oo 12 O 741593
< 74LS74 Y 3
NE5037 8
20v__|, e L]
REF 2] VREF LE
= vin -
Pl E 1
‘32»( NS 1116 7418373
>
1% — —
_ L 1 &
S CLK %t I 2607 —vW—
L 31415 |6 1 ROM wi— 11
OR —AA\ s
1 ssier E—wa—] L
CLOCK 2607  ——AAA—
—\— )
(MHz MAY) > ROM VWA (]
OR AN —
825147 A |
v

PROM ——AAA—

Figure 3B. Digital Thermometer
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NES037

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
NE5037 for 2 volts and adjust VR2 for a
digital reading corresponding to the
known temperature.

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

degrees Celsius of actual temperature.
Should higher accuracy be required, ad-
Justment of the NES037 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.

/ l 0.01,F

Figure 3C. Simple Clock Circuit
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Amé012

DESCRIPTION

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

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

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

While the device requires a reference in-
put of 1mA for a 4mA full scale current,
operation is nearly independent of power
supply voltage shifts. The power supply
rejection ratio is +0.001%FS/% AV. The
devices will work from +5, — 12V to + 18V
rails, with as low as 230mW power con-

FEATURES

¢ 12-bit resolution

o Accurate to within £0.05%

e Monotonic over temperature

¢ Fast settling time, 250ns typical
¢ Trimless design for low cost

+ Differential current outputs

* High-speed multiplying capability
« Full scale current, 4mA (with 1mA
reference)

High output compliance voltage,
~5to +10V

Low power consumption, 230mW

APPLICATIONS

* CRT displays, computer graphics

* Robotics, and machine tools

e Automatic test equipment

* Programmable power supplies

e CAD/CAM systems

* Data acquisition and control systems
¢ Analog-to-Digital converter systems

ABSOLUTE MAXIMUM RATINGS

PIN CONFIGURATION
F PACKAGE
D[ 1 E V+
Dzlzl EE
0 3] 18] 1o
04 [4] [7]v-
s (5] [16] comp
Dg [€] [15] Vaer(-)
o, [T} [12] Vaer(+)
s [£] [13] GNDIVLc
0s[2] [72] D12 LSB
D10 [10 E D1y
TOP VIEW
ORDER NUMBER
AMBO012F

Operating Temperature
Am6012F
Storage Temperature

0°Cto +70°C
-65°C to +150°C

sumption typical. Lead Temperature (Soldering, 60 sec) 300°C
Power Supply Voltage + 18V
Logic Inputs -5V to + 18V
Voltage Across Current Qutputs -8Vito + 12V
Reference Inputs V4, Vig V- toV+
Reference Input Differential Voltage (V44 to Vys) + 18V
Reference Input Current (l44) 1.25mA
BLOCK DIAGRAM
GND/MSB LsB
V(+) Vic Bt B2 B3 B4 BS B8 B7 B8 B9 B1I0 Bi1 B12
© 0 o 0 o o o o o o o
20 13 |1 [2 3 Ja s fe [7 |[e 9 10 |11 |12
DECODER LOGIC SWITCHES J
-
1 S
¢ * B _ois
AMPLIFIER “

Vaer(+) 0—2]

Vaer(-) 0—2]

|SWITCHES

CURRENT K] L
%

.q}l _o_+1

.q}l _a%l L

9-BIT R-2R
D/A CONVERTER

IsE
9-SEGMENT
GENERATOR
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42-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé012
ELECTRICAL CHARACTERISTICS: V+ = + 15V, V~ = — 15V, Iggg=1.0mA, 0°C < Tp =< 70°C
Paramet Descripti Conditi Amso12F Uni
arameter escription Test Conditions Vi Typ. Mon. nits
Resolution 12 Bits
Monotonicity 12 Bits
Differential ) . . - - *.025 %FS
D.N.L. Nonlinearity Deviation from ideal step size P — — Bits
N.L. Nonlinearity Deviation from ideal straight line — — +.05 %FS
Vger = 10.000V
les Full Scale Current Ri4— Ry5=10.000k0 3.935 3.999 4.063 mA
Ta=25°C
- +10 + 40 ppm/°C
 TClgg Full Scale Tempco
+.001 +.004 %FS/°C
D.N.L. Specification guaranteed
Voo g::‘f”"i;‘%';age over compliance range -5 - +10 Volts
P Rour > 10 megohms typ.
less Symmetry lps— IF3 - +04 +20 A
Izs Zero Scale Current — —_— 0.10 A
ts Settling Time To +1/2 LSB, all bits ON or OFF, Ty=25°C - .260 nsec
teLm Propagation o o _
tore Delay — all bits 50% to 50% 25 50 nsec
Cour Output Capacitance - 20 -— pF
Y, Logic Logic “0” _ _ 08
L Input ¢ — Volts
V|H Levels LOQIC 1 2.0 -_— -_—
Iin Logic Input Current Vin= —-5to +18V — - 40 A
Vis Logic input Swing V-~ =~-15V -5 - +18 Volts
Reference Current
IRer Range 0.2 1.0 1.1 mA
lys Reference Bias Current 0 -05 -20 uA
Reference Input Ry4eq) = 80002 _
dl/dt Siew Rate CC=0pF 4.0 8.0 mA/us
PSSI V+ =+135Vto + 165V, V- = ~- 15V — + 0.0005 +.001
FS + Power Supply %FSI%
PSSlgg_  |Sensitivity V- =-135Vto — 165V, V+ = + 16V - +.00025 | =%.001
v+ Power Supply 4.5 - 18
Voyr=0V Volts
V- Range ouT -18 - -108
14 - 5.7 8.5
V+ = +5V,V- = -15V
I- Power Supply = -137 - 18.0 mA
1+ Current - 57 85
V+ = +15V, V- = - 15V
|- - ~137 -18.0
Power V+=+5V,V=-=-15V — 234 312
Po ower mwW
Dissipation V4 =+15V, V- = - 18V - 291 397
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42-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Amé012

CIRCUIT DESCRIPTION

The Am6012 is a 12-bit DAC which uses
diffused resistors and requires no trim-
ming tc 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 (x.012%) linearity in
order to guarantee monotonicity, which re-
quires very tight resistor matching and
tracking. The Am6012 uses conventional
bipolar processing to achieve high differ-
ential linearity and monotonicity without
requiring correspondingly high linearity,
or conformance to an ideal straight line.

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

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

The operation of the segmented DAC may
be visualized by assuming an input code
of all zeroes. The first segment current iy
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 loyr 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 would actually
be higher than that of an R-2R design.

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

Diffused resistors have advantages over
thin film resistors beyond simple econ-
omy and bipolar process compatibility.
The resistors are fabricated in single
crystal rather than amorphous material
which gives them better long term stabili-
ty and tracking and much higher moisture
resistance. They are diffused at 1000°C
and so are resistant to changes in value
due to thermal and chemical causes. Also,
no burn-in is required for stability. The
contact resistance between aluminum and
silicon is more predictable than between
aluminum and an amorphous thin film,
and no sandwich 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

as fractional LSBs or both. The graphs in
Figure 1 define the manner in which these
parameters are specified. The left graph
shows a portion of the transfer curve of a
DAC with 1/2 LSB INL and the (implied)
DNL spec of 1LSB. Below this is a graphic
representation of the way this would ap-
pear on a CRT screen where the Am6012 is
used as a display driver. On the right is a
portion of the transfer curve of a DAC
specified for 2LSB INL with 1/2 LSB DNL
specified and the graphic display below it.

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

ANALOG OUTPUT CURRENTS

Both true and complemented output sink
currents are provided where lo+To=lgg.
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—.



LINEAR LS| PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Amé012

DIFFERENTIAL LINEARITY COMPARISON

D/A CONVERTER WITH

+1/2LSBINL, =1 LSB DNL

D/A CONVERTER WITH
+2LSBINL, £1/2LSB DNL
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ENLARGED “POSITIONAL” OUTPUTS

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 voitages from a total supply
of 20V to 36V. When operating with V-
supplies of — 10V or less, lggr = 1TMA 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 Iggp= 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.

TEMPERATURE PERFORMANCE
The nonlinearity and monotonicity
specifications of the Am6012 are guaran-
teed to apply over the entire rated
operating temperature range. Full scaie
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 shouid match and track
that of the output resistor for minimum
overall full scale drift.

SETTLING TIME
The Am6012 is capable of extremsly fast
settling times, typically 250ns at
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lrer = 1.0mA. Judicious circuit design and
careful board layout must be employed to
obtain fuil 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
acruracy requires about 90 to 130ns. The
output capacitance of the Am6012 in-
ciuding the package is approximately
20pF; therefore, the output RC time con-
stant dominates settling time if R >
5009.

Settiing time and propagation delay are
relatively insensitive to logic input ampli-
tude and rise and fali times, due to the
high gain of the logic switches. Settling
time also remains essentially constant for
Iggr values down to 0.5mA, with gradual
increases for lower Igge 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 x 2uA, there-
fore a 2.5k load is needed to provide ade-
quate drive for most oscilloscopes. At lpge
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 cof
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; 0.1uF capacitors at the
supply pins provide full transient protec-
tion.

APPLICATIONS INFORMATION

REFERENCE AMPLIFIER SETUP
The AmB012 is a multiplying D/A converter
in which the output current is the product
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of a digital number and the input reference
current. The reference current may be
fixed or may vary from nearly zero to
+ 1.0mA. The full range output currentis a
linear function of the reference current
and is given by:

4095
¥R = 2096

where lggg =144

X 4% (Inge) = 3.999 Iggr,

In positive reference applications, an ex-
ternal positive reference voltage forces
current through R14 into the Vgee ) ter-
minal (pin 14) of the reference amplifier.
Alternatively, a negative reference may be
applied to Vger(_)at pin 15. Reference cur-
rent flows from ground through R14 into
Vrer(+) as in the positive reference case.
This negative reference connection has
the advantage of a very high impedance
presented at pin 15. The voitage 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. If a regulated power supply is
used as a reference, R14 should be split
into two resistors with the junction by-
passed to ground with a 0.1x4F capacitor.

For most applications the tight relation-
ship between lgge and Igg will eliminate
the need for trimming Igee. 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 excelient multiply-
ing performance with an extremely linear
relationship between lgg and Iggr over a
range of TmA to 1xA. Monotonic operation
is maintained over a typical range of Iggr
from 100pA to 1.0mA.

REFERENCE AMPLIFIER
COMPENSATION FOR
MULTIPLYING APPLICATIONS

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

a capacitor from pin 16 to V —. The value of
this capacitor depends on the impedance pre-
sented to pin 14. For R14 values of 1.0, 2.5
and 5.0kQ; minimum values of C¢ are 5, 12
and 25pF. Larger values of R14 require pro-
portionately increased values of C for proper
phase margin. (See Figure 2b)

For fastest response to a pulse, low
values of R14 enabling small C¢ values
shouid 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 lgeg =0 to Igge = 1TMA 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 (Iger=0) condition. Full
scale transition (0 to 1mA) occurs in
62.5ns when the equivalent impedance at
pin 14 is 80002 and C;=0. This yields a
reference slew rate of 8mA/us which is
relatively independent of R,y and Vi
values.

LOGIC INPUTS

The Am6012 design incorporates a unique
logic input circuit which enables direct in-
terface to all popular logic families and
provides maximum noise immunity. This
feature is made possible by the large input
swing capability, 40uA logic input current,
and completely adjustable logic threshold
voltage. For V-~ = — 15V, the logic inputs
may swing between ~5 and + 10V. This
enables direct interface with + 15V CMOS
logic, even when the Am6012 is powered
from a + 5V supply. Minimum input logic
swing and minimum logic threshold volt-
age are given by: V — plus (Iggr X 3kQ) plus
1.8V. The logic threshold may be adjusted
over a wide range by placing an appropri-
ate voltage at the logic threshold control
pin (pin 13, V(). For TTL interface, simply
ground pin 13. When interfacing ECL, an
lggg = 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

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé012

REFERENCE AMPLIFIER BIASING

Ria Am6012

ViN —WW

14 IREF —>

lo +lo=lrs

Ris=R14 || Rin FOR ALL INPUT CODES

ViN ——O

?

Cc 0.1 S 0.1 22,F TANTULUM
T T 2L L woms
V- v+ V-

Reference Configuration Rya Rys Rin Cc IRer
Positive Reference VR4 ov N/C O1uF Va.+/Ryy
Negative Reference ov Vg- N/C 01uF - VR_/Ry4
Lo Impedance Bipolar (VR4 /R1g) + (ViN/RIN)
Reference VR4 ov Vin (Note 1) (Note 2)

Hi Impedance Bipolar (VR4 = ViNVR14
Reference R+ Vin NIC (Note 1) (Note 3) .
Pulsed Reference (Note 4) \ ov Vin No Cap (VR+/Rig)+ (ViN/RIN)
Notes:
1. The p i is a fi ion of the i seen at the + Vpgp input and must be at least 5pF x Ry4(eq) in k2. For Ry4 < 8002 no capacitor is
necessary.
2. For negative values of Vy\, VR 4 /R14 must be greater than — Vi\ Max/Ryy so that the amplifier is not turned off.
3. For positive values of V)N, VR4 must be greater than V|y Max so the amplifier is not turned off.
4. For pulsed operation, VR4 provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less.
- 6. For optimum settling time, decouple V — with 202 and bypass with 22uF tantulum capacitor.
6. F current and ref resistor — there is a 1to 4 scale factor between the reference current (Iggg) and the full scale output current (Igg). If VRgg = +10V and
IFg=4mA, the value of the Rq4 is:
4x10 Volt
Ryg = e = 1 =
4=~ Ok Rig=Rys5
Figure 2a
MINIMUM SIZE REFERENCE AMPLIFIER
COMPENSATION CAPACITOR FREQUENCY RESPONSE
(les =4mA, lgge = 1.0mA) 6
R14 (EQ) = 2k2
a Cc = 10pF |
Ry4eafk®) Cc(pF) o
- 2
10 50 2
5 25 5 o
2 10 o LARGE SIGNAL =50% E4 -
& -2 |MODULATION OF 4mA - A ||
1 5 g Fui.LlSﬁALIE CIImRIEfNT A
5 0 w4 LA
« SMALL SIGNAL=1%
~8 |MODULATION OF 2mA
FULL SCALE CURRENT, 1
el LIIL [ [ ]I} |14
.01 0.1 1.0 10
Note: A 0.014F itor is for fixed i FREQUENCY, MHz
Figure 2b
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LINEAR LSI PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé012

INTERFACING CIRCUITS FOR ECL, CMOS, HTL LOGIC INPUTS

CMOS, HTL ECL

o +18V

aH

wpn .__Kznam A --——Kznseod

2N3904 -.——.szm

k0
3 20kn A TO PIN 13 S 39ka o TOPIN 13
b3 VWA Vie 3 VWA Vic
S < 8.2kn
<: 510 ‘:
’;' -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

RRer

Vrer(+)

14

= Rt
15
VRER( - ) O——AAA—

VRer(-) NOTE:
Ameo12 IFs =~ o %4 RRer SETS Ies; R15 IS FOR A

BIAS CURRENT CANCELLATION.

Iner > PEAK NEGATIVE SWING OF Iy

RECOMMENDED FULL-SCALE
ADJUSTMENT CIRCUIT

Vrer(+) RRer 14
RREeF = R15 O—WA——d
R15
(OPTIONAL) 45
ViN Lo o—w—

HIGH INPUT
IMPEDANCE

LOW T.C.
4.5k2 14

VRer
Am6012 T~ +5.000V

IRe(+) Am6012

39kQ

10kQ I APPROX.

VRer(+) MUST BE ABOVE PEAK POSITIVE SWING OF ViN POT ¢ 5kQ
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LINEAR LSI PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Amé6012

APPLICATION CIRCUITS

Ame6012 LOGIC INPUTS
5,000k 2.000mA
A'A'A'
Rorr
R3 Ry
Rig ) [
10k -
;EDFV AM—— VREF(+) lo a c -
AmM6012 NES535 — Vour
VREF(-) lo b d +
‘ﬁ15
1 okQ 8, B
= S Ry
OPTIONAL
(SEE CODE TABLE)
VRer MSB Lss =
R14=7oma
Vrer
RoFF = 75mA
mMsB LSB| 1Ip o
Code Format Connections Output Scale BI B2 B3 B4 BS BS B7 B8 B9 B10 B11 B12|(ma) [ma) | YOUT
Straight binary; one a-c Positive full scale 1 1 1 1 1 1 1 1 1 1 1 1 3.899| .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=25K | Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 .000| 3.999 .0000)
Complementary binary; a-g Positive full scale 0 0 0 0 [ 0 0 0 0 0 0 0 .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 .0013.998| 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; a-c Positive full scale 1 1 1 1 1 1 1 1 11 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 |3998| .001| 9.9927
symmetrical about zero, t-q (+) Zero scale 1 0 0 0 0 0 0 0 0 0 0 0 2.000| 1.999 .0024
no true zero output. R1=R3=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 0 1 001 3.998 |- 9.9927,
Symmetrical Negative full scale 0 0 0 0 0 0 0 0 0 0 0 0 000 3.999 |- 9.9976
Ottset 1's complement; offset ac Positive full scale 0o 1 1 1 1 1 1 1 1 1 1 1 |3999| .000| 9.9976
half scale, symmetrical b-d Positive full scale — LSB | 0 1 1 1 1 1 1 1 1 1 1 0 3.998| .001} 9.9927
about zero, no true zero f-g (+) Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 2.000{ 1.999 .0024
output, MSB comple- R1=R3=25K |(—) Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 1.999 | 2.000 | —.0024
mented (need inverter R2=1.25K Negative full scale — LSB 1 0 0 0 0 0 0 0 0 0 0 1 .001 | 3.998 |- 9.9927
at B1). Negative full scale 1 0 0 0 0 0 0 0 0 0 0 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 0 1 2.001|1.998 .0049|
Zero Scale 1 0 0 0 0 0 0 0 0 0 0 0 |2.000]1.999 .000
—-LsB [} 1 1 1 1 1 1 1 1 1 1 1 1.999 | 2.000 | - .0049,
Negative full scale + LSB 0 0 0 0 0 0 0 0 0 0 0 1 .001 | 3.998 |- 9.9951
Ofiset with Negative full scale 0 0 0 0 0 0 0 0 0 0 0 0 .000 } 3.999 (- 10.000
True Zero [2's complement; offset eac Positive full scale 0 1 1 1 1t 1 1 1 1 1 1 1 |3999] 006] 9.9951
half scale, true zero b-g Positive full scale — LSB | 0 1 1 1 1 1 1 1 1 1 1 0 |3.998| .001| 9.9902
output, MSB comple- R1=R2=5K | +1LSB 0 0 0 0 0 0 0 0 0 0 0 1 2.001|1.998 .0049’
mented (need inverter Zero scale 0 0 0 0 0 0 0 0 0 0 0 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 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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LINEAR LS PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé012

APPLICATION CIRCUITS

CRT DISPLAY DRIVER

T +120VDC
> y >
b3 b3 2 b3
60V COMMON ! o
MODE LEVEL 1
CRT
“X INPUT j K “Y” INPUT
TTTTJT A'.fﬁ o — TTTTTTTTTTTT
Am6012 15V Am6012
fa—1lo 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 I > DATA OUT 125
o—dE S cC DO
cLOCK cP peatie ° 1.00 (WORST CASE)
O——{CP a11__(NAT'L, AMD) 00 - RST CA \
$—O LSB @ with
O > 0.75 NES529
8 2 Am6012
+15V 0 £ with
-0 g 050 — Nes20 —\
—O < (TYP) \
o Ve ANALOG IN \
—3 (-10v) 0.25
0
1oV 2 10 Meg.2 2.5k
REF 0.00
100 200 300 400 500 600 700 800
NE520 CONVERSION TIME PER TRIAL, ns
CONVERSION TYP WORST
TIME (ns) CASE
SAR 33 55
NE529 100 150
= =0T V(o) T w+) = = TOTAL 383ns | 705ns
x 13 5.0us 9.1us

Figure 6
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé042

APPLICATION CIRCUITS

INTERFACE WITH 8-BIT MICROPROCESSOR BUS

L

- 7 MsB
6
5
P 4
(SR
BUS 3 LS373 012
2
1
N0
Ez
By —
r ]
D3a Qaa D3s Qsp
D2a Qza D2p Qe
1/2 LS100 1/2LS100
Dia Qia Dig Qg
Doa Qoa Dos Qos
Ea

TIMING SEQUENCE
Eq l
Ez I l

L D

DBO-3 DB4-11

WIS
EREQRAKIN

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

Figure 7
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8-B!T HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

FORMERLY: NES5007/5008-F N

SE5008-F
DESCRIPTION FEATURES ORDERING INFORMATION
The DAC-08 series of 8bit monolithic ¢ Fastsettling output current—70ns RELATIVE
multiplying Digital-to-Analog Converters ® Full scale current prematched to +1LSB ACCURACY 01070°C  -55t0125°C
provide very high speed performance cou-  * 3'1’_'5‘:""“’;‘3"3“ to TTL, CMOS, ECL, 0.39% FS DAC-08CN
pled with low cost and outstanding applica- | S . DAC-08CF
tions flexibility. * Relative accuracy to 0.1% maximum over 0.19% FS DAC-08EN
. o =t
Advanced circuit design achieves 70ns set- temperature range.
tling times with very low glitch and at low * High output compliance —10V to +18V DAC-0BEF  DAC-08F
power consumption. Monotonic multiplying * True and complemented outputs DAC-08ED
) " X * Wide range multiplying capability 0.1% FS DAC-08HF DAC-08AF
performance is attained over a wide 29 01 o {owFS current drift—t10ppm/°C DAC-08HN
reference current range. Matching to within 1 | Wide power supply range— 4.5V to +18V
LSB befwgen reference and full scale cur | ow power consumption—37mW at + 5V
rents eliminates the need for full scale trim-
ming in most applications. Direct interface to
all popular logic families with full noise PIN CONFIGURATION
immunity is provided by the high swing, APPLICATIONS 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
increasing versatility and enabling differential o Audio encogders and attenuators V'f E 5] comp
operation to effectively double the peak-to- e Analog meter drivers lo LT_: [15] VREF-
peak output swing. True high voltage com- e Programmable power supplies v- [3] 73] VREF+
pliance outputs a}loyv direct output voltage . CF{T display drivers o [a] 3] v+
conversion and eliminate output op amps in e High speed modems
many applications. * Other applications where low cost, high 8y mse) [5] 2] Bg(LsB)
All DAC-08 series models guarantee full 8-bit :ﬂfe:;ni c:ir:re;:;ele input/output versa- B2 [§] m :7
monotonicity and linearities as tight as 0.1% Y q . 8y (7] 0] Be
over the entire operating temperature range ° Programmable gain and attentuation 8, [E] (9] 85
are available. Device performance is essen- ° Analog-Digital Multiplication
tially unchanged over the +4.5V to +1gv ° Stepping motor drive
power supply range, with 37mW power con- ToPViEW
sumption attainable at + 5V supplies. ORDER NUMBER
The compact size and low power consump- g:g:gg:': ::mi
tion make the DAC-08 attractive for portable DAC-08HF,N NES009F,N
and military aerospace applications. DAC-08CF,N NES5007F,N
D® PACKAGE
DAC-08 ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT v+ 12l BlLs®)
Vrer+) [2] 15] By
Power Supply Voltage, V + to V- 36 \" v
VsVip Digital Input Voltage V- to V- plus 36V rer(-) [3] 4] 8
Vi Logic Threshold Control V-toV+ compen [4] 3] 85
Vo Applied Output Voltage V- to +18 Vv Vic [5] [12] B4
Iy Reference Current 5.0 mA —
V:‘,, Vis Reference Amplifier inputs Vee t0 Vee o [ 11 5
Po Power Dissipation (Package Limitation) v- [T 0] B,
Ceramic Package 1000 mwW o [8 (9] B,MsB)
Plastic Package 800 mWwW
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
Tsta Storage Temperature Range -65to +150 °C
NOTES:
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LINEAR LS| PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

BLOCK DIAGRAM

2 B8 By Bs Bg By
8¢ 99 10 19 12
]

| ] ] 1

N

BIAS 4= lout
NETWORK T T T T T T _
o e | L T T T T T o
VREF(+) >
VRer(-)973 1
‘P
REFERENCE 1
AMPLIFIER
18 3
COMP. V-
TEST CIRCUIT
VREF
RREF
DAC-08
Ry
5-12 12 AAA-
CONTROL
o ERROR
LOGIC @’ QUTPUT
REFERENCE DAC

ACCURACY >0.008%

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

DAC-08 SERIES

TEST CIRCUITS (Cont'd)

v
01uF € 24v mmm——
r—l o - 1.
13 " 0.4V .-—J ;
= s +20vde tpHL = tpLp = 10ns
r—0— 14 1.0K 1.0V USE R to GND
o5 M AA—e : FOR TURN OFF
7 (B Ot SETTLING TIME MEASUREMENT
8 1 10k] SRT R,_=5000
9 DAC-08 (2 . 3L FOR SETTLING TIME
o5 2 2 =77 MEASUREMENT 0 /AN
_— 4 = § ee, (ALLBITS ‘
18 SWITCHED LOW tg = 70ns TYPICAL
on 12 ° TO HIGH). TO = 12LSB
51 15pF == Cqg = 25pF | [
oNF &3 ] T TRANSIENT © o = 500
RESPONSE =
_L 6——: 1 200 4 | PIN 4 TO GND
- T Vee mveol }" tPLH [ teue
Figure 2. Transient Response and Settling Time
Vee
Ry I——-I 2v
. Vin 0
1K
o> " Req=2000
s -
p-———0— —o— A
7 15 1
O -
8 1 =
9 DAC-08 2 : =
*——o0—
10 4 =
0] DY '
p———O0—— )lso OPEN
12 10% o
a SCOPE a_1av 90%
L dt R dt 2.0mA
3 -
SLEWING TIME
Vee i )
Figure 3. Reference Current Slew Rate Measurement
Vee
lcc TYPICALVALUES Ryq = Ryg = 1K
: VREF = + 2.0V
3 C=15pF V| AND I} APPLY TO INPUTS A; THROUGH Ag
r 14 Rog
Ay 02 14 VREF (+)
Agol THE RESISTOR TIED TO PIN 15 IS TO TEMPERATURE COMPENSATE THE
7 15 — s BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS.
Az o}
oiaitaL ) M o o5 T
INPUTS | Asol{ Dacos L2, o=k {f_‘ﬂ_"*ﬁ’ Aa Bs Ae A7 | A
10 L 2 4 8 18 32 84 128 256
Ago— 4 - \7
PRI So— ¢ OUTPUT
70— -— v
Ag 12 16 o where K = -REF
L — AL Rya
(+)4h =c
3
v'_L 1 and Ay ="1"IF Ay IS AT HIGH LEVEL
= r b = AN ="0" IF Ay IS AT LOW LEVEL
EE Ve  (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, is returned.
Vee= + 15V, lper = 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
ts Settling time To+1/2LSB, all bits 70 135 70 135 70 135 ns
switched on or off, TA=0°C
Propagation delay ns
t Low-to-high TA=25°C, each bit.
PLH
oL High-to-low Al 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 <% LSB
‘FS4 Full scale current VREF=10.000V, 1941 199 | 204 | 1.94| 199 | 2.04 |1.984} 1.992 | 2.000 mA
Ris, R15=5.000k 0,
| Full scale - 20 | 16 +1.0 | 8.0 $1.0 |40 A
FSS | 1 w
symmetry Fsa'Fs2
Izs Zero scale curfent 0.2 4.0 0.2 2.0 0.2 1.0 UA
R;4 Ry5=5.000kQ
'ESR Full scale output | Vgge= +15.0V, V- = = 10V| 2.1 2.1 2.1 mA
current range Vgper= +25.0V, V- = —12V| 4.2 4.2 4.2
Logic input levels - v
\ Low 0.8 0.8 0.8
L =
Vin High Vic=ov 20 20 2.0
Logic input current | V| c=0V MA
l”_ Low VIN=-10V to +0.8V -20 | -10 -20 | -10 -2.0 -10
A High VIN=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 \
Viur |Logic threshold Vg=t15V -10 +135( -10 +135] -10 +135( Vv
range
his Reference bias -10 | -3.0 -10 | -3.0 -1.0 | -3.0 MA
current
di/dt Reference input 4.0 8.0 4.0 8.0 4.0 8.0 mA/us
slew rate
Power supply IRgp=1mMA %FS/%VS
sensitivity
PSSI FS+ Positive V+=45 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
PSSI FS- Negative V-=-4.5to -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 Vg=+5V, IREF=1.0mA 43 | -5.8 43 | -58 -43 | 5.8
I+ Positive _ _ - 31 3.8 3.1 3.8 3.1 3.8
- Negative V=SV, ~15V, IpgF=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, Iggp=2.0mA 72| -78 72| -78 -72 | -78
Pp Power dissipation | %5V, IRgF=1.0mA 37 48 37 48 37 48 mwW
+5V, -15V, |REF=2.DmA 122 136 122 136 122 136
$15V, Iggp=2.0mA 156 | 174 156 | 174 156 | 174
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT CURRENT vs OUTPUT
VOLTAGE (OUTPUT
VOLTAGE COMPLIANCE)

FAST PULSED

REFERENCE OPERATION

TRUE AND COMPLE

MENTARY

OUTPUT OPERATION

and applied thru 502 connected to pin 14.
+2.0V applied to Rqy4

ALL BITS.ON
3.2 ——
TA=Tmin TO Tmax 25V
-~ 28 1 v
< IN
g | [ [
£ 24 1 0.5V
£ oolomotsv Vo=-sv IREF = 2mA ’ omA lout
E . l -0.5mA \ o —
3 1.6 ¥ lout \ / 1omA \> L~
5 12 IREF = 1MA: -25mA ” ’ NG
& 0.8 { 3 /' N
3 T ™ 2.0mA lout
0.4 'REF =0.2mA
e e 200ns/divisi
-14 -10 -6 -20 10 14 18 ns/division
OUTPUT VOLTAGE (V) Req= 2000,R, = 1000, CC=0 (00000000) ()
FULL SCALE SETTLING TIME LSB SWITCHING FULL SCALE CURRENT vs
REFERENCE CURRENT
ALL BITS SWITCHED ON
2.4v 1
TPUT - % LS8 BITg 24V E [ ALLBITS“HIGH" TV-=-15V 3
SETTLING +%LSB LOGIC I s &
INPUT  gaqv &
(3
ov € 30
g 3
| 8.A 7 o
out o 5
a 2
5 X LIMIT FO
50ns/DIVISION ) V- = -5V
- 1 10
tpg=2mA, R =1kQ %2LSB =4,A 50ns/division @
0
0 1.0 20 3.0 40 50
IREF — REFERENCE CURRENT (mA)
LSB PROPAGATION DELAY REFERENCE INPUT
vs IFS FREQUENCY RESPONSE
6
4
s 2
500 s
200 ”I S 0 ~
@ a -2
g I 5 Ryg=Ryg=1kn [])
> 400 1 3 -4-PRia=Ris= 1
< ° R = 5000 h 2
e 1 S ~S[ALL BITS “ON"[T] T
2 300 = -8VRis=0V
z I <
[s] w -10
% 200 < A\VAN
<
< ~14
3 . N 0.1 02 05 10 20 50 10
T [ 1isB=78na 1 LSB=7.8,A FREQUENCY (MHz)
=
0 ] l Curve 1: CC=15pF, Vy=20V p-p centered at
8588353323 83¢ +10V
Curve 2. CC = 15pF, Vi =50mV p-p centered at
Igs — OUTPUT FULL SCALE CURRENT (mA) +200mV
Curve 3: CC=0pF. V| = 100mV p-p centered at OV
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

REFERENCE AMP COMMON LOGIC INPUT CURRENT vs
MODE RANGE INPUT VOLTAGE VTH - Vc vs TEMPERATURE
.2 ALL BITS ON
’ TA=Tmin TO Tppax _se 20
g 28 | |L I g 18
E .
=24 Z 60 e —
S Vo= 15V Vo= -5V | V4=415v w S 14 ~
& 20 l l IREF = 2MA E 12 =
§ 1.6 L O 40 T 10 -~
=
=12 | | 2 Zos
2 il I Zz l > 06
'g 0.8 : IREF = 1A — Q 20 0'4
0.4 IREF = 0.2mA —| 3 os
ol P “ M
—14-10 -6 -20 2 6 10 14 18 -12 -8 -4 0 4 8 12 186 ~50 0 50 100 150
V45 — REFERENCE COMMON MODE VOLTAGE (V) LOGIC INPUT VOLTAGE (V) TEMPERATURE (°C)
Positive common mode range is always (V+) - 1.5V
OUTPUT VOLTAGE COMPLIANCE
vs TEMPERATURE BIT TRANSFER CHARACTERISTICS POWER SUPPLY CURRENT vs V+
T T T g °[ALLeTsHiGHORLOW
- P T - -
s E | 4{!REF =2.0mA B =4
] £ 10 1 E‘ 8
<
2 £ o 3’
> 3 > 4
e 06 =
5 = By T,
& E T % 1+
g E 04 ®
<] 3 pv-=-15v B3 &
= -5V
0.2#\" Lo LT g !
N I Bs 2 o
50 0 50 100 150 -12 -8 -4 0 4 8 12 16 0 2 4 6 8 10 12 14 16 18 20
TEMPERATURE (°C) LOGIC INPUT VOLTAGE (V) V+ — POSITIVE POWER SUPPLY (Vdc)

NOTE

B, through By 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 =

00V)
MAXIMUM REFERENCE INPUT
POWER SUPPLY CURRENT FREQUENCY VS. COMPENSATION
POWER SUPPLY CURRENT vs V- vs TEMPERATURE CAPACITOR VALUE
8 _ 8 10,000
T BITS MAY BE HIGH ORLOW]| | g ALL BITS HIGH OR LOW
£ I- WITH Iggg = 2mA =7 Vo= -isv T
2 6 $ e cen | zZ frmeny
& T T - IREF = 2.0mA
€ 5 - B ]
3 : - Wl':'H !?EF._"?A 3 : 1,000 T
z , I— WITH Ipgg = 0.2mA z \ 'g i
o — a - -+ =
3 ) J—q a , V+ = +15V I+ 3
EJ \k I+ E w %
2 1 2 100
& 9 ! LY —
0 -40 -B.0 -12 -16 -20 -50 0 50 100 150
V- — NEGATIVE POWER SUPPLY (Vdc) TEMPERATURE (°C) ,
10 - | e
1 10 100 1,000

Ce (PF)
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL APPLICATION
PULSED REFERENCE OPERATION
+VREF
% {opnonu RESISTOR
4 | FoR OFFsET
1r
ovd L R
Rp
REQ=R)y || Rp

TYPICAL VALUES

RN = 5K
VN = 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.

Connections for a positive reference volt-
age are shown in 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 tied to either Vge 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 Vg 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 0.14F 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

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

The DACO8 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 DACO8 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 65,538, or +£0.00076%,
which is much more accurate thah the
+0.19% specification of the DAC08
series.

Monotonicity

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 Co <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 factor in
satisfactory test results when measuring
settling time. Short leads, 100xF supply
bypassing for low frequencies, minimum
scope lead length, and avoidance of
ground loops are all mandatory.
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

SETTLING TIME AND PROPAGATION DELAY

D1 D2 = IN6263 or equivalent Vs+ = +15V
D3 = IN914 or equivalent Q
C1=0014f
C2.Ca=0.1uf in _l_
Q1 = 2N3904 or equivalent L—'( ) Ca
Ca, Cs = 15pf and includes all = I
probe and fixturing capacitance = VaoJ
Q
1 04
Ry= Ry=
10000 2 1
Rygq=5kn 8 9 1011 12 13 \ = Vour
VREF = 10V O—AW—{ 14 4
IREF = 2MA put Vo ;31 o
15 2 24
16 3 1 s c4::ﬁs = 5000
Ryg =5k Cs== 2500
ale | TIIT
bk -
(B —_
Vg— = - 15V =

BASIC DAC-08 CONFIGURATION

MSB2 3 4 5 8 7LSB
9+VREF
RREF l‘REF
56 7 8 9101112
(LOW T.C) sa
DAC-08
15
16 131

’

Ccomp
Io.ur 0.14F
+V 25 -
Irs ~ ety 285 s lo + 1o = Igs for all logic states
Rper 256

RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST

VREF
Ry
- R2
%“3
Ri1=low T.C
R3=Ri+R2

Rz = 0.1 Ry to minimize
pot. contribution to full scale drift
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IR=2mA

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT

15

DAC-08

5kQ (LOWT.C)

I _oVour=
0TO +10V

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT

a) Positive Output v=1ov
5k 5k
<)
AN oVour
lp=2mA__ DAC-08
Oo—114 —
2 / —oVout
b) Negative Output ? vour

Ip=2mA 4
— DAC-08
oO—-14
2

1
1

[o
Vout

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY)

Tv=1ov

<
‘ 310kn |
Ig=2mA 2 | 2 10ka
— ‘P
o™ DAC-08
2 Vour
Vour
CODE CHART
8182 B3 By Bs Bg By By Vour Vour
POS full scale LI R TS B R D | -9.920v +10.000
POS ts. - 1LSB T 111 11 10 -9.840V +9.920
+ Zero scale + 1LSB 100 0 0 0 0 1 - 0.080V +0.160
Zero scale 1 00 0 0 0 0 O 0.000 +0.080
Zero scale - 1LSB o 1 1t 1 1t 1 1 0.080 0.000
Neg full scale - 1L.SB 0 0 0 0 0 0 0 1 +9.920 -9.840
Neg full scale 0 00 0O 0O O OO +10.000 -9.920
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SYMMETRICAL OFFSET BINARY (BIPOLAR)

Ry
ig=2ma | N\ >
o— {14
DAC-08 Lo
2 +
Rz

Vour =0to +V*

+V *Range:
%5V for R1 = R2 = 2.5K
+10V for Ry = R2 = 5.0K

3 DIGIT BCD CONVERTER

A 3 digit BCD converter, using inexpensive
8-bit binary DACs, can achieve +0.1% accu-
racy. The circuit shown in Figure 20 utilizes
three DACs, one for each decade, to provide
0 to 999 output steps. DAC 1 contains the
first four significant digits controlling the
hundreds digit; DAC 2 controls the tens
digit and DAC 3 steps 0 to 9. The feedback
resistor (R7) sets the zero scale at 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
code 100110011001.

Full scale adjustment procedure.

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

VRefF =10V >

i

" " 5-12

,.__j 15 DAC-08H
1K 4.5K \
13 16 3

Rz Rs .
AAA —AAA 14 5-12 2

VWA VWA~

.._j 15 DAC-08E =

3 DIGIT BCD CONVERTER WITH +0.1% ACCURACY

INPUT CODE ADJUST DESIRED
MSD LsD POT OouTPUT
1 000000000000 R7 0.000V
2. | 000000001001 R3 0.09v
3. | 000010011001 Rop 0.99v
4 100110011001 Ry 9.99V
Rggk*0.1%
—AAA-
+15V

10K 45K ; o
13 16 3 J/

= L4 Ho.01F
o
+15V ~15V
o rm
TTTT
3 Rg —
AM——AM- 14. 5-12 2 .
L1
|t s DAC-08C =
100K 450K
1 4
13 16 3
= 0.014F
+15V — 15V
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MC41508-8/1408-8/1408-7

8-BIT MULTIPLYING D/A CONVERTER

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 voitage 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 hoid

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 00

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 [7] [76] cOMPEN
GND [Z] 5] Vaer(-)
Vee [3] (1] VRgr(+)
o [<] 3] vee
MsB) A, (5] 72] Ag (LSB)
Az (€] myy
A3 (7] [10] Ag
Aq 2] (5] As
TOP VIEW
ORDER NUMBERS
MC15088F  MC1408-7N
MC1408-7F
D® PACKAGE

v+ [1] 16] Ag (LSB)

Veer(+) [2] 73]

vaer(-) [3] 1] Ag
ComPeN [4] [13] As
ne (5] [72] A4
GND [6 [11] A3
V- % [10] A,
o @ (9] A 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

PARAMETER RATING UNIT
Power Supply Voltage
Vee Positive +55 "
Vee Negative - 16.5 \
VsV Digital Input Voltage 0to Vee \
Vo Applied Output Voltage -52to +18 \"
lig Reference Current 5.0 mA
Vi Vis  Reference Amplifier Inputs Vee to Vee
Pp Power Dissipation (Package Limitation)
Ceramic Package 1000 mwW
Plastic Package 800 mwW
Lead Soldering Temperature (60 sec) 300 °C
Ta Operating Temperature Range
MC1508 -55t0 +125 °C
MC1408 Oto +75 °C
Tsta Storage Temperature Range ~-65t0 +150 °C

MSB LsB
Ay Ay Az Aq Ag Ag A7 Ag

75 J6 §7 §8 fo 10 P11 D1
<o
CURRENT SWITCHES 4

I ITITIT] |
BIAS

R-2R LADDER J L ]—< 2

CURRENT
VReF 1 Tt ano

(+)
14 REFERENCE [ 13
‘5{ Y CURRENT cc
v AMPLIFIER |
Vet COMPEN

NPN CURRENT SOURCE PAIR
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8-BIT MULTIPLYING D/A CONVERTER

MC41508-8/1408-8/1408-7

DC ELECTRICAL CHARACTERISTICS!

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

Voo = +5.0Vdc, Vee = -15Vde, Yret = 20mA
unless otherwise specified. 4 .
MC1508: Ta = -55°C to 125°C. MC1408: Ta=0°Ct075° c

unless otherwise noted.

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 time? | T© Within 1/2LSB, 70 70 70 ns
includes t'PLH,
T'A=+25°C,
Figure 4
Propagation delay ns
time
tPLH Low-to-high Ta = +25°C,
tPHL High-to-low Figure 4 35 100 35 100 35 100
TClo Output full scale -20 -20 -20 PPM/°C
current drift
Digital input Vdc
logic level (MSB)
ViH High Figure 5 20 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
hie Low ViL = 0.8V -0.4 -0.8 -0.4 -0.8 -0.4 -0.8
l1s Reference input |Pin 15, Figure 5 -10 | -50 -1.0 -50 -1.0 -50 uA
bias current
lor Output current | Figure § mA
range
9 VeE = 5.0V o] 20 | 21 o | 20 2.1 o | 20 2.1
VEg =~7.0V to 0 20 4.2 0 20 4.2 0 2.0 4.2
-15V
lo Output current Figure 5
Vref = 2.000V, 1.9 1.99 241 1.9 1.99 21 1.9 1.99 21 mA
R14 = 10000
lomin)  Off-state All bits low 0 4.0 0 40 0 4.0 rA
Vo Output voltage Er<0.19% at Vdc
compliance Ta=+25°C,
Figure 5
VEE = -5V -0.6. |.055,+0.5 - 0.6, 1055,+05 -0.6, 1 055,405
+10 +10 +10
) -55, -55, |_ -55, |
VeE below -10V +10 -5.0,+0.5 +10 5.0,+0.5 +10 5.0,+0.5
SRiret Reference current|Figure 6 8.0 8.0 8.0 mA/us
slew rate
PSRR(-)Output current  |lref = TMA 05 27 0.5 2.7 0.5 27 wAN
power supply
sensitivity
Power supply mA
current
lcc Positive All bits low, +25 +22 +25 +22 +25 +22
lee Negative Figure 5 -65 -13 -65 -13 -65 -13
Power supply Vdc
voltage range
Vcer Positive Ta = +25°C, +45| +5.0 +6.5 +45 | +5.0 +5.5 +4.5 | +5.0 +5.5
VEER Negative Figure 5 -45 -15 -16.5 -4.5 -15 -16.5 -4.5 -15 -16.5
Po Power dissipation| All bits low, W
Figure 5
Vege = ~5.0vdc 34 170 34 170 34 170
Vge = -15Vdc 110 305 110 305 110 305
NOTES:

1. All bits switched.
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8-BIT MULTIPLYING D/A CONVERTER

MC41508-8/1408-8/1408-7

TYPICAL PERFORMANCE
CHARACTERISTICS

D-to-A TRANSFER CHARACTERISTICS

o

N

g, OUTPUT CURRENT (mA)
5 5

(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 multipiy-
ing mode, Rys 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
Vge or ground, but using Vgg 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 Ry 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 Vge supply. Bipolar
input signals may be handled by connect-
ing Ry4 to a positive reference voltage
equal to the peak positive input level at pin
15.

Capacitive bypass to ground is recom-
mended when a DC reference voltage is
used. The 5.0V logic supply is not recom-
mended as a reference voltage, but if a
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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 0.1uF 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 scaie 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.

The MC1508/MC1408 series is guaranteed
accurate to within +1/2LSB at +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 appiies 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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TEST CIRCUITS

Vee
l b Rig=Rys

5
Ay o— R

[ 14 14
320%— oM (Ve

7 16
Az 0—

8 1 Ryg
A0 R MC1508 2 =
Ago— Mc1408 a

= L

10 4 =
Ag O— —o——‘_——.—-MNl

1 18 lo L
Ay 0— =

12 SEE TEXT FOR VALUES OF C.
Ag 0

c
VEE

Figure 1. Positive Vgge

Vee
13
5 l Ryg=Rq¢s
Ay o0—
R
14 14
Ay o _—o_—_a,,b_j
Aot 15 =
30— —0——MWA—————@ () Vpgr
8 1 Ris
Ag0—
0 MC1508 2
Ago— MC1408
10 4 = RL
Ag 0— —0——‘_—._%_.].
1" 18 o ™ =
Ay o— =
2 SEE TEXT FOR VALUES OF C.
Ag o— c

A3
Figure 2. Negative Vpee
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8-BIT MULTIPLYING D/A CONVERTER MC1508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)

MsB
—————————0—{A
——oA;
—— o
00— A4 CONVERTER }—0— 0TO +10VOUTPUT
————o0—|Ag (£0.02%
‘ A, ERRORMAX) |
——o— A7 5K ::
o1 As Aqp Ay Arg 1

LS8
50K
VREF =2V  O.4F

100
950 v ERROR (1V = 1%)
Ryg cc
NES30
mss 14 13
5
—o-
l—o
8-BIT o
COUNTER [~©—
Figure 3. Relative Accuracy
v
0.1F cc 2.4V K—\ v
r—-l *in .
t %13 . N
= +2.0Vde 04V = PAL= oLy = 10n8
—o=1 o 10K LoV USE R_to GND
A ’ FOR TURN OFF
:s | 1 O.14F SETTLING TIME MEASUREMENT
motson 70— ‘~°"l 1:"I FOR SETTLING TIME A= soon
o] MC1408 [Fo—= ={ =  MEASUREMENT 0 A
& o o0, (ALLBITS
SWITCHED LOW tg = 70ns TYPICAL
*in ::‘_EL TO HIGH). 10 2112188
81 18pF =< Co = 25pF L
01F 3 T TRANSIENT 0 \ ———
ri(-* | n:sronism 1 PIN 4 T0 GND
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) B Vee mV | |~ tpLH —{ [~ tpHL

Figure 4. Transient Response and Settling Time
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8-BIT MULTIPLYING D/A CONVERTER

MC41508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)

VI-__L

Vee
lec TYPICAL VALUES Ryq = Ryg= 1K
| VREF = +2.0V
13 C=15pF
[
r 14
E ~— PRig
Fapsa 14 VRer (+)
Az o3
7 15 ~—hs
3o R
1 15
mama, | Aot oo  lo—TE =
INPUTS | Aso—]
10
o10] L
Ao 1 4 ofreur
Az 0 -—
Ago't2] _Eo_l o
\ > R
(+){h -

V) AND I; APPLY TO INPUTS Aq THROUGH Ag

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

A A2 A3 Ag Ag Ac A7, As
lo=K § 4+ "+ "+ 4+
o= {2 ittt ntatmtss
7
where K = -REF
Rig

and Ay =“1" IF Ay IS AT HIGH LEVEL

1 = An="0" IF Ay IS AT LOW LEVEL
1gg .
EE 'Vgg  (SEETEXTFORVALUESOFC)
Figure 5. Notation Definitions
Vee
<
13
5
] 14 Tk
v, 2v
7 o MV [,
0 1 A
o] Mctsoe K =
MC1408 2
10
(X
L o2 10% 0
R =60 SCOPE a_taev 1\ _9s0%
15 pF dt R dt 2.0mA
s P B M
b SLEWING TIME
Ve = =

Figure 8. Reference Current Slew Rate Measurement
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LINEAR LSI PRODUCTS
- |-—_——-——_

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

DESCRIPTION APPLICATIONS PIN CONFIGURATION
The MC3410 series are 10-Bit Multiplying e« Successive 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| Vaer
are used as general-purpose building e High-speed modems GND@ 15] VRer =
blocks in cost-effective D/A systems. o Waveform generators ouTeuT 3] 7 vee
The Signetics’ design provides complete °* CRT displays D, (MsB)[Z 73] D10 (LSB)
10-bit accuracy without laser trimming, * StriP CHARI_'“d Xy plottars ! = ‘:
and guaranteed monotonicity over temper- ¢ Prog le power supplles 0. (5] [12] 05
ature. Segmented current sources, in con-  * Progr gain and at ! 0; (€] [17] 08
junction with an R/2R DAC provides the 04 [7] Eo,
binary weighted currents. The output buf- b 510
ter amplifier and voltage reference have s (] [T10s
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
‘e 10-bit resolution and accuracy (+0.05%) SYMBOL AND PARAMETER RATING UNIT
* Guaranteed monotonicity over Voo Power Supply 170 Vdc
temperature v _ 18 Vdo
« Fast settling time—250ns typical V'EE Digital Input Voltage 15 Vdo
. 2’%“;;{;"’:‘5 are TTL and CMOS Vo Applied Output Voltage 05, -5.0 Vde
. Woidepout ut voltage compliance range lnerre)  Reference Current 25 mA
« High- e:d multi? in inp ut slew ragte Vgeer Reference Amplifier Inputs Veer Vee Vdc
go sxl plying inp Vrerp) Reference Amplifier Differential Inputs 0.7 Vdc
. ;' m #sam ifier internall Ta Operating Temperature Range
e °'°:‘;°‘edp' ! Y MC3510 -55 to +125 °C
. (s:?"r‘\z:rda upply voltages + 5V and MC3410, 3410C Oto +70 °C
—:SV supply voitag T, Junction Temperature
Ceramic Package +175 °C
Plastic Package + 150 °C
BLOCK DIAGRAM
mse Ls8
Dy Dz D3 D4 Ds Dg Dy Dy Dg Dyo
AAASAREEA AN
3
CURRENT SWITCHES L__‘L—O
BEEEEEEEEE
LADDER TERMINATORS
R-2R LADDER =
VRer(+) 0— |
VRer(-)0— BIAS
| cIrRCUITRY
REFERENCE 14
CURRENT Lo vee
AMPLIFIER
1 iz
Vee GND
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LINEAR LSl PRODUCTS

40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

DC ELECTRICAL CHARACTERISTICS Vcc = +5.0Vdc, Vee =

—~ 15Vdo, YREE _

" R16

2.0mA, all digital inputs at high logic level.

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

MC3510, MC3410 MC3410C
SYMBOL AND PARAMETER TEST CONDITIONS - UNIT
Min Typ Max Min Typ Max
£ Relative accuracy (Error Tez25°C +0.05 0.1 %
’ relative to full scale |o) A= 1/4 1/2 LSB
Relative accuracy drift
. . /°
TCE,  (Relative to full scale Io) 25 28 ppm/*C
Monotonicity Over temperature 10 10 Bits
Settling time to within T.=25°
ts +% LSB (all bits low to high) a=25"C 250 250 ns
toLH A . T, =25° 35 35
to, Propagation delay time A=25°C 20 20 ns
TClo Output full scale current drift 60 70 ppm/°C
Digital Input Logic Leveis
(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)
i High Level, V;y=5.5V +.04 +.04 mA
Iy 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 40" 5.0 4.0 5.0 mA
lon Output Current (All bits high) Vrgr = 2.000V, 38 | 3996 | 42 38 | 3996 | 42 mA
Ry = 10000
loL Output Current (All bits low) Ta=25°C 0 2.0 0 4.0 A
; o -25 -25
Vo Output Voltage Compliance Ta=25°C +0.2 +02 Vdc
SR lngr ::I:rence Amplifier Slew 20 20 mAus
ST lpee Leference Amplifier Settling | 4 4 oma +0.1% 20 20 us -
Time
PSRR(-) g”‘pf". Current Power Supply 0.003 | 0.01 0003 | 002 | %%
ensitivity
Co Output Capacitance Vo=0 25 25 pF
Digital Input Capacitance
G (All bits high) 4.0 4.0 PF
lec Power Supply Current +18 +18 mA
lee (All bits low) -11.4 | -20 -11.4 -20
Vee +475 | +50 | +5.25 [ +475 | +50 | +5.25
Power Supply Voltage Range Ta=25°C Vdc
Vee -14.25 -15 -156.75 |-14.25 -15 -15.75
Power Consumption
(All bits low) 220 380 220 380 mwW
(All bits high) 200 200
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

TYPICAL PERFORMANCE CHARACTERISTICS

4.0
< 30
E
- Veec= +5.0V
Z 0 Vee = —15.0V _]
«< i Ta=25°C
§ IRep=2mA —
- 10
>
o
5
o 0

-1.0

-5 -3 -1 0 1 3 5

COMPLIANCE VOLTAGE (VOLTS)

Figure 1. Output Current vs. Output Compliance Voltage
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> -Vgg= - 15V
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z
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o

E -20

o

o

- —-30

2

s -4.0
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Figure 2. Maximum Output Compliance
Voltage vs. Temperature
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= 1
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o

g o1
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Figure 3. Power Supply Currents vs. Temperature

16.0 R15= R16 = 1.0k
140 |8 CURVE Vaer(—)5 0V
120 | SMALL-SIGNAL BW
100 fro=1000

8.0 |VREF(+)=50 mVpp

6.0 | CENTERED AT +200mY,
20 LA

-

=20 — A CURVE
-4.0 | ARGE SIGNAL BW
-8.0 (=200
=80 M vger(+)=2Vpp
-10 [— ceNTerep T 10V T N1
01 020305 1.0 203050 10
1, FREQUENCY (MHz)

RELATIVE OUTPUT (dB)

Figure 4. Reference Amplifier Frequency Response
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LINEAR LS| PRODUCTS

40-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 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-siew 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 regardiess 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 volit-

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 0.1xF 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 voitages which supply

-

-

4 (13)
ms8 [C] ® m ® ® (10 1) (12) Lss
D4 D2 D3 Da Ds Dg D7 Dg Dg D1
Q o 9 Q ] Q Q GND
? 7 7 @
_L o
I I = lour
6 6 6 d 3 1 )
SEGMENT . - J - J L - - -
DECODER '
. Vsias
T_J L (INTERNAL)
—o
2R 2R 2R 2R 2R 2R 2R 2R
VWA VWA W v W My
IBRUERY v

Vee (1)

Figure 5. MC3410 Equivalent Circuit

CODE SELECTED 0111110011
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

VR(+)

Dy THROUGH
D1o

1
2 Rig+ Rr=R15 = Rper

=3 Rt << Ryg
lo F.S.=2 Ip = VRer/RREF

a) POSITIVE REFERENCE VOLTAGE

Dy THROUGH
D1o

[ S—
o— 3410
Ris+ Rr=Rqg

Ry < < 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
refer2nce 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.



LINEAR LSI PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

SETTLING TIME

The worst case switching condition
occurs when all bits are switched ‘“‘on,”
which corresponds to a low-to-high transi-
tion for all bits. This time is typically 250ns
for the output to settle to within + 1/2 LSB
for 10-bit accuracy, and 200ns for 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, 100uF 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,.

Vee
0.14F
éj_' +2Vdc
14 - 9
1 1k
1
18 by T 0-1F RISE AND FALL TIMES < 10ns
2 AV b —
VW 1 2.4V
"E'_ oo:: R~ Vi l 1.4v
MC3510/ 5005 Ru
MC3410 0.4v
3
——oVo 0.5V
2 >R Co = 25pF Vo
= = 0
7 = ts ~ 250ns TYPICAL
TO =1/2LSB
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
Vce
0.14F
14 =
16 1k +2Vdc
RISE AND FALL TIMES < 10ns
2.4v|—
1k 0.14F
15 Al Vi
o T s —/] —
MC3510/
MC3410
3
Vo
—
R
20 ov
2 Vo
1_ = - 80mv |
3 =
0.1,F o —
tPLH tPHL
= FOR PROPAGATION
- DELAY TIME
Vee

Figure 8. Propagation Delay Time
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

|
|P1~D2 | | D3~ Dyl

TI*VING WILL DEPEND ON THE PROCESSOR USED.

THE VALID DATA WILL BE LATCHED TO THE DAC UNTIL UPDATED WITH Ez PULSE.

Figure 10. Interfacing 10-Bit DAC with 8-Bit Microprocessor

Vce
0.14F
= VRer(+) —2v
14 9 Iy
4 16 1k
—o—1 F—o—AA—4
[ 15, 1K —l
b——O———; —-O—‘/Wl 0.14F 20V
% I FH+)
MC3510/ = VRer(+
29| mcaso RS = 0
»—o—w« 3 500 2
»—0—1—14 0.5V
12
03] Vo SLEW RATE
Ot
[
1 V' ty=2,8 TYPICAL
0.A4F TO 20.1%
i USE Ry =200 TO GND FOR
‘j SLEW RATE MEASUREMENT
Vee
Figure 9. Reference Amplifier Settling Time and Slew Rate
TYPICAL APPLICATIONS
7 BE = D10
8 Dg
5 Ds
pla 8-BIT D7
BL‘l‘s 3 LATCH Ds 10-BIT
Ls3r3 Ds DAC  |——0 OUTPUT
2 De] MC3410)
1
° D3
E D2
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TIMING DIAGRAM
El cmms——
Ez2
|
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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, controiled 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
butfer 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

Programmable power supplies
Test equipment

Measuring instruments
Analog-digital multiplication

(19)

Veer INT.
VREeF VRer
(13) oyt O—1
<
b3
VREF o AAA—4
02 apy.
5K
> (10
35k 4
1

@) SWMq
NODE oK

AAA
W

(1)
9 (8 (7)) (6) (5) (4 (3 (2) DIGITAL
DB7 DB6DB5 DB4 DB3 DB2 DB1 DBO GND

EAEARERE

LATCHES AND
SWITCH DRIVERS

(18) Vour Ao

VWA
@ Awe s« | -
COMP. =

ANALOG

DAC CURRENT
OUTPUT

(22) GND. O~

5K

DAC SWITCHES

VRE
o

BIPOLAR
OFFSET

5 (16)

an

Figure 1

PIN CONFIGURATION
F,N PACKAGE
DIGITAL GND [T A [22] ANALOG GND
oso (Ls8) 2] [27] amep. comp.
o81 [3] [20] sum NoDE
oe2 4] i8] vee+
o83 [5 | 78] vour
os4 6] [77] vee-
oss [7] [16] oac come.
oes [7] [15] e1POLAR OFFSET R
oe7 (se) 9] [14] vaer N
ie 19} 73] vaer OUT
ne [1] E] VRer ADJ.
ORDER NUMBERS
SE/NES018F,N
D2 PACKAGE
DIGITAL GND E ~7 23] ANALOG GND
DBO (LSB) E E AMP. COMP.
og1 [3] :ﬁ] SUM NODE
os2 4] [21] +vee
oes [5] [20] vour
oes [6] 18] ne
oss [7] 18] -vec
ves [£] [17] oac come.
oe7 [9] [16] siroLar oFFseT
ne [10] [15] ne
© [} [14] vaerN
vaer ADJ. [12] [13] vaer OUT
TOP VIEW
ORDER NUMBER
NE5018D2
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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8-BIT xP-COMPATIBLE D/A CONVERTER SE/NE5018
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veet Positive supply voltage 18 v
vVee— Negative supply voltage -18 v
VIN Logic input voltage Oto 18 "
VREefrIN Voltage at VRgF input 12 v
VREFADJ Voltage at VReF adjust 0 to VRer \
Vsum Voltage at sum node 12 \"
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
louTsc Short-circuit current to ground
or either supply at Voyr Continuous
Pp Power dissipation®
-N package 800 mw
-F package 1000 mwW
TA Operating temperature range
SE5018 —55to0 +125 °C
NE5018 Oto +70 °C
TsSTG Storage temperature range —65 to +150 °C
TsoLbd 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, 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 v
Vce- Negative supply voltage —-11.4 —-15 —11.4] —15 Vv
VIN(1) Logic “1" input voltage Pin 1 = OV 2.0 2.0 v
VIN(0) Logic “0" input voltage Pin 1 = OV 0.8 0.8 v
WINC1) Logic “1" input current Pin 1 = 0V, 2V<V|N<18V 0.1 10 0.1 10 uA
lIN(O) Logic 0" input current Pin 1 = OV, —=5V<V)y<0.8V —-20 | =10 -20 | —-10 uA
VEs 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 "
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 mVv
los Output short circuit TA = 25°C 15 40 15 40 mA
current Vout = oV
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) Qutput power supply V+ = 15V, —13.6V=V—<—16.5V, .001 01 001 | .01 | %FS/
rejection (—) external VRgr |N = 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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8-BIT xP-COMPATIBLE D/A CONVERTER

SE/NES0418

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vgog+ = +16V, Voo~ = — 15V, SES018. —=55°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+ ggF) 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, ~13.6V < V— < 16.5V, 003 | .01 003 | .01 |%VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA Ty = 25°C 49 5.0 5.25 49 5.0 5.25 v
TCREF Reference voltage IREF = 1.0mA ‘AT 60 60 ppm/°C
temperature coefficient
ZIN DAC VReF IN input IREF=1.0mA Tp=25°C 415 | 5.0 5.85 4.15 5.0 5.85 KQ
impedance
Icct+ Positive supply current Veet+ = 15V 7 14 7 14 mA
Icc— Negative supply current Vgg— = —15V -10 -15 -10 —15 mA
Pp Power dissipation IREF = 1.0mA, Voc = 16V 255 435 255 435 mwW
NOTE
1. Reter to Figure 2.
AC ELECTRICAL CHARACTERISTICS ? Voc = 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
tpih Propagation delay Output Input All bits switched low to high3 300 ns
tphi 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 EE low to high transitionS 300 ns
tphi 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 puise 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. See Figure 10.
8. For reference currents > 3mA, use of an external buffer is required.
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8-BIT xP-COMPATIBLE D/A CONVERTER

SE/NES018

DC PARAMETRIC TEST CONFIGURATION

vee+ vee+
_ wmsB Lse . w~s8 Lss
e T YT TTTT I 0.47,F 3 I 0.47,F
98765432 19 98765432 19
5.000v 10 DIG. GND 1 10 DIG. GND 1 ——077
Oo—s
_——0—4 14 VRer N ANA. GND 22 -—O—_-L 14 ANA. GND 22 -—-0—_]-
Lo vrerour = 13 =
12 5018 v w ouTPUT 12 so1s ouTPUT
out —O_J-szs vout 18
SuM 20 ik
oac x oac SuM 20 x
A
comp AMP 21 COMP. AMP 21
6 17 15 COMP. "'4:0‘:‘ L % 17 15 COMP. N9 14
l T - < l IWOPF - =
0.01,F T 0.1:F 0.01,F T 0.1,F
vee vee ©
Figure 2 Figure 3

AC PARAMETRIC TEST CONFIGUTATION

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

il

98765432 19 98765432 19
10 DIG. GND 1 ——0?7 10 DIG. GND 1 -—-0?7
14 VREFIN ANA. GND 22 —0—:L 14 VREFIN ANA. GND 22 -—41
13 VREF OUT = 13 VReF out =
10K 5018 10K 5018
+AA—0—] 12 VReF aDy ouTPUT <+AAA—0—] 12 VReF a0y ouTPuT
101 Vout 18 10T vout 18
80K 22pF 80K 22pF
SuM 20 SuM 20
= DAC - DAC 2K
CoMP. AMP 21 COMP. BIP.OFFSET  AMP 21
FULL SCALE o
ADJUST 617 15 Comp. 3:":30‘:; AL, S Sow. 1::;:
vee+ % -
1 v,
0.01,F T 0.1,F 20K A :‘, 0.01,F T 0.1F e -
vee—~ 10T € zeRo SCALE vee—— 20K
vee- ADJUST 107 ZERO SCALE
Figure 4 Figure 5 Voo ADJUST

BIPOLAR OUTPUT OPERATION (-5 to +5V)
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SETTLING TIME AND PROPAGATION DELAY,
LOW TO HIGH DATA

1ov

OuTPUT

ov

Figure 6
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-COMPATIBL

DESCRIPTION

The NE5019 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

Amplitier and reference both short-
circuit protected

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 ] [22] ANALOG GND
o080 (Ls8) [2] [21] amP. comP.
o8y [3] [20] sum NoDE
o82 4] [79) vee -
o83 [5] 78] vour
o8s 6] [77] vee-
o8s 7] [76] oac comp.
086 [3| E_] BIPOLAR OFFSET R
o087 (Mss) [3] 73] VRer IN
e [10] [13] vaer out
e [T} [712] VRer ADJ.
TOP VIEW
ORDER NUMBERS
NES5019F SES019F
NES019N

(1)
(10) @ @ O (@© (5 @ 3 (2 DIGITAL
LE 087 DB6 DB5 DB4 DB3 DB2 DB1 DBO GND
Q M“TTTTTTTTL“
LATCHES AND
SWITCH DRIVERS
——————————————O SUM NODE (20)
5K
AAA
W
INT.
v VREeF
(13) VREF B
our @

<
<
<

VREF "
O—AAA—4
02 oy

<
3 &K
<

DAC CURRENT
l OUTPUT

DAC SWITCHES

VREF
(14) N

BIPOLAR
(8 orrser

Figure 1

————O Vourt (18)
AMP.
comp. (21

ANALOG
GND. (22)
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8-BIT ,P-COMPATIBLE D/A CONVERTER SE/NES019
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vet Positive supply voltage 18 \
Vee— Negative supply voltage -18 \"
ViIN Logic input voltage Oto 18 v
VREFIN Voltage at VRgF input 12 v
VRefpADJ Voltage at VRgF adjust 0 to VRer \
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
loutsc Short-circuit current to ground
or either supply at VoyT Continuous
Pp Power dissipation*
-N package 800 mwW
-F package 1000 mwW
TA Operating temperature range
SE5019 -55to +125 °C
NES019 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 vco+ = +15V, Vog— = —15V, SE5019. —55°C =< T < 125°C,
NES019. 0°C < Tp <70°C unless otherwise specified.
Typical values are specified at 25°C
SE5019 NES019
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
\olons Positive supply voltage 11.4 15 11.4 15 \
Vee— Negative supply voltage -114 | —15 —-114 | —15 v
VIN(1) Logic “1” input voltage Pin 1 =0V 2.0 2.0 v
VIN(0) Logic “0” input voltage Pin 1 = OV 0.8 0.8 v
INC1) Logic “1” input current Pin 1 =0V, 2V<V)y<18V 0.1 10 0.1 10 uA
IN(O) Logic “0” input current Pin 1 = 0V, =5V <V|y<0.8V -2.0 | —-10 -20 | =10 | uA
VEs Full scale output voltage Unipolar operation 9.50 9.961 | 10.50 | 9.50 9.961 | 10.50 \"
VREF IN = 5.000V, Tp = 256°C
VEs Full scale output voltage Bipolar operation 45 +4961) 55 4.5 +4.961] 55 \
VREF IN = 5.000V, Tp = 25°C | -5,040 | —5.000|-4.960 | -5.040 | —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 VouTt = 0V
PSR+(out) Output power supply V- = —15V, 13.5V=V+<16.5V, 001 | .01 001 | .01 | %FS/
rejection (+) external VRgefF |N = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V=V—-<—16.5V, .001 | .01 001 | .01 | %FS/
rejection (—) external VRgg N = 5.000V %VS
TCfks Full scale temperature VREF IN = 5.000V 20 20 ppm/°C
coefficient
TCzs Zero scale temperature 5 5 ppm/°C
coefficient

NOTE

t Refer 1o Figure 2
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8-BIT xP-COMPATIBLE D/A CONVERTER

SE/NES019

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vcc+ = +15V, Vog— = —15V, SE5019. —556°C < Tp < 125°C,
NES5019. 0°C < Tp =<70°C unless otherwise specified.'
Typical values are specified at 25°C

SES5019 NES019
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, 13.5V = V+ = 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—RgF Reference power supply | V+ = 15V, —13.6V < V— =< 16.5V, .003 .01 .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA 25°C 4.9 5.0 5.25 4.9 5.0 5.25 v
TCREF Reference voltage IREF = 1.0mA A~ 60 60 ppm/°C
temperature coefficient
ZIN DAC VRgfIN input IREF = 1.0mA 4.15 5.0 5.85 4.15 5.0 5.85 KQ
impedance TaA=25°C
lcct Positive supply current Vcc+ = 15V 7 14 7 14 mA
lcc— Negative supply current Vee— = =15V —10 —15 —10 —-15 mA
Pp Power dissipation IREF = 1.0mA, Voo = =15V 255 435 255 435 mw
NOTE
1. Reter to Figure 2.
AC ELECTRICAL CHARACTERISTICS? vgg = 15V, Tp = 25°C
SE/NES5019
PARAMETER T0 FROM TEST CONDITIONS UNIT
Min Typ Max
TgLH  Settling time +% LSB Input All bits low to high3 1.8 us
TsHL  Settling time +% LSB Input All bits high to low4 2.3 Hus
tp;h Propagation delay Output Input All bits switched low to high3 300 ns
tohl Propagation delay Output Input All bits switched high to low4 150 ns
tplsb  Propagation delay Output Input 1 LSB change3.4 150 ns
tpih Propagation delay Output EE low to high transition® 300 ns
tphi 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 2,7 150 ns
NOTES
2. Refer to Figure 3.
3. See Figure 6.
4. See Figure 7.
5. See Figure 8.
6. See Figure 9.
7. See Figure 10.
8. For reference currents > 3maA, use of an external buffer is required.

4-70



LINEAR LSI PRODUCTS

8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NES019

DC PARAMETRIC TEST CONFIGURATION

i

AC PARAMETRIC TEST CONFIGUTATION

ms8 Lss

TI71T

vee+
I 0.474F

LE
98765432 19 987865432 19
10 DIG. GND 1 Lw DIG.GND 1 —o—;_’
© _—0—4 14 VREFIN ANA. GNO 22 f—0—) 14 ANA. GND 22 f—0—)
| SN P VREF OUT = 13 =
5018
o—q 12 outPuT 5018
vour 18 o—v 12 . outeuT
o1 ouT 18 . ’
220F > S
SUM 20 SUM '

DAC x DAC 20 2

comp AMP 21
COMP. AMP 21
1N914
16 17 'i COMP. T ‘9 . 4 L % 17 15 COMP. ‘:?O‘p:
0.014F 0.14F
T oouF| I 01F
vee- vee-~
Figure 2 Figure 3

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

i

98765432 19 98765432 19
10 DIG. GND 1 ’_@/;7 10 oo 10—y
14 VREF IN ANA. GND 22 '—01 14 VREFIN ANA. GND 22 —o—_l_
13 VREF OUT = 13 VRer out =
10K 5018 5018
~VW\—0—112 VRer A0y vour oureut '™ S eaAA—0—] 12 VReF a0y vour 18 outeuT
107 107
80K 80K o "
sum sum 20
= pAC = DAC 2
comp. AMP ComP. BIP. OFFSET  AMP 21
FULL SCALE
ADJUST 16 17 15 COMP. 6 17 15 COMP. N9 14
$ L { Iaoop;' =
0.01,F 0.1F 0.01,F 0.1,F Vee*
I P S ek ™
vee-— 10T € zer0 scALE vee = 20K Q0 AAAS
vee. ADJUST 10T ZERO SCALE
Figure 4 Figure 5 Vee- ADJusT

BIPOLAR OUTPUT OPERATION (-5 to +5V)

o

SETTLING TIME AND PROPAGATON DELAY,
LOW TO HIGH DATA
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OouTPUT

ov

Figure 6

SETTLING TIME AND PROPAGATION DELAY,
HIGH TO LOW DATA

I s |

|+ tPHL ———

ouTPUT

Figure 7
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT
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10-BIT ,P-COMPATIBLE D/A CONVERTER

NE5020

DESCRIPTION FEATURES PIN CONFIGURATION
The NE5020 is a microprocessqr-compati- @ 10-bit resolution F. N PACKAGE
ble monolithic 10-bit digital to analog con- ® Guaranteed monotonicity over ’
verter subsystem. This device offers 10-bit operating range
resolution and +0.1% accuracy and ® +0.1% relative accuracy oiGiTAL aNo [T ] 24] ANALOG GND
monotonicity guaranteed over full operating  ® Unipolar (OV to +10V) and 060 .58) [Z] (73] ae cowe
temperature range. Bipolar (+ 5V) output range o0t [3] .
L loading latch diustable logi ® Logic bus compatible
ow loading latches, adiustable logic  , g, yqc gettiing time oez [4] 71 +vec
thresholds and addressing capability allow o8 E ) v
the NES020 to directly interface with most our
microprocessor and logic controlled sys- APPLICATIONS o84 [ ] 19] -vee
tems ® Precision 10-bit D/A converters o8 - norFsET R
) * 10-bit Analog to Digital converters O [75] woLa
The NE5020 contains internal voltage refer- e Programmable power supplies oss (7| [77] +Vrer weUT
ence, DAC switches and resistor ladder. e Test equipment ve7 [3] [76] -vaer wour
Also, the input buffer and output summing e Measurement instruments o8 [10 .E] Vegr oUT
amplifier are included. In addition, the
matched application resistors for scaling ei- 089 [E E] VREF ADJ
ther unipolar or bipolar output values are e, E;_‘ 3] 2,
included on a single monolithic chip.
The result is a near minimum component ORDER NUMBERS
count 10-bit resolution DAC system. :::ggg:
BLOCK DIAGRAM
(1) (10) (L] ® m ®) ® ) (4] @
] oss os7 L pes o84 o83 082 D81 080
“es ] Lss
13 [ O~ b0 ¥y (12)
LATCHES AND SWITCH DRIVERS
[ l Yo} :‘:!(ﬂ)
(1) DITAL GNO O- 'A':
(1 +vee 0———| DAC OUTPUT CURRENT o
. I Vour (20)
(18) Vags OUT O=nd < ‘
INT VREF.
(14) VAgE ADY O] DAC SWITCHES " ::.‘"’
Pner ANALOG GNO (24)
(17) + Vagr N O~ AV
- =
(18) BPOLAR or
OFFSET
(10)-Vner N
~vee
“e ALL R VALUES EQUAL B2 AND ARE THERMALLY MATCHED
Figure 1
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410-BIT ,P-COMPATIBLE D/A CONVERTER NES020
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vect Positive supply voltage 18 Vv
Vee— Negative supply voltage -18 v
VIN Logic input voltage Oto 18 v
VRer IN Voltage at +VRgF input 12 \
VREF ADJ Voltage at VRgF adjust O to VRef v
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgf OUT Continuous
loutsc Short-circuit current to ground
or either supply at VouTt Continuous
Pp Power dissipation®
-N package 800 mw
F package 1000 mwW
TA Operating temperature range
NES020 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 vgg+ = +15V, Vo= = —15V, 0°C < Tp <70°C unless otherwise specified.
Typical values are specified at 25°C
NES020
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Resolution 10 Bits
Monotonicity 10 Bits
Relative accuracy +0.1 %FS
Veet Positive supply voltage 1.4 15 16.5 v
vVee— Negative supply voltage —-11.4 -15 —16.5 \
VIN(1) Logic “1" input voltage Pin 1 = OV 2.0 \
VIN(O) Logic “0" input voltage Pin 1 = 0V 0.8 v
IINC1) Logic “1" input current Pin 1 =0V, 2V<V|Ny<18V 0.1 10 KA
IN(O) Logic “0” input current Pin 1 = OV, —6V<V|N<0.8V -2.0 =10 KA
VES Full scale output voltage Unipolar operation 9.5 9.9902 10.5 v
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voltage Bipolar operation 4.5 4.9902 5.5 \"
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, 13.6V=V+=<16.5V, .001 .01 %FS/
rejection (+) external VRer |N = 5.000V %VS
PSR=—(out) Output power supply V+ = 16V, —13.5V<V-<-16.5V, .001 .01 %FS/
rejection (—) external VRef |N = 5.000V %VS
TCgs Full scale temperature VREF IN = 5.000V 20 ppmFS
coefficient /°C
TCzs Zero scale temperature 5 ppmFS
coefficient /°C

NCTE
1. Refer to Figure 2
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10-BIT xP-COMPATIBLE D/A CONVERTER

NES020

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vgo+ = 415V, 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
IREF? 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- = —15V, 13.5V < V+ < 18.5V, .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—REeF Reference power supply V+ = 15V, =135V < V- < 16.6V, .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA, Tp = 25°C 49 5.0 5.25 v
TCrer  Reference voitage IREF = 1.0mA 60 ppm/°C
temperature coefficient
ZIN DAC VREggIN input IREF = 1.0mA 5.0 kQ
impedance
lcct Positive supply current Veet = 15V 7 14 mA
Ilcc— Negative supply current Vgeg— = —158V -10 -15 mA
Pp Power dissipation IREF = 1.0mA, Vg = £ 15V 255 435 mw
NOTE
1. Refer to Figure 2.
2. For Ipgp OUT greater than 3mA, an external buffer is required.
AC ELECTRICAL CHARACTERISTICS 3 vgg = £ 15V, T = 25°C
NES020
PARAMETER TO FROM TEST CONDITIONS Min | Typ | Max UNIT
TsLH  Settling time + % LSB Input All bits low to high4 5 us
TsHL Settling time + % LSB Input All bits high to low$ 5 us
tpih Propagation delay Output Input All bits switched low to high4 300 ns
tphi Propagation delay Output Input All bits switched high to lowS 150 ns
tpisb  Propagation delay Output Input 1 LSB change4.5 150 ns
tplh Propagation delay Output low to high transition® 300 ns
tphi Propagation delay Output LE high to low transition” 150 ns
tg Set-up time E 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.

4-75




LINEAR LS! PRODUCTS

10-BIT ,P-COMPATIBLE D/A CONVERTER

NES020

DC PARAMETRIC TEST CONFIGURATION

vee
_ msB Ls8
[E2 L€y —_ T 0.47:F
1110987654 32 21
5.000v 12 DIG. GND 1
e 13 +
_——0—17 VReF N ANA. GND 24
15 VREF OUT —VREF IN 16 =
14 5020 20pF ouTPuT
vout 20
sum 22 -
AMP 23
19 18 COMP. N9 14
100°=" =
! I
I 0.1.F
vee—
Figure 2

AC PARAMETRIC TEST CONFIGURATION

EziM;}TTTTTTT? h

111098765432 21
1 DIG GND 1
13 ’—o—;L?
E:: 17 ANA_ GND 24 :Ij-
5 ~VREE IN 16 -
o—q 14 5020 30pF ouTPUT
Vout 20
SuM 22
5K
AMP 23
19 18 COMP N9 14

100 = -

o—
iH
o
%

Figure 3

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

vee-
_ MsB Ls8
CE2 LEy 0.47,F
I 111098 76 54 3 2 21
12 DIG. GND 1 '—O?
13
17 VREF IN ANA. GND 24
15 VREF ouT ~VREF IN 18 =
10K 5020 .
14 VREF ADJ vour 20 30pF OUTPY
107 80K ou
Sum 22 I
e AMP 23
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ADIUST 19 18 COMP. AL
P ==
(l.' _E Vee+ P
- ™
0.1,F 20K S <A
I 10T <" ZERO SCALE
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Figure 4

BIPOLAR OUTPUT OPERATION (-5 to +5V)
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or 80K
SuM 22 x
BIP OFF Cé:: 23 oo
1 1
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Figure 6
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Figure 7
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10-BIT P-COMPATIBLE D/A CONVERTER NE5020

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

tPHL ———|
tPLH ——l
1ov - 10v
outpPUT / ouTPUT
ov ov
Figure 8 Figure 9
LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES
|<-—— tmin ———‘
13
| 15 -t ’]
= % W/
Figure 10
PMOS
VTH = VPIN 1 + 1.4V
+15V CMOS, HTL. HNIL VTH - OV
TTL DTL VIH - +7.6V
VTN = +148V
+12V 7O +15V
IN4 148
NE5020 tok!
! PIN 1 PIN 1
ND (PIN 1 6.2v
DIG GND (PIN 1) Zenen 6.2KQ 10K
-5V 7O - 10V
NOTE DO NOT EXCEED NEGATIVE
LOGIC.INPUT RANGE OF DAC
+5V CMOS +10V CMOS 10K ECL
VW = +2.8V VIH = +50V VigZ -1.20v
+5v
<
EEP3
36K <
PIN 1 PIN 1
36K 0.1F
INa148 0
3.9KQ2 3
Figure 11
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10-BIT ,P-COMPATIBLE D/A CONVERTER

NES020

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 (LEy and LE2) and ten data
input latches. LE3 controls the two most sig-
nificant bits of data (DBg and DBg) while
LE controls the eight lesser significant bits
(DB through DB¢). 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 LE)) 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 LEj is activated
low and returned high according to the
NE5020 timing requirements. Then LE; is
activated low and the remaining eight LSB's
of data are transferred into the DAC. With
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LE 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
NES5020 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, LEj is
activated low and the eight LSB's and the

NES5020 P INTERFACE 8-BIT DATA BUS EXAMPLE

DATA BUS

I S I

A

mse LS8
e —{u‘rcnss]
1 ) { LATCHES 1
| I I D I O I
oxc \ ouTPuT
/
Figure 12

PRELOADING THE 2 MSB’S TO P

ROVIDE A SINGLE STEP OUTPUT

8-BIT-DATA BUS
+5v
1 2
4
10 741574
13 12
3 1 5 9
EEPRE-LDAD—-DO—l—’
INVERTER 11 f10 fo 8 |7 Je |s Ja |3 |2
uss Ls8
12
tELoan [x3] ES020 20
l 13
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Figure 13
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NES020

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

Reference interface

The NES020 contains an internal bandgap
voltage reference which is designed to have
a very low temperature coefficient and ex-
cellent long term stability characteristics.

The internal bandgap reference (1.23V) is
buffered and amplified to provide the 5 volt
reference output. Providing a VREFADJ (pin
14) allows trimming of the reference output.
Utilization of the adjust circuit shown in fig-
ure 16 performs not only VRgF adjustment
but also full scale output adjust. Notice that
the VRefFADJ 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 VRgF out node can drive loads greater
than the DAC VRgF input requirements and
can be used as an excelient system voitage
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 §
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 iadder to sum node function
of:

v
_ 2VRer (DBQ ,oes D:7 N

2 4

DBS + DB4 + DB3 +

16 32 64 128

o
@
N
o

|

, bB1  DBO
256 * 512 ' 1024

Because 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 greater than
5k{2 shouid be avoided to maintain stability.

The —VREF INPUT Pin is uncommitted to al-
low utilization of negative polarity reference
voltages. In this mode +VREF INPUT i8
grounded and the negative reference is tied
directly to the —VRgF 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 lcop
gain insure an accurate current to voltage
conversion is performed when using the on
chip REg resistor. Rpg is matched to RReF
and Rpyp 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 Voitage

The NE5020 includes a thermally matched
resistor, Rgjp, 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)Sk = 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 VoyTt = —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 VoyTt equais 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-

<— CURRENT i

BIPOLAR OUTPUT
VREF o
N AAA
an v
IREF 5K To R-2R Ladder
l (16)
BIPOLAR
DAC
/ OFFSET (18) Amp
| JUMPER FOR
\ BIPOLAR OPERATION
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NODE (22} Vee
~a—— (Ip - IREF)
5K
™ 0AC

FROM
CURRENT
SWITCHES

Figure 14

vout

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

As resistors RReF, Rgp 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

A2 = MO

som 22

DAC
e~ CURRENT OUTPUT

vour

NODE
(OPTIONAL)

i
|

i

(20) CrF

20 = ce

Figure 15

VRet

REFERENCE ADJUST CIRCUIT
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| mmt'a

Figure 16
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DESCRIPTION
The NE5118 is a high-speed 8-bit digital to

FEATURES

PIN CONFIGURATION

e 8-bitr n
analog converter subsystem on one mono- ﬁput ':::.I‘u.t:o F,N PACKAGE
lithic chip. The data inputs have input Low-loading data inputs
latches, controlled by a latch enable pin. On-chip voltage reference o016 GNo/vie [ [22] ANALOG GND
The data. and latch gnablg i.nputs. are ultr.a- o Fast settling output current— 200ns oeo wse) [Z] 71 1our
low loading for easy interfacing with all logic o Accurate to + 1/2 LSB (.19%) o 3] 53] mours
systems. _T_ho latches appear transparent | Monotonic to 8 bits
when the LE input is in the low state. When [ o0 oo chort-circuit protected oe2 [4] 19 vee -
LE goes high, the input data present at the | Compatible with 8086, 6800 and many oes [} (78] Rour2
moment of transition is latched and retained other uP's o8 [] 7] vee -
until LE again goes low. This feature allows
easy compatibility with most micro- oss [7] [16] oac cowe.
processors. APPLICATIONS 086 [F] [75) rer
The chip also comprises a stable voltage oe7 wse) 3] (7] mer ™
reference (5V nominal). The voltage refer- : :'/.l;:'::::;.a;:’.':'bm converters Le [i0] [13] -veer v
ence may be externally trimmed with a po- veer apy [17 72] Vaer our
tentiometer for easy adjustment of full scale, : ::c:?r:r::n:::tpower supplies =
while maintaining a low temperature co-effi- | M“‘u‘:‘m: Inatruments TOP VIEW
cient. * Analog-digital multiplication (ORDER NUMBERS
The output has high voltage compliance in- e CRT display drivers NES118N
creasing versatility. e High-speed modems
BLOCK DIAGRAM
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Figure 1
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8-BIT ,P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT SE/NES148
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vect Positive supply voitage 18 \"
Vee— Negative supply voltage -18 \
VIN Logic input voltage Oto 18 v
VREfIN Voltage at RRgF input 12 v
VREFADJ  Voltage at VRgF adjust 0 to VREf v
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
IREFN Reference input current (Pin 14) 3 mA
Pp Power dissipation*
-N package 800 mwW
-F package 1000 mwW
TA Operating temperature range
SE5118 —55to +125 °C
NES118 0to +70 °C
TsTG Storage temperature range -85 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 76° C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vgc+ = +15V, Vog— = ~15V, SE6118. —55°C < Tp < 125°C,
NE5118. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 25°C
SE5118 NES118
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 voitage 11.4 15 11.4 15 "
Vee— Negative supply voltage -11.4 | =15 -114 | —15 v
VIN(1) Logic “1” input voltage Pin 1 = Qv 2.0 2.0 v
VIN(0) Logic “0” input voltage Pin 1 = 0V 0.8 0.8 v
IINC1) Logic “1" input current Pin 1 = 0V, 2V<V|N< 18V 0.1 10 0.1 10 nA
lIN(0) Logic “0” input current Pin 1 = 0V, —=5V<V)y<0.8V -20 | -10 -2.0 -10 kA
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 = 25°C
Izs Zero scale current -6 1 +6 -6 1 +6 KA
VREF Reference IREF = 1mA 49 5.0 5.25 49 5.0 525 \"
voltage Ta = 25°C
PSR+ (out) Output power supply V= = =15V, 13.6V<V+=<16.5V, 001 | .01 001 | .01 | %FS/
rejection (+) external VReF |y = 5.000V %VS
PSR=(out) Output power supply V+ = 15V, —13.5V=V—<-16.5V, 001 | .01 .001 | .01 %FS/
rejection (—) external VRgfg |N = 5.000V %VS
TCrs Full scale temperature VREF)\ = 5.000V' 20 20 ppm/°C
coefficient
TCzs Zero scale temperature IREF)) = 1.00mA? 5 5 ppm/°C
coefficient
NOTES

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

2. This is tor current output mode.
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SE/NES5148

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vog+ = +15V, Voo— = — 15V, SE5118. —65°C < Tp < 125°C,
NE5118. 0°C < TA =< 70°C unless otherwise specified.

Typical values are specified at 25°C

SES118 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 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+ = 16V, —13.5V < V— < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) IREF-= 1.0mA %VS
TCREF Reference voltage IREF = 1.0mA 60 80 ppm/°C
temperature coefficient
ZIN DAC RRgfIN input 5.0 5.0 kQ
impedance
Icct Positive supply current Vect = 15V 7 14 7 14 mA
\cc— Negative supply current Voce— = —15V -10 ~15 -10 | —15 mA
Pp Power dissipation IREF = 1.0mA, VoG = £ 16V 255 435 266 | 435 mwW
AC ELECTRICAL CHARACTERISTICS Voo = +15V, T = 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
TsHL Settling time + % LSB Input All bits High-t8-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
tpLse Propagation delay Output Inp;ut 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
tg Set-up time E 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.
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8-BIT xP-COMPATIBLE D/A CONVERTER— CURRENT OUTPUT SE/NES5118

BIPOLAR OUTPUT OPERATION (—1mA TO +1mA) UNIPOLAR VOLTAGE OUTPUT (0 —+10V)
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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- 4 Input latches F.,N PACKAGE
lithic chip. The data inputs have iput latches, o Low-loading data inputs
controlled by a latch enable pin. The dgta a:\d o On-chip voltage reference oiG Gro/vie 1] §| ANALOG GND
latch gnab!e inputs are ultr_ak)w loading for o East settling output current— 200ns 080 (ws8) 2] ] vour
easy interfacing with all logic systems. The o Accurate to + 1/4 LSB (.1%)
latches appear transparent when the LE input o Monotonic to 8 bits oe1 (3] 20} RouT1
is in he low state. When LE goes high, the ¢ Reference short-circuit protected os2 4] 9] vee
input data present at the moment or transition o Compatible with 8086, 6800 and many
— 8
is latched and retained until LE again goes o!he‘r) uP’s ’ wes L] el eours
low. This feature allows easy compatibility ose 6] 7] vec-
with most microprocessors. oss 7] [76] oac come.
. R APPLICATIONS 086 3 | 75] REF R
The chip also comprises a stable voltage
reference (5V nominal). The voltage refer- ® Precision 8-bit D/A converters oe7 se) (3] 141 tmern
ence may be externally trimmed with a po- ¢ A/D converters e [i] 73] -vaer v
tentiometer for easy adjustment of full scale, ® Programmable power supplies veer apy [17 [72] veer out
while maintaining a low temperature co-effi- ® Test equipment TOP VIEW
cient. e Measuring instruments
e Analog-digital multiplication ORDER NUMBERS
The output has high voltage compliance in- e CRT display drivers N5511125119555”9F
creasing versatility. e High-speed modems
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8-B|i' pP-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vecet Positive supply voltage 18 v
Vee— Negative supply voltage —-18 v
VIN Logic input voltage Oto 18 \"
VREfIN Voltage at RRgF input 12 v
VRerFADJ Voltage at VRefF adjust 0 to VRef \
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
IREFN 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
NES119 0 to +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, Voo— = =15V, SE5119. —=565°C < Tp < 125°C,
NE5119. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 26°C
SE5119 NES5119
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 v
VAan— Naaqgative sunnlv voltaa —-11. 4 —-158 -11.4 -18 v
Voo Negative supply voltage 11.4 15 11.4 15 V
VIN(1) Logic “1” input voltage Pin 1 =0V 2.0 20 \"
VIN(0) Logic “0” input voltage Pin 1 = 0V 0.8 0.8 Vv
INCT) Logic “1” input current Pin 1 = 0V, 2V<V|N< 18V 0.1 10 0.1 10 uA
IN(O) Logic “0" input current Pin 1 = 0V, =6V <V|N<0.8V -2.0 -10 -2.0 -10 nA
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 = 26°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, 13.5V<V+=<16.5V, 001 | .01 001 | .01 | %FsS/
rejection (+) external VRgf N = 5.000V %VS
PSR=(out) Output power supply V+ = 15V, —13.5V<V—-<-16.5V, .001 01 .001 01 | %FS/
rejection (—) external VRef N = 5.000V %VS
TCFs Full scale temperature VREFy = 5.000V' 20 20 ppm/°C
coefficient
TCzs Zero scale temperature IREF |\ = 1.00mA? 5 5 ppm/°C|
coefficient
NOTES

1. This is tor voltage out only. See Unipolar Voitage Output schematic

2. This is for current output mode
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8-BIT ,P-COMPATIBLE D/A CONVERTER—CURRENT OUTPUT SE/NE5119

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voot = +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 NES5119
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, 13.6V < V+ < 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—(REF) Reference power supply | V+ = 15V, —13.6V < 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 RRgfIN input 5.0 5.0 kQ
impedance
Icct+ Positive supply current Veet = 15V 7 14 7 14 mA
lcc— Negative supply current Vee— = —15V -10 —15 —-10 —15 mA
PD Power dissipation IREF = 1.0mA, VGG = £ 15V 255 435 255 435 mw 4
AC ELECTRICAL CHARACTERISTICS Vgo = +15V, Ty = 25°C
SE/NES119
PARAMETER T0 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
tptH  Propagation delay Output LE Low-to-high transition 60 ns
tpHL  Propagation delay Output LE High-to-low transition 60 ns
tg Set-up time LE Input 100 ns
th Hold time input LE 50 ns
tow Latch enable pulse width 150 ns

NOTES
1. For reterence currents > 3mA, use of an external buffer is required.
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8-BIT ,P-COMPATIBLE D/A CONVERTER —CURRENT OUTPUT

SE/NE5149

BIPOLAR OUTPUT OPERATION (- 1mA TO +1mA)

UNIPOLAR VOLTAGE OUTPUT (0 —+10V)

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21)
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15 REFR ANA. GND 22 —OJ_ 15 REFR ANA.GND 22f——0
10K 12 VRgF OUT - =
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20 RouT1 “AAA-O ' OUT 2 —O NC
r— ot 80K VREF ADJ R 20
- T1
Fu 11 VREF ADY = ou 20pF
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=vce
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Ycet
(] Ls8 0.47,F
iF T veet
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98765432 19 me
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LINEAR LSI PRODUCTS

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

DESCRIPTION

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

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

APPLICATIONS

FEATURES PIN CONFIGURATION

¢ Pin-and-function compatible with
MC3410 F PACKAGES

* 10-bit resolution and accuracy v T8 Veer *
(£0.05%) e (1] o il

o Guaranteed differential non-linearity GND [Z] 7] Vrer
over temperature ouTPuT 3] 73] Vee

¢ Wide compliance voitage range— — 2.5 0y Ms8) [T] [73) D10 (LSB)
to +2.5V o

* Fast settling time—250ns typical 0z (5] 9

« Digital inputs are TTL and CMOS 03 [6] [17] 08
compatible 04 [7] [19) 07

¢ High-speed multiplying input slew rate o 1o,
—20mAlus Ju 5105

* Reference amplifier internaily TOP VIEW
compensated

* Standard supply voltages + 5V and
-15V

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

e Successive approximation A/D SYMBOL AND PARAMETER RATING UNIT
converters . Vee Power Supply +7.0 vde
* High-speed, automatic test equipment Vee 18 Vdc
* High-speed modems 2 Digital Input Voltage +15 vdc
* Waveform generators Vo Applied Output Voltage +4, -50 Vdc
* CRT displays Irerg Reference Current 2.5 mA
* Strip CHART and X-Y plotters Vegr  Reference Amplifier Inputs Vee Vee vde
¢ Programmable power supplies Vrerpy Reference Amplifier Differential Inputs 0.7 Vdc
* Programmable gain and attenuation A Operating Temperature Range
SE5410 -55to +125 °C
NES5410 0to +70 °C
T, Junction Temperature
Ceramic Package +175 °C
Plastic Package + 150 °C
BLOCK DIAGRAM
MSB Lse
Dy Dz D3 Dq Ds Dg D7 Dg Dg D1o
Td TS TG T? TB TS TILT\IT\Z?G o
3,
CURRENT SWITCHES
I
EREEEEERN
LADDER TERMINATORS
[TTT T
R-2R LADDER e
16
Vges(+) 00— -
15
VRer( - ) O—1 -J BIAS
CIRCUITRY
REFERENCE 14
CURRENT —oO Vac
AMPLIFIER
l! lz
Vee GND
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LINEAR LSI PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NES410

DC ELECTRICAL CHARACTERISTICS V= +5.0Vdc, Vge = ~ 15Vdc, Ipgr = 2.0mA, all digital inputs at high logic level.

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

NE/SE5410
SYMBOL AND PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Relative accuracy (Error +0.025 +0.05 %
E relative to full scale Ip) Over temperature +1/4 +1/2 LSB
. . ! +0.025 +0.05 %
Differential non-linearit Over temperature
: Y P = 1/4 112 LsB
Settling time to within oge
ts + %2 LSB (all bits low to high) Ta=25°C 250 ns
teun Propagation delay time Ta=25°C 35 ns
tenL 20
TClg Output full scale current drift 20 40 ppm/°C
Digital Input Logic Levels
(All bits)
Vim High Level, Logic “1” 20 Vde
Low Level, Logic “'0” 0.8
Digital Input Current (All bits)
IiH High Level, V,;=5.5V 20 uA
Iy Low Level, V| =0.8V -20
Reference Input Bias Current
lrer(1s) (Pin 15) -1.0 -5.0 A
lon Output Current (All bits high) V;EF: fb%%%v, 3.937 3.996 4.054 mA
16
loL Output Current (All bits low) Ta=25°C 0 0.4 A
Ta=25°C _25
Vo Output Voltage Compliance E, < 0.05% + 2'5 Vdc
relative to full scale ’
SR Iner ::z:rence Amplifier Slew 20 mAlus
ST Iner ?ie;rf;rence Amplifier Settling 0to 4.0mA, +0.1% 20 us
PSRR(-) g:r:‘;;‘t‘wi‘;"e"‘ Power Supply 0.003 0.01 %I%
Co Output Capacitance Vo=0 25 pF
Digital Input Capacitance
G (All bits high) 4.0 PF
lec Power Supply Current +2 +4 mA
lee (All bits low) -12 -18
Vee Ta=25°C +4.75 +5.0 +5.25
Vee Power Supply Voltage Range Vo=0 —14.25 -15 —15.75 Vdc
Power Consumption 190 300 mw
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LINEAR LSI PRODUCTS

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

TYPICAL PERFORMANCE CHARACTERISTICS

4.0

E 3.0
[ Vee= +5.0V
£ 20 Vee= —15.0V _|
[ Tam25°C
3 lper=2mA -
[3]
§ 1.0
5
o o

-1.0

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

Figure 1. Output Current vs. Output Compliance Voltage

B a0
§, 3.0
]
g 20
5
o 10 +Vee= +5V
> -Vgg= - 15V
g [} IRer=2 MA
Z
5 -1.0
§ -20
3 -2
-30
5
§ -40
@ -75-50-25 0 25 50 75 100 125

Ta(°C)

Figure 2. Maximum Output Compliance
Voltage vs. Temperature

10 Vee= +5V —
4 —l:EaEr: 2 —]
3
2 +lcc

Icc, Iee, POWER SUPPLY CURRENT (mA)

0
-75-50-25 0 25 50 75 100 125
Ta(°C)

Figure 3. Power Supply Currents vs. Temperature

180 . i
16.0 R15=R16= 1.0k
14.0 | B8 CURVE VRer(-)=0V

12.0 | SMALL-SIGNAL BW
10.0 }ro= 1000

8.0 | VRer(+)=50 mVy,

6.0 | CENTERED AT +200mV,

RELATIVE OUTPUT (dB)
»
o

i
0
-20 — p CURVE
-40 [~ | ARGE SIGNAL BW
=680 =200
8.0 I vVpee(+)=2Vpp
=10 [ cenTenep aF "+ 1oy TINIT]

L
0.1 020305 10 203050 10
t, FREQUENCY (MHz2)

Figure 4. Reference Amplifier Frequency Response
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LINEAR LSI PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

CIRCUIT DESCRIPTION

The NE5410 consists of four segment cur-
rent sources which generate the 2 Most
Significant Bits (MSBs), and an R/2R DAC
implemented with ion implanted resistors
for scaling the remaining 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 6b). 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 0.14F 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)

-d

-

-

mse ) 6) () 8) ) (10) 1) (12) Lss
D1 D2 D3 Da Ds Dg D7 Dg Dy D1o
T (o] Q [+ Q (] ﬁr o Q Q GND
@
_I_ e}
J_) l l l l = lour
o o o [¢] 3)
SEGMENT - — . [ e e - - d
DECODER
Veias
] L[ (INTERNAL)
2R 2R 2R 2R 2R 2R 2R 2R
‘L A Al l R R R R R R

Vee (1)

Figure 5. NE5410 Equivalent Circuit

CODE SELECTED 0111110011
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NES5410

VR(+) l——T
Rt [
c <

Ve SR Ris
1 16 15
Dy THROUGH | ©
Do | 4
1
l—— R1g + Ry = Ry = RReF
- Rr << R
Vee T 18

lo F.S.=2 Ip = VRer/RReF

a) POSITIVE REFERENCE VOLTAGE

VR(-)

D1 THROUGH
Do

Ris+Rr=Rig
4 Rr< < Ris

VRer = Veg+3V

b) NEGATIVE REFERENCE VOLTAGE

Figure 6. Basic Connections

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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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

SETTLING TIME

The worst case switching condition
occurs when all bits are switched “‘on,”
which corresponds to a low-to-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 1.5.s.

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, 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 5000 load
resistor R,.

Vee
0.1,F
= +2vde
14 B Q
16 1K
L‘o—‘VW————‘j
15 1k 0.14F RISE AND FALL TIMES < 10ns
—°—MN—_L 24V~
= S = 1.4V
75003 L v 2
NE5410 0.4V
3
—o- —oO0 Vo 0.5V
2 % 2K Co = 25pF Vo
1 1= = = o ts — 250ns TYPICAL
TO +£1/2LSB
0.1,F USE R TO GND FOR TURN-OFF MEASUREMENT
FOR SETTLING TIME
MEASUREMENT.
= (ALL BIT SWITCHED
Vee LOW TO HIGH)
Figure 7. Settling Time
Vee
0.1,F
14 =
s 18 1k +2Vde
—o—] RISE AND FALL TIMES < 10ns
5 24V|—
1k 0.1,F
6 15 M Vi
—o—> o—w— T oav—71 N
p—O- 8 - -
a1 Nesat0
10 3
—o—t Vo
11 —
1 A
»—o———g- 2 20 ov
__Q..li. .._01 Vo
v 50 T = - - 80mv
0.1,F — L‘ —
(—l LK P
== = L FOR PROPAGATION
= = = DELAY TIME
Vee
Figure 8. Propagation Delay Time
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NES410

LISIEICAES

10
1
12
13

NE5410

2.0V
VRer(+)

Vo

SLEW RATE

V' 4y =2, TYPICAL
TO %0.1%

USE R =200 TO GND FOR

SLEW RATE MEASUREMENT

Figure 9. Reference Amplifier Settling Time and Slew Rate

5V

REF
2.5k
—VWA
o Vee

RReF ¢ 2.5k
1
by

5410

Ro =Ry + Rp = 2.5k
F.S. ADJ Ry << Rf
Rr Re
AAA “AAA

- 15V

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

Figure 10. Voltage Output Circuits

Vee

F.S. ADJ

e

AAA

Ro = Ry + R = 2.5k

Rt << R

RF

AAA

+15V

-15v

b) Unipolar Positive Output (0-10V)

VA——AWW

0.1,F

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

5V
REF
4 ANALOG
S22 INPUT
F.S. +6Vde (©-10%) + 5}1’6@
> -
AOJ<:mn 3 Vo—MA—o0 +V
< [
I 16 28k S ZERO $ 500k 1 |14
2.5 45 \ 3 ADJ ¢ a[Vir Ve
-L—Vw— NES410 INA
= g— / NES20
2.5k
' 4
- 15Vde J_.-— INB OUTA
——
Dout ¢ L e, - [ .UO
~10Vde
4 2504 SAR §}—o START
cLock o—{cp Qy0—0 EOC
= +5Vde
10-BIT CONVERSION TIME = 3.3,8 WITH 3MHz CLOCK.
THIS CONVERTER USES A 2504 12-BIT SUCCESSIVE APPROXIMATION
REGISTER IN THE SHORT CYCLE OPERATING MODE WHERE THE END OF
CONVERSION SIGNAL IS TAKEN FROM THE FIRST UNUSED BIT OF THE
SAR (Q10).
Figure 11. Successive Approximation A/D Converter
1 -
(, 19 OE
18
: 15
12
P3N 9] Ls3ar3
BUS | 3
6 NES410
2
5
1
2
L 0
conTROL [ g,
SIGNALS {
FROM P | EB1 2 E: 1"
1 P 23 g, \/
1/2 LS375 1/2 LS375 3
D Q Q
1 EO.‘ 1 3

4
TIMING SEQUENCE

DB2.g

WITH THIS DOUBLE LATCH TECHNIQUE, VALID DATA WILL BE LATCHED TO
THE DAC UNTIL UPDATED WITH THE E; PULSE. TIMING WILL DEPEND ON
THE PROCESSOR USED.

Figure 12. 8-Bit ».P Bus Interface
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

Vee Vee
5V

REF Tu T‘
L%

= LSB [13a2]n1 [10]s J8 |7 |6
Dour < - —

—

Qo

START —of RST 10-BIT COUNTER

ViN FULL SCALE = 4 mA (Ry + Ry) (}ﬁ)

Figure 13. Staircase A/D
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SELECTOR GUIDE

l

COMPARATORS
MAX. INP.
MAX. INP. COMMON VOLTAGE MAX. DIFF.
oFFsgr | CURRENT suppLY  |RESPONSE| Mope | OUTPUT VOLTAGE GAIN INPUT
COMm- TEMP. voLT BIAS OFFSET VOLTAGE TIME VOLTAGE |V, Max. Vo, Min.| OUTPUT (Typ.) TTL VOLTAGE
DEVICE | PLEXITY | RANGE* | (mV) wA)  (xA) ) (Typ.) (ns) |RANGE (V)| (V) (V) ISTRUCTURE| V/mV [FANOUT V)

tM111? Single M 4.00 0.15 0.02 15 200 .x4 0.4 ocC 200 5 130
LM211 Single I 4.00 0.15 0.02 to 200 t14 04 ocC 200 5 +30
LM311 Single C 10.0 0.30 0.07 +5 and GND 200 +14 04 ocC 200 5 +30
NE5272 Single [¢] 10.0 4.00 1.0 +51t0 $10 16 +5 05 2.7 TTL 5 +5
SES527 Single M 6.00 4.00 1.00 and GND 16 t5 05 25 TTL 5 15
NE529° Single c 10.0 500 150 £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 5
LM1193 Dual M 7.00 1.00 0.10 +15 80 +13 04 [eX¢} a0 2 +5
LM219 Dual | 7.00 1.00 0.10 1o 80 +13 04 ocC 40 2 +5
LM319 Dual C 10.0 120 0.30 +5 and GND 80 +13 04 ocC 40 2 +5
LM1933 Oual M 9.00 0.30 0.10 t1t0 £18 1300 OtoVg-2 07 o.cC 200 2 36
LM293 Dual 1 9.00 0.40 0.15 or 1300 OtoVg-2 07 oc 200 2 36
LM393 Dual C 9.00 040 0.15 +21t0 +36 GND 1300 OtoVg-2 07 ocC 200 2 36
LM2903 Oual I 15.0 0.50 0.20 1300 QtoVg-2 07 ocC 100 2 36
SE/NE5214 Dual mic 15/10.0 40.0 120 +5. -5 GND 8 +3 05 27 TTL 12 +6
SE/NES22 Dual miC 15/10.0 40.0 12.0 +5 -5.GND 10 13 05 ocC 12 16
LM139° Quad M 9.00 0.30 0.10 1300 OtoVg-2 07 ocC 200 2 36
LM239 Quad 1 900 0.40 G.15 t1to £180r 1300 OtoVg-2 07 ocC 200 2 36
LM339 Quad C 900 040 015 +21t0 +36 1300 OtoVg-2 07 oc 200 2 36
LM2901 Quad I 15.0 050 0.20 1300 OtoVg-2 07 ocC 100 2 36
MC33023 Quad | 40.0 1.00 0.30 +210 +28 GND 2000 0toVg-2 7 ocC 100 2 28
Notes:

1. With strobe, will work from single supply. "Temperature Range

2. Complementary output gates with individi'al strobes | = Industnal

3. Will operate from single or dual supplies C = Commercial

4. Ultra-high speed M = Military
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VOLTAGE COMPARATOR

LM114/211/311

DESCRIPTION

The LM111 series are voltage comparators
that have input currents approximately a
hundred times lower than devices like the
wAT710. 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 uA710 (200ns response time vs 40ns)

APPLICATIONS

Zero crossing detector
Precision squarer
Positive/negative peak

detector

Low voltage adjustable reference

supply
Switching power ampli

fier

EQUIVALENT SCHEMATIC

PIN CONFIGURATION

D, FE, N PACKAGE

GND (7] gl v+
INPUT [i:l>_f‘i] OuTPUT
INPUT (3} [6] BAUSTROBE
v-[3] [5] BALANCE

ORDER PART NO.
LM211N/LM311N
LM311D
LM111FE/LM211FE/LM311FE

BALANCE/
STROBE BALANCE
o

the devices are also much less prone to ?
spurious oscillations. The LM111 series has
the same pin configuration as the uA710 R SR SRe RS o
Series‘ 300 1.3K 5 300 $1.3K 750 800
S Gl CY >—Kmo
FEATURES
® Operates from single 5V supply o an :‘31
¢ Maximum input bias current: 150nA Vo
(LM311 - 250nA) . N
¢ Maximum offset current: 20nA (LM311 - as o ,":K/ e e SO
50nA) 8 a ouTPUT
¢ Ditferential input voltage range: +30V Vs ™ Jm |:°" o g o
® Power consumption: 135mW at +15V o j
¢ High sensitivity—200V/mV C LRI )
L b o % w
INPUTS @23 e RS '—k i
gl 450 R12
: | 800
O——-———-—-——* Q2 Q22 0“\‘
R19 S R18 R14 IQ‘I)_‘ .
250 im % R13
4
ov- =
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Total supply voltage 36 \"
Output to negative supply voltage:
LM111/LM211 50 A
LM311 40 Vv
Ground to negative supply voltage 30 \
Differential input voltage +30 Vv
Input voltage! *15 \
Power dissipation2 500 mwW
Output short circuit duration 10 sec
Operating temperature range
LM111 -55to +125 °C
LM211 -25 to +85 °C
LM311 0to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C
(soldering, 10sec)
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR

LM111/241/311

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 75 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 times Ta=25°C 200 200 ns
Saturation voltage VIN € -5mV, loyTt = 50mA
Ta=25°C 0.75 1.5 0.75 15 \"
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= %15V (Pin7 may goto5V)| —145 [13.8,-14.7 13.0 -14.5 |13.8,~14.7) 13.0 \
Saturation voltage V+=45V,V-=0
VIN < -6mV, Isink < 8mA 0.23 0.4 0.23 0.4 "
Output leakage current ViN = 5mV, Vout = 35V 0.1 05 uA
Positive supply current Ta=25°C 5.1 6.0 5.1 7.5 mA
Negative supply current Ta=25°C 4.1 5.0 41 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 specified. With the LM211, however, all temperature specifications are limited to
voltage or 30V below the positive supply, whichever is less -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 voitage 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 5SmA.

TYPICAL APPLICATIONS

ZERO CROSSING DETECTOR
DRIVING MOS LOGIC

DETECTOR FOR MAGNETIC
TRANSDUCER

TTL INTERFACE WITH HIGH
LEVEL LOGIC

MAGNETIC
PICKUP

O v*tasv
-OV* sv
R1 i > RS
82K g ik
240K
INPUT "O—AAA
J_ TOTTL
T P LoGIC
=0 outeur c1 2
R2
47K

“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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LINEAR LSI PRODUCTS

DUAL VOLTAGE COMPARATOR

LM1419/219/319

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
uA710. 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 older de-
vices like the uA711.

The LM119 is specitied 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.

EQUIVALENT SCHEMATIC

FEATURES

PIN CONFIGURATIONS

Two independent parators
Operates from a single 5V supply
Typically 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

D,F,N PACKAGE

Ne [i]
NC (7]
GND 1 (3}
+INPUT 1 4]
~INPUT 1 [§]
v-[g
OUTPUT 2 [T}
TOP VIEW
ORDER NUMBERS
LM119F LM219F LM319D.FN
H PACKAGE*

ORDER NUMBERS

LM119H LM219H LM319H
“Metal cans (H) not recommended for new designs

Ry 35k
VWA . ve
> > <
< B B: <
> > > >
Ry &k S 3 R3 4k Rg 3k 3 :’ Ry 3k
N
. <
K ]
€1
18pF
INPUTS
:‘70 SR 13 PR
0 >
b 9
Kms
P4
S Rg 18k Q1o Q13 P
< 3 R1s 300
Q22
Q -O ouTPUT
‘L A 1‘/"
4 13 600
AR LITREY
3 Qi
an Q12
b3
5 R1g S Rig 2
o 250 <
TO OTHER
HALF
‘b
2 Azs 600 R2a 250
b
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LINEAR LSI PRODUCTS

DUAL VOLTAGE COMPARATOR

LM119/219/319

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Total supply voltage 36 \
Output to negative supply voltage 36 v
Ground to negative supply voltage 25 Vv
Ground to positive supply voltage 18 \"
Differential input voltage +5 \%
Input voltaget +15 \"
Power dissipation2 500 mwW
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. For supply voltages less than +15V, the absolute maximum rating is equal to the
supply voltage.

2. The absolute maximum junction temperature is 150°C. Device dissipation must be
derated as follows:
K package—150°C/watt above 75°C
F package —110°C/watt above 95°C

DC ELECTRICAL CHARACTERISTICS vs=+15V, for LM119, -55°C < Ta < 125°C
LM219, -25°C < TA < 85°C

LM319, 0°C<Ta<70°C

unless otherwise specified.

LM119/219 LM319
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max
Vos Input offset voltage!.? Rs < 5K, Ta = 25°C 0.7 40 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
Is 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 1.5 v
VIN=10mV, loyut=25mA, Ta=25°C 0.75 1.5 \
V+245V,V-=0
VIN = 6mV, lout = 3.2mA :
Ta=0°C 0.23 0.4 \"
Ta<0°C 0.6
ViN = 10mV, lout = 3.2mA 03 | 04 v
loH Output leakage current V-=0V, ViNn =5mV
Vour =35V, Ta = 25°C 0.2 2 kA
Over temp. 1 10 uA
V-=0V, ViNn = 10mV
Vourt =35V, Ta =25°C 0.2 10 rA
VIN Input voltage range Vs = +15V +13 +13 \
- V+ =5V, V- =0V 1 3 1 3 Y
Vio Differential input voltage +5 +5 \
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 8.0 125 mA
- Negative supply current Vs = +15V, Ta = 25°C 3.0 45 3.0 5.0 mA
NOTES

1. Vos, los and Ig specifications apply for a supply voltage range of Vg =*+15Vdowntoa
single 5V supply.

2. The offset voltages and offset currents given are the maximum values required to drive
the output to within 1 volt of either supply with a 1mA 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 =115V, Ta=25°C 80 ns .
RL = 5000} (see test figure) j v
+5v
‘NOTE
The response time specified is for a 100mV step with 5mV overdrive e
o— -—o
PULSE ,_/ =1 our
GENERATOR - Vour
;r =7
__i—_ =15V l ‘L
TYPICAL PERFORMANCE CHARACTERISTICS
TRANSFER FUNCTION RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
40 T 17 TTT 8.0 > 6.0 T I T T T > 60
Vg= 15V V*+* =36V 5 | 50 \1 H :s=5.0V ,{ - | 50
> 35 F R =1.4K0 7.0 w T Ry = 5000 Sw
| TT:=25'C 1/ & EY a0 AN -V*+ =50V £Q a0
z 603 35 NN\ N\ m=zee | 35 2omv/lf Asomy
g [ ver=sov| § 0@ 30T VLN g ¥ 71/
w 7 505 20 ——20mv AN 20 F—
8 l ) 2 T\ \somv \20mv ro [/ 20mv
g 20 / 403 1.0 " ‘T 2" 1/
m ;" 0
> 15 30~ > 0 = | .
< | Vg= 215V <>
§1o / 202 ,.T 0 J ? :;52‘_.,‘100 RL=5000 —
s I Sw _ | " E V++ =50V
3 < o 50 i t o Ta=25°C
5 022 o L — 2 o —
o, B ] o e [ [ 1
-1.0 -06 -02 02 06 10 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
DIFFERENTIAL INPUT VOLTAGE ~ V TIME —ns TIME — ns
INPUT CHARACTERISTICS RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
400 T 6.0 T 6.0
_vsL =T15v ! 50 Xsfszo:xsxv > 50 I, T
y Ta=25°C e 3 AN 53 el / |
S 300 + ¢ 51 a0 \ o reee 5, 40 / -
| | i Puw 2mv\[\ Nzomv [ Ta= g8 2omv [ [ f20mv |
- t t 52 30 —— 52 30 T
Z 200 i | 3% Lo \ 5 somv 3% ., [/ | |
T T . . ~ T
& | | S ‘o \ > [ [7~tsomv 3
: | ; | = |
[} 0 i
g 100 I | 2.0 Z z Vs=5.0V
2 L 4 ) o | 100 RL = 5000
] ! ! Bu g 5w g Vi + =50V _|
z ] ? —- z g - z g Ta= 25°f:
—{ MAXIMUM DIFFEREN. | : -100 : 0 : =
100 | TIAL INPUT VOLTAGE | 2 ] L
-10 -60 -20 20 60 10 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
DIFFERENTIAL INPUT VOLTAGE — V TIME — ns TIME — ns
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DUAL VOLTAGE COMPARATOR LM149/219/319

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

OUTPUT SATURATION VOLTAGE SUPPLY CURRENT OUTPUT LIMITING
CHARACTERISTICS
B T 12 T—T 120 T 1.2
To=25°C Ta=26°C < Ta=25°C
< 10 E 100 1.\ | 10 3
T g | SHORT CIRCUIT CURRENT |
| / ] =
- L8 POSITIVE SUPPLY ) 08 ¥
é 15 z - [ 1 £
g E 6 2 60 06 &
o 3 / 3 o — ]
5 10 - 3] ]
& / g 4 NEGATIVE SUPPLY ) 04 &
3 s / 2 - 'g D POWER DISSIPATION §
/ Vem 15V 2 — 2 20 0.2
INPUT OVERDRIVE = 5.0mV
0 A1 1 L 0 0 []
0 02 04 06 08 10 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 T v N | |1 "
V= =15V o -04 S~ Vs* =50V, Vg~ =0 0 l
<200 N\ | _os N T H POSITIVE SUPPLY, Vs = = 15V
| \\ 4 '2 Vs= 215V {1 ——
= s - = P—
z 150 Biss : ] 5 ]
P
g \\4 g - bTo g s
€ ~ 8 _,, | REFERRED TO SUPPLY VOLTAGES 3 POSITIVE SUPPLY, Vs * = 5.0V,
© 100 =z - 2, > ] Vs= =0
2 g w2 a4 }
: - ] g ——
0.8 |vg= =15V, Vg* =5.0V,V- = “ IVE SUP ,Vg= =15V
50 ~] SrreET ] sl l s ] {7 2 NEGATIVE SUPPLY, Vg = = 15
B 04 I J [ \
0 - v LT T 0
-55 -15 5 45 85 125 -5 -15 5 45 8 125 -5  -15 5 45 85 125
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
INPUT CURRENTS SUPPLY CURRENTS COMMON MODE LIMITS
(LM319) (LM319) (LM319)
300 T T 12 v+ 1
= : + =5, ~=
- Vg= =15V s Vs* =5.0V, Vs
250 | < 10 7 ~— T
T s T—— H POSITIVE SUPPLY, Vs = = 15V PR N T
- - 8 s -2 + +
g 0 -y I
3 € 6 8 REFERRED TO SUPPLY VOLTAGES
o 3 . -20
£ 150 s, POSITIVE SUPPLY, V5 + = 5.0V, V= =0 z ‘24, 2,
Z .
z g | | H
= 08 —
100 OFFSET 7} 2 NEGATIVE SUPPLV.le-Iz 15V 8 o vls= 2115v, \llso =15.0V. le =10
o : || Gl I
0 10 20 30 4 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
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DUAL VOLTAGE COMPARATOR

LM119/219/319

TYPICAL APPLICATIONS

RELAY DRIVER

INPUTS

Vout =5V for Vi T<V|N< Vur
VouTt =0 for Vijy<Viror ViN>VuT

WIDE RANGE VARIABLE

OSCILLATOR
1900 +
2.7k 4: 1N914 X
1N914 Tk S 1
+85V
7.5M
VAvAv
> >
3 3500
3k S <
1.2v 2N2222
9 \\
_[—Dl‘ ANt i SQUARE WAVE OUTPUT
- 8| 7 | 1Nots 1kHz to 1MHz
TRIANGLE WAVE OUTPUT
4
1 1
3 [LM31g D=
500pF
K FREQUENCY ADJUST
xS 1Ng14 MUST BE BUFFERED
$ FORR_ =< 100
=T o)

N
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. ]
QUAD VOLTAGE COMPARATOR LM139A/239A/339A/LM139/239/339/

— e e e LM2904/MC3302_

DESCRIPTION FEATURES PIN CONFIGURATION

The LM139 series consists of four inde- e Wide single supply voltage range 2.0Vdc

pendent precision voltage comparators to 36Vdc or dual supplies =1.0Vdc to D,F.N PACKAGE

with an offset voltage specification as low as +18Vdc outpuT2 [ —17a] outeur s

2.0mV max for each comparator whichwere e Very low supply current drain (0.8mA)

designed specifically to operate from a independent of supply voltage (1.0mW/- ouTPUTY E 73] outeur 4

single power supply over a wide range of comparator at 5.0Vdc) v [: [17] oo

voltages. Operation from split power sup- ® Low input biasing current 25nA INPUT 1- [3—_ 77] INpUT 4 +

plies is also possibie and the low power ¢ Low input offset currrent+5nA and offset NoUT 1+ [_f'—_ 5] euT 4 -

supply current drain is independent of the voltage

magnitude of the power supply voltage. ¢ Input common-mode voltage range in- meut2- [6 1 :] INPUT 3 *

These comparators also have a unique cludes ground NPUT 2+ [7] — 1% ] weura-

characteristic in that the input common e Differential input voltage range equal to

mode voitage range includes ground, even the power supply voltage. TOP VIEW

though operated from asingle powersupply e Low output 250mV at 4mA saturation ORDER NUMBERS

voltage. voltage LM139/239/339F.N  LM2901F.N

The LM139 series was designed to directly g;‘{puégt":ﬂgg;:nmdpg::gswlgh i:.I;L‘s_ MCSSOZDFN LMD

interface with TTL and CMOS. When oper- tems, ’ gic sy

ated from both plus and minus power sup-
plies, the LM139 series will directly interface

with MOS logic where their low power drain APPLICATIONS
is a distinct advantage over standard com-
parators.

e A/D converters

¢ Wide range VCO

* MOS clock generator

* High voltage logic gate
* Multivibrators

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vcc supply voltage 36 or =18
Differential input voltage 36
Input voltage -0.3 to +36
Power dissipation?
N package 570 mwW
F package 900 mwW
Qutput short circuit to ground? Continuous
Input current (VN < -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)

100uA

QUTPUT
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LM2904/MC3302

LM139A/239A/339A/LM439/239/339/

QUAD VOLTAGE COMPARATOR
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QUAD VOLTAGE COMPARATOR

LM1 39Al239AI339A/LM1 39/239/339/
M2904/MC3302

NOTES
1. For at high P the L , LM2801 and MC3302 must be
derated based ona 125°C i and a thermal resistance

[

Ld

of 175°C/IW which applies for the device soidered in a printed circuit board,
operating in a still air 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),
provided the output are to

. Short circuits from the output to V+ can cause excessive heating and eventual

>

o

Positive excursions of Input voltage may exceed the power supply level by 17 volts.
As long as the other voltage within the de 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, Vo = 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

d to go neg by more than 0.3V. The upper end of the common-mode voit-

destruction. The maximum output current is app ly 20mA p 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 voitage, which was negative, again returns to a value
greater than -~ 0.3vdc.

4-108
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age range is V+ - 1.5V, but either or both inputs can go to 30Vdc without damage.
The direction of the input current is out of the IC due to the PNP Input stage. This
current is of the state of the output so no
loading change sxls(s on the rofarence or input lines.

. The response time specified Is for a 100mV input step with a 5mV overdrive. For

larger overdrive signals, 300ns can be see typical per

istics section.
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QUAD VOLTAGE COMPARATOR

LM139A/239A/ 339AI LM 1 39/239/ 339/
04/MC3302

TYPICAL APPLICATIONS

FREQUENCY

TWO-DECADE HIGH-FREQUENCY VCO

+250mVpc < Ve < +50Voc
TOOHz < fo < 100kHz

VISIBLE VOLTAGE INDICATOR

“SVpe

1/4LMI39

100k

v+ v+
100k0
100ka X 500pF 3.0k
‘e YWv T 5.1k0 3.0k0
10 [reLm3ds * l‘v‘v‘v +
CONTROL ¢ - 0.01uF /4 M33s OUTPUT 1
VOLTAGE 0.AuF ™
INPUT AAA = v+20
> OUTPUT 2
zoum, 206
":mm"
< = -p—ov+n2
JaLM339,
V+ = +30Voc 4

LIMIT COMPARATOR

V* (12vpe)

NOTE:

Inputs of unused comparators should be grounded.
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QUAD VOLTAGE COMPARATOR LM139A1239AI339A/LM139/239/339)

TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE
1.0 —T
T s —1] l - T [N /”
A :".ﬁf;'.:’ - I° T 3 SATURATION
< 08 Ta® 0°C g : E, ”
§ ] < w
s -~ | A1 A TaA= -55°C '3 //
E 06 — A t25°C § 2 TA® *125°C 7
H 1 & Ta= 0°C § . /)
o} Ta- *70°C o 1 7
g o4 L 5 - ] ) ///A -ss°c
2 7 z N 2
J 17, +128°C ] " 3 v /
. = z N\ ! A LA
o 1 20 Ta- +1285°C \\TAf’”'F ’au. / x
: Nras +70°¢ /// LTA® *25"
AL=® ve
| w1 1 |

0 10 20 30 40 0 10 20 30 40 0.01 01 1.0 10 100
V*+ —SUPPLY voLYAGE_vDC 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
y [T 11 o [ cuendave oomv
g . ] SmV = INPUT OV‘ESRVDRIVT’ g N s /
2> — 5> 3
3 \ ™ 5.1K 5 I Izomv I:'nlnv
o - o <
1 100m}l1 PR Vour 1 1 l l |~5v .
L | ! L e ] I l } ]
EE “ * ¥ ] I < EE < v 51K P
gl 9 * OVERDRIVE Sl "
g;_so { g; 50 ‘u; 5 CA— Vout
T 100 TaS %°C— - —r—r
| [} OVERDRIVE |
0 05 1.0 15 20 0 05 1 15 2
TIME— u sec TIME— i sec
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LOW POWER DUAL VOLTAGE COMPARATOR  LM193/A/293/AI393/A/2903

DESCRIPTION

The LM193 series consists of two independ-
ent precision voltage comparators with an
offset voitage 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 blasing current 25nA

® Low input offset current £5nA and offset
voltage *2mV

* Input common-mode voltage range in-
cludes ground

e Differential input voltage range equal to
the power supply voltage.

e Low output 250mV at 4mA saturation
voltage

e OQutput voltage compatible with TTL,
DTL, ECL, MOS and CMOS logic sys-
tems.

APPLICATIONS

A/D converters

Wide range VCO

MOS ciock generator
‘High voitage logic gate
Multivibrators

PIN CONFIGURATIONS

D,N,FE PACKAGE

outputa [T (8] v
w7 ) curmrs
NON-INVERTING INVERTING
uta L3 (6] npuT B
NON-INVERTING
ano (2] INPUT 8
TOP VIEW
ORDER NUMBERS
LM193FE LM393FE
LM293FE LM393AFE
LM293AFE LM393N
LM293N LN383AN
LM293AN LM2903N
LM393D

PARAMETER RATING UNIT

Vcce supply voltage 36 or +18 Vde
Differential input voitage 36 Vdc
Input voltage -0.3 to +36 Vdc
Power dissipationt

N 570 mw

FE 900 mw
Output short circuit to ground? Continuous
Input current (Vin < -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)
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/AI293/AI393/A/2903

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

-566°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 20| 50| mv
Over temp. +9.0 +9.0
Vem Input common mode voltage Ta=25°C 0 Vt-15] 0 Vt-1.5| V
range6,10 Over temp. 0 vt-2.0f 0 V+-2.0
VIDR Differential input voltage4 Keep all ViN's = 0Vdc V+ v+ v
(or V-if need)
I8 Input bias current8 ling+) or ling-) with output in
linear range
Ta=25°C 25 100 25 250
Over temp. 300 400 nA
los Input offset current hiNng) = Ting)
Ta =25°C +3.0| +25 50| #50 | nA
Over temp. *+100 +150| nA
loL Output sink current VinG) = 1Vdc, Ving) =0,
Vo < 1.5Vdc,
Ta=25°C 60| 16 60 | 16 mA
loH Output leakage current ViNG+) = 1Vdce, Vi) =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. 2.5 25
Av Voltage gain RL = 15K, V+ = 15Vdc 50 | 200 50 | 200 V/mV
VoL Saturation voltage VING) 2 1Vdc, Ving) =0,
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 = 5.1k,
Ta=25°C 300 300 ns
TR Response time® VRL = 5Vdc,
Ry = 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. Itis due to the colliector-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

w
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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).

. At output switch point, Vo = 1.4Vdc, Rs = 02 with V+ from 5Vdc to 30Vdc; and over the
full input common-mode range (OVdc 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 5mV overdrive.

10. For input signals that exceed Vcc, only the overdriven comparator is affected. With a

5V supply, Vin should be limited to 25V max., and a limiting resistor should be used on
all inputs that might exceed the positive supply.




LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/A/293/AI393/A/2903

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

LM393/393A: 0°C < Ta < +70°C unless otherwise specified.

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

LM2903: -40°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| 20 20| x70 | mV
Over temp. +4.0 +4.0 +9 | %15
Vcum  Input common mode Ta=25°C 0 V+-1.5| 0 V+-1.5| 0 V+-15| V
voltage range6.10 Over temp. 0 V+-2.0] 0 V+-2.0| 0 V+-2.0
Vipr Differential input Keep all Vin's = 0Vdc v+ V+ V+ Y
voltage4 (or V-if need)
I8 Input bias current8 liNg+) or IiNg-) 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 hNg+) = i)
Ta =25°C +3.0| *25 +5.0| *50 +5 | +50 nA
Over temp. +100 +150 *50 | £200 nA
loL  Output sink current ViN() 2 1Vde, ViINE) =0,
Vo < 1.5Vdc,
Ta=25°C 6.0| 16 6.0| 16 60| 16 mA
loH Output leakage ViNG+) = 1Vdc, ViN-) = 0
current Vo = 30Vdc
Over temp. 1.0 1.0 1.0 uA
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 25 1 25 1 25
Av  Voltage gain RL = 15k, V+ = 15Vdc, Ta=25°C | 50 | 200 50 | 200 25 | 100 V/mV
VoL Saturation voltage VinG-) = 1Vde, Ving) =0,
ISINK < 4mA
Ta=25°C 250 | 400 250 | 400 400
Over temp. 700 700 400 | 700 mV
TiLsr Large signal Vin = TTL logic swing, 300 300 300 ns
response time VRer = 1.4Vdc,
VAL = 5Vdc, RL = 5.1kQ,
Ta=25°C
Tr  Response time9 VRL = 5Vdc, RL = 5.1k(}, 1.3 13 1.3 us
Ta =25°C
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR  LM193/A/293/A/393/AI2903

TYPICAL APPLICATIONS

TWO-DECADE HIGH-FREQUENCY VCO

LIMIT COMPARATOR

+25mVpg Ve s +50Vpc
700Hz <1, < 100kHz

VISIBLE VOLTAGE INDICATOR

ve ve v*av
100k o oc)
100k
*ve 3.0k0
FREQUENCY JuU +y .
CONTROL OUTPUT 1 REF HI
VOLTAGE (o) Lame
INPUT OUTPUT 2 +y
4 AN N
2
2N2222
V+ = +30Vcc +

TTL TO MOS LOGIC CONVERTER

*5Vpe

10k~ ~-12V
(*1.4vpg)

-12Vpc =

CRYSTAL CONTROLLED OSCILLATOR

v+
be

200k2 100k § 2.0k%

AAA
\ A4

p:
+ Y
0.4uF i,

0

200k2 @  CRYSTAL
L ¢ = 100kHz

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

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/A/293/A/393/A/2903

TYPICAL PERFORMANCE CHARACTERISTICS

1y—INPUT CURRENT—nApC

INPUT CURRENT
v = ovpe ]
N S xee
Ta= -85°C
Ta=0C
A
N\
Y
b T NAE)
N1a® +70°C
° 10 20 ) 40

V +—=SUPPLY VOLTAGE—VpC

RESPONSE TIME FOR VARIOUS

INPUT OVERDRIVES—
NEGATIVE TRANSITION
g R
g ‘ SmV = INPUT OVERDRIVE
5 >| . sV
) | i
& \ 5.1K
2 ViN
=
, 100mv ‘ Vour
g I g
5t 4 g
gL o
535
2 50
| 1
[) 05 1.0 15 20
TIME— u sec

~ OUT OF
S SATURATION
:, /
¢
E Tp= +125°C V 4
REY 4
g 7
P74
P 7P
V
0.001

OUTPUT VOLTAGE.
vo—V

INPUT VOLTAGE.
VIN—mV

OUTPUT SATURATION VOLTAGE

I

/I

0.01

0.1 10 10

100

10—OUTPUT SINK CURRENT (mA)

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—
POSITIVE TRANSITION

T T
INPUT OVE!

T
RDRIVE = 100mV

D]

I 20mv [!‘
/ /

I

P P
[ 2L 4
ViN -—{
50 TaT 25°CH— Vout
) 05 1 15 2
TIME— Lisec
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LINEAR LSI PRODUCTS

FEATURES APPLICATIONS PIN CONFIGURATION
* 12ns maximum guaranteed propagation ¢ MOS memory sense amp
delay ¢ A-to-D conversion O.F,N PACKAGE
® 20uA maximum input bias current ¢ High speed line receiver .
¢ TTL compatible strobes and outputs INPUT 14 E 1] v
o Large common mode input voitage eyt 18 2] 73] v-
range ne 3] [17) inpuT 24
o Operates from standard supply voltages oureut 1v [T] [T7) iweur 28
o Military qualifications pending saose 16 [E] 5] ne
stRose s [ 9] outeur 2y
arouno [7] 8] STROBE 2G
TOP VIEW
ORDER NUMBERS
ABSOLUTE MAXIMUM RATINGS NES2IDFN  SES21F
PARAMETER RATING UNIT
: BLOCK DIAGRAM
Supply voltage \"
V+ Positive +7
V- Negative -7 .
VDR Differential input voltage 16 v MITMOIING 8
VIN Input voltage Vv eut 18 317
Common mode 5 U T
Strobe/gate +5.25 : " n
{
Pp Power dissipation 600 mw ouTPUT 1Y INPUT 28
Ta Operating temperature range sTROBE 16 'S
NES521 0to 70 °C ® 9
SES521 -55to +125 STROBE § -0 OUTPUT 2v
Tstg Storage temperature range -65 to +150 °C 8 raose 20
Lead temperature +300 °C
(solder, 60 sec)

EQUIVALENT SCHEMATIC

Ve
14 0O~

< y
Sh bl i: Ry
<

i

] {

0 R Ra

Q;,

> > >
< < <
2R 2m, $h., 3 S,
< 4 ? Rie <

v

v+ O
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NE521

DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, T 5 =-565 to +125°C unless otherwise specified

SE LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
Vos Input offset voltage V+ = +4.5V, V- = -4.5V mv
At 25°C 6 7.5
Over temperature range 15
IBIAS Input bias current V+ = +55V, V- = -5.5V KA
At 25°C 7.5 20
Over temperature range 40
los Input offset current V+ = +5.5V, V- = -6.5V KA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4 5V, V- = -45V +3 \"
Vi Low level input voltage "
At 25°C 0.8
Over temperature 0.7
ViH High level input voltage 2.0 \
Input current V+ = +5.5V, V- = -5.5V
IIH High ViIH=2.7V
1G or 2G strobe 50 MA
Common strobe S 100 HA
e Low ViL=05v
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA
v Output voltage Vi(s) = 2.0v v
OH High V+ = +4.5V, V- = -4.5V, ILOAD = -1mA 2.5 34
VoL Low V+ = +4.5V, V- = -4.5V, 1L oAD- 10mA 05
Ta =25°C, lLoaD = 20mA 0.5
Supply voltage Vv
V+ Positive 45 5.0 55
V- Negative -4.5 -5.0 -5.5
Supply current V+ =55V, V-=-55V, TA=25°C mA
l'ce+ Positive 27 35
lcc- 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/NES21

DC ELECTRICAL CHARACTERISTICS (Contd) V+ = +5V, V- = -5V, T , = 0 to 70°C unless otherwise specified

NE LIMITS s
TEST CONDITIONS UNIT
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
|BIAS Input bias current V+ = +5.25V, V- = -5.25V A
At 25°C 75 20
Over temperature range 40
|os Input offset current V+ = +525V, V- = -5.25V MA
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
Hh High VIH =27V
1G or 2G strobe 50 LA
Common strobe S 100 MA
hiL Low ViL=0.5V
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA
v Output voltage Vi) = 2.0v v
VOH High V+ = +4.75V, V- = -4.75V, |LOAD =-1mA 2.7 3.4
oL Low V+ = +5.25V, V- = -5.25V, ILOAD = 20mA 0.5
Supply voitage \%
V+ Positive 475 5.0 5.25
V- Negative -4.75 -5.0 -5.25
Supply current V+=525V, V-=-525V, TA=25°C mA
lce+ Positive 27 35
Ice- Negative -15 -28
Isc Short circuit output current -40 -100 | mMA
AC ELECTRICAL CHARACTERISTICS T =25°C,R| =280 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 Qutput 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 QV 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/NES21

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V)

PROPAGATION DELAY (ns)

INPUT BIAS CURRENT (uA)

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES

1 Vs -y
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|
3 T
106my
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. % il
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00
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° i |
L |
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FEATURES

¢ 15ns maximum guaranteed propagation
delay

20uA maximum input blas current

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

Large common mode input voitage range
Operates from standard supply voltages

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS

* MOS memory sense amp

¢ A-to-D conversion
¢ High speed line receiver

SE/NE522

PIN CONFIGURATION

(solder, 60 sec)

PARAMETER RATING UNIT
Supply voltage v
v+ Positive +7
V- Negative -7
VIDR Ditferential input voltage 16 v
VIN Input voltage v
Common mode £5
Strobe/gate 15.25
PD Power dissipation 600 mwW
TA Operating temperature range NE Oto 70 °C
SE -55 to +125 -
Tstg Storage temperature range -65 to +150 °C
Lead temperature +300 °C

D,F,N PACKAGE

weur1a [T
ineut 18 (2]
ne [3]
outeut 1y [
sTRoBE 16 [5]
sTRose s [6]
arouno [7]

0 v
[77] NPUT 24
[17) ivpuT 28
mEs

5] ourpur 2v
8] strose 20

TOP VIEW

ORDER NUMBERS
NES22D,F N SES522F

BLOCK DIAGRAM

¢
INPUT 1A

[
INPUT 18
2)
INPUT 24
%) (11
OUTPUT 1Y INPUT 28
®)
STROBE 16
) [
STROBE 8 O— 0 OUTPUT 2Y

(8)
STROBE 2G

EQUIVALENT SCHEMATIC

14 0—

130~

120-
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NE522

DC ELECTRICAL CHARACTERISTICS +5v +10%, Ta = -55to 125°C unless otherwise specified

SE LIMITS
PARAMETER UNIT
TEST CONDITIONS Min Typ Max
Vos Input offset voitage V+ = +4.5V, V- = -45V mV
At 25°C 6 75
Over temperature range 15.
1gIAS Input bias current V+ = +56.5V, V- = -5.5V HA
At 25°C 7.5 20.
Over temperature range 40.
los Input offset current V+ = +5.5V, V- = -5.5V MA
At 25°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 v
Voltage at 25°C 0.8
over temperature 0.7
VIH High level temperature 2.0 \
Input current V+ = +5.5V, V- = -55V
7%} High ViH =27V
1G or 2G strobe 50 WA
Common strobe S 100 KA
h Low ViL =05V
1G 2G strobe -2 mA
Common strobe S -4 mA
Output voltage \"
VoL Low V+ = +45V, V- = -4.5V
loL = 20mA, Ta = 25°C 5
loL = 10mA 5
Output current WA
loH High Vce+ = +4.5, Vee- = -4.5V, Von = 5.5V 250
Supply voltage v
V+ Positive 45 5.0 5.5
V- Negative -4.5 -5.0 -5.5
Supply current V+ =55V, V- = -5.5V mA
lcc+ Positive 27 35
lcc- Negative -15 -28
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LINEAR LSI PRODUCTS

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
1BIAS Input bias current V+ = +5.25V, V- = -5.25V UA
At 25°C 75 20
Over temperature range 40
los Input offset current V+ = +5.25V, V- = -5.25V HA
At 25°C 1.0 5
Qver temperature range 12
VeMm Common mode voltage range V+ = +4.75V, V- = -4.75V +3 v
Input current V+ = +5.25V, V- = -5.25V
HH High ViR = 2.7V
1G or 2G strobe 50 LA
Common strobe S 100 WA
he Low ViL = 0.5V
1G 2G strobe -2.0 mA
Common strobe S -4.0 mA
Output voltage V+ = +5.25V, V- = -5.25V, V, (S) = 2.0V v
VoL Low ILOAD = 20mA 0.5
Qutput current LA
loH High Vet = +4.75,
Vee- = -4.75V, Vo = 5.25V 250
Supply voltage \
V+ Positive 475 5.0 5.25
V- Negative -4,75 -5.0 -5.25
Supply current V+ =526V, V- =-525V, Tp = 25°C mA
lce+ Positive 27 50
lce- Negative -15 -28
AC ELECTRICAL CHARACTERISTICS Tp =25°C, R_= 28002, C_ = 15pF
FROM TO LimiTS UNIT
PARAMETER INPUT OUTPUT Min Typ Max
Input resistance 4 k2
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 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 LS| PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

NE/SES522

TYPICAL PERFORMANCE CHARACTERISTICS
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR

DESCRIPTION

The SE/NES27 is a high speed analog vol-
tage comparator which, in the first time
mates state-of-the-art Schottky diode tech-
nology with the conventional linear proc-
ess. This allows simultaneous fabrication
of high speed T2L gates with a precision
linear amplifier on a single monolithic chip.
The SE/NES27 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

L]
® TTL or ECL compatible outputs
L]

Wide common mode and differential vol-

tage range
¢ Mil std 883A,B,C available

¢ Typical Gain of 5000
APPLICATIONS

¢ A/D conversion
e ECL to TTL interface
* TTL to ECL interface
* Memory sensing
¢ Optical data coupling

BLOCK DIAGRAM

SE/NES27

PIN CONFIGURATIONS

D,F,N PACKAGE

vi O] vt
e 7] 1) sTROSE A
eut a (5] 2] N
i ] outeuT A
e 3] 5] GROUND
v; E (V]outeur s
we 7 7] sTrose 8
TOP VIEW
ORDER NUMBERS
NES270,N,F SE527F
H PAC_KAGE *

Vi

STROBE A
e v2*
‘ OUTPUT A
INPUT A
INPUT B
ouTPUT B
v ouTtPUT B
! hoaEs ORDER NUMBERS
STRo8 SEINES27H
“Metal cans (H) not recommended for new designs
EQUIVALENT SCHEMATIC
vyt Q STROBE A vo©
o— { A g
<
20K K Qg Q1K aK g 550
1.5K = OUTPUT A
7500 7500 ‘,zox
% <
INPUT A = 3 6.13K
8
) ° | GROUND

INPUT|

J >

2000
Vi * {
O~

"
|

3000 3000 '\%mu 7}200(1

C =
STROBE B

o
ouTPUT B
—0
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR SE/NES27
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Positive supply voltage (V1+) +15 Vv
Negative supply voitage (V1-) -15 \
Gate supply voltage (V2+) +7 \
Output voltage +7 \
Differential input voltage +5 v
Input common mode voltage +6 \
Power dissipation 600 mw
Operating temperature range
NE527 0to +70 °C
SE527 -55 to +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
SES27 NES27
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 uA
Input offset current @ 25°C 0.5 0.75 uA
Over temperature range VIN =0V 1 1 A
Common mode x5 Vv
voltage range
GATE CHARACTERISTICS
Output voltage
“1" State Vz* = 4.75V, IsOuRCE = -1mA 25 33 27 33 \Y
“0" State Va2t = 4,75V, Isink = 10mA - 0.5 0.5 \Y
Strobe inputs
“0" Input current’ V2* = 5.25V, VsTROBE = 0.5V -2 -2 mA
“1" Input current @ 25°C'| V2* =5.25V, VsTRoBE = 2.7V 50 100 uA
Over temperature range Va+ = 5.25V, VsTROBE = 2.7V 200 200 uA
“0" Input voltage Va2t = 4,75V 0.8 0.8 \"
“1” Input voltage Va2t = 4.75V 2.0 2.0 v
Short circuit
Output current Vz+ = 5.25V, Vout = 0V -18 -70 -18 -70 mA
POWER SUPPLY REQUIREMENTS
Supply voltage
Vi+ 5 10 5 10 \
Vi- -6 -10 -6 -10 \"
Va+ 45 5 5.5 4.75 5 5.25 \Y
Supply current Vi+ =10V, V- = =10V
Va+ = 5.25V
11+ Over temp. 5 5 mA
4= Over temp. 10 10 mA
12+ Over temp. 20 20 mA

NOTES
1. See logic function table.
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VOLTAGE COMPARATOR SE/NES27

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
tPLH 16 26 ns
tPHL 14 24 ns
Delay between output A and B 2 5 ns
Strobe delay time
ton Turn-on time 6 ns
tott 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 ) s | s Vs* =50V
< ’ N < 7] - T 0 Ta=25°C Z
20 E 14 4 | e
| s "\BIAS CURRENT [ s I 1 N
< s <4 V* =50V o o 7
z 10 w 7 -
¥ SN £ I s e 0 T g yd
£ o5 ~—] £ 6 8 430
> 2 V
3 0 © 5 @ /
= 0] + . Vi~ =-10v S 120
g2 3 OFFSET CURRENT & | - w 4
Z 02 ~g S5 3 1 2 /]
I~ o o 110
0.1 — 2 Vi+ = + 10V & /
0 —— L1 100
-50-25 0 25 50 75 100 125 -50-25 0 25 50 75 100 125 +5 x6 =7 +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 I Ta=25°C > Vit =10V,Vy~ = - 10V > Vit =10V,Vi~ = - 10V
7 } Va+ =5.0V-1 P | 5 Va2t =5.0V o 5 — Va2t =5.0V
€ - 2y 4 |OUTRUTA 28  afoutrura I
[ E« E< : B
—t - X
| 1 | 35 3 \ 35 3 WA VR W, Y
[~ -l o o v\ '%
z 5 1 > 2 \ > 2 x _"S' A <
- I
£, 7 \ \/ \ ovsnnnvsé‘ &4 2\<
3 | > OUTPUTB >
3] 1+ E 0 = E °
> 3 ] | |
§ 2 ;gnoo INPUT A ;3““’ { OVERDRIVE
a £ o 22 o T INPUT B
1 2 ¥ | OVERDRIVE _| 8 _100
0 ~100 [} [ 1 1
£5 26 7 =8 9 =10 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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VOLTAGE COMPARATOR

SE/NES27

RESPONSE TIME TEST CIRCUIT

INPUT PROBE

CR1 ~ CR4=IND14 INPUT
R1 SELECTED FOR 18:1 DIVIDER PRR = 1MHz
R2,3 SELECTED FOR 100mV AT PIN 4 Pw = 50ns
TrmTim2ns
AMPLITUDE = 3.00V

QUTPUT
PROBE

+5

APPLICATIONS

One of the main features of the device is that

a maximum of +6 volts as supply voltages
are increased.

It isalso importantto note that OutputAisin
phase with Input A and Output B is in phase

supply voltages (V1+, V1-) need not be with Input 8.
balanced, as indicated in the following dia- NES27 LOGIC FUNCTION
grams. For proper operation, however, neg-
ative supply (V1-) should always be at least @ y ""_) STR'A’ STR'B’ OUT'A’ ouTt's’ COMMENT
six volts more negative than the ground !
terminal (pin 6). Input Common Mode range >V X hi H h Read I\ g, ||Ha
should be limited to values of two voits less
than the supply voitages (V1+and V1-)upto < = Vo hil X Ih H Read I, e
TYPICAL APPLICATIONS
PHOTODIODE DETECTOR ECL TO TTL INTERFACE
A +8v +8V
L]
Ve, :E Ry = :: Ry
s Yy Q 1 14 Q
3 1 p—o0 3 1" ——-c'r
™
827N = 3ng s27N ouTPUTS
g g 4 s—0
14, w0 ° INPUT | e 10 ]
Ry H‘SE i -l- SRy Ry -L
= = - = - 10V .
MOS8 MEMORY SENSE AMP TTL TO ECL INTERFACE
Vaer +EY O +8V
L
- o 3y [ KS K -
1103 r 1 14 1
MOS RAM 3 " ° e 1 { tg
827N 527N
[]
4 s—0 ; 5:8
[ 10 :_ [ 10 !
1000 1000 l -|- RiS SRy l l
= = -ev = == -10v -8.2v

4-127

N



LINEAR LS| PRODUCTS

VOLTAGE COMPARATOR

DESCRIPTION

The SE/NES529 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

¢ 10ns propagation delay

¢ Complementary output gates

¢ TTL or ECL compatible outputs

¢ Wide common mode and differential voit-
age range

¢ Typlcal Qain 5000

APPLICATIONS

e A/D conversion

o ECL to TTL interface

e TTL to ECL interface

* Memory sensing

¢ Optical data coupling

© Mil std 883A,8,C available

SE/NE529

PIN CONFIGURATION

D,F,N PACKAGE

vi* [ W] V2t

e 7] ] STROBE A
weut A 3] 1] Ne
weuts [] 7] OUTPUT A

ne 3] 5] amouno

vi~ 1] (7] outpur s

ne 2 (7] strose s

TOP VIEW

ORDER NUMBERS
SE/NES29F, NE520N,D

H PACKAGE*

PARAMETER RATING UNIT ORDER NUMBERS
SE/NES529H
Positive supply voltage (V1+) +15 \ *Metal cans (H) not recommended for new designs
Negative supply voltage (V1-) -15 A
Gate supply voltage (V2+) +7 Vv
Output voltage +7 v BLOCK DIAGRAM
Differential input voltage +5 \
Input common mode voltage +6 \
Power dissipation 600 mwW
Operating temperature range OUTPUT A
NES29 0to +70 °C INPUT A
SES529 -55 to +125 °C INPUT B ouTRUTE
Storage temperature range -65 to +150 °C
Lead temperature
(soldering, 60 sec) +300 °C
EQUIVALENT SCHEMATIC
vy Q STROBEA
P .

R, 2 20K

0,

0,
1.6K

15K %
RO Ry

1% 1K

L

< 750 20K

INPUT A

STROBE B
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DC ELECTRICAL CHARACTERISTICS Vi+=+10V, Vo+ =+5.0V, V1-=-10V
PARAMETER TEST CONDITIONS Ses NEs29
’ Min | Typ Max | Min Typ | Max UNIT
INPUT CHARACTERISTICS
Input offset voltage @25°C 4 8 mv
Over temperature range 6 10 mV
Input bias current @25°C 5 12 5 20 wA
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 uA
Common mode voltage range 0 +5 0 x5 v
GATE CHARACTERISTICS
Output voltage
“1" state Vz+ = 4.75V, Isource = ~1mMA 25 33 27 3.3 \
“0" state Va2+ = 4.75V, lsink = 10mA 0.5 0.5 \
Strobe inputs
“0"” Input current’ Va2+ = 5.25V, Vstrobe = 0.5V -2 -2 mA
“1” Input current @ 25°C! Vz+ = 5.25V, Vstrobe = 2.7V 50 100 uA
Over temperature range Vzt+ = 5.25V, Vstrobe = 2.7V 200 200 kA
"0" input voitage Vot = 4.75V 0.8 0.8 \
“1" input voltage Vot =475V 2.0 20 v
Short circuit
Output current Vz+ = 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 \Y
Vot 45 5 55 4.75 5 5.25 \'
Supply current Vi+ =10V, Vi- = =10V
Va+ = 5.25V
I+ Over temp. 5 5 mA
I1- Over temp. 10 10 mA
l2t+ 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
torr turn-off time 6 ns
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VOLTAGE COMPARATOR SE/NES29

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT CURRENTS SUPPLY CURRENT POWER DISSIPATION
vs TEMPERATURE vs TEMPERATURE vs SUPPLY VOLTAGE
12 180 "
o =N s - e
g 8 g 1|1 I~ R L 7
6 BIAS CURRENT | Va+ =50V | /
i - 13< [ 4 Z 140
z 4 g 7 . g /
g 2 g ¢ U s /
g Py . 130
3 0 © 5 V1 =10V 8 //
5 osf ¥ . | { g 120 7
£ 04 - % 3 Lh* E /
0.2 [NRQFF SET CURRENT Vi * =10V g mo
. — 2
0 I —— | | 100
~60-25 0 25 50 75 100 125 -50-25 0 25 50 75 100 5 ] 7 8 9 10
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V1+,V;~) — VOLTS
SUPPLY CURRENT OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR
vs SUPPLY VOLTAGE VARIOUS INPUT OVERDRIVES
8 x .
I > ToT - - .-
7 Tapssec 4 g ls % Vit =10V, Vi~ m - 10V T s 3;: A 1ov
= X i
g . (i T T T P AL Eg 4 foutPut A |
;e 1 §: s \ < 3 o
E P | 3 \ 3% \-\;. OVERDRIVE
z ¢ ; = 5, / 3 \ \\e\s
a v > %\ ““ %
£ 4 t2* f 1 k) A\
4 I T OUTPUTB H \ \
SRy N 0 0
g + ! ] | L
L M §w +100 | §m+1oo
§ 2 ] g INPUTA | | g¢o OVERDRIVE
SE 0 { £g o T |INPUTS SESS S
1 g - 100 OVERDRIVE 3 -100 }
>
0 11 L
5 3 7 8 9 10 0 5 1015 20 25 30 0 5 10 15 20 25 30
SUPPLY VOLTAGE (V1 *, V4 =) — VOLTS TIME = ns TIME ~ ns
RESPONSE TIME TEST CIRCUIT (Vu)<> —o—0 V2+)
INPUT PROBE !OIIOV J: 'L a < 1 ‘L J: WI::V OUTPUT
IT ‘»"‘ _-__[: I PROBE 4

CR1 - CR4=IN914 INPUT
R1 SELECTED FOR 15:1 DIVIDER PRAR = 1MHz
R2,3 SELECTED FOR 100mV AT PIN 4 Pw = 50ns
TruTim2ns
AMPLITUDE = 3.00V
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VOLTAGE COMPARATOR SE/NES29

APPLICATIONS NE529 LOGIC FUNCTION

One of the main features of the device is that Vin as . ins s M T
supply voltages (V1+, Vi-) need not be (A+,B") STRA STR‘B OUT‘A out‘s COMMEN
balanced, as indicated in the following dia-

grams. For proper operation, however, neg- > Vot X hit H h Read ly g, lina
ative supply (V1-) should always be at least < =V hit X I'h H Read ly a, hiup

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.

It isalsoimportant to 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 oY
Ve :t Rz
<'
1 14 Q - a
3 M"p—o0 1 ———?
529N 529N TTL OUTPUTS
] |
— 4 9 ——o0 8 —<
[ 10 10 )
Ry “ﬁE L l l—
= = -ev = -10v =
MOS MEMORY SENSE AMP TTL TO ECL INTERFACE
VReF eV O +5V
3 3Ry ( 2KS S 2K jf‘
1 1 Q mowneur [ w177
m;s“:\am ? 3 np—0 o 3 " { 5:3
520N 520N
I}
4 os}—o — 4 1] { ;—_—3
(] 10 { [ 10
1000 1000 l -L RS SR | i
= = -8V = = '—‘l-' -10V -5.2v
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LINEAR LSI PRODUCTS

DISPLAY DRIVER —SYMBOLS AND DEFINITIONS
_———————————————————————— Y ——

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.

BIRBO

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.

Fumax
The maximum clock frequency: the maximum input frequency at a
clock input for the predictable performance. Above this frequency the

Aavian mau aaaan dn fiomabinm
GeviCe may Ceas® 1o iuncuon.

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

lec (= lco)

Supply Current. The current tlowing into the + Vg (~ Vgc) 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.

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

[
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.

ls
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-
ment ‘b’

4-132

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.

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

th

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

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

tonL

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.

toLn

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.

tflc

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.

‘l

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.



LINEAR LSI PRODUCTS

DISPLAY DRIVER—SYMBOLS AND DEFINITIONS

DISPLAY DRIVER DEFINITIONS (Cont'd)

Truth Tables
0 is logic level low
1 is logic level high

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

Typical Value

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

Vanr

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

Vee (- Vee)

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.

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 voltage at
an output terminal for the specified output current Io, and at the
minimum V¢ value.

Vou
Output Low Volitage. 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

F

EATURES

Current limited output: =10mA Typ

Power-off source impedance: 300() Min

Simple slew rate control with external
capacitor

Flexible operating supply range
fnputs are DTL/TTL compatible

APPLICATIONS

Computer port driver

Digital transmission over long lines
Slew rate control

TTL/DTL to MOS translation

MC41488

PIN CONFIGURATION

D,F,N PACKAGE

vee (0] 14] Vee
INPUT 1 [Z@ % INPUT 48
ouTPUT 1 3] @E INPUT 4A
INPUT 2A 2] [11] outPuT4
INPUT 2B E@ [10] iNPUT 2B
outpuT2 (6] @E} INPUT 3A
Gno (7] [5] outPuT3

TOP VIEW

ORDER NUMBERS
MC1488D MC1488F, MC1488N

<

PARAMETER RATING UNIT
Supply voltage V+ +15 \
V- -15 v
Input voltage (Vin) -15SVNST70 Vv
Output voitage *15 Vv
Power dissipation:
F package 1000 mw
N package 800 mW
Operating temperature range 0to +75 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 10sec) 300 °C
CIRCUIT SCHEMATIC
O V+
INPUT
INPUT
ouTPUT

o
I

AAA

VWA
~
r=3
D

N
as
n
$ RS SRe
® 10K ¢ TK
1/4 CIRCUIT
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QUAD LINE DRIVER MC1488
DC ELECTRICAL CHARACTERISTICS V+=+9.0V + 1%, V- =-8.0V * 1%, Ta = 0°C to +75°C
unless otherwise specified.
All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25°C.”
LiIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Logic "“0"” input current ViN =0V -1.0 -16 mA
Logic "1" input current VIN = +5.0V .005 10.0 uA
V+ =9.0V 6.0 0
. RL = 3.0k V- =-9.0V : 7.
High level output voltage Vin = 0.8V V4 = 13.2V 9.0 105
V- =-13.2V
V+ = 9.0V 6 68
RL = 3.0k0 V- =-9.0V -6.0 -6.
Low level output voltage Vin = 1.9V V+ =132V 00 105 v
V- =-13.2V
High level output Vout =0V
Short-circuit current ViN = 0.8V -6.0 -10.0 -12.0 mA
Low level output Vout =0V
Short-circuit current Vin =18V 5.0 10.0 120 e
V+=V-=0V 300 0
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- = 18V 25.0 34.0 mA
(output open) V+=9.0V, V- = -8.0V 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+=9.0V, V- = -8.0V -13.0 -17.0 mA
VIN = 1.8V V+ =12V, V- = -12V -18.0 -23.0 mA
V+ = 15V, V- = -15V -25.0 -34.0 mA
Negative supply current
(output open) V+ =90V, V-=-0.0V -1 -15 uA
ViN = 0.8V V+ =12V, V- = -12V -1 -15 A
V+ = 15V, V- = -15V -.01 -25 mA
. V+=8.0V, V- = -8.0V 252 333 mw
Power dissipation V+ = 12V, V- = -12V 444 576 mw
Propagation delay to "1" (tpd1) RL = 3.0k}, CL = 15pF, Ta =25°C 275 560 ns
Propagation delay to "0" (tpa0) RL = 3.0kf), CL = 15pF, Ta=25°C 70 175 ns
Rise time (t) RLU = 3.0k{), CL = 15pF, Ta =25°C 75 100 ns
Fall time (t1), RL = 3.0kf), CL = 15pF, Ta=25°C 40 75 ns

NOTE

*Voitage 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

NOTE
*CL includes probe and jig capacitance.

SWITCHING WAVEFORMS

— —— - 3.0V
{ 1.5 x
||nd0 ov

——l 'pd1

Vour
_\L/—_

NOTE

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

4-136

C = lIsc (AT/AV)

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

OUTPUT VOLTAGE AND RS232C DATA TRANSMISSION
CURRENT-LIMITING
CHARACTERISTICS
T = T2UDTL 1/ MC1488 sl T2upTL
— — ———

15 +—t -
z 12 V4 =12V P _'Dc I R_?-i_})—
I3 ° *\V - = ~-12V -
E, A NS mren%ar;r::crmo I
£ 3 R v TSV ot 'achia. © tfuom
b 0 —--s—— ﬂq.....
5 -s A\ _d G -
g \[\ \ Y SIGNAL GROUND 114 MC1488
‘l’ -9 A INTERNALDATA T |

-12 TERMINAL = = =

e }Do—clbh__ J[\ EQUIPMENT MODEM

~16 -12 -8 -4 0 4 8 12 18 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
N Vour 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- oTU 1/4MC1488 gg?wu‘r
I lated using the following relationship TTL -10VTO
= = INPUT ~0.4v

-12v

-12v

DTL/TTL-TO-HTL TRANSLATOR

+12v
114 MC1488
oL/ L Ut
Al uTPU
INPUT ~07VTO
+10V
—12v -

DTL/TTL-TO-RTL TRANSLATOR

+12v
114 MC1488
RTL
oy OUTPUT
TTL
NPT -07VT0
+3.7V
—12V 430V




LINEAR LSI PRODUCTS

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

QUAD LINEREGEIVERS

FEATURES

PIN CONFIGURATION

o Four totally separate recelvers per pack-
age

Programmable threshold

Bulit-in Input threshold hysteresis

“Fall safe” operating mode

Inputs withstand +30V

INPUT 1

RESPONSE

.
L]
L
° CONTROL 1

APPLICATIONS

o Computer port inputs

¢ Modems

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

INPUT 2

RESPONSE
CONTROL 2

ouTeUT 2

A

]
outePuT1 | 3

pinizin

D, F, N PACKAGE

0

Yee

13 | INPUT ¢

RESPONSE
CONTROL ¢

6

11 | outPuUT 4

0 | INPUT 2

RESPONSE
CONTROL 3

8 | outeuT3

GV G ) LT

TOP VIEW
ORDER NUMBERS
MC1489D, MC1489AD

MC1489F, MC1489AF, MC1489N, MC1489AN

VOLTAGE WAVEFORMS

PARAMETER RATING UNIT
Power supply voltage 10 \
Input voltage range +30 \ INPUT
Output load current 20 mA P
Power dissipation-
F package 1 w
N package 800 mw l
Operating temperature range 0to +75 °C tpg 0=l |
Storage temperature range -65 to +150 °C
EQUIVALENT SCHEMATIC AC TEST CIRCUIT
QO Vee
(1 4 OF UNIT SHOWN) L
:: 9K 3: 5K 2K
RE RESPONSE
2?:?::5 o WA ouTeuT e outpuT %
[e] (o]
aK :ERL
K -
INPUT O AAA~
L GENERATOR
‘b
< 10K 15pF
3 L I hesene,
O GND - - -
MC1489: Rr = 10k
MC1489A: Rf = 2k
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QUAD LINE RECEIVERS

MC1489/MC1489A

DC ELECTRICAL CHARACTERISTICS Vcc =5.0V+ 1%, 0°C < Ta < +75°C unless otherwise specified.!.2

MC1489 MC1489A
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Input high threshold voltage Ta = 25°C, Vour < 0.45V, 1.0 1.5 1.75 2.25 \"
foutr = 10mA
input low threshold voltage Ta =25°C, Vour < 2.5V, 0.75 1.25 | 0.75 1.25 Vv
lout = -0.5mA
VIN = +25V +36 | +56 | +83 | +36 | +56 | +83 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 38 5.0 v
Input = Open, lout = -0.5mA 26 3.8 5.0 26 3.8 5.0 \"
Output low voltage ViN = 3.0V, lout = 10mA 0.33 0.45 0.33 0.45 v
Qutput 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 mw
NOTES
1. Voltage values shown are with respect to network ground terminal. Positive currentis
defined as current into the referenced pin.
2. These specificaticns apply for response control pin = open.
AC ELECTRICAL CHARACTERISTICS Vcc =5.0V 1%, Ta = 25°C unless otherwise specified.!2
MC1489 MC1489A
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min | Typ | Max
Input to output “high" RL = 3.9k02 (AC test circuit 25 | 85 25 | 85 ns
Propagation delay (tpg1)
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 = 38011 (AC test circuit) -] 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
RS232C DATA TRANSMISSION MOS TO TTL/DTL TRANSLATOR
1/4MC1400/
TTLOTL 1.4MC1488 MC1480A TTL/OTL v
- pe— L
{1 [ R‘.’-_:‘..-”“
R
INTERCONNECTING
1-4MC1489 CABLE :7[ —_—— TTLOTL
TTLOTL MC1489A l TTLOTL I E .\
o e MOS LOGIC — -
= o - E= e =
SIGNAL GROUND 1-4MC1488 1.4 MC 1488 *_ E ~‘
INTERFACE DATA I _L e s | -~
TERMINAL - - -
EQUIPMENT MODEM 6
*Optional for noise filtering
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SA

__NEsoso

DESCRIPTION FEATURES PIN CONFIGURATION
The NE5090 addressable relay driver is a * 8 high current outputs )
high. current latched driver, similar in func- ® Low-loading bus compatible inputs D',F,N PACKAGE
tion to the 9934 address decoder. The device ® Power-on clear ensures safe operation
has 8 open collector Darlington power out- * WIill operate in addressable or AG g v
puts, each capable of 150mA load current. ~ demultipiex mode 0 el
The outputs are turned on or off by respec- * Allows random (addressed) data entry A 2] 5] CLR
tively loading a logic “1” or logic “0” intothe ¢ Easily expandable A, [3] 3] CE
device data input. The required output is ° Pin compatible with 8334 0, [@] 73] o
0
defined by a 3 bit address. The device must e, 5 ) o
be enabled by a CE input line which also ! ’
serves the function of further address APPLICATIONS 9, (] 1] o,
decoding. A common clear input, QLR, tt{rns * Relay driver Q, (7] E} Q
all outputs 'off when a logic “0 is app_lled. o Indicator lamp driver GND [E] 5] o,
The device is packaged in a 16 pin plasticor Triac trigger
CERDIP package. * LED display digit driver TOP VIEW
* Stepper motor driver
ORDER NUMBERS

BLOCK DIAGRAM NES090N

NES080F

NE5090D'

o8 E:}—o G NOTES:

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

CE

Ao

> 0,
A1 1-0F-8 —'}comnm
V| cate
| I S,
(-} ——_—_—-—'
Do—————’ %

INPUT STAGE OUTPUT STAGE

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C unless otherwise specified.

A2

YIY

9;

PARAMETER ,RATING UNIT
Vee Supply voltage -05t0+7 v
Vin Input voltage -05to+ 15 v
Vour  Output voitage 0to+30 \
lgno Ground current 500 mA
lout Output current 200 mA
Each output
Pp Power dissipation’ 1 W
Ambient temperature range °C
Ta  NES090 0to+70
T, Junction 150
Tstg  Storage —-65to+ 150
Tsog Lead soldering temperature 300 °C
(10 sec max)
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ADDRESSABLE RELAY DRIVER NES090

PIN DESIGNATION

PIN NO. SYMBOL NAME AND FUNCTION

1-3 AO0-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
LR CE D Ao A1 A2 | Qg Q1 Q2 Q3 Qq Q5 Qg Q7
L H X X X X H H H H H H H H | Clar
L L L L L L H H HH HH H H
L L H L L L L HHHHHHH
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 HH H L
H H X X X X QN-1 » | Memory
H L L L L L H aN-1——mm——————
H L H L L L L QN-t —————————
H L L H L L Qn-1 H QN ———
H L H H L L QNn-1 L QN- 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 V. =4.75V t0 5.25V, 0°C s T, = 70°C unless otherwise specified (NE5090)2.

LIMITS
PARAMETER TEST CONDITIONS Min Typ Mo UNIT
Input voltage
Vin High 2.0 v
V||_ Low 0.8
Output voltage
Vou Low lop £ 150mA, Ty =25°C 1.05 1.30 v
Over temperature 1.50
Input current
[m High ViNn=Vee <1.0 10 A
m Low Vin=0V -3.0 - 250
lon Leakage current Vour =28V, 5 250 A
Supply current
looL All outputs low Vee=5.25V NE5090 35 60 mA
lccH 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
NES5080 F at 7.5mW/°C above 85°C

2. All typical values are at Vo =5V and Tp =25°C
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ADDRESSABLE RELAY DRIVER

NE5090

SWITCHING CHARACTERISTICS Vg =5V, Ty = 25°C, Vour = 5V, lour = 100mA, V. = 0.8V, V= 2.0V

PARAMETER TO FROM Min Typ Max UNIT

Propagation delay time
tpLn Low to high! == 900 1800
tone High to low Output CE 130 260 ns
tpLH Low to high? 920 1850
torL High to low? Output Data 130 260 ns
[ Low to high® 900 1800
tor High to low? Output Address 130 260 ns
[ Low to high* == 920 1850
tone High to low* Output CLR ns
SWITCHING SETUP REQUIREMENTS
tepy® 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
AND ENABLE PULSE WIDTH

Other Inputs: CLR = H A = Stable,

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT

PLH| q

Other Inputs: CE= L, CLR=H, A = Stable

TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT

A

tPHL tPLH

Q

Other Inputs: CE=L. CLR=L. D=H

TURN-OFF DELAY, CLEAR TO OUTPUT

|

'PLH

Other Inputs' CE = H

4141




LINEAR LS| PRODUCTS

ADDRESSABLE RELAY DRIVER

NES090

TIMING DIAGRAMS (Cont'd)

SETUP AND HOLD TIME, DATA TO ENABLE

SETUP TIME, ADDRESS TO ENABLE

Other Inputs: CLR = H,

CLEAR

Ao, A1, A2, may be connected to the
address bus if permitted by system design

i

Other Inputs: CLR = H, A = Stable,
TYPICAL APPLICATIONS
DRIVING SIMPLE LOADS
INTERFACING WITH A
MICROPROCESSOR SYSTEM ‘svT +5VTO 28V
ng +28V
Qo
) o
DATA $ 02
BUS 509 0,
P Qq RELAY
“ & g: LOAD
+5V +5V Q7
=
o o -
o Q9 A |—— Qo
==l S =
om0 EH 90 H
g? F— at OPERATING IN DEMULTIPLEX MODE
o % o ,__ T o
CONTROL v oy T,sv

—009,

o ——o0 0,

Ag 02,

3-81T —-o00o

555 t—counten Ay 509 T
A2 oo,

CE_ 00,

l [ — 0o,
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ADDRESSABLE RELAY DRIVER

NES090

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE VS LOAD CURRENT

=
=

Y #a

06 370 C

08

QUTPUT VOLTAGE (vj

04

0 50 100 150 200
OUTPUT LOAD CURRENT (mA)
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DESCRIPTION

The NES87 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

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

APPLICATIONS

® Digital panel meters

© Measuring instruments
* Test equipment

o Digital clocks

¢ Digital bus monitoring

ABSOLUTE MAXIMUM RATINGS Tp = 25°C unless otherwise specified

PARAMETER RATING UNIT
vee Supply voltage =0.5t0 +7 v
VIN input voltage ~0.5to +15 v
(Dg - D3, LE, RBI)
Vour Output voltage -0.5t0 +7 v
(a-g, RBO)
Pp Power dissipation (26°C)' 1000 mw
TA Ambient temperature range Oto70 °C
T4 Junction temperature 160 °C
TsTG Storage temperature range -85 to +160 °C
TsoLb Soldering temperature 300 °C
(10 sec. max)
NOTE
Derate powar dissipation as indicated
N package - 95°C/watt above 55°C
F package - 100°C/watt above 50°C
BLOCK DIAGRAM
;‘ ———————————————— 1
| : O WEO/Bi (4)
! I
vee (18) o——— ., |
' |
! |
' |
| |
W (8) O ; |
|
Do (7) o——:— =
D1 (1) O] 8GO TO
DAY/
02(2) o——:— LATCHES :> bl =
o3 (8) -
|
N . |
2 0] : U
—O a(18)
—O b(14)
O ¢ (13)
i» (8) O AEFERENCE CURNENT —O d(12)
DRIVER 0 o (1)
© 1(17)
GND (9) <>——-—_L . O 9 (1)
b .i_.......i
POWER GNO (10)
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PIN CONFIGURATIONS
F,N PACKAGE
o1 [T} 78] vee
o] @l
@ [3] o
s (1] o
™ (5] mp
o [] 3] ¢
o0 [7] 2]«
NG o
w0 [3] i) oo
TOP VIEW
ORDER NUMBERS
NESS7F  NES8TN
D2 PACKAGE
oy [T
0; [Z]
T 3
svreo. [4]
FE ]
Ne [
o3 [T
% (2]
b [
pia aNp (10}
TOP VIEW
NES870?

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

NES87

DC ELECTRICAL CHARACTERISTICS

VGG = 4.75 to 6.26V, 0°C < Tp < 70°C.
Typical values are at Vcc = 6V, TA = 25°C, Rp = 1kQ (+ 1%) unless otherwise stated.

NES87
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Vee Operating supply voltage 4.75 5.00 5.25 v
ViH Input high voitage All Inputs except Bi 2.0 16 v
Bi 2.0 6.6
ViL Input low voltage 0.8 v
Vic Input clamp voltage N = —12mA, Tp = 26°C -1.6 v
M Input high current Inputs Do —D3, LE, RBI uA
VIN = 2.4V 1.0 10
VIN = 16V 15 15
Input BI (pin 4) 10 100 kA
RBi = H
VIN = Vg = 5.26V
h Input low current VIN = 0.4V, inputs Dg — D3 -5 uA
LE, RBI =200
lnputw -0.7
Vee = 6.25V
RBl = H, V| = 0.4V mA
VoL Output low voltage Output RBO
loyt = 3.0mA 2 5 v
VoH Output high voltage Output RBO
|ou'l!'_El =50uA 3.5 4.5 v
i lout Output segment Outputs “a” thru “g” 20 25 30 mA
“ON" current VouTt = 2.0V
Alout Output current ratio With reference to “b” segment 0.80 1.00 1.10
(all outputs ON) VouT = 2.0V
lOFF Output segment Outputs “a” thru “g" 20 260 kA
“OFF" current Vour = 5.0V
Icco Supply current Vee = 6.26V 33 556 mA
All outputs “ON"
Vour > Vv
Icci Supply current Vce = 6.26V 50 70 mA
All outputs blanked
. NOTE
| NE687 PROGRAMMING
. The NESS87 output current can be prog d, p a prog 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 ~ "r, as shown in Figure 5. % is 20inthe

18 to S80mA output current range.

4-145



LINEAR LSI PRODUCTS

LED DECODER/DRIVER NES87

AC ELECTRICAL CHARACTERISTICS vgg =5V Ta = 25°C. R = 1309, C|_ = 30pF including probe capacity.

NES87
PARAMETER TEST CONDITIONS in Typ Max UNIT
Dy 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
Dgy. = % (MWL + i)
TRUTH TABLE
BINARY INPUTS OUTPUTS
INPUT TE [RBI [D3 [0 (D1 Do | a [b|c |d]e [t g [ABO DISPLAY
- H . X X X X STABLE b STABLE
0 L L L L L L H H H H H H H L BLANK
0 L H L L L L L L L L L L H H o]
1 L X L L L H H L L H H H H H 1
2 L X L L H L L L H L L H L H 2
3 L X L L H H L L L L H H L H 3
4 L X L H L L H L L H H L L H 4
[ L X L H L H L H L L H L L H 5
6 L X L H H L L H L L L L L H 8
7 L X L H H H L L L H H H H H 7
8 L X H L L L L L L L L L L H 8
9 L X H L L H L L L L H L L H ]
10 L X H L H L H H H H H H L H -
11 L X H L H H L H H L L L L H E
12 L X H H L L H L L H L L L H H
13 L X H H L H H H H L L L H H L
14 L X H H H L L L H H L L L H P
16 L X H H H H H H H H H H H H blank
‘Bl X X X X X X H H H H H H H [L** blank
NOTES

H = HIGH voltage
L = LOW voitage
X = Don't care

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

level, output is “OFF"
fevel, output is "ON"

*+ RBO7BI used as an input overrides all other input conditions.

SEGMENT. IDENTIFICATION
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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 volit-
age reference used in the NE587 is shown in
figure 1. |

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

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

BAND GAP
REFERENCE

L L L L L L L
[ ——

r
]
1
1]
1
1]
1]
1
]
1
]
|8

Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

Do-D3

X

X

L tPLH —]

QuTPUT

.<—dmu—>

—

LE=1L

L

Figure 2 -

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

Do-D3

X

OUTPUT

_f

\___

Figure 3

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 drives, 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 Vo and Vg. In many
cases, these will be the same voltage. Nec-
essary parameters are:

Vce, 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
lseg

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
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 2.5V
Yellow 2.2 to 3.5V
Green 2.5to 3.5V

4-147



LINEAR LS| PRODUCTS

LED DECODER/DRIVER

NE587

TIMING DIAGRAMS (Cont'd)

tw
[

...

Figure 4

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:

Pq=Veec Xicg + (Vs — VR) X 7 X lseg X Kpc
mw

Assuming Vg = Vgg = 5.25V
Vg = 2.0V
Kpc = 100%
Pd max =5.25 X 50 + 3.26 X 7 X 30 mW
= 945 mW

SUPPLY CURRENT VS SUPPLY VOLTAGE
NES587
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LED DECODER/DRIVER

NES87

TYPICAL APPLICATIONS

vece
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I
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DRIVING A SINGLE DIGIT
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p O———— 9

i o T_|-[

NOTE

Decoupling capacitor on Ve should be 0.01 xF ceramic

Figure 6

O RBO

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

Pgav = 5.0 X 30 + 3.00 X 5 X 25 mW
=525 mW

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

However, a major portion of this power dissi-
pation (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 Vcc/Vg supply is
4.75 to 5.25V, and that the maximum VE for
the LED display is 2.25V. Only 2.75V is re-
quired to keep the display active, and hence
2.0V may be dropped externally with a resis-

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

2.0

Rg = =~ 10Q (% W rating)

7 X lggg

assuming worst case lggg of 30 mA

Hence now Py max = Vge Xlcc + (Vs —Vy —
Ry X 7 X lggg) X 7 X X lggg
X Kpc
=5.25X 50+ 1.25 X 7 X 30
mwW
= 525 mW

and Py gy = 50X 30+ 1.25X5X 25

= 306 mW

It 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 — nVq, 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 acrcss the digit driver must aiso 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 multiplexed display sys-
tem. The NE591 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 8o 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 extremsly well ifa
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

=g \J S L

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

NES87

TYPICAL APPLICATIONS (Cont'd)
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4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL
AND LEADING EDGE RIPPLE BLANKING
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TYPICAL APPLICATIONS (Cont'd)

4-DIGIT MULTIPLEXED LED DISPLAY
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For additional information, refer to the Applications Section.
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LINEAR LSI PRODUCTS

LED DECODER/DRIVER NE589

DESCRIPTION FEATURES PIN CONFIGURATION
The NES58S is a latch/decoder/driver for 7- ® Latched BCD inputs
segment common cathode LED displays. ¢ Low loading bus-compatible inputs F,N PACKAGE
The NE589 has a programmable current out- e Ripple-blanking on leading and/or trail-
put up to 50mA which is essentially indepen- ing edge zeros o, [1] 78] vec
dent of output voltage, power supply volt- 02 2] 7]
age, and temperature. The data (BCD) APPLICATIONS
inputs and LE (latch enable) input are low- o Digital panel meters e [5] 7] o
loading so that they are compatible with any e Measuring instruments BI7RE5 2] 15] »
data bus system. The 7-segment decoding e Test equipment i [5] 4] »
is implemented with a ROM so that alterna- e pigital clocks os [E] M
tive fonts can be made available. o Digital bus monitoring s
o0 7] 2] a
ABSOLUTE MAXIMUM RATINGS T, = 25°C unless otherwise specified ® 5] mp
PARAMETER RATING UNIT ano 5] [70] vs
Vce:. Vs Supply voltage -0.5to +7 v TOP VIEW
VIN Input voltage =0.5to +156 v ORDER NUMBERS
(Dg - D3, LE, RBI) NESBOF  NE589N
Vour Output voltage -0.5to +7 v
(a-g, RBO) D2 PACKAGE
Pp Power dissipation (26°C)' 1000 mw
TA Ambient temperature range Oto70 °C AW
Ty Junction temperature 150 °C o @ Vee
TsTGg Storage temperature range —65 to +1560 °C o2 [Z] 9] 1
TsoLD Soldering temperature 300 °C E & i8] ¢
(10 sec. max) BiRBo [4] 7] a
NOTE mei (5] €] b
Dgrate power dissipation as indicated NC [l- 5] NC
N package - 95°C/watt above 55°C
F package - 100°C/watt above 50°C o; [7] E ¢
Do [E 3] d
BLOCK DIAGRAM o [ il
- p 3] [12] o
CTTT T T T T e e 1 ano [T 11] v,
. !
: I : -0 MO/R (4) TOP VIEW
vec (18) ; | NE535D?
|
| | NOTES:
| | 1. SOL - Released in Large SO package only.
| 2. SOL and non-standard pinout.
| | 3. SO and non-standard pinouts.
8 (5) O | |
|
00 (7) o—:- :
D1 (1) O] 8CD TO |
02 (2) o———‘-—— LA‘:"C’O:E! :> ’;:'cg:::' ;
D3 (8) O——:— '
| |
SR S J
| O a(15)
: ~O b (14)
| ———I——-——O c(13)
» (8) O——i— REFERENCE "c mmm —-—-—-———-—OI d(12)
DRIVER |
| b———— O e (1Y)
: _—__._.Ol 1(17)
an (9) O—Li . —————-—-o: o (16)
b .l__ —
Vg (10)
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LED DECODER/DRIVER

NES89

DC ELECTRICAL CHARACTERISTICS

Vce = 4.7510 6.26V, 0°C < Tp < 70°C. Typical values are at Voo =Vs=5V, TA=25°C, Rp =7k (+1%) unless otherwise stated.

All outputs blanked

NE589
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Vce, Vs Operating supply voltage 4.75 5.00 5.26 v
VIH Input high voitage All inputs except BI 2.0 15 v
Bi 2.0 55
ViL Input low voltage 0.8 v
Vic Input clamp voltage N = —12mA, Tp = 26°C -1.5 v
4 Input high current Inputs Dg ~Dg, LE, RBI
VIN = 2.4V 0.1 10 HA
VIN = 15V 10 15 uA
hH Input high current Input BI (pin 4) 10 uA
RBi=H
VIN = Vcg = 5.25V
e Input low current VIN = 0.4V, Inputs Dg — D3 -5
LE, RBI —200 uA
M Input low current Input B -0.7
Vce = 5.25V
RBI = H, VIN = 0.4V mA
VoL Output low voltage Output RBO
louT = 3.0mA 0.2 0.5 Vv
VoH Output high voltage Output RBO
louT = —~50uA 35 45 v
RBI=H
lout Output segment Outputs “a” thru “g" 20 25 30 mA
“ON" current Vour = 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
lcco Supply current Vge = 6.25V 25 55 mA
All outputs “ON"
Vour > 1V
Icci Supply current Ve = 5.25V 30 65 mA

4-153



LINEAR LSI PRODUCTS

LED DECODER/DRIVER

NES589

AC ELECTRICAL CHARACTERISTICS vcc=Vg=5V Ta=25°C, R_= 1300, C_= 30pF including probe capacity.

NE589
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Ip‘v Propagation delay From data to output 135 ns
! Figure 2
Day Propagation delay From LE to output 135 ns
' Figure 3
tw Latch enable pulse width 85 ns
Figure 4
ts 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:
'DAV. - max (ty + t W)
TRUTH TABLE
BINARY INPUTS OUTPUTS .
INPUT LE |RBI | D3 | Dy | Dy |Dg | a } b | ¢ l d J e J t g I]Fjj DISPLAY
- H * X X X X STABLE STABLE
0 TN A T A T T T BLANK
[¢] L H L L L L H H H H H H L H 0
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 c
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 Lee blank

NOTES

H = HIGH voltage level, output is “ON"
L = LOW voltage level, output is "OFF"

X = Don"

t care

* The ABI will blank the display only it a binary zero is stored in the latches.

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

SEGMENT IDENTIFICATION
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LED DECODER/DRIVER

NES589

NES589 PROGRAMMING

NES589 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 volit-
age reference used in the NE589 is shown in
figure 1.

Output current_to program current ratio,
1o/lp, 18120 in the 10mA to 60mA range.
Note that Ip must be derived from a resistor
(Rp), and not from a high impedance source
such as an IgyT DAC used to control display
brightness.

BAND GAP
REFERENCE

[emmmemessscccccccenea—ea-gy

—O vg
-
\d 1.3V
=t LA
L= Rp
—O lo
i =
:

Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

Do-D3

™

~

e

OuTPUT

l<— tPHL —|

I

E=L

|

Figure 2

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

Do-D3

X

OUTPUT

—

|

Figure 3

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
80 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 Voc and Vg. In many
cases, these will be the same voltage. Nec-
essary parameters are:

Vce, 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
lseg

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
display manufacturer’s literature for the
peak segment current selected; however,
approximate voltages at nominal rated cur-
rents are:

Red 1.8 to 2.0V
Orange 2.0to 2.5V
Yellow 2.2 to 3.5V
Green 2.5 to 3.5V
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LED DECODER/DRIVER

NES89

TIMING DIAGRAMS (Cont'd)

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES
L ']

I tw

..
oo ////////////////////////////////////////////////////////////////

S /4

Figure 4

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 4ll segments are on, is:

Pg=Veec Xlcc+ (Vs - VR) X 7 X 'aeg X Kpc
mw

Assuming Vg = Vg = 5.25V
VE = 2.0V
Kpg = 100%
Pd max =5.26 X 50 + 3.25 X 7 X 30 mW
= 945 mW

OUTPUT CURRENT VS OUTPUT CURRENT VS NORMALIZED OUTPUT CURRENT
PROGRAM RESISTOR OUTPUT VOLTAGE VS TEMPERATURE
50 40 = 12 T T T
::°_=7‘"(sn‘ sovouts Veg=Vs =50 VOLTS
s ¥:i;55;%vons =Vs % OVER TEMP. RANGE 108
Vour=2V 104
= 3 z -
g ‘ ‘E.: 20 é,_ 100
- =) 2
3 2 2 \ °
= \ Y 96
© N 10
N 94
g \
0 0 92
0 12 24 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
" VemBOV | i Vs =50 VOLTS
108 Vour =20V 80 ::“_f -;;.c:(;ou‘s 4
TEMP =25 |c ALL OUTPUT ON
104 50
2 <
£ 100 ~ E.o a0 Z 250C
2 8 —
% ————-/ % %(m c
94 20
92 10
40 45 50 55 60 40 45 50 55 60 70
Vec (VOLTS) Vec (VOLTS)
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TYPICAL PERFORMANCE CURVES (Cont'd)

SUPPLY CURRENT VS SUPPLY VOLTAGE
NES89

T T T
Rp=T7K
Voyr =2V
Bl outeurs “on
|

lcc

P. #2(25°C)

P 2100 Lo
1
//

B

(Me) 300

A\N
A\V
ANA\Y

\\

25.0

P. 83 (70°C)

20.0

40 44 48

52 56 6.0 6.4
vee (VOLTS) —

TYPICAL APPLICATIONS

vee

DRIVING A SINGLE DIGIT

vs

NES80 d

5 o— I f

NOTE =

Decoupling capacitor on Ve y 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

Pgav = 5.0 X 30 + 3.00 X 5 X 25 mW
=525 mW .

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

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

Suppose the worst case Voc/Vsg 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 Vg to Vg. The value of this resis-
tor is calculated by:
2.0
7 X lggg
assuming worst case lggg of 30 mA
Hence now Py max = Voo X Igg + (Vg = Vy —
Ry X7 Xlggg) X 7 X Xlggg
X Kpc
=6.25X50 + 1.25 X 7 X 30
mw
= 525 mW
and Py gy =50X 30+ 1.25 X 5 X 25
= 306 mW

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 = nV4, 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 voitage
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 NE591 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-
nlies, the Vg supply may be optimized for
ainimum 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 cheapér than the regu-
lated §V supply used in the rest of the sys-
tem. In fact a simple unsmoothed fuli-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

J VAL

ISEG

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

With
Vs = 4.9V pk.
VE = 2.0V

The duty cycle is approximately 60%.
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TYPICAL APPLICATIONS (Cont'd)

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL
AND LEADING EDGE RIPPLE BLANKING
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TYPICAL APPLICATIONS (Cont'd)

4-DIGIT MULTIPLEXED LED DISPLAY

L
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Figure 8
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For additional information, refer to the Applications Section.
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ADDRESSABLE PERIPHERAL DRIVERS

DESCRIPTION

The NE590/591 addressable peripheral
drivers are high current latched drivers,
similar in function to the 9334 address de-
coder. The device has 8 Darlington power
outputs, each capable of 250mA load cur-
rent. The outputs are turned on or off by
respectively loading a logic high or logic
low into the device data input. The required
output is defined by a 3-bit address.-The
device must be enabled by a CE input line.
A common clear input, CLR, turns all out-
puts off when a logic low is applied.

The NE590 has 8 open collector Darlington
outputs which sink current to ground. The
device is packaged in a 16-pin molded or
cerdip package.

The NES591 has 8 open emitter Darlington
outputs which source current to an external
load from a common collector line, Vs. This
Vs line need not necessarily be the same as
the 5 volt Vcc supply. The device is pack-
aged in an 18-pin molded or cerdip pack-
age.

PIN DESIGNATION

FEATURES PIN CONFIGURATION

NE590/NES91

* 8 high current outputs

¢ Low-loading bus compatible inputs F,N PACKAGE
* Power-on clear ensures safe operation a0 [0} ) v
* NES90 will operate in addressable or ° ic
demultiplex mode A [2] 5] cim
* Allows random (addressed) data entry Ay [: 73] ce
¢ Easily expandable a0 [] ;E o
¢ NE590 is pin compatible with 54/74LS259 o (5] NES580 E] o
7
APPLICATIONS 02 [€] [11] o6
* Relay driver o3 [7] [70] o5
* |ndicator lamp driver oo [5] 5] 04
® Triac trigger
* LED display digit driver TOP VIEW
e Stepper motor driver ORDER NUMBERS
NE590N,F
F,N PACKAGE
cs E E Vce
a0 [2 [17] <R
A [3] [76] cE
a; [@] 5] o
o [£] NES91 [Wd] o/
o1 [€] [13] o5
Uy, E _T_z] 05
Q3 E E Q,
GND E E Vg
TOP VIEW

ORDER NUMBERS
NES91IN,F

590 591
PIN NO. PIN NO. SYMBOL NAME & FUNCTION

1-3 2-4 Ao-A2 A 3-bit binary address on these pins defines which of the 8 output latches is to
receive the data.

4-7, 5-8, Qo-Q7 The 8 device outputs. The NE590 has open collector Darlington outputs. The

9-12 11-14 NES591 has open emitter follower outputs.

13 15 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”
Thus in logic terms, the NE590 inverts data to the relevant output. The NE591
retains true data at the output.

14 16 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 or
data input conditions.

15 17 CLR The clear input. When CLR goes low all output switches are turned “OFF”. On the
NES90, a high data input will override the clear function on the addressed latch. On
the NE591, CLR low will override any other condition.

— 1 cs The chip select input provides for an additional level of address decoding.

— 10 Vs The Vs line provides the power to all 8 output devices. It is connected to the
collectors of all 8 output transistors. This pin may be connected to the Vc¢ or
another supply.
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES91

TRUTH TABLE (NES590)

INPUTS OUTPUTS MODE
CLR CE D Ao A1 A2 | Qo Q1 Q2 Q3 Q4 Q5 Qg Q7
L H X X X H H H H H H H H Clear
L L L L L L H H HH H H H H
L L H L L L L H HH H H 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 HH HH
L L L H H H H H HH H H H H
L L H H H H H H HH HH H L
H H X X X X QN-1 = | Memory
H L L L L L H  Qn-1 >
H L H L L L L QN-1 -
H L L H L L Qn-1 H QN-j—————
H L H H L L Qn-1 L QN-1 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 Previous output state
L - Low voltage level/"ON" output state
H  High voitage level/"OFF" output state
(NE591)
INPUTS OUTPUTS MODE
CLRCE CS D Ag Ay A| Q Q@ Q@; Q3 Q4 Q5 Qg Q7
L X X X X X X L L L L L L L L |Clear
H H H X X X X |QN-1 >
H H L X X X X |Qn-t »| Memory
H L H X X X X |QON-1 —>
H L L L L L L L QN-1 >
H L L H L L L H Qn-1 > Addressabl
ssable
H L L L H L L |Onv-1 L ON-t > atch
H L L H H L L |Qn-1 H QN1 >
H L L L H H H QN > |
H L L H H H H QN » H

X = Don't care

Qn-1 = Previous output state

L = Low voltage level/"OFF" output state
H = High volitage level/"ON" output state
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES91

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C unless

otherwise specified.
RO I >c @—o ap PARAMETER RATING UNIT
& o, Vce Supply voltage -0.5to +7 \"
C |> ! ViN Input voltage -0.5 to +15 \
" 0z Vourt Output voltage \
NES590 0to +7
o, NE591 0 to Vce
Ay 1-0F-8 —-'>co~1n0L Vs Source bus voltage "
pecooerl— | GaTe Lﬂfﬂ_oo" NES591 only -0.5to +7
A, Vs-Vcc Source/supply differential v
voltage
NES591 only -5 to +2
° lout Output current mA
Each output 300
c"so—Drf @—-Oo, All outputs 1000
Pp Power dissipation1 1 w
(NE591 ONLY)
Temperature range °C
INPUT STAGE NES90 OUTPUT STAGE Ta Ambient 0to +70
vee Ty Junction 165
v NES91 TstG Storage -65 to +150
s Tsold Lead soldering temperature 300 °C
g (10sec max)
DC ELECTRICAL CHARACTERISTICS Vcc =4.75t0 5.25V, 0°C < Ta < 70°C unless otherwise specified.2.3
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage \
ViH High 2.0
Vie Low 0.8
Qutput voltage \
Vou Low (NE590 only) loL = 250mA, Ta = 25°C 1.0 1.3
Over temperature 1.5
VoH High (NE591 only) lon = -250mA, Vcc = Vs =5V 29
Input current uA
7] High Vin = Vcc 0.1 10
e Low Vin =0V
CE input -25 -60
All other inputs -15 -50
lon Leakage current Voyr=5.25V 10 250 A
Supply current4 Vs =Vcc =5V mA
lccu All outputs low
NE590 33 50
NE591 15 50
lccH All outputs high
NE590 15 50
NE591 30 50

NOTES

1 Derate power dissipation as indicated above threshold ambient temperature:
NES9O0N at 8.3 mW/°C above 85°C
NES590F at 7.5 mW/°C above 65°C
NES91N at 11.5 mW/°C above 100°C
NES91F at 10.7 mW/°C above 72°C

2 All typical values are at Vcc = 5V and Ta

3. For the NE591. Vs = Vcc in all tests,

4 Supply current for the NE5S91 is measured with no output load.

25°C.
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES91

SWITCHING CHARACTERISTICS Vcc =5V, Ta=25°C

NES590 NES591
PARAMETER TO FROM UNIT
Min | Typ Max | Min Typ | Max

Propagation delay time ns
tPLH Low to highs = 65 150 50 80
tPHL High to lows Output Ce 115 | 230 70 | 120
tPLH Low to highs 65 130 45 70
teL High to lows Output Data 120 | 240 65 | 100
tPLH Low to high? 100 200 45 80
tPHL High to low? Output Address 130 260 75 140
tPLH Low to high8 -
tohL High to lows Output CLR 65 130 45 140
tPLH Low to highs == 40 80
tPHL High to low5 Output cs 70 120
SWITCHING SET-UP REQUIREMENTS
ts(H)® Chip enable High data 210 60 50 15 ns
ts(L)® Chip enable Low data 210 105 80 60 ns
ts(a)10 Chip enable Address +20 -5 +20 | -20 ns
th(H)® Chip enable High data -20 60 0 -60 ns
th(L)® Chip enable Low data -20 60 +10 | - 15 ns
ts(cs)® Chip enable | Low chip select 80 50 ns
tow(E) Chip enable pulse width5 300 | 140 100 50 ns

NOTES

5. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing

diagram.
6. See Turn-On and Turn-Off Delays, Data to Output timing diagram.
*7. See Turn-On and Turn-Off Delays, Address to Output timing diagram.
8. See Turn-Off Delay, Clear to Output timing diaqram
9. See Setup and Hold Time, Data to Fnable tininig diagram.
10. See Setup Time, Address to Enable timing diagram.

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

Q (NESS0)

@ (NESS1)

a
-

Otner Inputs: CLR  H. A Stable,

Q (NE590)

Q (NES91)

Other inputs:

al

A - Stable

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT
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ADDRESSABLE PERIPHERAL DRIVERS

NE590/NES91

TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT

A

et ny

Q (NESSO)

Otner Inputs: CE=L, CLR=L, D=H

TURN-OFF DELAY, CLEAR TO OUTPUT

CR "

tPLH

\

Q (NES90)

tPHL

Q (NES91)

Other Inputs: CE-= H. CS=H

SETUP TIME, ADDRESS TO ENABLE

Other Inputs: CLR=H. CS =1L

OUTPUT VOLTAGE VS LOAD CURRENT(NE590)

14

12 /
s ——
§ 10 ;;
¢ e
§ X ?,/
5 25/

0.6 }70°C.

0.4

o 50 100 150 200 250
OUTPUT LOAD CURRENT (mA)

SETUP AND HOLD TIME, DATA TO ENABLE

m

i,

Q (NES90) @ZZ%% éé%%
Q (NES91) ZZZEZZZ% %EZZZE%

Other Inputs: CLR  H. A ~Stable. CS =L

INTERFACING THE 590/591 WITH A
MICROPROCESSOR SYSTEM

OUTPUT VOLTAGE DROP VS LOAD CURRENT(NE591)

20
°
% 18 s
> nc/ /-
o 5C /‘
o o~
x 16
] [
° 70¢C
9
<
514
<}
>
-
>
&
5 12
°

10

° 50 100 150 200 250

QUTPUT LOAD CURRENT (mA)

DATA
BUS

WP

CS (591 ONLY) o TS (591 ONLY)

Qo LA, Qo

590/1

Q
Q
Q
Q,
Q
Q
Q

YR Yrteshy
0OO00000
NONAGR

CE CE ——
CLR CLR
/0
CONTROL

CLEAR

Ao, As. Ay, and CS may be connected to the
address bus if permitted by system design
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES94

TYPICAL APPLICATIONS (Cont'd

NE590 DRIVING SIMPLE LOADS

+5VT
4

NES90 OPERATING IN DEMULTIPLEX MODE

+5V T+5V

[ —oo,
Ag 00,
3817 ——o00
555 COUNTER Ay 5% [ o Q:
——-0aa;

W—

a——
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DESCRIPTION

The SA/NE594 is a display driver interface for
vacuum fluorescent displays. The device is
comprised of 8 drivers and a bias network and
is capable of driving the digits and/or seg-
ments of most vacuum fluorescent displays.

The inputs are designed to be compatible
with TTL, DTL, NMOS, PMOS or CMOS out-
put circuitry.

There is an active pull-down circuit on each
output so that display ghosting is minimized
and no external components are required for
most fluorescent display applications.

FEATURES

e Digit and/or segment drivers

e Active output puli-down circuitry

® High output breakdown voitage

* Low supply voitage

¢ Input compatible with all logic outputs

APPLICATIONS
¢ Digital clocks

¢ Dashboard displays
¢ Panel displays

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise noted)

PIN CONFIGURATION

ORDER NUMBER!

N, F PACKAGE
N1 E 78]
w2 [Z] [77]
w3 [37] 76]
wae [T} 3]
ws [5] 74
ine 6] 73]
w7 [7] 2]
e 3] 1]
ano [9] m|
TOP VIEW

S

SA/NE594N  SA/NES94F

ouT 1

ouT 2

our 3

OouT 4

ouT s

oute

out7

outs

ORDER NUMBER
NES94D'

D' PACKAGE
IN1[T] 20
IN 2 [2] 9]
IN3 [T] (18]
Na [T} [17)
N5 [5] |
Ne [6] 5]
N7 [T] [1a)
N8 [E] 3]
anp [3] [12)

ne [ @
TOP VIEW

ouT 1
ouT 2
ouT 3
ouT 4
ouTs
ouT e
ouT7
ouT 8
V+

PARAMETER RATING UNIT
Vee Supply voltage 45 v
Vourt Output voltage vVee
VIN Input voltage -0.3, +20 A
lout Output current
Each output 50 mA
All outputs 200 mA
‘Pd Power dissipation* 800 mw
(at 25°C)
TA Operating temperature range
NE Oto70 °C
SA —40 to +85 °C
TsTG Storage temperature range +65 to +150 °C
Ty Maximum junction temperature - 165 °C
TsoLD Lead soldering temperature 300 °C
(10 seconds)
NOTE
*Derate N (Plastic) Package above 38°C at 7.14 mW/°C.
Derate F (Ceramic) Package above 76°C at 10.8 mW/°C.
EQUIVALENT SCHEMATIC
O Vee
‘h
$———O OUT Rg g 150K
Q7
10K 10K SRg
Qg
-0 GND
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VACUUM FLUORESCENT DISPLAY DRIVER

SA/NES94

DC ELECTRICAL CHARACTERISTICS v = +4.75 to +40V, Tp (NE) = 0 to 70°C, T (SA) = —40 to +85°C unless otherwise

stated.
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Supply voltage range 4.75 35 40 v
IccH Supply current (all outputs high) Ve = 40V VIN = 3.5V 3 [} mA
IccL Supply current (all outputs low) Ve = 40V VIN = 0.4V 0.4 1 mA
ViN Input voitage range 0 15 Vv
VIH Input voltage to ensure logic ‘1’ 2.6 v
ViL Input voltage to ensure logic ‘0’ 0.8 v
H Input current to ensure logic ‘1’ 100 pA
e Input current to ensure logic ‘0’ 10 uA
N Input current VIN= 2.6V 80 130 nA
VIN= 5.0V 180 330 uA
VIN = 15.0V .68 1.3 mA
VOH Output high voltage VIN = 3.5V TA = 25°C Vee—1.5|Vge—1.1 \
loyTt = —25mA Over Temp. Vee —2|Vee—t.3 v
Vour with respect to Voo
VOoH OQutput high, no load voltage VIN = 3.5V
loyt =0, TpA=25°C Vec—1 [Vec—0.8 v
VOUT yith respect to Vo
VOFF Output ‘OFF’ voltage level VIN = 0.8V 10 200 mVv
loytr =0
IoH Available output current Vge = 35V VIN = 3.5V —35 mA
Vour = 30V
Ta =25°C
lout Output pulidown current Vce = Vourt = 35V 100 200 400 HA
Inputs open
IcEX Output leakage current Ta = 25°C VIN = 0.4V -1 kA
Vee = 40V, Vourt = 0V -1
AC ELECTRICAL CHARACTERISTICS? v = 35V, Tp = 25°C
NE/SA594
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
tPdLH Propagation delay - low to high
output transition. 50% V)N to 50% VouyT 1 5 uS
tPdHL Propagation delay - high to low
output transition. 50% VN to 50% VoyTt 3 10 uS
tR Output rise time 10% Voyr to 90% VouT 0.5 3 uS
tF Output fall time 90% Voyr to 10% VouT 1.5 5 usS
NOTE
1. See figure 1
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VACUUM FLUORESCENT DISPLAY DRIVER SA/NE594
SWITCHING TIMES OF DRIVERS
VOLTAGE WAVEFORMS TEST CIRCUIT
PRR
sV vee = 3sv
viN , % \ {—
|<-——- tPDHL ——>| Vin Vout
PRR = 10kHz
1R = tF = (50ns) AL N CL
<~34v
10% = T T
R = 10k
CL = 50pF
Vout 50%
INCLUDES PROBE AND
FIXTURE CAPACITANCE
ov |
= 1R — | ——— tF ——
Figure 1

TYPICAL PERFORMANCE CHARACTERISTICS

IN VS VIN

1000
800 /
600 /

N
(uA)
400 A
200
0
0 B 10 15
VINY) ™

20

OUTPUT VOLTAGE VS OUTPUT CURRENT

vee

vee™!

Ta = 25C \

vee2
vVout
W

vee3

vec4

Vee-S
™ 10 20 30 40

1oUT (MA) —

50

iccH
(mA)

IccH VS TEMPERATURE

\

vee =40V

2

-40 o 25 50 8s

Temperature °C ~——#=

Icc VS Ve (ALL INPUTS HIGH)

5
4
ts
iccH
(I“A)2 //
/ Ta=25°C
P ]
0
o 10 20 30 40 50

vee(v) —=
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SA/NES94

VACUUM FLUORESCENT DISPLAY DRIVER
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04

DESCRIPTION EQUIVALENT SCHEMATICS PIN CONFIGURATION

These high-voltage, high-current Darling-
ton transistor arrays are comprised of seven
silicon NPN Darlington pairs on a common
monolithic substrate. All units feature open
collector outputs and integral suppression
diodes for inductive loads. Peak inrush cur-
rents to 600mA are allowable, making them
ideal for driving tungsten filament lamps
also.

The Type ULN2003 has a series base resis-
tor to each Darlington pair, and thus
allows operation directly with TTL or
CMOS 5V supply voltage.

The Type ULN2004 has an appropriate
series input resistor to allow its operation
directly from CMOS or PMOS outputs uti-
lizing supply voltages of 6 to 15V. The
required input current is below that of the
Type ULN2003.

In all cases, the individual Darlington pair
collector current rating is 500mA. However,
outputs may be paralleled for higher load
current capability. All devices are supplied
in a 16-pin dual in-line plastic package.

FEATURES

e Peak inrush current 600mA

e Protected internally against inductive
loads

e Open collector topology

e Compatible with most logic technologies

ABSOLUTE MAXIMUM RATINGS

TYPE ULN2003
(each driver)

TYPE ULN2004
(each driver)

D,N,F PACKAGE

mmmmgmmﬂ
4
BlEiEEIEIEEE)

TOP VIEW

ORDER NUMBERS
ULN2003D,N.F
ULN2004D,N,F

at 25°C Free-Air temperature for any one
Darlington pair unless otherwise specified.

PARAMETER RATING UNIT
Vce Output voltage 50 Vv
ViN Input voltage 30 \
VEBO Emitter base voltage 6 Vv
Ic Continuous collector current 500 mA
1) Continuous base current 25 mA
Pp Power dissipation 13 w
Derating factor above 25°C 95 °C/W
Ta Ambient temperature range (operating) 0to +85 °C
Ts Storage temperature range -65 to +150 °C
‘NOTE

Under normal operating conditions, these units wili sustain 350mA per output with
Voe(saT) = 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 30%.
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS

ULN2003/04

DC ELECTRICAL CHARACTERISTICS Ta =25°C unless otherwise specified.1.23

Test LIMITS
PARAMETER TEST CONDITIONS UNIT
Fig. Min Typ Max
ICEX Output leakage current Vce = 50V, Ta =70°C 1A — - 100 uA
Type ULN2004 Vce =50V, Ta =70°C, VN = 1V 1B - - 500 nA
Vce(saT) Collector-emitter Ic = 350mA, Ig = 500uA 2 - 1.25 1.6 \Y
Saturation voltage lc = 200mA, Ig = 350uA 2 - 1.1 1.3 v
Ic = 100mA, Ig = 250uA 2 — 0.9 1.1 \
liINnON)  Input current
Type ULN2003 ViN = 3.85V 3 - 0.93 1.35 mA
Type ULN2004 VIN = 5V 3 - 0.35 05 mA
ViN = 12V 3 - 1.0 1.45 mA
linOFF)  Input current lc = 500uA, Ta =70°C 4 50 65 - nA
ViN©ON)  Input voltage
Type ULN2003 Vce = 2V, Ic = 200mA 5 = = 24 v ]
Vce = 2V, Ic = 250mA 5 — - 2.7 Vv —_—
Vce = 2V, Ic = 300mA 5 — - 3.0 Vv 4
Type ULN2004 Vce = 2V, Ic = 125mA 5 — — 50 Vv
Vce = 2V, Ic = 200mA 5 - - 6.0 \" %
Vce =2V, Ic = 275mA 5 —_ - 7.0 "
Vce = 2V, Ic = 350mA 5 — — 8.0 "
CiN Input capacitance — — 15 30 pF
IR Clamp diode leakage Vg = 50V 6 — — 50 uA
current
VF Clamp diode forward voltage IF = 350mA 7 — 1.7 2 \"
NOTES
1. Alilimits stated apply to the complete Darlington series except as specified for asingle
device type
2. The lin(oFF) current limit guarantees against partial turn-on of the output
3. The ViN(ON) voltage limit guarantees a minimum output sink current per the specified
test conditions
AC ELECTRICAL CHARACTERISTICS Ta =25°C unless otherwise specified.123
Test LIMITS
PARAMETER TEST CONDITIONS Fi UNIT
9. Min Typ Max
tepLn  Turn-on delay 0.5 Ein to 0.5 Eout — - 1.0 5 us
tpHL  Turn-off delay 0.5 EiN to 0.5 Eour — — 1.0 5 us

NOTES'

1. Alllimits stated apply to the complete Darlington series except as specified for asingle
device type.

2. The lin(oFF) current limit guarantees against partial turn-on of the output

3. The Vin(ON) voltage limit guarantees a minimum output sink current per the specified
test conditions
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04

TYPICAL PERFORMANCE CHARACTERISTICS

COLLECTOR CURRENT AS AFUNCTION COLLECTOR CURRENT AS AFUNCTION ALLOWABLE AVERAGE PACKAGE
OF OF POWER
SATURATION VOLTAGE INPUT CURRENT DISSIPATION AS A FUNCTION OF
AMBIENT TEMPERATURE

800 400 7 g
Y 3
3] © /’ z <
- . z
< 600 g 00 2
; z ~4/ / ) \\
5 1S
E 400 £ 20 gy 4?/ c \
3 3 v $
« o
§ ° h g 05
2 200 2 00 / s
4 = ! / o
3 8 / H
1/ N
0 o - 5 ]
0 0.5 0 200 400 €00 o 0 50 100 150
SATURATION VOLTAGE - Vg (saT) INPUT CURRENT IN 1A - 1\ 3’ AMBIENT TEMPERATURE IN C
INPUT CURRENT AS A FUNCTION OF INPUT CURRENT AS A FUNCTION OF
INPUT VOLTAGE FOR TYPE ULN2003 INPUT VOLTAGE FOR TYPE ULN2004
T T
ULN-2003 ULN-2004
25
z 4 /,
- /|
< 20 " // ,1 S20
z */w/ £
5 s z e
E o / // E w WAL L—1
2 L4 = T e g
§ 05 (54 2 oos - Sl
z 2 -
0 E
2 3 a 5 6 7 8 9 5 6 7 8 9 10 1" 12
INPUT VOLTAGE Vin INPUT VOLTAGE - VIN
TEST FIGURES
OPEN 50V CHEN 50V OPEN
? o
f
L .
NN we - 'S
) J T
CEX cex
OPEN C
° L K
‘!' Vee e
- £
Figure 1A Figure 1B Figure 2
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS

ULN2003/04

TEST FIGURES (Cont'd)

OPEN

Figure 3

OPEN

Figure 4

OPEN

- S0V

OPEN

Figure 5

]
<59

OPEN

+50v

Yo

TTL =
ouTPUT

TEST

CMOSs
OuTPUT =T

Figure 6 Figure 7
TYPICAL APPLICATIONS
TTL TO LOAD BUFFER FOR HIGHER
CURRENT LOADS
ULN2003 ULN2004
“Vee v Voo
3 [Em
o
n E—D&g
= Doty
THY Elbo
1 -