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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



ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T1

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
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S2b

S3

S4a

S4b

S5

S6

S7

S8

S9

$10

CY

$12

Sl?r'r?:lissignal 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 moduies

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



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks comprises:

EXISTING SERIES

IC1 Bipolar ICs for radio and audio equipment

IC2  Bipolar ICs for video equipment

IC3  ICs for digital systems in radio, audio and video equipment

IC4  Digital integrated circuits
CMOS HE4000B family

iC5 Digital integrated circuits — ECL (superseded by ICO8N)
ECL10000 (GX family), ECL100000 (HX family), dedicated designs

IC6  Professional analogue integrated circuits

IC7  Signetics bipolar memories

IC8  Signetics analogue circuits

IC9  Signetics TTL logic (superseded by ICO9N and IC15N)
IC10 Signetics Integrated Fuse Logic (IFL)

IC11  Microprocessors, microcomputers and peripheral circuitry

vi February 1984



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

IC04N  HE4000B logic family
CMOS

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

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

IC11IN  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

Cc2
C3
C4
C5
C6
c7
c8
Cc9

c10
C11

C12
C13
Cc14
C15
C16
c17
c18
c19
C20
Cc21

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, NORbits 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

October 1984



LINEAR LS| PRODUCTS

.

PREFACE

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

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

The 1985 Linear LSI 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 LSI Marketing



LINEAR LSI PRODUCTS

PRODUCT STATUS DEFINITIONS

x

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.

Preliminary

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 .
Identificatio
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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LINEAR LSI PRODUCTS

CROSS REFERENCE BY PART NUMBER

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
DAC 08 PMI DACOBE, N ULN  2000A SPRAGUE, TI ULN2003
DAC  0B0OLCN NSC MC1408-8N ULN 20047 SPRAGUE, I ULN2004
AMDAC 08 AMD DACO08C, E M 211 AMD, MOTO, NSC, Ti LM211
LMDAC 08 NSC DAC08 A 211 FSC LM211
LM 10111111 NSC NEB45/646 LM 219 AMD, NSC LM219
LF 111 NSC LM111 LM 224 MOTO, NSC, Ti LM224
LM 111 AMD, MOTO, NSC, Ti LM114 LM 239 TI 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, Ti LM124 LM 258 MOTO, NSC, Ti LM258
WA 124 FSC LM124 LM 2901 MOTO, NSC, Ti LM2901
LM 13600 NSC LM13600 WA 2901 FSC LM2901
LM 13600A NSC LM13600A LM 2903 NSC, TI LM2903
LM 139 AMD, NSC, Tl LM139 WA 2903 FSC LM 2903
WA 139 FSC LM139 LM 2904 NSC SA532
DAC 1408 PMI MC1408 LM 293 NSC, 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 TI LM311
MC 14088 MOTO MC14088 WA 311 FSC LM3N
MC 1413 MOTO ULN2003 WPC 31 NEC LM311
MC 1416 MOTO ULN2004 LM 319 AMD, NSC LM319
MC 1455 MOTO NE555 LM 324 INTERSIL, MOTO,NSC, Tl LM324
AM 1458 AMD MC1458 WA 324 FSC LM324
LM 1458 NSC MC1458 uP C324 NEC LM324
MC 1458 MOTO, Ti MC1458 MC 3302 MOTO MC3302
A 1458 FSC MC1458 MC 3303 MOTO, Ti MC3303
uPC 1458 NEC MC1458 WA 3303 FSC MC3303
DS 1488 NSC MC1488 ULN 3304 SPRAGUE NE555
MC 1488 MOTO, Ti MC1488 LM 339/A MOTO, NSC, TI LM339/A
uA 1488 FSC MC1488 WA 339/A FSC LM339/A
DS 1489/ NSC MC1489/A WP €339 NEC LM339
MC  1489/A MOTO MC1489/A MC 3403 MOTO MC3403
WA 1489/A FSC MC1489/A MC  3410/C MOTO MC3410/C
LM 149 NSC MC1496 MC 3456 MOTO NES556
MC 1496 MOTO MC1496 MC 3503 MOTO MC3503
$SS  1508A AMD MC1508 MG 3510 MOTO MC3510
AM 15088 AMD MC1508-8 LM 3524 NSC 5G3524
LM 15088 NSC MC1508-8 SG 3524 T SG3524
MC 15088 MOTO MC1508-8 LM 358 MOTO, NSC, I LM358
LM 1558 NSC MC1558 WPC 358 NEC LM358
MC 1558 MOTO, TI MC1558 LM 361 NSC NE529
PM 1558 PMI MC1558 LM 387 NSC NE542
WA 1558 FSC MC1558 LM 393/A NSC, TI LM393/A
LM 158 MOTO, NSC, Ti LM158 WPC 393 NEC LM393
LM 159 NSC MC1596 LF 398 AMD, NSC LF398
LM 161 NSC SE529 WA 398 FSC LF398
MC 1596 MOTO MC1596 uPC 398 NEC LF398
MC 1723(C MOTO WAT23/C WPC 4558 NEC NE4558
MC 1733 MOTO WAT33 RC 4558 T NE4558
MC  1747/C MOTO WATATIC TL 494 MOTO, Ti NES5561
LM 1870 NSC LM1870 WA 494 FSC NE5561
LM 193 NSC, Ti LM193 SN 5520 TI NES5520
WA 193 FSC LM139 NE 5532/A TI NES5532/A




LINEAR LSl PRODUCTS

CROSS REFERENCE BY PART NUMBER Continued

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
SE/NE 5534/A Tl SE/NES534/A LM 733 NSC uA733
NE 555 INTERSIL, MOTO, TI NE555 uA  733/C INTERSIL, FSC, T! uA733/C
LM 555/C NSC NE555 ICL 741 INTERSIL HATHC
uA 555 FSC NE555 LM 741 MOTO, NSC uA741
LM 556 NSC NE556 PM 741/C PMI uA741/C
NE 556 INTERSIL, MOTO, T! NE556 uPC 741 NEC uA741
uA 556 FSC NE556 pA 741 FSC, TI uA741
uPC 558 NEC NE558 SSS 741 AMD HATA1
LM 565 MOTO, NSC NE565 LM 747 NSC uATAT
LM 566 NSC NE566 PM 747/C PMI uA747C
uPC 566 NEC NE566 SSS 747 AMD uA747
LM 567 NSC NE567 pA 747 FSC, MOTO, T uA747
NE 592 MOTO NE592 LM 748 NSC uAT748
TL 594 T NE594 uA 748 FSC, T uAT748
AM 6012 AMD AM6012 uA 758 MOTO, NSC uA758
uPC 6012 NEC AM6012 ULN 8160 SPRAGUE NE5560
UDN 61162 SPRAGUE SA594 ULN 8161 SPRAGUE NE5561
UDN 6128 SPRAGUE NE594 SN 7588 Tl MC1488
LM 723/C MOTO, NSC uAT23/C SN 7589/A T MC1489/A
uA 723 _INTERSIL, FSC, Tl uAT723 SN 76689 Tl CA3089
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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 M 211 LM 211 ULN 6128 NE 594
LF 398 NE 5537 MC 1416  ULN 2004 LM 219 LM 219 ULN 2003 ULN 2003
M 111 M 111 MC 1455  NE 555 LM 224 LM 224 ULN 2004  ULN 2004
M 119 M 119 MC 1458  MC 1458 LM 239 LM 239 ULN 2151 A 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 319 LM 311 MC 1489A  MC 1489A LM 2903 LM 2903 ULN 8161  NE 5561
M 319 M 319 MC 1508  MC 1508 LM 2904  SA 532 T SIGNETICS
SSS 1408A  MC 1408 MC 1558 MC 1558 LM 293 LM 293
SSS 1508A MG 1508 MC 1596  MC 1596 LM 3089  CA 3089 LF 398 LF 398
SSS 741 WA 741 MC 1723 upA 723 LM 311 LM 311 LM 111 LM 111
SSS 747 pA 747 MC 1723C  uA 723C LM 319 LM 319 LM 124 LM 124
MC 1733  wA 733 LM 324 LM 324 LM 139 LM 139
FAIRCHILD  SIGNETICS LM 1458 MC 1458
MC 1747  uA 747 LM 339 LM 339
pA 111 LM 111 MC 1747C WA 747C LM 3524  SG 3524 LM 158 LM 158
A 124 LM 124 MC 3302  MC 3302 M 358 NE 532 LM 193 LM 193
wA 139 LM 139 MC 3303  MC 3303 LM 361 NE 529 LM 211 LM 211
wA 1458 MC 1458 MC 3403 MC 3403 LM 387 NE 542 M 224 LM 224
WA 1488 MC 1488 LM 239 M 239
MC 3410 MC 3410 LM 393 LM 393
wA 1558 MC 1558 MC 3456  NE 556 MC 555 NE 555 LM258 = LM 256
wA 193 - LM 193 MC 3503  MC 3503 LM 555C  NE 555 LM2901 LM 2901
WA 2901 LM 2901 MC 3510 MG 3510 LM 556 NE 556 LM 2903 LM 2903
wA 2903 LM 2903 NE 555 NE 555 M 585 NE 565 M 293 LM 293
pA 301A  LM301A e e LM 311 LM 311
A 311 LM 311 NE 556 NE 556
ﬁA 324 LM 324 NE 565 NE 565 LM 567 NE 567 Lm 324 tm 324
WA 3303 MC 3303 NE 592 NE 592 LM 723 A 723 LM 339 " 332
WA 339 LM 339 SE 592 SE 592 M 733 uA 733 tM ggg tM gga
pA 398 LF 398 TL 494 NE 5561 M 741 wATH LM 1458 MC 1458
A 494 NE 5561 uA 723 uA 723 LM 747 kA 747
ﬁA 555 NE 555 pA 741 pA 741 LM 748 pA 748 T‘g ;552 :\IAEC ‘53528
WA 556 NE 556 pA 747 uA 747C LMDAC 08 DAC 08 N 5232/« NE ggezA
HA 723 wA 723 uA 758 HATSBA nA 758 nATSEA NE 5534  NE 5534
RATSS  wATES NATIONAL  SIGNETICS NEC SIGNETICS NE 5534A  NE 5534A
nA 741 pA 741 DAC 0800- DAC 08EN wPC 1458 MC 1458 NE 555 NE 555
HA 747 wA 747 LON wPC 1555  NE 555 NE 556 NE 556
uA 748 uA 748 wPC 311 LM 311 RC 4558  NE 4558
WA S8 - WA TSB DAC 0807 MC 1408-7 pPC 324 LM324 SE 553¢  SE 5534
RAFITT  MAn DAC 0808  MC 1408-8 wPC 339 LM 339 SE 553¢A  SE 5534A

DAC 0808CN MC 1408-8N

nA F211 LM 211

AF M DAC 0808LD MC 1508 pPC 358 LM 358 SE 555 SE 555
A P31t st DS 1488  MC 1488 wPC 393  LM393 SE 556 SE 556
INTERSIL SIGNETICS wPC 398 LF 398/ SG 3524 SG 3524
DS 1489 MC 1489 NE 5537 SN 5520  NE 5520
ICL 741 WA 741C LF 111 M1 uPC 4558  NE 4558 SN 7588  MC 1488
LM 311 LM 311 LF 211 LM 211 uPC 558 NE 558
LM 324 LM 324 LF 311 LM 311 SN 7589 MC 1489
NE 555 NE 555 LF 398 LF 398 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 645646 wPC 741 wA 741C TL 494 NE 5561
tm 1;; tm 1;1 M 111 LM 111 PMI SIGNETICS TL 594 NE 594
LM 119 LM 119 wA 723 wA 723
M 139 LM 139 M 124 M 124 CMP 04FP LM 339 WA 733 WA 733
LM 158 LM 158 LM 13600 LM 13600 DAC 08 DAC 08C,E KA 741 wA 741
M 211 LM 211 DAC 1408A  MC 1408 A 747 WA 747
LM 13700 NE 5517 DAC 312 AM 6012
tm ggg tm ggg LM 139 LM 139 OP 220 LM 358 wA 748 A 748
LM 1408 MC 1408 ULN 2003A ULN 2003
LM 258 LM 258 M 1458 MG 1458 PM 1558 MC 1558 ULN 2004A  ULN 2004
LM 2901 LM 2901 (M 1496 MG 1496 PM 239A LM 239°A
LM 311 LM 311 - PM 741C uA 741C
LM 1508  MC 1508 PM 747C  pA 747C
LM324 LM 324 LM 1558  MC 1558
LM 339 LM 339 LM 158 LM 158
LM 358 LM 358 LM 1596  MC 1596
LM 565 NE 565 M 161 SE 529

LM 723C A 723C
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LINEAR LSI PRODUCTS

APPLICATIONS BYPART 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/MC 1596
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 Ampilifiers: NE542
NE 544 AN133: Applications Using the NE544 Servo Amplifier
NE 555 AN170: NE555 and NE556 Applications
NE 556 AN170: NE555 and NE556 Applications
NE 558 AN171: NE558 Applications
NE 564 AN179: Circuit Description of the NE564
AN180: The NE564: Frequency Synthesis
AN4OND. Nianal Damamavabar woibbe M [ ] R R e Y o te )

ANIS2: LICCK nsgeneraior wiui unyalm Contiolied 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/SAS571 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
uhA 758 AN191: Stereo Decoder Applications Using the yA758

1-6
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INTERFACE
Data Conversion
AN100
AN101
AN105
AN106
AN109

Drivers
AN112
AN113

Comparators
AN116

Signal Conditioner
AN118

COMMUNICATIONS
Timers
AN170
AN171

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

Compandors
AN174
AN175
AN176

FSK Modems
AN195

AMPLIFIERS
Operational Amplifiers

"~ AN165
AN166
AN142
AN143
AN150
AN 151
AN160
AN144
AN145

AN164

Video Amplifiers
AN141
AN140

An Overview of Data Converters

Basic DACs

Digital Attenuator

Using the DAC-08 without a Negative Supply
Microprocessor Compatible DACs

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

Applications for the NE521/522/527/529

LVDT Signal Conditioner: Applications Using the NE5520

NE555 and NE556 Applications
NES58 Applications

An Overview of Phase Locked Loops (PLL)

Modeling the PLL

Circuit Description of the NE564

The NE564: Frequency Synthesis .

A 6MHz FSK Converter Design Example for the NE564

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

FSK Demodulator with NE565

Circuit Description of the NE566

Waveform Generators

Circuit Description of the NE567 Tone Decoder

Selected Circuits Using the NE5S67

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

Stereo Decoder Applications Using the pA758

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

Applications Using the NE5080, NE5081

Integrated Operationai Amplifier Theory

Basic Feedback Theory

Audio Circuits Using the NE5532/33/34

Applications Using the SE/NE5535

Applications for the NE538

Applications for the NE531

Applications for the MC3403

Applications for the NE5512 and NE5514

NESS517: General Description and Applications for Use with the NES517/A
Transconductance Amplifier

Explanation of Noise

Using the NE592/5592 Video Amplifier
Compensation Techniques for Use with the SE/NE5539
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APPLICATIONS BY PRODUCT GROUPS

POWER CONVERSION AND CONTROL
Switched Mode Power Supplies (SMPS)

AN120 An Overview of SMPS
AN121 Forward Converter Application Using the NE5560
AN122 ‘ NE5560 Push-Pull Regulator Application
AN123 NES561 Applications
AN124 External Synchronization for the NE5561
AN126 ) Applications Using the SG3524

Control Circuits
AN131 Applications Using the NE5044 Encoder
AN132 Applications Using the NE5045 Decoder
AN133 Applications Using the NE544 Servo Amplifier
AN134 Computer Controlled Robotics Applications



LINEAR LSI 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
3NE5036
NE5037
NE5044
NE5045
'NE5090
NE521
NE522
NE527
NE529
NE532
3NES512
2NE5514
NE5517
'NE5520
'NE5532
NES534A
NE5534
3NE5537
NE5539

NOTES:

SO-16
SOL-14
SOL-20
SO-8
S0-14
SO-14
SO-14
SO-8
SO-8
S0-16
S0-8
SO-14
SO-14
SO-14
SO-14
S0-14
SO-8
SOL-24
SO-14
S0-16
SO-16
SO-16
SOL-16
SO-14
SO-14
SO-14
SO-14
SO-8
SO-8
SOL-16
SO-16
SOL-16
SOL-16
SO-8
S0-8
SO-14
SO-14

1. SOL released in large SO package only.

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

NE555
NE556
NE5560
NES5561
NES5568
'NE558
NE5592
NE564
3NE565
NE566
NE567
'NES71
NE572
2NE587
2NE589
NE592
NE592
NES92H
NE592H
'NE594
NE602
NE604
'NE660
SA571
SA572
SA602
SA604
SG3524
uA723C
uA741C
nA747C
ULN2003
ULN2004

SO-8
SO-14
SO-16
SO-8
SO-8
SOL-16
SO-14
SO-16
SO-14
SO-8
SO-8
SOL-16
S0-16
SOL-20
SOL-20
SO-8
SO-14
SO-8
SO-14
SOL-20
SO-8
S0O-16
SOL-20
SO-16
SO-16
SO-8
SO-16
S0O-16
SO-14
SO-8
SO-14
SO-16
SO-16

1-9
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LINEAR LSI PRODUCTS

ORDERING INFORMATION

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

ORDERING INFORMATION Table 1 PART NUMBER DESCRIPTION
Signetics’ Linear LS| 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 —_—1 P ——————
Minimum Factory Order: —— Description of

Pr Function
Commercial Product: oduct ctiol

$1000 per order
$250 per line item per order

Military Product:
$250 per line item per order

LIN Analog Products

il
L—» Product Family MIL Military Products

Table 1 provides part number information
concerning Signetics originated products.

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

'—» Package Descriptions— See Table 2

\————— Device Family and T R Prefix— Tabl 4
As noted in Table 3, Signetics defines device evioe Family and Temperature Range Prefix—See Tables 3 &

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

Table 2 PACKAGE DESCRIPTIONS Table 3 SIGNETICS PREFIX AND
DEVICE TEMPERATURE

indicates only its operating temperature PACKAGE
range gpd not its‘ fnilit‘ary qualification status. old New DESCRIPTION PREFIX DEVICE ;ingRATURE
The military qualification status of any Linear
LSI product can be determined by either | AAA | N | i4-lead plastic DIL N 0°to +70°C
looking in the Military Section in this manual | A N-14 L“"?ad p'az"CtD'L ‘Is;e'ec“*d s -55°to +125°C
. . . nalog products only ° o
and/or contacting your local sales office. BBA | N 16-lead plastic DIL NI? 0 eto + 70’)Co
- D Microminiature package (SO) SE -55 oto + 1‘5° C
F F 14,16, 18, 22 and 24-lead SA -40° to +85°C
ceramic (Cerdip) DIL
11K [ 14, 16, 18, 22, 28 and 4-lead
ceramic DIL Table 4 INDUSTRY STANDARD PREFIX
K H 10-lead TO-100 y
L H 10-lead high-profile TO-100 PREFIX DEVICE FAMILY
can AM Linear Industry Standard
NANX| N 24-lead plastic DIL :
QR Q 10, 14, 16 and 24-lead CA Lfnear Industry Standard
ceramic flat DAC Linear Industry Standard
TTA | H 8-lead TO-99 JB Mil Rel—Jan Qualified-—
U U SIL Plastic power Old Designator
Vv N 8-lead plastic DIL . ™
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

1-10
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LINEAR LS| PRODUCTS

‘QUALITY AND RELIABILITY

QUALITY AND RELIABILITY
Quality and reliability are two important
measures of a product’s merlt. Quallity Is a
measure of an Iintegrated circult’s con-
formance to agreed-upon criteria at a
given time, while Rellabliity Is a measure
of the circult's abllity to continue to con-
form over a period of time.

Quality

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

Reliability

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

How Do Integrated Circuit
Failures Occur?

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

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

Devices damaged by electrical over-stress
account for 26% of the fallures. Typlcal
causes for electrical over-stress are incor-
rect board insertion, board shortsbetween
device pins, power supply transients, and
poor handling technigques.

The remalning 25% were verifled to be
true fallures which occurred as a result of
an In-process manufacturing defect or
test escape.

Improved Quality Beneflts

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

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

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

FABRICATION
RELATED
DEFECTS

ASSEMBLY
RELATED
DEFECTS

FAILURE ANALYSIS
DATA SUMMARY

TEST
RELATED
DEFECTS

ELECTRICAL
OVERSTRESS
25%

Figure 1

PERCENT OF BOARD REWORKS

AQL LEVELS ON FUNCTIONALITY
VERSUS BOARD REWORK RATES

20

80

70

60

50

40

30

20

P
/ 1.0% AQGL
INDUSTRY STANDARD
.28% AQL
Pl
/,
15% AQL
=
e -10% AQL
20 40 60 80 100 120

DEVICES BOARD

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 Defacts Hermeticity
Test Test Escapes Tightened AQL Guarantees
Related High Temperature
Testing
Product Characterization
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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

STANDARD

SUPR Il

/ LEVEL A

0.1

RELATIVE FAILURE RATE

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

INFANT
MORTALITY
PHASE

L\— ........... -

WEAR

PHASE

e\

Figure 3

ed toward generating MTBF data for the
system designer.

Integrated Burn-in Flow

Signetics SUPR Ii Level B burn-in is per-
formed to provide reliability assurance
equivalent to a 168-hour/125°C ‘screen.
This process has been integrated into the
standard manufacturing flow to provide the
customer with the most cost effective
screen and significantly reduced delivery
times.

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

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

O

BURN-IN
The 24-hour/165°C accelerated

LINEAR LS! QUALITY burn-in is well controlled to provide
maximum screening effectiveness
Process without damaging good devices.
AQL Average U
Guarantees (PPM)
TEST
MIN/MAX The post-burn-in electrical is a 100%
DC PARAMETRIC/FUNCTIONAL RATED OVER production DC/function electrical
TEMP 0.1 150 test.
AC PARAMETRIC 25°C
F 4
(Combined) fgure
MAJOR/
MECHANICAL MINOR 0.4 150
(Combined) SURE 111/883B
FINE LEAK RELIABILITY PROGRAM
SEAL TESTS 5x8 8cc/s .
(CERAMIC/METAL CANS ONLY) GROSS LEAK 0.4 1000 Definition
(Combined) Signetics is recognized as a manufacturer

Table 2 SUPR |i AQL GUARANTEE
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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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Signetics product line. Thus the establish-
ment of a Systematic and Uniform
Reliability Evaluation program, known as
SURE, which provides this data in a man-
ner unique to the industry. Furthermore,
this program is provided at no cost to
customers.

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

The SURE Program is reviewed and
modified annually to incorporate appropri-
ate changes in military microelectronic
test programs, products and demon-
strated product capabilities, and market
requirements. The 1978 SUREIII/883B Rell-
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
SUREI11/883B Program continues to incor-
porate additional environmental tests to
fulfili the need for special reliability
assurance of plastic products.

Data generated from this program is up-
dated quarterly and is avaiiable from the
Linear LSI Division QRA manager. Both
quality and reliability have recently re-
celived 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)
Waters are sampled daily by the Quality Control Laboratory
\ from each fabrication area and subjected to SEM analysis.
This process control reveals manufacturing defects such as
contact and oxide step coverage in the metalization process
DIE ATTACH which may result in early failures.
WIRE BOND DIE SORT VISUAL ACCEPTANCE
Criteria based on MIL-STD-883, Method 2010, Condition B, are
employed to detect defects caused during fabrication, wafer
testing, or the mechanical scribe and break operation. Critical
defects such as smears, and glassi d bonding
pads are inspected to a 1% AQL.. Lot acceptance for noncriti-
HERMETIC cal defects is to a 4% AQL.
SEAL 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
l wire bonding stations. Critical defects such as scratches, con-
tamination and smeared ball bonds are inspected to a 0.65%
PLASTIC AQL. Lot acceptance is to 2.5% AQL.
ENCAPSULATION STABILIZATION BAKE PRECONDITIONING

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

>

100%
ELECTRICAL
TEST

[

OUTGOING QUALITY
CONTROL

'

Plastic molded devices are baked to stress wire and die bonds

SEAL TESTS

Package seal integrity is ensured by 100% gross leak testing
per MIL-STD-883, Method 1014, Condition C and fine leak sam-
pling per Condition A or B.

~~—__ BURN-IN (LEVEL B OPTION)
Devices are burned in for the equivalent of 168 hours at 125°C

in accordance with MIL-STD-883A, Method 1015, Condition F.

ST 100% PRODUCTION ELECTRICAL TESTING

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

‘\ QA GUARANTEES
A final QA inspection step guarantees the mechanical and

electrical AQL's of Table 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.

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

JAN QUALIFIED (JS and JB)

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

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

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

« Group A; each sublot.

* Group B; one sublot for each package type
every week.

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

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

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

JAN SIGNETICS MILITARY PACKAGE TYPES
CASE OUTLINE CERAMIC
LEAl‘J\:IDNISH 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 aiso availabte in Die form.
Table 1 MILITARY PACKAGE AVAILABILITY
Js JB RB
JAN Qualified 8838

54 X X X
54LS X X X
548 X X X
82 _— - X
8T -— - X
93XX — X X
96XX - -— X
Analog — X X
Bipolar Memory — X X
Microprocessor -_ — X

Table 2 MILITARY SUMMARY

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

By implementing this space-oriented govern-
ment standardization program, Signetics
complies with the trend of reducing the
numerous similar Source Control Drawings
(SCD’s). This standardized trend results 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
aiso result in a single lower price. Because
the list of Signetics' qualified products will
change periodically, you may wish to contact
your nearest Signetics’ Saies 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. Ali 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 for a
nominal fee.

MIL-STD-883, LEVEL B

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

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

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

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

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

NOTE: This category of part conforms to
Quality Level B-2 (ra = 6.5 of MIL-HDBK-

Quality conformance endpoint electrical ~ COpies of generic data, Groups A,B,Cand  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/JB 2010, Cond. B Yes 100% 100% 100% Yes No
JM38510XXXXX
RB 2010, Cond. B Yes 100% 100% 100% No Yes
SXXXX883B

JAN Class S Product inventory

3
O

Wafer Lot

(Includes SEM and GSI)

The Signetics' JAN Class S inventory pro-
gram will reduce delivery time and shipment
delinquencies. As continuing orders from
customers are processed to this specifica-
tion, inventories will be ished for

0]1%%)
3P0

Wafer Lot

O ~ 24 Wafers
O

A ce

# Wafers Required for
Purchase Order

Ship

+inventory Overbuild

Water Bank:

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

1 or 2 Wafers
(Wafer Lot Accepted)

Balance to Support JAN Class “B” Production

———

Purchase Order

Balance to
Finished
Goods Inventory

Jan Class S Product Flow

. Marketing Order Wafer Product
Contractor Field Sales Review Entry/Audit | Fabrication ] Assembly —
* Agency * Agency
Certifi | Certi J

* Wafer Lot Accep- ¢ Tightened Lot

tance (GSI)

+ Baseline Flow
* Traceability to

Control (Ref:
Class B)
* Wirebond and Die

Silicon Sheer Monitor
* Condition “A" Pre-
cap (GSI)
* 100% Non-
Destructive Bond
Pull
L Product JAN Qual Qual
Screening *| JAN Group A Holding Pass Ship (GSI)
* PIND Testing M2020
* Read and Record on
Extended Burn-In Sa?nualle?Gﬂsn
(240 Hours) P!

* 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 (JB) (RB)
General Mil-M-38510 | The Manufacturer shall establish and implement —_ X X N/A
1. Pre-Certification |a Products Assurance Program Plan and provide
A. Product Assur- | for a manufacturer survey by the qualifying activ-
ance Program | Ity, Para. 3.4.1.1
B. Manufacturer's
Certification
2. Certification Recelved after manufacturer has completed a - X X N/A
successful survey, Para. 3.4.1.2
3. Device Device qualification shall consist of subjecting — X X N/A
Qualification the desired 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. 3.4.8
5. Country of Origin | Devices must be manufactured, assembled, and - X X N/A
tested within the U.S. or its territories, Para. 3.2.1
Screening Per
Method 5004 of
MIi-Std-883
6. Non-Destructive |2023 100% X N/A N/A
Bond Puli
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, —85°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. Aor B (5.0 x 10‘aCCISec‘; 100% X X X
B. Gross Cond. C Min. 100% X X X
13. Marking Fungus inhibiting ink 100% X
14, Particle Impart 2020, Cond. A; per Paragraph 4.6.3 of MiL- 100% X N/A N/A
Noise Test M-38510
15. Radiographic 2012; two views 100% X N/A N/A
16. Interim Per applicable Device Specification 100% X Optional Optional
Electricals
(Pre Burn-in)
17. Burn-in 1015, Cond. as specified (160 hrs. Min at 125°C) 100% 240 hrs. X X
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PROCESSING LEVELS
DESCRIPTION OF MIL-M-38510 AND MIL-STD-883 JAN
REQUIREMENTS REQUIREMENTS, METHODS AND REQUIRE- CLASS QUALIFIED 8838
AND SCREENS TEST CONDITIONS MENT S (JB) (RB)
18. Final Electricals | Per applicable Device Specification 100% 100% Slash Sheet Data Sheet
Read &
Record
a. Static Tests Sub Group 1 X X X
@25°C
b. Static Tests Sub Group 2 X X X
@ +125°C
c. Static Tests Sub Group 3 X X X
@ ~-55°C
d. Dynamic Test | Sub Group 4 (for Linear Products mainly) X X X
@25°C
e. Functional Sub Group 7 X X X
Test
@25°C
f. Switching Sub Group 9 X X X
Test
@25°C
g. Switching Sub Groups 10, 11 (as applicable) X N/A N/A
Test
Temperature
19. Percent A PDA of 10% is a normal requirement ap- 10% 5% X X
Defective plied against the static tests @25°C (A-1). 3% Func-
Allowable (PDA) | This is controlied 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 pcircuit weeks
acceleration). group of seal
24. Group D. Package related tests (physical dimensions, Each pkg. Each Each Generic
lead fatigue, thermal shock, temperature type 26 weeks 26 weeks
cycle, moisture resistance, mechanical of seal of seal
shock, vibration, variable frequency, constant
acceleration & salt atmosphere).

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

PACKAGE
DEVICE DESCRIPTION DIP

OPERATIONAL AMPLIFIERS

LH2101A Dual Op Amp F

LM101A Hi Perf Op Amp FFE

LM124 Quad Op Amp F

SES5532 Dual Op Amp FE

SE5532A Dual Op Amp FE

SES5534 Low Noise Op Amp FE

SES5534A Low Noise Op Amp FE

SES5537 Sample and Hold Amp FE

SE5539 High Freq Op Amp F
COMPARATORS

SES521 Dual Differential Comparator F

SES527 Voltage Comparator F

SE529 Voltage Comparator F

LM139/A Quad Voltage Comparator F
DIFFERENTIAL AMPLIFIERS

SES592 Video Amplifier F

uA733 Video Amplifier F
PHASE LOCKED LOOPS

SES567 Tone Decoder PLL F
TIMERS

SE555 Timer F, FE

SE556 Dual Timer F

’ D to A CONVERTERS

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

SES5560 SMPS Controller F

JAN M—38510
DEVICE SLASH SHEET PKG QUAL STATUS
SE555 10903BCB F QPL 1
SES555 10903BPB FE QPL 1
SE556-1 10902BCB F QPL 1
LH2101A 10105BEB F QPL 1
LM101A 10103B8CB F QPL 1
LM101A 101038PB FE QPL 1

3-7
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D/A AND A/D CONVERTER—SYMBOLS AND DEFINITIONS

Absolute Accuracy Error

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

Absolute Maximum Ratings

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

Conversion Speed

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

Conversion Time

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

Differential Non-Linearity (DNL)

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

Differential Non-Linearity Tempco

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

Full Scale Tempco

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

Gain Error

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

Hysteresis Error

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

Integral Non-Linearity

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

Least Significant Bit (LSB)

The Least Significant Bit is the lowest order bit, or the 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 /= 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 nuiled out.

Resolution

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

Setting Time

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

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

NOTE:

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

N



D/A CONVERTERS

:,?E"E‘,’s OUTPUT | w1 | INT. PACKAGE TEMPERATURE RANGE
DEVICE | BITS | ACC.% | ws) |V | 1| | REF. |LATCH | N D F Com'l. mil COMMENTS
MC1408-7 8 0.39 0.07 X X X
MC1408-8 8 0.19 0.07 X X X X X
MC1508-8 8 0.19 0.07 X X X
DACO08 8 0.19 0.07 X X X
DACO8A 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
DACO8H 8 0.10 0.07 X X X X
NE5018 8 0.19 0.2 X X X X X X
SE5018 8 0.19 02 | X X X X X
NE5019 8 0.10 02 | X X X X X X
SE5019 8 0.10 0.2 X X X X
NE5118 8 0.19 23 X X X X X X
SE5118 8 0.19 2.3 X | X X X X
NE5119 8 0.10 2.3 X | X X X X X
SE5119 8 0.10 23 X X X X X
NES020 10 0.10 5.0 X X X X X X
NE5410 10 0.05 0.25 X X X +Y LSB DNL
SES5410 10 0.05 0.25 X X X +% LSB DNL
MC3410 10 0.05 0.25 X X X +% LSB DNL
MC3510 10 0.05 0.25 X X X +% LSB DNL
AM6012 12 0.05 0.25 X X X +1 LSB DNL
TDA1540D | 14 0.012 0.5 X | X X X X Serlal Input
+% LSB DNL
A/D CONVERTERS
CONV. INPUT THREE- PACKAGE TEM;E"}QTEURE
SPEED STATE INT. INT.
DEVICE BITS | ACC.% (us) v | 1 | outpur REF. | CLOCK [ N| F | FE| Coml mil
NE5034 8 0.19 17 X X X X X
NE5036 6 0.78 23 X X X X X
NE5037 6 0.78 9 X X X| X X
TDA1534 14 0.012 8.5 X X X X X
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




DESCRIPTION

The ADCC801 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.

CMOS 8-BIT A/ID CONVERTERS

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 V¢

Single 5V supply

Guaranteed specification with 1MHz
clock

APPLICATIONS

o Transducer to microprocessor interface
e Digital thermometer
o Digitally-controlled thermostat

e Micropr based monitoring and
control systems
ABSOLUTE MAXIMUM RATINGS
SYMBOL & PARAMETER RATING UNIT
Vee Supply Voltage 6.5 \
Logic Control Input Voltages -03to + 16 \
-0.3to
All Other Input Voltages (Voo +0.3) '
Ta Operating Temperature Range _ o
ADC0801/02-1 F S5 to +125 c
ADCO0801/02/03-1 LCF —40 to +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
Tsoo Lead Soldering Temperature o
(10 seconds) 300 c
Pp Package Power Dissipation at T, = 25°C 875 mW

PIN CONFIGURATION

&8 [
7o [Z]
wa (3]
CLK IN [4]
vin(+) [€]
vin(-) [7]
A GND [8]
VRer/2 E

D GND (10

F,N PACKAGE

. N h Ve

19 cLk R
18] Do
7] 01
16] D2
15] D3
4] Da
[13] b5
[12] D6
[17] D7

TOP VIEW

ORDER NUMBERS
ADC0801/02-1F
ADC0801/02/03-1 LCF
ADC081/02/03/04/05-1 LCN
ADC0804-1 CN




LINEAR LSI PRODUCTS

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

Preliminary

BLOCK DIAGRAMS

9
Vreri2 O

AUTO ZERO

LADDER AND
DE COMPARATOR

8 CODER
T GND, O o

"—Ae

+5V Voo &

OUTPUT
LATCHES

SAR

LT ] for

ik
|||—

8-BIT
SHIFT REGISTER CLOCK

s oY L
S
INTR
FF

, > o

"l

CLKIN CLKR

3

150pF
s AAA
I

L 0K
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LINEAR LSI PRODUCTS

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

DC ELECTRICAL CHARACTERISTICS V¢ = 5.0V, fg « = IMHz, Tyin=Ta<Tpmax, unless otherwise specified.

ADC0801/2/3/4/5

SYMBOL & PARAMETER TEST CONDITIONS UNIT
Min Typ Max

gglgg\?g 1/-\cc:uracy Error (Adjusted) Full Scale Adjusted 025 LS8
22!2333 2Accuracy Error (Unadjusted) XZFEF = 2500 Vg 0-50 LS8
ggl(azg\?g ?‘\ccuracy Error (Adjusted) Full Scale Adjusted 0-50 LS8
gzlgg\?giccuracy Error (Unadjusted) YS_EF = 2500 Vpe ! LSB
222352 5Accuracy Error (Unadjusted) Y_;*_Ef = has no connection ! LSB
\_/;_EF Input Resistance 400 640 Q
Analog Input Voltage Range ~005 Vee v

+0.05

DC Common Mode Error

Over Analog Input Voltage Range

116 1/8 LSB

Power Supply Sensitivity

Vcc =5V = 10%’

CONTROL INPUTS

Vyy  Logical "1” Input Voltage Vee = 5.25Vp¢ 2.0 15 Ve
V. Logical “0” Input Voltage Ve = 4.75Vpg 0.8 Voe
iy Logical “1” Input Current Vin = 5Vpe 0.005 1 wApc
m Logical "0” Input Current Viy = 0Vpg -1 —0.005 wADC
CLOCK IN AND CLOCK R
Vy+ Clk In Positive-Going Threshold Voltage 27 31 3.5 Vpe
Vy— Clk In Negative-Going Threshold Voltage 1.5 1.8 2.1 Voe
Vi g}tj;‘ t";f}:f?s's 06 13 20 Voc
VoL Logical “0” Clk R Output Voltage loL = 360uA, Voo = 4.75 Vpe 0.4 Voe
Voy  Logical “1” Clk R Output Voltage lon = —360pA, Voo = 4.75 Vpe 2.4 Voo
DATA OUTPUT AND INTR
Voo Logical “0” Output Voitage
Data Outputs loL = 1.6mA, Voo = 4.75 Vpe 0.4 Vo
INTR Outputs loL = 1.0mA, Vg = 4.75 Vi 0.4 e
Vou Logical “1” Output Voltage lon = —360uA, Voo = 4.75 Vpe 2.4 Vpe
lon = —10pA, Vee = 4.75 Vpg 45 Ve
lozu  3-State Output Leakage Vour = OVpc, €S = Logical “1” -3 wApc
loz 3-State Output Leakage Vour = 5Vpe, C5= Logical “1” 3 pApe
Isc  + Output Short Circuit Current Vour = Oy, Ta = 25°C 4.5 6 mApc
lsc  — Output Short Circuit Current Vour = Ve, Ta = 25°C 9.0 16 mApc

lcc  Power Supply Current

fork =1MHz, Vggep = Open
CS = Logical “1", Ty = 25°C

3.0 3.5 mA

'y

|
|

NOTE:
1. Analog inputs must remain within the range: —0.05 < V|y < V¢ + 0.05V.
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LINEAR LS| PRODUCTS

CMOS 8-BIT A/D CONVERTERS ADCO0801/2/3/4/51
AC ELECTRICAL CHARACTERISTICS
ADCO0801/2/3/4/
SYMBOL & PARAMETER TO FROM TEST CONDITIONS 5 UNIT
Min Typ Max
Conversion Time fok = 1MHz! 66 73 us
fork Clock Frequency See Note 1. 0.1 1.0 3.0 | MHz

Clock Duty Cycle / See Note 1. 40 60 %

Free-Running Convérsion CS =0, fok = 1MHz
CR P —

Rate ] iNTR Tied To WR 13690 | convis
twwry Start Pulse Width | TS=0 30 ns
tace Access Time | Output RD CS =0, C_ = 100 pF 75 100 ns
to ton § = CL = 10 pF, AL = 10K

Three-State Control Output RD See Three-State Test Circuit 70 100 ns
i 'R TR Delay iNTR o‘r’"ﬁ% 100 | 150 ns
Cin Logic Input =Capacitance 5 7.5 pF

Three-State Output
Cour Capacitance 5 75 pF

NOTE:

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




LINEAR LS| PRODUCTS

CMOS 8-BIT A/D CONVERTERS

ADC0801/2/3/4/51

Preliminary

FUNCTIONAL DESCRIPTION

The ADCO0801 through ADCO0805 series of
A/D converters are successive approximation
devices with 8-bit resolution and no missing
codes. The most significant bit Is tested first
and after 64 clock cycles a digital 8-bit binary
word Is transferred to an output latch and the
INTR pin goes low, indicating that conversion
is complete. A conversion in progress can be
interrupted by Issuing another start command.
The device may be operated in a continuous
conversion mode by connecting the INTR and
WR pins together and holding the 3 pin low.
To Insure start-up when connected this way,
an external WR pulse Is required at power-up.

As the WR input goes low, when T3 is low, the
SAR Is cleared and remains 8o 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 INTR line will remain low until 1 to 8 clock
cycles atter either the WR or the TS input (or
both) goes high.

When the C5 and RD Inputs are both brought
low to read the data, the NTH line will go low
and the three-state output iatches are
enabled.

THREE-STATE TEST CIRCUITS AND WAVEFORMS

tn
Vee
1] DATA
OUTPUT
cL 10k

ton
Vee Vee
10k
RD DATA
ouTPUT
CL

ty, CL = 10 pF

trpe—
Vog —]
RO 50%
GND 10%
—4 r—!m
VoK s 90%
DATA
OUTPUTS
OND cmaemm—

ty = 20 ns

toms CL = 10 pF

tr pe—
Vee ——l' 90%
“ £
GND
—'I ton

Vee

N

DATA
outpuTs | 0% -

tr=20ns

The digital control lines (C8, AD, 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 T3
pin can be grounded, the WR pin can be Inter-
preted as & START pulse pin, and the RD pin
performs the OE (Output Enable) function.

The Vin(=) Input can be used to subtract a
fixed voltage from the input voltage. Because
there is a time Interval between sampling the
Vn(+) and the V(-) inputs, it is Important that
these inputs remain constant, during the entire
conversion cycle.



LINEAR LSI PRODUCTS

CMOS 8-BIT A/D CONVERTERS ADCO0801/2/3/4/5-1

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

START
CONVERSION
cs

WR Sk %

e

— twWAL [+

“BUSY”
DATA IS VALID IN
ACTUAL INTERNAL “NOT BUSY” OUTPUT LATCHES
STATUS OF THE
CONVERTER | 4—1 TO 8 x 1/fCLK INTERNAL T¢

(LAST DATA WAS READ)

INTR (LAST DATA WAS NOT READ) _/¥ ; INT ASSERTED

__________ - l“—' 12 Tewk

OUTPUT ENABLE AND RESET INTR

INTR RESET
m Y T

DATA _ _ _ _ _ _ _ __ | _ _ _ THREE-STATE
OUTPUTS T

t HJonL—

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

8-BIT HI-SPEED A/D CONVERTER

NE5034

DESCRIPTION

The NES5034 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 F PACKAGE
microprocessor interface
¢ Choice of internal or external clocking DBO (LSB) [1 [18) OR
¢ Short conversion time, 17,8 typical 081 [Z] [T7] oiGiTAL GND
using internal clock
82 [3] g ANALOG GND
APPLICATIONS o83 [7]} 15] N
o All micropr based monitoring 084 [5] [13] - vee
and control systems requiring analog
signal inputs. oes [€] [13] inee IN
* Typical applications include: 086 (7] [12] + vee
Automated process control, machine 087 [ [11] cLk
tools, robots, test and measurement oE[3] 70] STRT
instruments, environmental controls
e Other applications include: TP VIEW
Ratiometric A/D conversion, very high
resolution A/D conversion systems ORDER NUMBERS
requiring high speed 8-bit building NES034F

PIN CONFIGURATION

blocks

PARAMETER RATING UNIT
Vcc+  Positive supply voltage Oto +6 v
Vec— Negative supply voltage Oto -15 \
lper Reference current 15 mA
hn Analog input current 5.0 mA
Vo Data output voltage 6.0 "
Analog GND to Digital GND 1.0 \"
Vi Logic input voltage —1toVeco+ v
Pp Power dissipation
F package 1000 mw
Ta Operating temperature range Oto +70 °C
Tste  Storage temperature range —65to + 150 °C
Tsop Lead soldering temperature (10 seconds) 300 °C
BLOCK DIAGRAM
Iner IN +Vee -Vee
o
N
COMP
8-BIT DAC
+
AN’GND
AN GND
INT
cLoCK SAR
V-
[]
—l—o DIG. GND
OUTPUT BUFFER =
|——o DATA READY
CLK f OF DB7s e ¢ o o «DBO
(MSB) (LSB)
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LINEAR LS| PRODUCTS

8-BIT HI-SPEED A/D CONVERTER NES034

DC ELECTRICAL CHARACTERISTICS +Vc=5.0V, - Vgo= =12V, 0°C & T, < 70°C unless otherwise specified

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP | MAX | UNIT

Resolution 8 8 8 Bits

Relative accuracy error” 2 +1/2 | LSB
Vec+ Positive supply range 475 5.0 5.25 v
Vec— Negative supply range -114 | =12 | =126 \'
Egg  Full scale gain error lrgp=1.0mA, T,=25°C +2 x5 | LSB
Ezg  Zero scale offset error lpgr=1.0mA, T,=25°C +0.5 =1 LsB
Psr. Power supply rejection’ lrgr=1.0mA, Voc +4.75 to +5.25V, Voo = 114

to - 12.6V +12 | LSB

Viy  Logle 1Input voitage (STRT and OF) 2.0 v
Vin Logic 1 input voltage ext. clock . 2.4 v
Vi Loglc 0 Input voltage (STRT and OE) 08 v
Vi Loglic 0 Input voltage ext clock 0.7 v
™ Loglc 1 Input current (STRT and OE) Vin= 2.4V 20 uA
M Loglc 1 Input current ext clock ViNn=24V 100 A
. LoglcOInputcurrent (STRT and OF) Vi = 0.4V -20 | —100 | sA
n Logic 0 input current ext. clock ViN=0.7V -100 A
VoL  Loglc 0 output voltage loL=1.6mA, OE = 0.8V 0.4 v
Von  Loglc 1 output voltage lon = 400uA, OE = 0.8V 24 v
loz Three-state leakage OE=2.0V, Vo_=0V or 5V =10 A
lecc.  Positive supply current Voo + 5V, Vgg = 12V 18 36 mA
lee Negative supply current. Vec+ 5V, Vo= 12V -11 | -22 | mA

NOTES

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

2. Specifications given Iin LSBs refer to the weight of the least significant bit at the 8-bit level which is 0.39% of the full scale voltage.

3. MAX change in full scale.

AC ELECTRICAL CHARACTERISTICS v+ = +5V,V- = —12V,T,=25°C
SYMBOL & PARAMETER TO FROM TEST CONDITIONS MIN | TYP | MAX |UNIT
Internal clock frequency C_=60pF (See Figure 1) 500 KHz
External clock frequency 700 KHz
Tw STRT pulse width Clock freq.=500KHz | 400 ns
External clock pulse width positive/negative 600 ns
Set up time' See Figure 3 300 ns
tp (out data) propagation delay data out OE See Figure 2 50 200 ns
tp (out DR) propagation delay data ready cut | 8th clock See Figure 3 700 ns
tp (3-state) propagation delay 3-state Impe:;?::e o oE See Figure 2 80 200 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 NE5S034

TYPICAL PERFORMANCE CHARACTERISTICS

INTERNAL CLOCK FREQUENCY vs CONVERSION TIME vs
EXTERNAL CAPACITOR (CL) CLOCK FREQUENCY
100,000 50
10,000 a0
T . N
§ 1000 \\ H 30
w
L S
‘&:‘ ~——
Y \\ 10 —
IS
1 0
1 10 100 1000 10,000 100,000 300 400 500 600 700 800
CAPACITOR (CL) IN pF FREQUENCY (KHz)
FIGURE 1

TEST LOAD CIRCUITS

DATA OUTPUT HIGH

th = tFr = 20ns

P ° DATAREADY 90%
5 - 50%
DATA OUTPUT 1/ 1 SKke 0%
2% Nesons o e
Shes o - Ve (- 12V) —-‘ !
10Ks) S15pF \\\ ° o I\;':g LN(:.;"\;)A ‘ R
1 1L X CLK 500KHz N
= = START PULSE
OE (TR LEVELS) __j= (TTL LEVELS) DB(0TO5)
—] 1P (3.STATE)

DATA OUTPUT LOW

Vee= +5V tR = tp = 20ns
DATA READY og/o%
ra— - 50%
oK Lo 4 sk 10%
DATA e AM—0 lin (- 0.1V)
OUTPUT \\: ~0—1f —o0 - Ve (- 12V) N
15pF \\‘0—— O Iper IN= 1mA
I \ o —0 Ve + (+5V)
= °———E Y CLK 500KHz Vee
OF (TTL LEVELS) START PULSE
= (TTL LEVELS)
10%
tp (DATA) P (3.5TATE)—| ’——
FIGURE 2
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LINEAR LSI PRODUCTS

8-BIT HI-SPEED A/D CONVERTER

NES034

8th CLOCK
PULSE
cLock 50%
SETUP
| ime [ 50%
STRT
1P (SOR) |
OR 50%
DBO
FIGURE 3

FUNCTIONAL PIN DEFINITIONS
DATA READY (DR)

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

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). Conversiomlll 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 NE5034 is an 8-bit A/D converter which
incorporates the successive-approxima-
tion conversion method. Upon receipt of
the STRT pulse, successive bits, begin-
ning with the MSB (DB7), are applied to the
input of the internal 8-bit current output
DAC by the 2L 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 voitage through
an external input resistor. If the DAC out-
put current is greater, the data latch for
the trial bit is reset to a ‘0’; if it is less, the
trial data bit stays at ‘1’. After all the bits
from DB7 to DBO have been tried, the SAR
contains a valid 8-bit binary output code
which accurately represents the unknown
analog input to within = 1/2 LSB (£ 0.2%).
This binary output will now remain in the
SAR until another STRT pulse is applied.

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

TIMING DESCRIPTION

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

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

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

SHORT-CYCLE OPERATION

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

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

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

NES034

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

EXTERNALCLOCK STAT DATA OUTPUT

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

EXTERNAL CLOCK STAT DATA JUTPUT

(IF USED) PULSE READY ENABLE (IF USED) PULSE READY ENABLE
ol oI
DIGITAL DIGITAL
anou~n| GROUND
UNKNOWN ANALOG oL | = UNKNOWN ANALOG o | =& | o
VOLTAGE INPUT I | w le e VOLTAGE INPUT 1 (127 1o |1a Js
v 15 T 10.0KQ 15 R
—o DG7 MSB A DG7 MSB
5.0K0 7 . To &
1 o . 5.0k e . .
s WA~ s
| REFIN NES034 L ° o
- 4 NES034 4
R REF = 5.0K0 4 o . S0KQ 43 5 °
— A
3 13 o . WA o
o 3 [ e
1
REF 16 »-‘—--o DBOLSS L4 —o© DBOLSB
1 [ ]
12 14 12 14
0.1aF CL — SEE FIG 1 FOR VALUE 0.1F CL — SEE FIG 1 FOR VALUE
¢ onr DI — IN914 OR SIMILAR 0.0,F DI — IN914 OR SIMILAR
- CL AND DI NOT REQUIRED — CL AND DI NOT REQUIRED
J_ IF USING EXTERNAL CLOCK IF USING EXTERNAL CLOCK
ANALOG  +Vcc -Vee ANALOG  +Vec -Vec
GROUND GROUND
FIGURE 4. FIGURE 5.
20K0
+V O—AAA—0 -V
ANALOG >
INPUT 3 sooka
R 9
At
NE5034
1000 RRer 13

[ 58 | sorumn
POT.

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

8-BiT HI-SPEED A/D CONVERTER

NES034

SET UP TIME

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

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

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

b) The conversion starts one clock pulse
later.

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

DATA READY (DR) TIMING

After DR returns to a logic “0” indicating a
conversion 1s complete there is a time
delay of 500ns before the data at DBO out-
put (the Least Significant Bit) is valid.

ZERO OFFSET (NEGATIVE FULL
SCALE) CALIBRATION
PROCEDURES

1. Apply continuous start pulses to the
STRT input.

2. Apply 1/2 LSB in the case of unipolar

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

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

FULL SCALE (POSITIVE FULL
SCALE) CALIBRATION:

1. Apply continuous start pulses to the
STRT input.

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

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

4. Adjust the voltage applied to Vpgr 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
equal toﬁ-
256

2. The sequence of calibration should be:

a. Zero offset

b. Full scale adjust

c. Zero offset

d. Full scale adjust

OPERATING PRECAUTIONS:

Analog and digital grounds should have
separate returns. Noise and jitter on digi-

UNIPOLAR BINARY
OPERATION:

A standard connection for a 0 to 10V uni-
polar binary operation, with Vgeg |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—1LSB 11111111
FS—2LSB 11111110
314 FS 11000000
12FS+1LSB 10000001
12 FS 10000000
12FS~1LSB 01111111
14 FS 01000000
1LSB 00000001
0 00000000

Table 2. Bipolar—Offset Binary

operation, or 1/2 LSB above ~ FS in the tal ground will degrade accuracy unless DIGITAL
case of bipolar operation to the analog the input is referenced to a ‘clean’ analog ANALOG INPUT
i OUTPUT CODE
input. ground.
NOTES 1, 3, 4 msB LsB
+(FS-11LSB) 11111111
+(1/2 FS) 11000000
+(1LSB) 10000001
STRT | [ 0 1000000
-(1LSB) 01111111
- (1/2 FS) 01000000
=_] I ~(FS-1LSB) | 0000000 1
~Fs 00000000

N

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

FIGURE 7. NE5034 TIMING DIAGRAM
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BIPOLAR (OFFSET BINARY)
OPERATION:
A standard connection fora — 5to + 5V or

- 10 to + 10V bipolar operation is shown
in Figure 5.

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

le: cE 2IpgeF |N (Unipolar mode).
3. 1188 o?um (2= 8) (FS).
4. "FS" is full scale;

i.e., IReF |N (Bipolar mode).
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6-BIT

DESCRIPTION

FEATURES

PIN CONFIGURATION

The NES036 is an easy to use, low cost, ¢ Three-state output butfer for easy
successive approximation Analog to Digi- uProcessor Interfacing FE, N PACKAGE
tal converter, fabricated In Bipolar/lL o pegt guccessive approximation g
technology, and packaged In a convenient  gonygrter, 23,80c -
o V
8-pin mini dip package.  T3L compatible inputs and outputs e DATA
With an external reference voitage, the o Eagy Interface to CMOS 4Processors Varr (2] SYARY
NES038 will accept Input voitages be: . qugrantesd no missing codes over full vin ] ] cLock
WI"T" O'V '"ﬂ VI:FB' T°'i|“°| "“. g operating range Aano (] [T 01aano
pin low for at least 8 clock pulses in dura-
tlon will provide the 8-bit result of the con- ° SIn@le supply operation, + 8V TOP VIEW
version in a serial format, ¢ High Impedance analog Inputs ORDER NUMBERS
¢ Positive true binary serial output NEB038FE, NESO3SN
APPLICATIONS D PACKAGE
* Temperature control
 4P-based appllances vaer [ 4] vee
e Light level monitor i [Z] i)
¢ Electronic toys &= o
* Joystick interface
¢ 4P(Transducer Interface AaND 7] [71] oATA
G m
ABSOLUTE MAXIMUM RATINGS 5 ]
PARAMETER RATING UNIT cLk [7] (7] START
Vee Power supply voltage 7 \" TOP VIEW
VRer Reference voltage 7 v ORDER NUMBER
ViN(analogy Analog input voltage 7 V' NES038D
VN oigay  DIgital Input voltage (START & CLOCK) 7 v
ouT Data output pin
Three-state mode 7 v NOTES:
Enabled mode 20 mA 1. SOL-Released in iarge SO package only
AgND Analog GND to digital GND =1 v 2. SOL gng non-standard pinout.
Ta Operating tempaerature range 0to70 °c 3. SO and non-standard pinouts.
Tetg Storage temperature range - 8510150 °C
tsola Lead soldering temperature 300 °C
Pp Power dissipation
FE package 220 mwW
N package 220 mw
BLOCK DIAGRAM
Vee
I
> P4
< ::
1 112188 COME
N ‘ ‘ o l
VRer (:2 {} .6:2' >-
s !
we > [ e |- oo
[} ]
FREOL
Aanp Dano CLOCK START
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LINEAR LS| PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

DC ELECTRICAL CHARACTERISTICS V¢ =5.0V; Vger = 2.0V; Clock = 350kHz; 0°C < T, = 70°C unless otherwise
specified. Typical values are specified at 25°C.

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 6 6 6 Bits
Relative accuracy'? 1/4 12 LSB
Voc Positive supply voltage +4.75 +5.0 +5.50 Vv
ers  Full scale gain error234 Vrer=2.0V, T4=25°C +1 +2 LSB
ezs  Zero scale offset error? VRer=2.0V, T=25°C +1/2 -1/2, +2 LSB
Psg Power supply rejection VR,;;F =20V +1/2 =1 LsSB
Max change in full scale? 4.75V <V <55V
Iy Analog input bias current 0=Vs25V 1 10 A
lrer  Reference bias current O0=<Vgegr=2.5V 1 10 A
Ry Analog input resistance 3 30 MQ
Viy  Logic ‘1" input voltage 20 v
V. Logic ‘0’ input voltage 0.8 v
iy Logic ‘1" input current 10 uh
he Logic ‘0’ input current 1 10 .
lon Logic ‘1’ output current 2.4V=Voy 300 uA
loo  Logic ‘0’ output current Vo =<0.4V 1.6 mA
loz Three-state leakage current +0.1 +40 uA
lcc  Positive supply current 14 24 mA
AC ELECTRICAL CHARACTERISTICS V¢ =5.0V; Vggr = 2.0V; Clock = 350kHz; 0°C = T, = 70°C unless otherwise
specified. Typical values are specified at 25°C. (Refer to test figures.)

SYMBOL AND PARAMETER TO FROM TEST CONDITIONS MIN | TYP | MAX UNIT
frax Max clock frequency 350 kHz
Tconv Conversion time 8 Clock cycles
tw Clock pulse width 1.3 us
ts Setup time, START to clock® Clock START 500 ns
tp oum Propagation delay® Data out Clock | To=25°C,t,=t;<20ns 600 ns
tp astaTg) Propagation delay® Data (3-State) | START | To=25°C, t,=t;<20ns 600 ns

NOTES

. 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.

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

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

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

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

. The high to low transition of the START pulse should occur at least 500ns prior to the negative edge of the clock pulse to insure its recognition. The START pulse should stay
high for at least 500ns i tog proper i

rWN

oo
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6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

CIRCUIT DESCRIPTION

NE5036 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 I2L successive approximation
register.

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

0 and simultaneously the output buffer
goes to 0. If it is less, that bit stays at 1
and the output buffer goes to 1. After the
second high to low transition of the clock
pulse, the MSB (D5) data is valid. On suc-
cessive clock puises, 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 Vgeg 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 14F and should be located close to
the device to minimize the effects of noise
spikes on V.

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

START I

TIMING DIAGRAM

—

HIGH
: : : : : : D C IMPEDANCE
DATA
DB5 DB4 DB3 DB2 DBi  DBO
MsB LSB
Figure 1

IDEAL TRANSFER
CHARACTERISTICS
RERERRTS -
11110} '-J
=
g 111101} l_.l
5 1111001 l_.I
3 J
2 Vaes
o LsB = et
000011 '—J 64
5‘ I FOR 111111 OUTPUT
5 000010} p—d Vin=Vper - LSB-112LSB
a BUILT-IN OFFSET
000001 | =625158 =23 vagr
1 n L i) N
000000 - e »'m @ = @
N v o o n un n n v
- -t -l e - - -l -
o~ o o o o o o o
S F R 3z 5 B8
F e oe

ANALOG INPUT

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

NES036

TYPICAL PERFORMANCE CHARACTERISTICS

ZERO SCALE OFFSET ERROR
vs TEMPERATURE
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LINEAR LSI PRODUCTS

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

AC TEST CIRCUITS AND WAVEFORMS

PROPAGATION DELAY TIME t, pata)

DATA OUTPUT (LOW TO HIGH) DATA OUTPUT (HIGH TO LOW)
+8V
DATA
ouThuT outpuT
10K T 18pF
Vee= +5V O——v ]f:__. Veg = + 5V O— =
VRgrm +2V O —Q START(TTL LEVELS) VRer = +2V O—] NES036 [—@ START (TTL LEVELS)
ViN (ADJ)) O —@ 360kHz CLOCK VIN (ADJ.) Q=i —@ 350kHz CLOCK
(TTL LEVELS) (TTL LEVELS)

A F ] Ay
GND Danp GND Dano

pr— tr =ty = 20ns
START 50% 50%

L— 1P (3.STATE)

DATA ( > <

—

HIGH “Z" N
STATE <

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

NES036

TYPICAL APPLICATION

1. BASIC NE5036 CONFIGURATION

VOLTAGE
REFERENCE

Vee
.1uFI:_

ANALOG INPUTY———————2]  NESO36

L AuF -L.uF L aTuF
Rret :-_E lz |1 :7[ :7[

 EXTERNAL
0 <\ cLock

4L—j

=
2. DIGITAL COMMUNICATIONS USING NE5036
TRANSDUCER
SERIAL DATA
ANALOG "fsg“ OUTPUT ENCODER/ | ENCODED SIGNAL OUT
—
INPUT converten| ML TRANSMITTER
D/A
RECEIVER/ DECODED SHIFT 3 CONVERTER ANALOG
DECODER [ siGNAL | REGISTER H e outeut

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

6-BIT A/D CONVERTER (P

NE5037

DESCRIPTION

The NES5037 is a low cost, complete suc-
cessive approximation analog to digital
(A/D) converter, fabricated in Bipolar/i?L
technology. With an external reference
voltage, the NE5037 will accept input volt-
ages between OV and Vgge. An external
START pulse of at least 300ns in duration
will provide the 6-bit result of the conver-
sion in parallel format. Full conversion
with no missing codes occurs in 9ys.

FEATURES

* T2 compatible inputs and outputs
¢ Three state output buffer

e Easy Interface to CMOS .Processors

¢ Fast conversion—9,s

G d no missing cod
temp range

¢ Single supply operation, + 5V

* Positive true binary outputs

¢ High impedance analog inputs

over full

APPLICATIONS

* Temperature control

* uP-based appliances

« Light level monitors

* Head position sensing
¢ Electronic toys

¢ Joystick interface

PIN CONFIGURATION
D, F, N PACKAGE

vee [1] [16] 0B (MSB)
VRer [z [15] 0B,
VIN E E DBy
ANALOG GND E [13] 08,
DIGITAL GND [5] [12] DB,
cLK [€] [11] 0B,
START [T ME
& [E] [5)0¢

TOP VIEW

ORDER NUMBERS
NES037F, NE5037N

NE5037D
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vee Power supply voltage 7 \"
Vaer Reference voltage 7 \
Vinanalog) Analog input voltage 7 \
Vin pigitay  Digital input voltage (CS, OE, START, CLK) 7 \
Dour Data outputs (DBO to DB5) .
Threé-state mode 7 v
Enabled mode (each output) 5 mA
EOC End of conversion Vee
AgND Analog GND to digital GND +1 v
Ta Operating temperature range 0to70 °C
Tsta Storage temperature range —65t0150 °C
tsoLp Lead soldering temperature (10 seconds) 300 °C
Po Power dissipation
F package 220 mwW
N package 220 mwW
BLOCK DIAGRAM
Vee
1
$ L

vaer 02

N _re',

A 4
oNo CONTROL
5 LoaIC
Dano O—_l.
CLK 0-6—_-_
7 8 9
START C8 3
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NES037

DC ELECTRICAL CHARACTERISTICS Ve =5.0V; Vagr= 2.0V; Clock = 1IMHz; 0°C < T, s 70°C unless otherwise
speclfied. Typical values are specified at 25°C. .

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 6 6 [} Blts
Relative accuracy'? 1/4 12 LSB
Voc Positive supply voltage +4.75 +5.0 +5.50 \"
ers  Full scale gain error234 Veer=2.0V, To=25°C 1 +2 LSB
ez Z2ero scale offset error? Veer=2.0V, To=25°C +1/2 ~-12, +2 LSB
Psg Power supply rejection Vege=2.0V +1/2 +1 LsB
Max change In full scale? 4.75Vs Vo <55V
Iiy  Analog input bias current OsVys25v 1 10 uA
Ingr  Reference bias current 0sVpgrs25Y 1 10 uA
Ry Analog input resistance 3 30 MQ
Viy Logic ‘1" input voltage 2.0 \
V. Logic ‘0" Input voltage 0.8 \
Iy Logic ‘1" input current 10 A
I Loglc ‘0’ Input current 1 10 A
low Logic ‘1’ output current® 2.4VsVoy 300 WA
lo. Logic ‘0’ output current® VoL <0.4V 1.8 mA
loz Three-state leakage current +0.1 +40 uA
lcc  Positive supply current 18 24 mA
AC ELECTRICAL CHARACTERISTICS V¢ =5.0V; Vger = 2.0V; Clock = 1MHZ; 0°C = T, s 70°C unless otherwise
specified. Typlcal values are specified at 25°C. (Refer to AC test figures.)
SYMBOL AND PARAMETER T0 FROM TEST CONDITIONS | MIN | TYP | MAX UNIT
fmax Maximum clock frequency 1 MHz
tw Start pulse width 300 ns
Minimum positive/negative 300 ns
clock pulse width
Tconv Conversion time _ 9 |Clock cycles
tpouT DATA) Propagation delay® Data out OE |Ta=25°C,t,=t;<20ns 500 ns
tpoureog Propagation delay’ EOC Clock |To=25°C,t,=t;s20ns 800 ns
tpastaTg)  Propagation delay, 3-state 3-State Data OE Ta=25°C, t,=t;<20ns 500 ns
NOTES

-

device.

> on

mance, VRgf can be any value from 1.5V to 25V.)

Noon

CIRCUIT DESCRIPTION

NE5037 is a complete 6-bit, parallel out-
put, microprocessor compatible, A/D con-
verter which incorporates the successive
approximation method. The chip includes
the internal control logic, the successive
approximation register (SAR), 6-bit DAC,
comparator and output buffers. An exter-
nally generated clock source (max fre-
quency = TMHz) 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 puise, 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 significant bit at the 6 bit level which is 1.56% of the full scale voltage.
Full scale gain error is the deviation of the full scale code transition point (111110 to 111111) from its ideal value.
. The analog input voltage (V) range is OV to Vggr nominally, with the output remaining at 111111 even though the input may increase from Vggg 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 voitage
through the V/I converter. If the DAC out-
put is greater, that bit of the DAC is set to
‘0’ and simultanevusiy the corresponding




LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NES037

output buffer goes to ‘0'. If it is less, that
bit stays at ‘1’ and the output buffer also
stays at ‘1’. On successive clock pulses,
successive bits of the DAC are tried and
the corresponding output buffer repre-
sents the bits of the DAC. On the eighth
low going edge of the clock pulse (after
the 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 NES037 is designed to have a nominal
Y2 LSB offset so that the code transition
points are located Y2 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 Vgee 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 Dbetween the two
grounds but some degradation will occur.
The leads to the analog inputs should be
kept as short as possible to minimize
noise pickup. Input bypass capacitors
from the analog inputs to ground will
eliminate noise pickup. Power supplies
should be decoupled with at least 1uF
located close to the device to minimize
the effects of noise spikes.

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

TIMING DIAGRAM

XSS K K XKX DON'T CARE K KKK XXX

35555k I 2%

* | I— L
HIGH HIGH HIGH
IMPEDANCE IMPEDANCE IMPEDANCE
DATA————-——.-——————-—————.D-——— —
OUTPUTS
DATA ? T

READY DATA DATA

AVAILABLE AVAILABLE

AT OUTPUT AT OUTPUT

Figure 1
IDEAL TRANSFER CHARACTERISTICS

ARRRRRTS r-
r__l

111110

w
[~}
8 111101 r_l
E 111100 ‘_I
> T re v
o _ Veee
- 000011 | —! LSB="5g
2 FOR 111111 OUTPUT
G 000010f = Vin=Vrer-LSB- 12158
H BUILT.IN OFFSET
000001 =62.5158 =22 vgr
000000 i pa
® 0 O O O 08 o o
w o on v v v nun u u
- - - - -l - - -l
N o N
g 338 £ 83
P

ANALOG INPUT

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

NES037

TYPICAL PERFORMANCE CHARACTERISTICS
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS) NE5S037

AC TEST CIRCUITS AND WAVEFORMS

PROPAGATION DELAY TIME tp para) AND tp g.s7ate)

tr=tg=20ns
P (DATA)
V. 5V oF 90% 90%
cc =5V O———] —Q 50% 50%,
VReF =2V O—rdl *—0‘\\ 10% 10%, |

> DATA OUTPUT |
//’ 10kQ | L_ t ___l : t

ViN= 2.1V O——rq
| NES037

|

[
5

1MHz CLK (TTL) @)~

ki 10%
START puLse O — | |
— @ OE (TTL LEVELS) 50%
L LEVEL]
i ) L pBTO5 | | | |
B —| l'— tp 3.STATE)
—=] I‘— tp (DATA)

DATA OUTPUT HIGH

tR=tF=20ns

v
Veo= +5V _°_° 90%
OE 50% so%f
Vec=5V 1 10K GND 10%

VRer =2V O—— I | '

ViN= -0V O———| \esoa7 DATA QUTPUT l‘—- tF ‘-’l | tn

15pF I

I Vee Vee
17 . DB (0 TO 5) | 50% l
E (TTL LEVELS) GND L10%

L |
— L tp (DATA) 1P (3.STATE) —] l——

1MHz CLK (TTL)

START PULSE
(TTL LEVEL)

il

°

PROPAGATION DELAY TIME EOC tp o)

tr=tF=20ns
90% 90%
Vee = 45V Ommr] Vee . 10% 10% S0%
VREf = + 2V O— —
== °, ©
— 10kQ
[ Nesosr [ ,R N
1MHz TTL (CLOCK) - N
START PULSE — ‘ —@ EoC START &
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6-BIT A/ID CONVERTER (PARALLEL OUTPUTS) NE5037

APPLICATION

* 0 to 63°C Temperature Sensor

CIRCUIT DESCRIPTION

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

the value of one LSB for the NE5037. The

LM334 is a three-terminal temperature
sensor and provides a current of 1
microamp for each degree Kelvin. The o
32K-ohm resistor provides the 32 millivolts { ‘5’&2
for each microamp through it, while the

transistor bleeds off 273 microamps of the 1 20v_ 2
temperature sensor (LM334) current, low- REF |
ering the reading by 273 degrees Kelvin,
thus converting from Kelvin to Celsius.

LM334

I
=
|
=1

NE5037 CONTROLLER

I00|aol~4
m |

@
m
[~
(2]

-
o

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

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

/L

1116 7

cLOCK 4 5 6-BIT
DATA BUS

shown in Figure 3B. The ROMs or PROMs

1/4
1 74LS00

Vee g
STRT -7—Ocr
LM334 - o5
10 1_2' 9 |e—

oF = 112
b vro 9
VR2
1/2 D}11
> 500 74LS74 9
NE5037 81=

2.0V v ALl mee——— ]
REF 2| 'REF LE
VIN

PINS 1116
S 32K DATA

1%

741893 3

)

74L8373

LT

al

CS CLK L1 2607 '——'W.VA'.\'—

8 lafs [6 Rg,:ﬂ "\
——AVV—

825147 ——AAA

PROM A

2607 A

CLOCK : ROM A

(1MHz MAX)

828147
PROM b AAA—

Figure 3B. Digital Thermometer
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NES037

must have the correct code for converting
the data from the NES5037 (used as ad-
dress for the ROMs or PROMS) to the ap-
propriate segment driver codes.

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

An inexpensive clock can be made from
NAND gates or inverters, as shown in
Figure 3C.

CIRCUIT ADJUSTMENT

Adjust VR2 for about 1/4 of maximum
resistance. With the sensor (LM334) stable
at a known temperature near the lower end
of the expected range of temperature
readings, adjust VR1 for a drop of 2.73
volts across the (10K) emitter resistor of
Q1. Set reference voltage at Pin 2 of the
NES037 for 2 volts and adjust VR2 for a
digital reading corresponding to the
known temperature.

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

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

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

DESCRIPTION

The Am6012 12-Bit multlplying D:g:tal -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-
sumption typical.

BLOCK DIAGRAM

Am6012

FEATURES PIN CONFIGURATION
¢ 12-bit resolution
o Accurate to within 10.05% F PACKAGE
¢ Monotonic over temperature
o Fast settling time, 250ns typical
* Trimless design for low cost 1 [20]v +
« Differential current outputs 02[Z] 18] 1o
¢ High-speed multiplying capability 0s[3] 78] 10
¢ Full scale current, 4mA (with 1mA
reference) 04[] 7] v-
¢ High output compliance voltage, s [5] [16] comp
I:-5to +10V . 0s (5] 18] VRer(-)
¢ Low power consumption, 230mW o [7] 2] Vier(+)
APPLICATIONS 05[] 73] GNDIV.c
¢ CRT displays, computer graphics Dy [9] [12] D12 LSB
¢ Robotics, and machine tools
¢ Automatic test equipment 0wl il o
¢ Programmable power supplies TOP VIEW
* CAD/CAM systems ORDER NUMBER
¢ Data acquisition and control systems AMB012F
¢ Analog-to-Digital converter systems

ABSOLUTE MAXIMUM RATINGS

Operating Temperature
Am6012F
Storage Temperature

0°C to +70°C
-65°C to +150°C

Lead Temperature (Soldering, 60 sec) 300°C
Power Supply Voltage + 18V
Logic Inputs -5V to +18V
Voltage Across Current Outputs -8Vto +12V
Reference Inputs V4, Vis V- toV+
Reference Input Differential Voltage (V4 to Vys) + 18V
Reference Input Current (I44) 1.25mA

GND/MSB LsB
V(+) Vic BY B2 B3 B4 BS BS B7 B8 B9 B0 Bi1 B12
o 0 o o o o ¢ o
20 3 {1 l2 s o fs ez fs fo Jio |11 |12
E I t I DECODER H LOGIC SWITCHES ]
BIAS 18+
NETWORK " °:3
. ol e ois
REFERENC -—
AMPLIFIER CURRENT
Vaer(+) o—13 SWITCHES L‘-‘?L -Q+l Jé# -Q+l -"2#1 -Q+L —°-+l —‘-’-+l -‘%L
Vaer(-) o—2 Ise 9-BIT R2R
| | o.sEament DIA CONVERTER
:: GENERATOR
<
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012
ELECTRICAL CHARACTERISTICS: V+ = + 15V, V= = — 15V, Igge=1.0mA, 0°C < T < 70°C
P Descripti Test Conditi Ams012¢ i
arameter escription est Conditions Vi Typ. Mo Units
Resolution 12 Bits
Monotonicity 12 Bits
Differential - ) . - - *.025 %FS
D.N.L. Nonlinearity Deviation from ideal step size 2 — — Bit
N.L Nonlinearity Deviation from ideal straight line - — + 05 %FS
Vger = 10.000V
les Full Scale Cuirent Ry4— Rys= 10.000kQ 3.935 3.999 4.063 mA
Ta=25°C
— + 10 +40 ppm/°C
TClgs Full Scale Tempco
+.001 +.004 %FSI°C
D.N.L. Specification guaranteed
Voc 8::,2”;3\;%‘;399 over compliance range -5 - +10 Volits
P Royr > 10 megohms typ.
less Symmetry les—IFs - +0.4 +20 A
Izs Zero Scale Current - - 0.10 A
ts Settling Time To +1/2 LSB, all bits ON or OFF, Ty=25°C — .250 500 nsec
teLH Propagation o o _
tor Delay — all bits 50% to 50% 25 50 nsec
Cour Output Capacitance - 20 — pF
Vi Logic Logic “0" _ _ 08
Input — Volts
Vi Levels Logic “1 20 - —
In Logic Input Current Vin=-5t0 +18V - - 40 A
Vis Logic Input Swing V- =-15V -5 - +18 Voelts
Reference Current
IRer Range 0.2 1.0 1.1 mA
lis Reference Bias Current 0 -05 -20 uA
Reference Input R14eq)= 8002 -
dfct Slew Rate CC=0pF 40 80 mAlus
PSSl V+ = +135Vto +16.5V, V- = - 15V - + 0.0005 +.001
FS+ Power Supply +=+135Vto %FSI%
PSSlgs_ Sensitivity V- =-135Vto - 16.5V,V+ = + 15V - +.00025 +.001
V+ Power Supply 45 - 18
Vour= 0V Volts
V- Range our -18 — ~108
1+ - 5.7 8.5
V+ =+5V,V- = -15V
|- Power Supply — -13.7 -18.0 mA
1+ Current - 5.7 85
V4 =415V, V= = — 15V
|- t=A10 - -13.7 -18.0
Power V+ = +5V,V- = -15V —_ 234 312
Pp P = mw
Dissipation V4 =415V, V- = - 15V - 291 397
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12-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 to guarantee monotonicity over the
temperature range. A segmented DAC
design guarantees a more uniform step
size over the temperature range than is
normally available with trimmed 12-bit
converters. The converter features differ-
ential high compliance current outputs,
wide supply range, and a multiplying ref-
erence input.

In many converter applications, yniform
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 gyt where the new step group is
added to it, thus ensuring monotonicity in-
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dependent of segment resistor values. All
higher order segments feed 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 actualiy
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 ail 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 lg+To= Igg.
Current appears at the ‘‘true” output when
a‘““1” is applied to each logic input. As the
binary count increases, the sink current at
pin 18 increases proportionally, in the
fashion of a “positive logic” D/IA 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 lgr; do not leave an unused out-
put pin.open.

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

D/A CONVERTER WITH

+1/2LSB INL, =1 LSB DNL
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+2LSBINL, £1/2LSB DNL
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N
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rl'

¢!

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 voltages from a total supply
of 20V to 36V. When operating with V-
supplies of — 10V or less, lggr < TMA is
recommended. Low reference current
operation decreases power consumption
and increases negative compliance, refer-
ence amplifier negative common mode

range, negative logic input range, and
negative logic threshold range; consult
the various figures for guidance. For ex-
ample, operation at — 9V with Iggr=1TmA
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 [imits.

TEMPERATURE PERFORMANCE
The nonlinearity and monotonicity
specifications of the Am6012 are guaran-
teed to apply over the entire rated
operating temperature range. Full scale
output current drift is tight, typically
+ 10ppm/°C, with zero scale output cur-
rent and drift essentially negligible com-
pared to 1/2 LSB.

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

SETTLING TIME
The Am6012 is capabie of extremely fast
settling times, typically 250ns at
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lper = 1.0mA. Judicious circuit design and
careful board layout must be employed to
obtain full performance potential during
testing and application. The logic switch
design enables propagation delays of only
25ns for each of the 12 bits. Settling time
to within 1/2 LSB of the LSB is therefore
25ns, with each progressively larger bit
taking successively longer. The MSB set-
tles in 250ns, thus determining the overall
settling time of 250ns. Settling to 10-bit
accuracy requires about 90 to 130ns. The
output capacitance of the Am6012 in-
cluding the package is approximately
20pF; therefore, the output RC time con-
stant dominates settling time if R >
5009.

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

Measurement of settling time requires the
ability to accurately resolve =+ 2uA, there-
fore a 2.5kQ load is needed to provide ade-
quate drive for most oscilloscopes. At Iggg
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 iower values of
Irer:

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

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

APPLICATIONS INFORMATION

REFERENCE AMPLIFIER SETUP
The Am6012 is a muitiplying 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

lgp= 096 X 4x “REF)= 3.999 lger,

where lggp=ly4

In positive reference applications, an ex-
ternal positive reference voltage forces
current through R14 into the Vpgg4) ter-
minal (pin 14) of the reference amplifier.
Alternatively, a negative reference may be
applied to Vgep(_)at pin 15. Reference cur-
rent flows from ground through R14 into
Vger(+) @s in the positive reference case.
This negative reference connection has
the advantage of a very high impedance
presented at pin 15. The voltage at pin 14
is equal to and tracks the voltage at pin 15
due to the high gain of the internai refer-
ence amplifier. R15 (nominally. equal to
R14) is used to cancel bias current errors.
(Figure 2a)

Bipolar references may be accommodated
by offsetting Vxer or pin 15. The negative
common-mode range of the reference
amplifier is given by: Vgy_ =V~ *plus
(lgep X 3kQ) plus 1.8V. The positive
commoen-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 0.14F capacitor.

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

MULTIPLYING OPERATION

The Am6012 provides excellent multiply-
ing performance with an extremely linear
relationship between lgg and Igge over a
range of 1mA to 1xA. Monotonic operation
is maintained over a typical range of lgge
from 100xA to 1.0mA.

REFERENCE AMPLIFIER
COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications will require the
reference amplifier to Bbe 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 Cg values
should be used. If pin 14 is driven by a
high impedance such as a transistor cur-
rent source, none of the above values will
suffice and the amplifier must be heavily
compensated which will decrease overall
bandwidth and slew rate. For R14= 1k
and Cy=5pF, the reference amplifier
slews at 4mA/ms enabling a transition
from lgge =0 to lgge = 1MA in 250ns.

Operation with pulse inputs to the refer-
ence amplifier may be accommodated by
an alternate compensation scheme. This
technique provides lowest full scale tran-
sition times. An internal clamp allows
quick recovery of the reference amplifier
from a cutoff (Izgr=0) condition. Full
scale transition (0 to 1mA) occurs in
62.5ns when the equivalent impedance at
pin 14 is 8002 and Co=0. This yields a
reference slew rate of 8mA/us which is
relatively independent of Rjy and Vi
values.

LOGIC INPUTS

The Am6012 design incorporates a unique
logic input circuit which enabies 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 (Igee 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
lgee = 1MA is recommended. For inter-
facing other logic families, see block titled
“Interfacing With Various Logic Families.”
For general setup of the logic control cir-
cuit, it should be noted that pin 13 will
sink 1.1mA typical, external circuitry
should be designed to accommodate this
current (Figure 3).
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REFERENCE AMPLIFIER BIASING

= R AmB012
14
R
Vin __J:iv 14 IREF —
lo+lo=IFs
Rys=Ryq || RIN ' FOR ALL INPUT CODES
ViN ——O
I g
T Ce ;;_. 0.1 i: 2 _1:0.1 T frff‘;r ;A;)mul.um
Reference Configuration Ryq Rys Ry Cc lner 4
Positive Reference VR4 ov N/C O01uF Vg+/Ryg EB—r——
Negative Reference ov Vi N/C .01uF —Vg-/Ryy
Lo Impedance Bipolar (VR4 /R1g) + (Vin/RiN)
Reference Vs ov Vin (Note 1) (Note 2)
Hi Impedance Bipolar (VR+ = VinVRy4
Reference Ve Vin NIC (Note 1) (Note 3) .
Pulsed Reference (Note 4) Va, ov Vin No Cap (VR+/Ryg)+ (ViNRIN)
Notes:
1. The P isaf ion of the il seen at the + Vgep input and must be at least 5pF x Ry4(eq) in kQ2. For Ry4 < 8000 no capacitor is
necessary. .

For negative values of VN, VR 4 /Rq4 must be greater than — Vi Max/Ry so that the amplifier is not turned off.

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

For puised operation, Vg ;. provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less.

For optimum settling time, decouple V— with 2002 and bypass with 22uF tantulum capacitor. )

Reference current and reference resistor — there is a 1 to 4 scale factor between the reference current (Iggf) and the full scale output current (Igg). If VRgg = +10V and
Ipg =4mA, the value of the Ry4 is:

410 Volt
Rig= o= =10k Ryg=Rys

XL EAEN

Figure 2a
MINIMUM SIZE REFERENCE AMPLIFIER
COMPENSATION CAPACITOR FREQUENCY RESPONSE
lgs = 4MA, lgge = 1.0mA!
(es= REF ) ) e
. Cc=10pF
R1aeafk®) Cc(pFy S ,
10 50 'g
25 0

g 10 3 LARGE SIGNAL =50% gj o
& _2|MODULATION OF 4mA {14411 |
1 5 E FULL SCALE CURRENT. =N

5 0 3 -apH
< SMALL SIGNAL = 1% h——

— 6 [MODULATION OF 2mA
FULL SCALE CURRENT|
el LI 1 11T Th
01 0.1 1.0 10
Note: A 0.014F is for fixed ref i FREQUENCY, MHz
Figure 2b

4-35



LINEAR LS| PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012

-

INTERFACING CIRCUITS FOR ECL, CMOS, HTL LOGIC INPUTS

CMOS, HTL ECL
T +15V L
3; 470 :: 13k0
$
“A» 2N3904 upr -.-—-—Kznsm
2N3904 ! 2N3904
3K 3k
. > TOPIN 13
3;2““" ANA—$—O ;?c"'" 13 3 39ka VWA Vi
$ S 6.2k
$ st 3
pe ) G

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

VRep(+) Rrer |,

= R15
15
VRer( - ) O———AA——

Vags(-) NOTE:
Am6012 R X4 Rrer SETS Igs; R15 1S FOR A

BIAS CURRENT CANCELLATION.

Irs

RECOMMENDED FULL-SCALE

ADJUSTMENT CIRCUIT
VRer(+) Rrer 4 LOW T.C.
Rper = msoﬂ:{;———— ‘ Vrer 4.5k 44 |

+5.000V

(OPTIONAL) 45
VNP O—AMN—f

HIGH INPUT
IMPEDANCE

IRer(+)
=1mA 15

Am6012

39k

10kQ 1 APPROX.

Vger{+) MUST BE ABOVE PEAK POSITIVE SWING OF Viy POT y 5k0
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LINEAR LSI PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012

APPLICATION CIRCUITS

Am6012 LOGIC INPUTS
5,000k0 2.000mA
‘VAVAV
RoFF
Ra Ry
AAA AAA
| Wy VWA
R1q ° f
10k -~——
v A VREF(+) lo a c -
Am6012 NES35 — Vout
VREF(-) lo b d +
ok
L By B1z
[ Rz
OPTIONAL
(SEE CODE TABLE)
_ Vrer MSB LsB = =
R14=7omA
_ VRer
RoFF = 75mA
Code Format Connections Output Scale msg LBl |l |y
P Bt B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12|(mA) |(mA) | OUT
Straight binary; one a-c Positive full scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999f .000} 99976
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
L code, true zero output. | R1=R2=2.5K | Zero scale o 0 o 0 o0 O O O O 0 0 O .000{3999] .0000
. Complementary binary; a-g Positive full scale 0 0 0 0 0 0 0 0 0 0 0 0 .000( 3.999| 9.9976
one polarity with b-c Positive full scale — LSB | 0 0 0 0 0 0 0 0 0 0 0 1 .001(3.998| 9.9951
complementary input R1=R2=25K | Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999( .000 .0000)
code, true zero output.
Straight offset binary; ac Positive full scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999| .000| 9.9976
offset half scale, b-d Positive full scale — LSB | 1 1 1 1 1 1 1 1 1 1 1 0 |3998| .001| 9.9927|
symmetrical about zero, f-g (+) Zero scale 1 0 0 [¢] 0 0 0 0 0 0 0 0 2.000{ 1.999 .0024]
no true zero output. R1=R3=2.5K [(—) Zero scaie 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 o] 0 0 0 1 001 3.998 |~ 9.9927
Symmetrical Negative full scale o 0 0 0 0 0 0 0 0 0 0 0 | .000f3999/ 9997
Offset [ 1's complement; offset ac Positive full scale o 1 1 1 1 1 1 1 1 1 1 1 |399] .000| 9.9976
half scale, symmetrical b-d Positive full scale — LSB | 0 1 1 1 1 1 1 1 1 1 1 0 |3998| .001}| 99927
about zero, no true zero f-g (+) Zero scale 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 [} 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 eac 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 0 1 1 1 1 1 1 1 1 1 1 1 1.999 | 2.000 | - .0049
Negative full scale + LSB 0 0 0 0 0 0 0 ] 0 0 [} 1 .001]3.998 |- 9.9951
Offset with Negative full scale 0 0 0 0 0 0 0 0O 0 O0 0 0 | .000|3.999 | 10000
True Zero [5's complement; offset e-a-c Positive full scale 0 1 1 1 1 1 1 1 1 1 1 1 |3.999| .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 3998 .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 0o 0 o0 o0 0 0 [ 0 0 0 0 |[2000]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 1 .0013.998 |-9.9951
Negative full scale 1 0 0 0 0 0 0 0 0 0 [ [ .000 | 3.999 I 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 LSI PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Amé012

APPLICATION CIRCUITS

CRT DISPLAY DRIVER

T +120VDC

AAA.
VWV

80V COMMON

AAA
VWA

<
<
<

AAA

WA

MODE LEVEL

“X” INPUT “y" INPUT
Ame012 Am6012
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 ' > DATA OUT 1.25
o—-dE S cC DO
2504 SAR D 1.00
CLOCK O———{CP 541 (NAT'L, AMD) 00 WORST CASE)\
@ AmB012
$—O LSB 9 with \
V1 —o > ors NES529
g - Am6012
+15V —0 £ with
-0 g 050 — yEs20 —\
0 < (TYP \
o} Vrer  ANALOG IN \
g {0-10V) 0.25
o
+10V —OMSB 10 Meg.Q 2.5k
REF s 0.00
> ¢ -8 100 200 300 400 500 600 700 800
> % % NE529 CONVERSION TIME PER TRIAL, ns
CONVERSION TYP WORST
TIME (ns) CASE
SAR 33 55
NE529 100 150
= - T Vo) T o) = = TOTAL 383ns | 705ns
x 13 5.0us 9.1us
Figure 6
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LINEAR LS| PRODUCTS

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012

APPLICATION CIRCUITS
INTERFACE WITH 8-BIT MICROFPROCESSOR BUS
OE
7 MmsB
6
5
a
1P Ls373
BUS 3 6012
2
1
0
E2
Ey ——y
Ep LsB
Lt D2a Qaa D3s Q38

Dza O Dz 1/21.8100 Oze

b 2S00 o o A \/

Doa Qoa Dos Qop

Ea

TIMING SEQUENCE
E I l
Ez J l

DBO-3 DB4-11

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

Figure 7
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

FORMERLY: NE5007/5008-F,N

SES008-F
DESCRIPTION FEATURES ORDERING INFORMATION
The DAC-08 series of 8bit monolithic ~* Fast settling output current—70ns RELATIVE
muiltiplying Digital-to-Analog Converters ~ ® Full scale current prematched to +1LSB ACCURACY 0t070°C '-55t0125°C
provide very high speed performance cou- . z'lltic:?il;tce)rs'ace to TTL, CMOS, ECL, 0.39% FS DAG-08CN
pled with low cost and outstanding applica- | . DAC-08CF
tions flexibility. ¢ Relative accuracy to 0.1% maximum over 0.19% FS DAC-08EN
. o
Advanced circuit design achieves 70ns set- temperature range
tling times with very low glitch and at low * High output compliance —10V to +18V DAC-08EF  DAC-08F
) ) tioving ° True and complemented outputs DAC-08ED
power consurnptlon‘. Monotonic .mu iplying o Wide range multiplying capability 01% FS DAC-08HF DAC-08AF
performance is attained over a wide 20101 oy W FS current drift—+10ppm/°C DAC-08HN
reference current range. Matching to within 1 | Wide power supply range—+4.5V to 18V
LsB between reference and full scale our o) 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 Wavetorm generators
increasing versatility and enabling differential e Audio encogders and attenuators VLE KN €] comp
operation to effectively double the peak-to- e Analog meter drivers o 2] [15] VREF-
peak output swing. True high voltage com- e Programmable power supplies v- [3] 73] VREF +
pliance outputs allow direct output voltage e CRT display drivers lo [7] 73] v+
conversion and eliminate output op amps in e High speed modems
many applications. * Other applications where low cost, high 8y(Msp) [5] 2] Ba(ts8)
i - B
All DAC-08 series models guarantee full 8-bit ‘siﬁfe:raenics:::::’lete input/output versa 2 [ ) :7
monotonicity and linearities as tight as 0.1% Y q . 8y (7] 0] Be
over the entire operating temperature range  ° Programma_ble 9""_3"" attentuation By [8 N
are available. Device performance is essen- ° Analog-Digital Multiplication
tially unchanged over the +4.5V to +18v ° Stepping motor drive
power supply range, with 37mW power con- ToP VIEW
sumption attainable at + 5V supplies. ORDER NUMBER
The compact size and low power consump- g:g-g::r— gggg&g:
tion make the DAC-08 attractive for portable DAC-08HF,N NES009F.N
and military aerospace applications. DAC-08CF,N NES007F,N
D® PACKAGE
DAC-08 ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT v+ O ] Bse)
Veera) [2] 15 8,
Power Supply Voltage, V+ to V-~ 36 \% v
VsVip Digital Input Voltage V= to V- plus 36V rert) [3] 4] 86
Vic Logic Threshold Control V-toV+ compeN [4] 73] B85
Vo Applied Output Voltage V- to +18 \ Vie [5] [17] 84
lyg Reference Current 5.0 mA % 3] E s
Via Vis Reference Amplifier Inputs Vge to Vg 3
Pp Power Dissipation (Package Limitation) v- [T 0] 8,
Ceramic Package 1000 mwW 1o [&] 9] B4(MSB)
Plastic Package 800 mw
Lead Soldering Temperature (60 sec) 300 °C
Ta Operating Temperature Range TOPVIEW
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 LSl PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES

BLOCK DIAGRAM

msB Lse
V+ Vic By By By By Bg Bg By
139 19 59 e 79 8¢ 99 10 19 12
L ] ] ] |

BIAS 4= lout
e | T
14 swircnes [opb [ 248 [0 81848 1848 (443 (8,3 (48 [o= oot
VREF(+)
VRer(=)193] :E
REFERENCE 7
AMPLIFIER
18 3
coMP. V-
TEST CIRCUIT
col
togic” Sl

REFERENCE DAC
ACCURACY >0.006%

Figure 1. Relative Accuracy Test Circuit
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LINEAR LS! PRODUCTS

8-BIT MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TEST CIRCUITS (Cont'd)

v'-.i: 3

] L
EE Vge  (SEETEXT FORVALUESOF C)

0.1uF cc 2.4V [__—-___X 1av
o .
13 20v in 0.4V _]
= +2.0Vde
tpHL = tpLH = 10ns
.—o.r 14 1.0K 1.0V USE R|_to GND
AAA FOR TURN OFF
15 L otur SETTLING TIME MEASUREMENT
1 10K € R‘_I ' R,_=5000
9] DAC-08 z::l b: FOR SETTLING TIME
. T T MEASUREMENT 0 N 2
10 4o = oo, (ALL BITS Al
[ 18 ®  SWITCHED LOW tg = 70ns TYPICAL
oin 12 I TO HIGH). TO = 12LSB
51 15pF == Co < 25pF | ]
0F 3 l A AR TRANSIENT © P
RESPONSE
_L__'“—_: 1 200 + PIN 4 TO GND
=T Vee ™ | =~ ten —{ [~ tPHL
Figure 2. Transient Response and Settling Time
Vee
3 I Vi 0
1K
s Ryq=2000 R
s ", —— o~
7 15 M
%] T———j "-!-"
Y DAC-08 , =
p———O—
10 4
1
Al % open
12 10% o
SCOPE a tav 90%
dt R dt ———— 20mA
3 | o—
SLEWING TIME
Vee - -
Figure 3. Reference Current Slew Rate Measurement
Vee
lec TYPICAL VALUES Ryq = Ryg = 1K
| VREF = +2.0V
13 C=15pF V) AND I) APPLY TO INPUTS Ay THROUGH Ag
[ IJ.‘.. Rya
Ayo AL] VREF (+)
] THE AESISTOR TIED TO PIN 15 1S TO TEMPERATURE COMPENSATE THE
Az 0~
27 15— s BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS.
Az 0— —0——-—%——1
8 1 Rys —
Agq 0— i =
DIGITAL A As A As A Ay A
INPUTS | Ago DAC-08 z:_ lo=K {—2!*'43"73*!—:*3:’::*1213‘2?:}
10
Ago— = v
80 ] 11 4 O?JTPUT
azol o v
12 16 o where K = -REF
L — R 14
(+)ty :L ¢ L

and Ay =“1" IF Ay IS AT HIGH LEVEL
Ap=“0" IF Ay IS AT LOW LEVEL

Figure 4. Notation Definitions
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LINEAR LSI PRODUCTS

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, lgge = 2.0mA, Output characteristics refer to both IOUT and IOUT unless
otherwise noted. DAC-08C, E, H: T4=0°C to 70°C. DAC-08/08A: Tpo= —55°C to 125°C.

DAC-08C DAC-08E DAC-08H
PARAMETER TEST CONDITIONS DAC-08 DAC-08A UNIT
Min | Typ | Max | Min| Typ | Max | Min| Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity* 8 8 8 8 8 8 8 8 8 Bits
Relative accuracy ~ Over temperature range +0.39 +0.19 +0.1]| %Fs
Differential nonlinearity +0.39 +0.19 +0.19] %FS
tg Settling time Tox1/2 LSB, all bits 70 135 70 135 70 135 ns
switched on or off, Tp=0°C
Propagation delay ns
t Low-to-high Ta=25°C, each bit.
PLH
tpL High-to-low All bits switched % | 60 i 3 | 60
TClgg - | Fuil scale tempco 10 +10 +10 |+50 | ppm/°C
VOC Output voltage Full scale current change -10 +18 | -10 +18 | -10 +18 \
compliance <, LSB
'FSA Full scale current VREF=10.000V, 194 | 199 | 204 | 1.94]| 199 | 2.04 | 1.984| 1.992 | 2.000 mA
Ry4, Ry5=5.000k (),
| Full scale - +20 | 216 +1.0 | 8.0 +1.0 |+4.0 MA
FSS | 1
symmetry FS47'FS2
Izs Zero scale curfent 0.2 4.0 0.2 2.0 0.2 1.0 UA
Rq4 Ry5=5.000kQ
lesr Full scaleoutput |Vgge= +15.0V, V- = — 10V| 2.1 2.1 2.1 mA
current range Vgee= +26.0V, V- = —12v | 4.2 4.2 4.2
Logic input levels . \
" Low 0.8 08 0.8
L =
Vig High Vic=ov 20 20 2.0
Logic input current | V| c=0V A
I“_ Low VIN=-10V to +0.8V -20 | -10 -20 | -10 -20 | -10
‘IH 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 \
Viyr  |Logic threshoid Vg=t15V -10 +13.5] -10 +13.5| -10 +13.5 v
range
lys Reference bias -1.0 | -3.0 -1.0 | -3.0 -1.0 | -3.0 A
current
di/dt Reference input 40 | 80 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
PSS! FS- Negative V-=-4.5 to -5.5V, V+=+15V, 0.002 | 0.01 0.002 | 0.01 0.002 | 0.01
V-=-13.5 t0 -16.5, V+=+15V
Powersupply current mA
I+ Positive _ _ 3.1 38 3.1 3.8 3.1 38
I- Negative Vs=+5V, IREF=1.0mA 43 | 58 43 | -58 43 | 58
I+ Positive - _ 31| 38 3.1 3.8 3.1 38
I- Negative Vg=rsV, -15V, IpgF=2.0mA -71|-78 -71 | -7.8 -71 | -78
[ Positive _ _ 3.2 3.8 3.2 3.8 3.2 3.8
- Negative Vg=*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, IREF=2.0mA 122 136 122 136 122 136
£15V, Iggp=2.0mA 156 | 174 156 | 174 156 | 174
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT CURRENT vs OUTPUT
VOLTAGE (OUTPUT
VOLTAGE COMPLIANCE)

FAST PULSED

REFERENCE OPERATION

TRUE AND COMPLEMENTARY

OUTPUT OPERATION

and applied thru 50Q connected to pin 14.
+2.0V applied to Rq4.

ALL BITS ON
3.2 R
TAa=Tmin TO Tmax 2.5V
F 2.8 | | | VIN
E 24 } 0.5V
5 qolVo S D18V Vo= -8y 'REF =2mA : — omA 1607
g | -05mA 5 N N
£ e } lour \ / +oma Sy
5 12 IREF = 1MA -25mA \ V% .
g os{f - A N
3 T T 2.0mA lout
0.4 IRgF =0.2mA
res o 7 200ns/divisi
-14 -10 -8 ~20 10 18 ns/division
OUTPUT VOLTAGE (V) Rgq= 2000,RL = 1002, CC=0 (00000000) (1
FULL SCALE SETTLING TIME LSB SWITCHING FULL SCALE CURRENT vs
REFERENCE CURRENT
ALL BITS SWITCHED ON
24V ’t e e |
50 —T—T—T T
0.4V - TA=Te: TOT LIMITFOR ]
< - = - 4
OUTPUT -7 LS8 BITs 24V E A Bl —v - = - 18V ZP—
SETTLING +%LSB LOGIC ] £ 40
INPUT g.4v Igl‘l
ov g 3.0
8.A o
lout / =
0 2 20
5 LIMIT FO!
50ns/DIVISION c': 1o V-=-5V
Ipg =2mA, R =1k ¥%2LSB = 4,A S0ns/division @
% 1.0 20 30 40 50
IREF — REFERENCE CURRENT (mA)
LSB PROPAGATION DELAY REFERENCE INPUT
vs IFS FREQUENCY RESPONSE
6
4
& 2
£00 . E
. I 5 0 0
=
> 400 m % - 4f—Rqg=Ry5=1k0 N 1
£ il S _eLRu=soon I3 2]
r 1l > CLL snosv “ON M
300 = _g—VRis=
z A < \
< w -10
= 200 N \[\
It}
K -1
s /] 01 02 05 10 20 50 10
< "1isB=78nA 1LSB =7.8,A FREQUENCY (MHz)
o:DImm l I Curve 1: CC=15pF, V|\=2.0V p-p centered at
8538 833 323 3¢ +1.0V.
Curve 2. CC=15pF, V)=50mV p-p centered at
Ips — OUTPUT FULL SCALE CURRENT (mA} +200mV.
Curve 3: CC = 0pF; V| =100mV p-p centered at OV
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)’

REFERENCE AMP COMMON LOGIC INPUT CURRENT vs
MODE RANGE INPUT VOLTAGE VTH - Vic vs TEMPERATURE
.2 ALL BITS ON
’ Ta=Tmin TO Tpax _80 20
g 28 g 18
iy 1] 3. 3
E T Vo=-15V Vo= -5V | V4 =415V g g 14 g
g 20 | IREF = 2mA E g2 ™
g 16 REF_I a0 T 1.0 S
=12 2 Eos
5 1 : = s
5 o8 { IREF = 1MA [—— o 20 :
° : 5 0.4
0.4 IREF = 0.2mA —— o 02
[ P v e vl - :
~14-10 -6 -20 2 6 10 14 18 -12 -8 -4 0 4 8 12 16 i ] 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+
20 14 8
111 T 3 ALL BITS HIGH OR LOW
s 2 12 LT I £ L
£, E | |IRgF = 2.0mA B, % s
<] z 10 «
2 8 u £ 5
3 x 08 8
g 4 S Il > 4
5 2o I B g
0 =4 1 2| T 3 -
£ 2 04 L L 2 "
3 -4 3 hv-=-wsvl Il B3 g ?
- oafyey- - HEEET, 5
-12 ol LT T NI Bs & 9
Z50 0 50 100 150 -12 -8 -4 0 4 8 12 18 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 B, have identical transfer characteristics.
Bits are fully switched, with less than ', LSB error, at
less than £100mV from actual threshold. These switch-
ing points are guaranteed to lie between 0.8 and 2.0
volts over the operating temperature range (VLC =

0.0v).
MAXIMUM REFERENCE INPUT
POWER SUPPLY CURRENT FREQUENCY VS. COMPENSATION
POWER SUPPLY CURRENT vs V- vs TEMPERATURE CAPACITOR VALUE
N _ 8 10,000 et
s BITSMAY BE HIGHOR LOW] | s ALL BITS HIGH OR LOW
£ I- WITH Iggg = 2mA f— 7 Vo= —isv 1=
Zz & $ s o | z g  co—
g . F1T T 11 | E IREF = 20mA
3 . |- WITH Ingg = ImA 3 : 1,000 -1 e
g . I~ WITH IggF =0.2mA 7 § e z T i
Y —~ g 3 V4 = +15V 1+ <
g 2 — g ® : i
& NS I+ & w Hé .
H z 1 100 |- £ ==
a a 9
%0 Tan e -1z -1 2 “so 0 50 100 150
V- — NEGATIVE POWER SUPPLY (Vdc) TEMPERATURE (°C)
10
1 10 100 1,000
Cc (pF)

N
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL APPLICATION
PULSED REFERENCE OPERATION
+VREF
% [OPTIONAL RESISTOR
4. | FOR OFFsET
RIN YRRer |
ovd L :i?o—g
Rp f
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 Ve or ground, but us-
ing Vge increases negative supply rejec-
tion. (Fluctuations in the negative supply
have more effect on accuracy than do any
changes in the positive supply.)

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

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

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

Output Voltage Range

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

Output Current Range

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

Accuracy

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

output current. However, the DAC08
serles has a very low full scale current
drift over the operating temperature range.

The DACO08 serles 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 65,536, or +0.00076%,
which is much. more accurate than the
+0.19% specification of the DACO08
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 = INB263 or equivaient Vg+ = +15V
D3 = IN914 or equivaient Q

Ci1 =001t v

C2, C3=0.1ut IN

Q1 = 2N3804 or equivalent _E‘O l C3
C4, Cs = 15pf and includes all — I

probe and fixturing capacitance -

Rqq= 5k 01112 13
VREF = 10V O—WA— 14 \
iREF = 2mA out
15 2
16 3 V4
Ryg =5k 5
5= ¢ | ¢
H—ii
-t
Ovg-=-15v =

BASIC DAC-08 CONFIGURATION

MSB2 3 45 867
o* VReF
RReF l'neF
586 7 8 9 101112
(LOW T.C) 14
-08
s DAC:
3 16 13
V- l—] V+
i 0.1 :COMP 0.1,4F
I 14 I u
V) ~
IFs o LRet 255 ;1o + To = Irs for all logic states
Rper | 256

RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST

VREF

Ry

R3

ul'»—-

Ri=low T.C.
R3=R; +R2
R2 = 0.1 R1 to minimize
pot. contribution to full scale drift Rg =20kQ
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT

5kQ (LOWT.C)

L_oVour=
070 +10V

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT

a) Positive Output

5kQ 3 5kQ

V=10V

oVour

—oVout

4\
IR=2mA__ DAC-08
o——1a

b) Negative Output

Ig=2mA

—

O

Vour

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY)

ivng

1ok
>
Ig=2mA 4 3 10ka
—_—— <
o™ DAC-08
A/
2 out
Vour
CODE CHART
B1 8 B3 By B Bg By By Vour Vour
POS tull scale 11 1 1 1 111 -9.920v +10.000
POS fs. - 1L.8B 11t 11 11 10 -9.840V +9.920
+ Zero scale + 1LSB t 00 0 00 0 1 -0.080V +0.160
Zero scale 1 0 0 0 0 0 0O 0.000 +0.080
Zero scale - 1LSB o 1t 1t 1 1 1 1 1 0.080 0.000
Neg fuil scale - 1LSB 0 0 0 0 0 0 0 1 +9.920 -9.840
Neg full scale 0 0 0 0 0 0 0 0 +10.000 -9.920
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

3 DIGIT BCD CONVERTER
SYMMETRICAL OFFSET BINARY (BIPOLAR) A 3 digit BCD converter, using inexpensive
1 8-bit binary DACs, can achieve +0.1% accu-
AV~ racy. The circuit shown in Figure 20 utilizes
} three DACs, one for each decade, to provide
Ig=2mA N\ - 0 to 999 output steps. DAC 1 contains the
O—{ta first four significant digits controlling the
DAc-08 © hundreds digit; DAC 2 controls the tens
2 + digit and DAC 3 steps 0 to 9. The feedback
Ry 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
Vour =0toxv* code 100110011001.
*V *Range: Full scale adjustment procedure.
+5V for Ry = Rz = 2.5K ) .
+10V for Ry = Rz = 50K In the sequence below, switch on the follow-
ing code combinations and adjust the indi-
cated potentiometer for the proper output.
3 DIGIT BCD CONVERTER WITH £0.1% ACCURACY
v“‘g'wv INPUT CODE_ | ppyusT | DESIRED
MSD | LSD POT ouTPUT
000000000000 R7 0.000V
Ry Ra 000000001001 R3 0.09V
VA—— MW 000010011001 R2 0.99V
} 100110011001 Ry 9.99V
1K 45K
Rggk=0.1%
a A VWA—
4'3.' A_Af.' +18V
10K 45K h
NES31 —0 Vout
= L“. 0.014F .
6 = Ry
+15V - 15V
orm - 15V
Saw s
A R T T T T
v PRRNPETE
| 15 DAC-08C =
100K 450K |
1 13 16 3 4
= 0.01,F
+15V — 18V
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8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

DESCRIPTION

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

FEATURES

* Fast settling time— 70ns (typ)

* Relative accuracy :0.19% (max error)
¢ Non-inverting digital inputs are TTL and
CMOS compatible

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

¢ Output voltage swing +.5V to -5.0V

* Standard supply voltages + 5.0V and
-5.0V to -15V

Military qualifications pending

APPLICATIONS

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

Sample and hold

Peak detector

Programmable gain and attenuation
CRT character generation

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

Digital addition and subtraction
Speech compression and expansion
Stepping motor drive

Modems

Servo motor and pen drivers

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 T4 = +25°C unless otherwise specified

PIN CONFIGURATION

F,N PACKAGE
Ne [T] [15] COMPEN
GND 7] 5] VRer(-)
Vee [3] [72] VRgr(+)
o [4] (3] vee
msB) Ay [5] [72] Ag (LSB)
Az (5] 1] A7
A3 7] 0] Ag
Aq[E] (9] As
TOP VIEW
ORDER NUMBERS
MC15088F  MC1408-7N
MC1408-7F
D® PACKAGE
v+ [T} [76] Ag(LSB)
Vrer(+) [2] [15] A7
Vrer(-) [3] [14] Ag
compeN [4] [13] As
ne [5] [12] Aq
GND E [11] A3
v- [T} 10] Ay
o % A4 (MSB)
TOP VIEW
ORDER NUMBER
MC 1408-80

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 \
Vs-Vy, Digital Input Voltage 0to Vge \
Vo Applied Output Voltage ~-52to +18 \
lia Reference Current 5.0 mA
Via, Vis  Reference Amplifier Inputs Vee to Vee
Pp Power Dissipation (Package Limitation)
Ceramic Package 1000 mw
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 -65to +150 °C

MSB Ls8
Ay Ay Az Ay As Ag A7 Ag

fs %6 f7 §8 o 10 f1 1
<o
CURRENT SWITCHES 4
IITTIITT] i
BIAS
R-2R LADDER 2
vm[_____lj lﬂ?zr_fj‘auo
(+)
14 REFERENCE [ '®
15 o CURRENT cc
(=) AMPLIFIER |
VRer t -vumptu
c
Vegd 3
———

NPN CURRENT SOURCE PAIR
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LINEAR LSI PRODUCTS

8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

DC ELECTRICAL CHARACTERISTICS!

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

Veo = +5.0Vdc, Vee = -15Vde, Yt = 20mA
unless otherwise specified. 4
MC1508: Ta =-55°C to 125°C. MC1408: Ta=0°Cto75°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? To within 1/2LSB, 70 70 70 ns
includes t'PLH,
T'A = +25°C,
Figure 4
Propagation delay ns
time h o
tPLH Low-to-hig 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 2.0 2.0 20
ViL Low 0.8 0.8 0.8
Digital input Figure 5 mA
current (MSB)
IiH High ViH = 5.0V 0 0.04 0 0.04 0 0.04
I Low ViL = 0.8V -0.4 -0.8 -0.4 -0.8 -0.4 -0.8
l15 Reference input |Pin 15, Figure 5 -1.0 ~-50 -1.0 ~5.0 -1.0 -50 uA
bias current
loR Output current Figure 5 mA
range
9 Ve = 5.0V 0] 20 | 21 0o | 20 2.1 o | 20 2.1
VEe =-7.0V to 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2
-15V
lo Output current Figure §
Vret = 2.000V, 19| 1.99 21 19 | 1.99 2.1 1.9 1.99 2.1 mA
R14 = 10000
lomin)  Off-state All bits low 0 4.0 0 4.0 0 4.0 Pry
Vo Output voltage | Er<0.19% at Vdc
compliance Ta=+25°C,
Figure 5
VeE = -5V -0.8, 1,955,405 =0.6, 1055405 -0.6, 055,405
+10 +10 +10
-55 -55 -5.5,
3 - ! . ' 1-5.0,+0. -5.0,+0.5
Veg below -10V +10 l-5.0,+0.5 +10 5.0,+0.5 +10 5
SRlref Reference current|Figure 6 8.0 8.0 8.0 mA/us
slew rate
PSRR(-)Output current  [lref = TMA 0.5 2.7 0.5 2.7 0.5 2.7 wAN
power supply
sensitivity
Power supply mA
current
Icc Positive All bits low, +25 +22 +25 +22 +25 +22
lee Negative Figure § -6.5 -13 -6.5 -13 -65 -13
Power supply Vdc
voltage range
Vcer Positive Ta =+25°C, +45| +5.0 +5.5 +4.5 | +5.0 +5.5 +4.5 | +5.0 +5.5
VEER Negative Figure 5 -4.5 -15 -16.5 -4.5 -15 -16.5 -4.5 -15 -16.5
Po Power dissipation| All bits low, W
Figure 5
Vee = -5.0vdc 34 170 34 170 34 170
Veg = -15Vdc 10 305 110 305 110 305
NOTES: ’

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

MC1508-8/1408-8/1408-7

TYPICAL PERFORMANCE

CHARACTERISTICS
D-to-A TRANSFER CHARACTERISTICS

<
E
; 0
i ™~
@
<
310
5 ™~
a ~
5
o 20
K

(00000000) INPUT DIGITAL WORD (11111111)

FUNCTIONAL DESCRIPTION

Reference Amplifier Drive
and Compensation

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

Connections for a positive reference voltage
are shown in Figure 1. The reference voltage
source supplies the full reference current. For
bipolar reference signals, as in the multiply-
ing mode, R;s can be tied to a negative
voltage corresponding to the minimum input
level. Rys 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 Vg increases
negative supply rejection. (Fluctuations in
the negative supply have more effect on
accuracy than do any changes in the
positive supply).

A negative reference voltage may be used
if Ry is grounded and the reference
voltage is applied to Ry 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 Vg supply. Bipolar
input signals may be handled by connect-
ing Ry, 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 currént 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 +1/2 LSB at +25°Cat a
full scale output current of 1.99mA. The
relative accuracy test circuit is shown in
Figure 3. The 12-bit converter is calibrated
to a full scale output current of 1.99219mA;
then the MC1508/MC1408's full scale cur-
rent is trimmed to the same value with Ry,
so that a zero value appears at the error
amplifier output. The counter is activated
and the error band may be displayed on
the oscilloscope, detected by com-
parators, or stored in a peak detector.

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

Monotonicity

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

Settling Time

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

Extra care must be taken in board layout
since this usually is the dominant factor in
satisfactory test results when measuring settl-
ing time. Short leads, 100uF supply bypass-
ing for low frequencies, minimum scope lead
length, good ground planes, and avoidance of
ground loops are all mandatory.
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8-BIT MULTIPLYING D/A CONVERTER MC41508-8/1408-8/1408-7

TEST CIRCUITS
Vee Vee
1
5 l“ Ria=Ris 5 l s Ryg=Ryg
Ay 0— Ay 0—
! (] 14 P14 6 14 Riq
Ay 0— -—0——4&:——0 (+)VReg T4 A 0— __o__bj
L4 15 7 15 =
A3 0— Az o— 00— AMWA—————@ () VpgF
8 1 Ris 8 1 Rys r
Aq 0— = Ago—
o MC1508 2 . MC1508 X
AgO MC1408 A Ago— MC1408
10 4 = L 10 a = R
AgO— —*—‘-———“—‘W“l Ag 0— r—O—.—_—o—M/v—_L
1 18 lo - L 1 16 o L
A7 O— = A7 0o—
12 SEE TEXT FOR VALUES OF C. 12 SEE TEXT FOR VALUES OF C.
Ae o] c ha c
Vee Ve
Figure 1. Positive Vpgr Figure 2. Negative Vper

]
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8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)

Figura 4. Transient Response and Settiing Time

MSB
" T
—————o0—]A;
N 12817
3 DTOA
—————0— As  CONVERTER [0~ °TO +10VOUTPUT
—————o0—As (£0.02%
g ERRORMAX)
—o—{A7 5K :E
A8 A9 Ao A1q Ar )
LSB
50K
VRer = 2V C.1.F .
100 =
950 v ERROR (1V = 1%)
R cc
" % NE530
msB 14 13
L o :
7
L o L
—o MC1508 4
8817 9 MC1408 —o—
COUNTER [~© —o0]
- o]
o 11
12
LS8 )
16 10}- 3 it 1i
= VEe
Figure 3. Relative Accuracy
v
0.14F cc 2.4V !—_——__\ v
E——{ LY K
= +2.0Vde 0.4V 4 S
- ; t t 10ns
—o a4 10K LoV PHL=PLH= USE R__to GND
~AVA- . FOR TURN OFF
VA | 1 014F SETTLING TIME MEASUREMENT
o1 mcisos [3 10k] 3R, FORSETTLING TIME A= s000
’ MC1408 [2o—d. =S T MEASUREMENT 0 2
10 4 = o T T
-0 o, (ALLBITS
4ol 18 SWITCHED LOW tg = 70ns TYPICAL
®in 12 l TO HIGH). TO x1/2LSB
51 18pF == Co s 25pF ° |
g ] e
=100 1 piN 470 aND
== T h =
- Vee mV | |~ tpLH —~tphL
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8-BIT MULTIPLYING D/A CONVERTER

MC41508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)

Vee
lcc

|

13

MC1508

TYPICAL VALUES Ry = Ryg = 1K
VREF= +2.0V
C=15pF
114
«— PR
14 VReF (+)
15_——hs
1 Ris =

DIGITAL 9 MC1408

INPUTS | Aso

S

v._i_ 3

lee ! ¢
(SEETEXT FOR VALUES OF C))

Vj AND |} APPLY TO INPUTS Aq THROUGH Ag

THE RESISTOR TIED TO PIN 15 1S TO TEMPERATURE COMPENSATE THE
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS.

Az A3 Aq A5 Ag
K { A1, A2 A3 Ag A5 R Ag
lo= {z*n*e*n"az [ "

A/
where K = :_EF

14

and Ay =“1” IF Ay IS AT HIGH LEVEL
Apn=*0" IF Ay IS AT LOW LEVEL

)

Figure 6. Reference Current Slew Rate Measurement

VEe
Figure 5. Notation Definitions
Vee

q

013
]
] 14 1k

vV, 2v
7 18 (M. “f_.f—l_. 0
1
>——°:—J MC1508 ® =
MC1408 2
10 4 =
1" 16
12 10% []
o d_1av 20%
SCOPE Cu %
18 pF R =60 dt R dt 2.0mA
a — -—
b SLEWING TIME

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

DESCRIPTION APPLICATIONS PIN CONFIGURATION
The MC3410 series are 10-Bit Multiplying e Suc ive approximation A/D F PACKAGES
Digital-to-Analog Converters. They are converters .
capable of high-speed performance, and e High-speed, automatic test equipment vee [7] 18] Vaer
are used as general-purpose building e High-speed modems GND [2] [15] Vrer -
blocks in cost-effective D/A systems. . Wavof:)ml\ generators outpPuT [3] 73] Ve
: . ; ; RT displays
The Signetics’ design provides complete  * ¢ by MsB) [T [73] 010 (LSB)
10-bit accuracy without laser trimming, © Strip CHART and X.Y plotters ! b E g
and guaranteed monotonicity over temper- * Programmable power supplies 2 [72] 00
ature. Segmented current sources, in con- ° Programmable gain and attenuation 03 [€] [11] 0
junction with an R/2R DAC provides the 04[] (70 0
binary weighted currents. The output buf- 0s (7] ;'9]0,
fer amplifier and voltage reference have
been omitted to allow greater speed, lower TOP VIEW
cost, and maximum user flexibility. ORDER NUMBERS
MC3410F MC3410CF MC3510F
FEATURES ABSOLUTE MAXIMUM RATINGS T,= +25°C unless otherwise noted
“s 10-bit resolution and accuracy (+0.05%) SYMBOL AND PARAMETER RATING UNIT
* Guaranteed monotonicity over Voo Power Supply +70 vdc
temperature v 18 vd
¢ Fast settling time—250ns typical EE . - c
« Digital input TTL and CMOS v, Digital Input Voltage +15 Vdc
‘gita r’;‘l’" s are T1L an Vo Applied Output Voltage 0.5, -5.0 vdc
. cw(;:pa It °t It i ran lrere) Reference Current 25 mA
. Hi :ou p:; vo| ?gle.corpp a‘ncle a gte VRer Reference Amplifier Inputs Vee Vee Vdc
'go'sz’e multiplying input slew rate Veerp) Reference Amplifier Differential Inputs 0.7 Vdc
. ;' MAlkS sifier internall Ta Operating Temperature Range
el erence‘ar:pt ier internally MC3510 _55t0 +125 o
. §°'“';’":‘ e v volt sV and MC3410, 3410C 0to +70 °C
':gvar supply voitages +5V an T, Junction Temperature
- Ceramic Package +175 °C
Plastic Package + 150 °C
BLOCK DIAGRAM
mMsB LS8
Dy D2 D3 Dy Ds Dg D7 Dg Dg D1
Ta Ts Ts Tr Ta Ts TanTuTm o
L 3o
CURRENT SWITCHES
-
IBREEEEENN
LADDER TERMINATORS
R-2R LADDER e
16
VReF(+) O— -
15
VRer(-)0— | ems
CIRCUITRY
REFERENCE 14
CURRENT —o Ve
AMPLIFIER
<L1 (Lz
VEe GND
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LINEAR LS| PRODUCTS

40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3440, MC3510, MC3410C

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

R16

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

MC3510, MC3410 Mc3410C
SYMBOL AND PARAMETER TEST CONDITIONS - UNIT
Min Typ Max Min Typ Max
Relative accuracy (Error . +0.05 +0.1 %
E, . Ta=25°C
relative to full scale lg) 1/4 1/2 LSB
Relative accuracy drift
. . /°C
TCE, (Relative to full scale lg) 25 25 ppm
Monotonicity Over temperature 10 10 Bits
Settling time to within T o
=25°C
ts +4 LSB (all bits low to high) A 250 250 ns
teLH . . Ty =25°C 35 35
tor Propagation delay time A 20 20 ns
TClo Output full scale current drift 60 70 ppm/°C
Digital Input Logic Levels
(All bits)
Vi High Level, Logic “1" 2.0 2.0 Vde
Low Level, Logic 0" 0.8 0.8
Digital Input Current (All bits)
™ High Level, Vjy = 5.5V +.04 +.04 mA
e Low Level, V, =0.8V -0.05 | -0.4 -0.05 | -0.4
Reference Input Bias Current
IREF(15) (Pin 15) -1.0 -5.0 -1.0 -5.0 uA
lor Output Current Range 40" 5.0 4.0 5.0 mA
lon Output Current (All bits high) Vier = 2.000V, 3.8 3.996 4.2 3.8 3.996 4.2 mA
Ry = 1000Q
oL Output Current (All bits low) Ta=25°C 0 2.0 0 4.0 uA
. o -2.5 -25
Vo Output Voltage Compliance Ta=25°C +02 +02 Vdc
Reference Amplifier Slew
SR Iger Rate 20 20 mA/us
ST Iner Rgference Amplifier Settling 0to 4.0mA, £0.1% 20 20 us
Time
PSRR(~) Qutbut Current Power Supply 0003 | 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 +4.75 +5.0 +525 [ +475 | +50 +5.25
Power Supply Voltage Range Ta=25°C Vde
Vee -14.25 -15 -15.75 | -14.25 -15 -15.75
Power Consumption
(All bits low) 220 380 220 380 mwW
(All bits high) 200 200
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LINEAR LS| PRODUCTS

40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3440, MC3510, MC3410C

TYPICAL PERFORMANCE CHARACTERISTICS

4.0
I 30
E
- Vee= +5.0V
z Veg= - 15.0V _]
g 20 Ta=25°C
g lrRgp=2mA
o
e 10
2
a
5
o 0

-1.0

-5 -3 -10 1 3 5

COMPLIANCE VOLTAGE (VOLTS)

Figure 1. Output Current vs. Output Compliance Voitage

2 a0

2

2 30

g 20

5 4
o 10 +Vee= +5V
s ~Vgg= - 15V
g o lREF=2mA
z

< -10

-

g -20

H .

= =30

2

s ~-40

<] ~-75-50-25 0 25 50 75 100 125

Ta(°C)

Figure 2. Maximum Output Compliance
Voitage vs. Temperature

FERE!

2 12 Ieg

lél e B

c 11

3

> 10 Vee= +5V —
Fy 4 —Vgg= ~15V

2 4 IREF =2 MA—
1z

g 3

o 2 +lcc

a

£

S

L

0
-75-50-25 0 25 50 75 100 125
Ta(°C)

Figure 3. Power Supply Currents vs. Temperature

140 B CURVE VRer(-) =0V
120 | SMALL-SIGNAL BW
100 |ro= 1000

8.0 |VRer(+)=50 mVp,p

6.0 |CENTERED AT +200mV;

4.0 +H
20 1

-

=20 A CURVE

=40 — | ARGE SIGNAL BW
=6.0 My =200

=80 —vpep(+)=2Vpp
-1 CENTERED AT + 1.0V TT\]]

0.1 020305 1.0 203050 10
f, FREQUENCY (MHz)

RELATIVE OUTPUT (dB)

Figure 4. Reference Amplifier Frequency Response
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LINEAR LSI 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-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
nominaily 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 arefer-
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 Vge 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)

-

-

Ms8 ) (] [ ® ®) (10 1) 12) Lss
0y 02 D3 Dy Ds Dg 07 Ds Dy Do
9 9 Q T Q Q o Q 9 GND
(2)
I
1 = lour
3 3 ) ) I I ) 3 l ®
SEGMENT - — - S S e - J ~
DECODER
VBIAS
[—J L[ (INTERNAL)
)
2R 2R 2R 2R 2R 2R 2R 2R
l <L él v W W w W

Vee (1)

Figure 5. MC3410 Equivalent Circuit

CODE SELECTED 0111110011
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LINEAR LS| PRODUCTS

410-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

Va(+)

Dy THROUGH

D1o

Dy THROUGH
D1o

R1g + Ry =R15 = RREF
= Ry << Ryg
lo F.S.=2 Ir= VRer/RReF

a) POSITIVE REFERENCE VOLTAGE

Ris+Rr=Ryg
Rt << Rys
= VRer = VEg +3V

b) NEGATIVE REFERENCE VOLTAGE

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

OUTPUT VOLTAGE
COMPLIANCE

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

ACCURACY

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

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

MONOTONICITY

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



LINEAR LSI PRODUCTS

40-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 Voits, 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, 100xF supply by-
passing, and minimum scope lead length
are all necessary.

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

Vce
0.1,F
P— +2Vdc
14
4
5
6 RISE AND FALL TIMES < 10ns
7 2.4
1.4V
8] mcssiol i /
9] Mc3sto 0.4V
10
1 0.5V
12 v
13 °
Vi@ 0
| 50 ] 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
Vee
0.1,F
14 =
16 1k +2Vdc
RISE AND FALL TIMES =< 10ns
24V
1k 0.1,F v, Y \
15 ul {
mo—w— T oavi—/ \—
MC3510/
MC3410
3
Vo
R
20 ov
2 Vo
L = -80mV !
3 =
- —
tPLH tPHL
= FOR PROPAGATION
= DELAY TIME
Vee
Figure 8. Propagation Delay Time
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LINEAR LSI PRODUCTS

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

Vee
0.1,F
= VRer(+) —2v
14 o _11,2,
4 16 1k
»—-o——s' F—0—A\—1
] s & j.
—-O-— —O—"/W]- 0.1,4F
7 2.0V
’ I
MC3510/ = VREF(+)
175 mcaso RS = 0
10 3 500 .
—5 OVo 0.5V
KD
3] 2 =K =25pF Vo SLEW RATE
l = A4 0
1 = = V' 1,=2,8 TYPICAL
7O 20.1%
0.4,4F
USE Ry =200 TO GND FOR
(—_l SLEW RATE MEASUREMENT
Vee
Figure 9. Reference Amplifier Settling Time and Slew Rate
TYPICAL APPLICATIONS
6 D
Dg
5
pla 8-BIT D7
8Us |3 LATCH Ds 10-BIT
LS373 Ds DAC  }—o0 ouTpuT
2 be] (MC3410)
1
0 Ds
D2
CONTROL
SIGNAL [:‘ 2
FROM
“w 28IT Ez-3
L— LATCH Qoj—{ 2-BIT Qg
L] 1/2L8375q, LATCH q,|
Eo.2 112 LS375
TIMING DIAGRAM
Eq
E2
|01 ~D2 | | D3~ Dyo|
THE VALID DATA WILL BE LATCHED TO THE DAC UNTIL UPDATED WITH Ez PULSE.
TIMING WILL DEPEND ON THE PROCESSOR USED.
Figure 10. Interfacing 10-Bit DAC with 8-Bit Microprocessor
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LINEAR LSl PRODUCTS

8-BIT .P-COMPATIBLE D/A CONVERTER

SE/NES018

DESCRIPTION

The NES018 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 voitage 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 reterence

Output buffer amplifier

Accurate to + 1/2 LSB (.18%)
Monotonic to 8 bits

Amplifier and reference both short-
circuit protected

Compatible with 8085, 6800 and many
other xP’s

APPLICATIONS

Precision 8-bit D/A converters
A/D converters
Programmable power supplies
Test equipment

Measuring instruments
Analog-digital multiplication

INT.

VREF VRer

3) oyt

Vrer

02 Apy.

(10
CE

SUM
['o SU—
(20 NODE

9 B () (6) (5 4 @) (@
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

CTITTIrTL™

LATCHES AND
SWITCH DRIVERS

(1)
DIGITAL
ND

(18) Vour

AMP.
@ comp. =

ANALOG

DAC CURRENT
OuTPUT

(22) GND. o

DAC SWITCHES

VRer
(14) N

BIPOLAR

(5 “oprser

Figure 1

PIN CONFIGURATION
F,N PACKAGE
oiGITAL GND [T] N~ [22] ANALOG GND

080 (L58) [7Z ] [71] amp. comp.
os1 [3] [20] sum noDE
oB2 E E Vee
0B3 E E Vour
DB E (7] vee-

oBs [76] oac comp.
o8s [_E [75] B1POLAR OFFSET R

DB7 (MSB) E E VRer IN
i€ E E VREF OUT

NC E 12} VRgr ADJ.
ORDER NUMBERS
SE/NESO18F,N
D2 PACKAGE
oiGITAL GND [T ] ~ 124] AnALOG GND
080 (Lse) [2 23] amp. comp
oB1 é [22] sum NODE
B2 [z 21] +vee
oes [5] 20] vour
oes [6] [19] nec
oes [7] 18] -vee
ose [8 ] [17] oac comp.
os7 [9} [16] aiPoLAR OFFSET
NC h__o_J [15] nc
E ] E VRer N
Vrer 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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LINEAR LSI PRODUCTS

8-BIT P-COMPATIBLE D/A CONVERTER

SE/NES018

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Veet Positive supply voltage 18 v
Vee— Negative supply voltage -18 \
VIN Logic input voltage Oto 18 v
VRefIN Voltage at VRgF input 12 v
VREFADJ  Voltage at VRgF adjust 0 to VREF \
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgfr OUT Continuous
louTtsc Short-circuit current to ground
or either supply at Voyrt Continuous
Pp Power dissipation*®
-N package 800 mwW
-F package 1000 mW
TA Operating temperature range
SES018 ~55to +125 °C
NE5018 0 to +70 °C
TsTG Storage temperature range —-65 to +150 °C
TsoLb 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, SE5018. —=56°C < Tp < 125°C,

NE5018. 0°C =< Tp =< 70°C unless otherwise specified!
Typical values are‘specified at256°C

SES5018 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
Vet Positive supply voltage 11.4 15 114 15 "
Vee— Negative supply voltage —-11.4 -15 -114 | —15 \
VIN(1) Logic “1” input voltage Pin1 =0V 2.0 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = OV 0.8 0.8 \
IINGT) Logic “1” input current Pin 1 =0V, 2V<V|N<18V 0.1 10 0.1 10 uA
IN(0) Logic “0" input current Pin 1 = QV, -6V <V|N<0.8V -2.0 | —-10 —2.0 -10 uA
VEs Full scale output voltage Unipolar operation 9.50 | 9.961 | 10.50 | 9.50 | 9.961 | 10.50 v
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voitage Bipolar operation 45 |+4.961| 55 45 | +4.961] 55 v
VREF IN = 5.000V, Tp = 26°C -5.04 |—5.000|-4.960| 504 |—5.000| 4.960
Vzs Zero scale voltage -30 5 +30 -30 5 +30 mvV
los Output short circuit Ta = 25°C 15 40 15 40 mA
current VouTt = 0V
PSR+(out) Output power supply V= = —15V, 13.6V<V+=<16.5V, 001 .01 001 01 | %FS/
rejection (+) external VRgr |N = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V=V—-<—16.5V, 001 | .01 001 | .01 | %FS/
rejection (—) external VREr |N = 5.000V %VS
TCrs Full scale temperature VREF IN = 5.000V 20 20 ppm/°C
coefficient
TCzs Zero scale temperature 5 5 ppm/°C
coefficient
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8-BIT uP-COMPATIBLE D/A CONVERTER

SE/NES018

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voot = +15V, Voo— = — 15V, SE5018. —55°C < Tp < 125°C,
NES018. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 25°C

SE/5018 NES018
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 = OV
PSR+(REF) Reference power supply | V— = —15V, 13.5V < V+ < 16.5V, .003 .01 .003 .01 | %VR/
rejection (+) IREF = 1.0mA %VS
PSR- (REF) Reference power supply | V+ = 15V, —13.5V < V— =< 16.5V, 003 | .01 003 | .01 |%VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA Ta = 26°C 49 | 50 | 525 | 49 50 | 5.25 v
TCREF Reference voltage IREF = 1.0mA AT 60 60 ppm/°C
temperature coefficient
ZIN DAC VRgF IN input IREF=1.0mA Tpo=25°C 415 | 5.0 5.85 415 | 5.0 5.85 KQ
impedance
lcct Positive supply current Vce+ = 15V 7 14 7 14 mA
lcc— Negative supply current Voe— = —15V -10 -15 -10 -15 mA
Pp Power dissipation IREF = 1.0mA, VGG = * 156V 255 435 255 | 435 | mw
NOTE
1. Refer to Figure 2.
AC ELECTRICAL CHARACTERISTICS ? vcg = %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 low# 2.3 us
toih Propagation delay Output Input All bits switched low to high3 300 ns
tohl Propagation delay Output Input All bits switched high to low4 1580 ns
tpisb  Propagation delay Output Input 1LSB change3.4 150 ns
tpih Propagation delay Output E low to high transitionS 300 ns
tphl  Propagation delay Output LE high to low transition® 150 ns
ts Set-up time LE Input 2,7 100 ns
th Hold time Input LE 2,7 50 ns
tow Latch enable pulse width 2,7 150. ns
NOTES

. Refer to F

igure 3.

. See Figure 6.
. See Figure 7.

. See Figure 9.
. See Figure 10.
. For reference currents > 3mA, use of an external buffer is required.

2
3.
4
5. See Figure 8.
[}
7
8.
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8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NE5018

DC PARAMETRIC TEST CONFIGURATION

vees
MSB Lss i’ﬁ

% Io.n,‘ﬁ
98765432 19
5,000V 10 DIG. GND 1
_——0—1 v ANA. GND 22 }—0—)
14 REF IN J
13 VReF out =
o—y 12 5018 ouTPYT
Vour 18 —o——
22pF
SUM 20
DAC 2K
COMP. AMP 21
16 17 15 COMP. IN914
L Iwopr = =
0.01,F T 0.4,F
vee T
Figure 2

AC PARAMETRIC TEST CONFIGUTATION

98765432 19
0 DIG.GND 1

DL
ANA. GND 22 —oj

5018
voutr 18

22pF
SUM 20
DAC # 2K
COMP. AMP 21
16 17 15 COMP. N9 14
I‘MpF =

Figure 3

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

il

98765432 19
10 oc.ano 1 f—o—y
14 VREFIN ANA. GND 22 —01
13 VREF out =
10K 5018
+~AMN—0—] 12 VReF aDJ vour 18 ourPut
10T 80K
SuM 20
= DAC I
COMP. AMP 21
FULL SCALE ® 17 1 Comp. N9 14
ADJUST o = |5
vee+
0.01,F I 0.1:F 20K .“"n
vee—~ 10T < 2ero scaLe
vee- ADJUST

Figure 4

BIPOLAR OUTPUT OPERATION (-5 to +5V)

T h

98765432 19
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LINEAR LSI PRODUCTS

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

The chip also comprises a stable voltage
reference (6V nominal) and a high slew rate
buffer amplifier. The voltage reference may
be externally trimmed with a potentiometer
for easy adjustment of full scale, while main-
taining a low temperature co-efficient.

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

BLOCK DIAGRAM

FEATURES

8-bit resolution

Input latches

Low-loading data Inputs

On-chip voltage reference

Output buffer amplifier

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

Amplifier and reference both short-
circuit protected

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

APPLICATIONS

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

o Programmable power supplies
o Test equipment

¢ Measuring instruments

o Analog-digital muitiplication
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LINEAR LSI PRODUCTS

8-BIT uP-COMPATIBLE D/A CONVERTER SE/NES019
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vce+ Positive supply voltage 18 v
Vece— Negative supply voltage —-18 Vv
VIN Logic input voltage Oto 18 v
VREFIN Voltage at VRgF 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
loutsc Short-circuit current to ground
or either supply at VoyTt Continuous
Pp Power dissipation®
-N package 800 mwW
-F package 1000 mwW
Ta Operating temperature range
SE5019 —55to +125 °C
NES5019 Oto +70 °C
TsTG Storage temperature range —65 to +150 °C
- TsoLb Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75° C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vcc+ = +15V, Vog— = — 15V, SE5019. —=55°C < Tp < 125°C,
NE5019. 0°C = Tp =<70°C unless otherwise specified.’
Typical values are specified at 25°C
SE5019 NES5019
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
\olo Negative supply voltage —-11.4} —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 =0V 0.8 0.8 v
IINC1) Logic “1” input current Pin 1 = 0V, 2V<V|Ny<<18V 0.1 10 0.1 10 HA
lIN(O) Logic “0” input current Pin 1 = 0V, =5V <V|Ny<0.8V —-20 | —10 -20 | —10 HA
VEs Full scale output voltage Unipolar operation 9.50 | 9.961 {10.50 | 9.50 | 9.961 | 10.50 v
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voltage Bipolar operation 45 +4961| 55 45 +4.961| 55 Vv
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
0s Output short circuit Ta = 25°C 15 40 15 40 mA
current Vour =0V
PSR+(out) Output power supply V- = —15V, 13.5V<V+=<16.5V, .001 | .01 .001 | .01 | %FS/
rejection (+) external VRgg N = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V=V—<—-16.5V, .001 | .01 001 | .01 | %FS/
rejection (—) external VReF |IN = 5.000V %VS
TCfs Full scale temperature VREF IN = 5.000V 20 20 ppm/°C
coefficient
TCzs Zero scale temperature 5 5 ppm/°C
coefficient

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

SE/NES019

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voot = +15V, Vog— = — 15V, SE5019. —65°C < Tp < 125°C,
NES5019. 0°C =< Tp =<70°C unless otherwise specified.!
Typical values are specified at 26°C

SE5019 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 = OV
PSR+ggr  Reference power supply | V— = —15V, 18.5V < V+ =< 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—Rer Reference power supply | V+ = 15V, —13.5V < V- < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA = a8°C 49 5.0 5.25 49 5.0 5.25 \
TCREF Reference voltage IREF = 1.0mA A= 60 60 ppm/°C|
temperature coefficient
ZiN DAC VRgFiN input IREF = 1.0mA 415 | 5.0 585 | 415 | 50 | 585 KQ
impedance TA=25°C
Icct Positive supply current Vect = 15V 7 14 7 14 mA
lcc— Negative supply current Vge— = —15V -10 -15 -10 -15 mA
Pp Power dissipation TREF = 1.0mA, VoG = £ 15V 255 | 435 255 | 435 | mw
NOTE
1. Refer to Figure 2.
AC ELECTRICAL CHARACTERISTICS ? V¢ = +15V, To = 25°C
SE/NES019
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
TsLH  Settling time +% LSB Input All bits low to high3 1.8 us
TgHL  Settling time +% LSB Input All bits high to low4 23 us
tpih Propagation delay Output Input All bits switched low to high3 300 ns
tphl Propagation delay Output Input All bits switched high to low? 150 ns
tpisb  Propagation delay Output Input 1 LSB change3.4 150 ns
tpih Propagation delay Output E low to high transitionS 300 ns
tphl Propagation delay Output LE high to low transitionf 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 > 3mA, use of an external buffer is required.
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10-BIT xP-COMPATIBLE

D/A CONVERTER

NES020

—_—

DESCRIPTION FEATURES PIN CONFIGURATION
The NE5020 is a microprocessqor-compati-  ® 10-bit resolution
ble monolithic 10-bit digital to analog con- ® Guaranteed monotonicity over F, N PACKAGE
verter subsystem. This device offers 10-bit operating range
resolution and +0.1% accuracy and ® *0.1% relative accuracy DIGITAL GNO [ [24] ANALOG aND
monotonicity guaranteed over full operating ® Unipolar (OV to +10V) and 080 L58) [Z 73] awe comp
temperature range. Bipolar (+ 5V) output range
Low loading latches, adjustable logic * Logic bus compatible o ] 2 sommone
! e 5 oB2 +
thresholds and addressing capability allow usec settling time E ;] vee
the NES020 to directly interface with most o83 {s 20] vour
microprocessor and logic controlled sys- APPLICATIONS o84 G| [19] -vee
tems. ® Precision 10-bit D/A converters
* 10-bit Analog to Digital converters oes 7] [16] swouan orrseT R
The NES5020 contains internal voitage refer- ® Programmable power supplies o086 3| E +VREF INPUT
ence, DAC switches and resistor ladder. * Test equipment 087 [5 [75] ~vier weuT
Also, the input buffer and output ing e M t instruments
amplifier are included. In addition, the oes 10 [75] VRer ouT
matched application resistors for scaling ei- o089 E [12] vaer ADY
ther unipolar or bipolar output values are i 3 [,z E“*
included on a single monolithic chip.
The result is a near minimum component ORDER NUMBERS
count 10-bit resolution DAC system. NES020F
NE5020N

BLOCK DIAGRAM
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Figure 1
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10-BIT xP-COMPATIBLE D/A CONVERTER NE5020
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veot Positive supply voltage 18 v
Vee- Negative supply voltage -18 v
VIN Logic input voltage Oto 18 v
VReF IN Voltage at +VRgF input 12 v
VREF ADJ Voltage at VRgF adjust 0 to VRer v
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgr OUT Continuous
louTtsc Short-circuit current to ground
or either supply at VouT Continuous
Pp Power dissipation*®
-N package 800 mw
F package 1000 mwW
TA Operating temperature range
NE5S020 Oto +70 °C
TsTG Storage temperature range -85 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 packags, derate at 75°C/W above 76°C
DC ELECTRICAL CHARACTERISTICS vgc+ = 415V, Voo = ~15V, 0°C < T4 <70°C unless otherwise specified.'
Typical values are specified at 25°C
NES5020
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Resolution 10 Bits
Monotonicity 10 Bits
Relative accuracy +0.1 %FS
vVeet Positive supply voltage 11.4 15 16.5 v
Vee— Negative supply voltage ~11.4 -15 -16.5 v
VINC1) Logic 1" input voltage Pin 1 = 0V 2.0 \
VIN(O) Logic “0" input voltage Pin 1 =0V 0.8 v
INC1) Logic “1" input current Pin 1 = 0V, 2V<V|N< 18V 0.1 10 KA
IN(O) Logic “0" input current Pin 1 = 0V, -5V <V)N<0.8V —-2.0 =10 uA
VES Full scale output voltage Unipolar operation 9.5 9.9902 10.5 \"
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voitage Bipolar operation 45 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 Vout = 0V
PSR+ (oyt) Output power supply V— = —15V, 13.6V=V+=<16.5V, .001 .01 %FS/
rejection (+) external VRgF N = 5.000V %VS
PSR~ (out) Output power supply V+ = 16V, —13.6V=V-=<-16.5V, .001 .01 %FS/
rejection (—) external VREr N = 5.000V %VS
TCesg Full scale temperature VREF IN = 5.000V 20 ppmFS
coefficient /°C
TCzs Zero scale temperature 5 ppmFS
coefficient /°C
NOTE

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

NES020

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

- NE5020
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
IREF? Reference output current 3 mA
IREF sC  Reference short circuit Ta =25°C 15 30 mA
current VREF ouUT = 0V
PSR+RgF Reference power supply V== —15V, 13,5V < V+ < 18.5V, .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—RgF Reference power supply V+ = 15V, —13.5V < V- < 16.5V, .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA, Tp = 25°C 49 5.0 5.25 v
TCRer  Reference voltage IREF = 1.0mA 60 ppm/°C
temperature coefficient
ZIN DAC VRgEIN input IREF = 1.0mA 5.0 kQ
impedance
Icct Positive supply current Veet = 15V 7 14 mA
lcc— Negative supply current Vee— = =15V =10 -15 mA
Pp Power dissipation IREF = 1.0mA, Vg = £ 15V 255 435 mw
NOTE
1. Refer to Figure 2.
2. For Iggp OUT greater than 3mA, an external buffer s 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 low5 5 us
toih Propagation delay Output Input Al bits switched low to high4 300 ns
tphl Propagation delay Output Input All bits switched high to low5 150 ns
tpisb Propagation delay Output Input 1 LSB change4.5 150 ns
tpin Propagation delay Output E_E low to high transition® 300 ns
tphl Propagation delay Output LE high to low transition” 160 ns
tg Set-up time CE Input 38 100 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 8.
5. See Figure 7.
6. See Figure 8.
7. See Figure 9.
8. See Figure 10.
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10-BIT ,P-COMPATIBLE D/A CONVERTER

NE5020

DC PARAMETRIC TEST CONFIGURATION
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10-BIT xP-COMPATIBLE D/A CONVERTER

NES020

CIRCUIT DESCRIPTION

The NE5020 provides ten data latches, an
internal voltage reference, application resis-
tors, and a scaled output voltage, in addition
to the basic DAC components (see block
diagram, figure 1).

Latch Circuit

Digital interface with the NE5S020 is readily
accomplished through the use of two latch
enable ports (LE{ and LEp) and ten data
input latches. fﬁg controls the two most sig-
nificant bits of data (DBg and DBg) while
LE controls the eight lesser significant bits
(DB7 through DBy). 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 voits 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 y and LEp) 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 Ez is activated
low and returned high according to the
NES020 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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L—E'| returning high the loading of ten bit data
word from an eight bit data bus is complete.

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

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

After preloading (via LE pre-load) the  exter-
nal latch with the two MSB values, LE3 is
activated low and the eight LSB’s and the

NES020 1P INTERFACE 8-BIT DATA BUS EXAMPLE

DATA BUS

LU

o8 o 8| 7| 6| s| 4] 3f 2] 1| o
ms8 Ls8
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&y { LATCHES ]
11 | I O A |
>‘ =
DAC L
Figure 12

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

8-BIT-DATA BUS

1 2

4

10 74L874

13 12
3 1" 5 9

TEpRE-LOAD ——I >o————l——|

INVERTER

12

1
I

TELoap

Lss

NES5020

Figure 13




LINEAR LSt PRODUCTS

10-BIT xP-COMPATIBLE D/A CONVERTER

NE5020

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
voitage reference which is designed to have
a very low temperature coefficient and ex-
celient iong term stability characteristics

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

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

Input Amplifier

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

Figure 1 details the input reference amplifier
and current ladder. The voitage to current
converter of the DAC amp will generate a
1mA reference current through Qg with a 5
volt VRer. 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 0.6mA and
so on. These current values act as current
sinks and will add at the sum node to
produce a DAC ladder to sum node function
of:

2VREF DBY . DB8 , DB?
OUT= Fpgp V2 T4 T8 7
DB6 ., DB5 . DB4 , DB3

o S e

16 T3z " ea T 128

DBi , DBO
*Ezt 1024)

oB2
256

Becausé of the fixed internal compensation
of the reference amp, the slew rate is limited
to typicaily 0.7V/usec and source
impedances at the VRgE |NpUT greater than
5k(2 should be avoided to maintain stability.

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

Output Amplitier 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
Cp =< 5O0pF with recommended values of
Crg = 1nF and Cgg = 30pF. Typical input
offset voltages of 5mV and 50k open loop
gain insure an accurate current to voltage
conversion is performed when using the on
chip Rgp resistor. Rgp is matched to RRgF
and Rp)p 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 increass the settiing time.

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

Bipolar Output Voltage

The NE5020 includes a thermally matched
resistor, Rg|p, to offset the output voltage
by 5 volts to obtain —5V to +5V output volt-
age range operation. This is accomplished
by shorting pins 18 and 22 (see figure 14).
This connection produces a current equal to
(VREF IN = Vsum node) *+ RBIP. (1mA nomi-
nal), which is injected into the sum node.
Since full scale current out is approximately
2mA (1.9980mA), (2mA — 1mA)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 Voyrt =
0.00 with the MSB high or VoyT = —5.0V
with al! 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 R¢ until VoyT equals 0.000
volts in the unipolar mode or —5.000 volts in
the bipolar mode (see bipolar section) ac-
complishes this trim.

Ful! Scaie Adjustment

A recc ded full scale adj t 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-

VREF IN . AAA,

BIPOLAR QUTPUT

“an

IREF 5K

l BIPOLAR
/ OFFSET (18)
| JUMPER FOR
\  BIPOLAR OPERATION
\_ SUM
NODE  (22)
ip  DAC
<— CURRENT i
FROM
CURRENT
SWITCHES

To R-2R Ladder

~a——(Ip - IREF)

——e VOut

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

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

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

ZERO SCALE ADJUSTMENT

R1=20K, 10T POTENTIOMETER
-Vee —AMW—— +vce

Rz = 1MQ

sum (22

DAC
«e= CURRENT OUTPUT

vour

NODE
(OPTIONAL)

Y
A

]

(20) Crf

(24) == cc

Figure 15

VRel o o e ————

REFERENCE ADJUST CIRCUIT

REF

Out (15)

80K VREF ADJ

g

R3= 10K -
107 pOT 0e

Figure 16

H—AAA
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DESCRIPTION FEATURES PIN CONFIGURATION
The NES5118 is a high-speed 8-bit digital to "
analog converter subsystem on one mono- : :‘::It'r':::'l\u.t:on F,N PACKAGE
lithic chip. The data inputs have input o Low-loading data inputs
latches, controlled by a latch enable pin. e On-chip voltage reference DIG GND/VLC E [22) anaLOG GND
F:Igaza.n""d latch g:tab'l__e n puts't:re"tlmr.a- o Fast settling output current—200ns 080 (L58) [Z] 21] tour
ow joading for easy interfacing with alllogic o 5 0ciyrgte to +1/2 LSB (.19%) oer (3] 53] nours
systems. The latches appear transparent o Monotonic to 8 bits
when the LE input is in the low state. When Reference short-circult protected osz [4] [15] vee -
LE goes high, the input data present at the  Compatible with 8086, 6800 and many oes [5] 78] Aour2
moment of transition is latched and retained other uP’s o84 [£] il
until LE again goes low. This feature allows ee-
easy compatibility with most micro- oss [7] 6] oac come.
processors. APPLICATIONS oes (£ [ e
The chip also comprises a stable voitage 087 ss) [5] [72] tner ¥
reference (5V nominal). The voltage refer- : :r/.l;:l::;'v‘/oar-:’e':so/k converters e [0 73] -vRer v
ence may be externally trimmed with a po- * Pro ble power . vRer apy [T [52] vaer our
tentiometer for easy adjustment of full scale, - T :" iom tp PP
while maintaining a low temperature co-effi- . M?aa:‘r‘l‘:\ : In.l':ruments TOP VIEW
clent. o Analog-digital multiplication (OROER NUMBERS
The output has high voltage compliance in- e CRT display drivers NE5118N
creasing versatility. e High-speed modems
BLOCK DIAGRAM
o)
10} ) 8) (&) 5) “ 3 (@) DIGITAL
LE D87 DOB6 DBS DB4 DB3I DB2 0B1 DBO GND VLC
M“T T T T T T T TLSB
(19 LATCHES AND Rourz (16)
vee SWITCH DRIVERS — R
N RouT1 (20)
INT.
VREF ’ Miid louT (21
(12) faride -Q lour (21)
Saex N
2 DAC CURRENT
(1 V::: l OUTPUT
‘P
:: 8K

(22)

ANALOG O——t¢
GND

DAC SWITCHES

R
(15) REF R O—AAA

(14)+IREF IN

(13)-VREF IN [

All R vaiues equal 5kl and are thermally matched.
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8-BIT uP-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT SE/NE5118
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Voot Positive supply voltage 18 v
Vee- Negative supply voltage -18 v
ViN Logic input voltage Oto 18 v
VREgIN Voltage at RRgF input 12 v
VREFADJ  Voltage at VRgF adjust 0 to VREfF \
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
IREFy Reference input current (Pin 14) 3 mA
Pp Power dissipation*®
-N package 800 mwW
-F package 1000 mW
TA Operating temperature range
SE5118 ~55to +125 °C
NES118 Oto +70 °C
TstGg 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 vcg+ = +15V, Voo— = —15V, SE5118. —55°C < Tp, < 125°C,
NE5S118. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 25°C
SE5118 NES5118
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 \
Vece— Negative supply voltage -11.4 | —-15 -11.4 | —15 \
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
INC1) Logic “1" input current Pin 1 = 0V, 2V<V)y<18V 0.1 10 0.1 10 kA
lIN(0) Logic “0" input current Pin 1 = 0V, —=5V<V|N<0.8V -2.0 =10 ~2.0 -10 uA
IFs Full scale output current Unipolar operation 1.0 1.922 | 2.10 1.90 1.992 2.10 mA
VREF IN = 5.000V, Tp = 25°C
1zs Zero scale current -6 1 +6 -6 1 +6 kA
VREF Reference IREF = 1TmA 4.9 5.0 5.25 49 5.0 5.25 \
voltage Ta = 25°C
PSR+(out) Output power supply V— = —15V, 13.6V<V+=<16.5V, .001 | .01 001 | .01 %FS/
rejection (+) external VRgf |N = 5.000V %VS
PSR—(out) Output power supply V4 = 15V, —=13.6V<V—<—16.5V, .001 .01. .001 | .01 %FS/
rejection () external VRer |N = 5.000V %VS
TCrs Full scale temperature VREF)y = 5.000V" 20 20 ppm/°C
coefficient
TCzs Zero scale temperature IREF;y = 1.00mA? 5 5 ppm/°C
coefficient
NOTES

1. This is for voltage out oniy. See Unipolar Voltage Output achematic.

2. This is for current output mode.
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SE/NE5118

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vog+ = +15V, Voo~ = — 15V, SES118. —=565°C < Tp < 126°C,
NE6118. 0°C < Tp =< 70°C unless otherwise specified.

Typical values are specified at 26°C

SE5118 NES118
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 16 30 mA
current VREF OUT = 0V
PSR+(REF) Reference power supply [ V— = —15V, 13.5V < V+ < 18.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—(REF) Reference power supply | V+ = 15V, —13.5V < V- < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) IREF .= 1.0mA %VS
TCREF Reference voltage IREF = 1.0mA 60 60 ppm/°C
temperature coefficient
N DAC RREgfIN input 5.0 5.0 kQ
impedance
Icc+ Positive supply current Vcet = 15V 7 14 7 14 mA
lcc— Negative supply current Vee— = —15V -10 -15 —-10 | —-15 mA
Pp Power dissipation IReEF = 1.0mA, Vg = £ 16V 255 435 255 | 435 mwW
AC ELECTRICAL CHARACTERISTICS vcc = +15V, Tp = 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
tpLsg Propagation delay Output Input 1 LSB change 60 ns
tpLH  Propagation delay Output LE Low-to-high transition 60 ns
tpHL  Propagation delay Output LE High-to-low transition 60 ns
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 reference currents > 3mA, use of an external buffer is required.
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8-BIT xP-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT SE/NE51418

BIPOLAR OUTPUT OPERATION (—1mA TO +1mA) UNIPOLAR VOLTAGE OUTPUT (0 —+10V)

veet
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12 VRgr OUT o e
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T FULL'SCALE
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' Tol oy e 3
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"
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i 107 “VWW-O——1 11 VReF ADJ
lout 21 80K
16 17 1413 =
?—' i FULL SCALE
ADJUST DAC COMP.
16 17 14
o.ouﬁi_l_' 0.47,:F NC =
TE—
NOTE o.muscc; 0.47,F NC
DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) =
000O0OO0GCOODO +10V ov $ ZERO SCALE ADJUST
LI T T O R T ov -10V ce”
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8-BIT ,P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT

SE/NES119

DESCRIPTION FEATURES PIN CONFIGURATION
The SE/NE5119 is a high-speed 8-bit digital to ¢ g.pit resolution
analog converter subsystem on one MoNo- ¢ 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 dataand o On-chip voltage reference DIG GND/VLC [_T_: E ANALOG GND
latch enable inputs are ultralow loading for o Fast settling output current—200ns 080 wse) [7] -
easy interfacing with all logic systems. The o Accurate to +1/4 LSB (.1%) se four
latches appear transparent when the LE input o« Monotonic to 8 bits oe1 [} [29] Rour
is in he low state. When LE goes high, the 4 Reference short-circuit protected osz [¢] 1] vee -
!nput data present af the morpg_nt or trgnsmon o Compatible with 8086, 6800 and many o83 E E RouT2
is latched and retained until LE again goes other uP’s
low. This feature allows easy compatibility oss €] [17] vee-
with most microprocessors. oes [7 [16] oac come.
) APPLICATIONS oss [8] [15] ReF R
The chip also comprises a stable voltage o8y owse, [ e
reference (5V nominal). The voltage refer- ® Precision 8-bit D/A converters wse) 9] [12] rmer
ence may be externally trimmed with a po- ® A/D converters (g 10 [13] -VRer IN
tentiometer for easy adjustment of full scale, ® Progr ble power suppli vrer apy [T [72] vrer our
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 NEsﬁgstngs'fs“gF
creasing versatility. e High-speed modems
BLOCK DIAGRAM
(&)
(10) 9 (B (I (6 (5 (4 () (2 DIGITAL
LE DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO GND-VLC
O M“TTTTTTTTLSB
(19) LATCHES AND Rout2 (18)
Vee* SWITCH DRIVERS R
R
RouT1 (20)
INT.
VREF YRer
(12) ouro—__T O lour (21)
$2ex
< DAC CURRENT
(11) VA“DEJFO———- l ouTPUT
Sex
b3
(22)
ANALOG O—9
GND e DAC SWITCHES
R
(15) REF R O—AAAY
A Qp
(14)+HREF IN
DAC
COMP.
!) (16)
(13)-VREF IN
Vee-
an
Ali R values equal 5k{) and are thermally matched Figure 1
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8-Bli' uP-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veet Positive supply voltage 18 v
vee- Negative supply voltage -18 v
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 VRgfr OUT Continuous
IREF|y Reference input current (Pin 14) 3 mA
Pp Power dissipation*
-N package 800 mw
-F package 1000 mwW
TA Operating temperature range
SE5119 —56 to +125 °C
NES119 0to +70 °C
TsTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75° C/W above 75°C
DC ELECTRICAL CHARACTERISTICS Vvcc+ = +15V, Voc— = — 15V, SE5119. —=565°C < Tp < 125°C,
NE5119. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 26°C
SE5119 NE5119
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy +0.1 +0.1 %FS
Veet Positive supply voltage 11.4 15 11.4 15 v
Vece— Negative supply voltage -11.4 | =15 -114 | —15 Vv
VIN(1) Logic “1” input voltage Pin 1 = 0V 2.0 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = 0V 0.8 0.8 "
IINCT) Logic “1” input current Pin 1 = QV, 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 -20 | —10 -2.0 ~-10 uA
IFs Full scale output current Unipolar operation 1.90 1.992 | 2.10 1.90 1.992 2.10 mA
VREF IN = 5.000V, Tp = 26°C
128 Zero scale current 1 1 uA
VREF Reference IREF = 1mA 4.9 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 | %FS/
rejection (+) external VReF |N = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V=V-=<—-16.5V, .001 .01 .001 01 | %FS/
rejection (—) external VRgf |N = 5.000V %VS
TCfs Full scale temperature VREF) = 5.000V! 20 20 ppm/ °C|
coefficient
TCzs Zero scale temperature IREF)y = 1.00mA? 5 5 ppm/°C|
coefficient
NOTES

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

2. This is for current output mode -
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8-BIT xP-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT

SE/NE5119

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vog+ = +15V, Voo— = — 15V, SE6119. —=55°C = Tp < 125°C,
NE5119. 0°C < Tp =< 70°C unless otherwise specified.

Typical values are specified at 25°C

SE5119 NES119
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
IREF Reference output current Note 1 3 3 mA
IREFSC Reference short circuit Ta = 25°C 15 30 15 30 mA
current VREF ouT = 0V .
PSR+ (REF) Reference power supply | V— = — 15V, 13.5V < V+ < 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—(REF) Reference power supply | V+ = 15V, —=13.5V < V— < 16.5V, .003 .01 .003 .01 %VR/
rejection () IREF = 1.0mA %VS
TCREF Reference voltage IREF = 1.0mA 60 60 ppm/°C
temperature coefficient
N DAC RREgfIN input 5.0 5.0 [3Y]
impedance
Icc+ Positive supply current Vet = 15V 7 14 7 14 mA
lcc— Negative supply current Veg— = —15V —10 —15 —10 —15 mA
Pp Power dissipation IREF = 1.0mA, Voo = + 15V 255 435 255 435 mwW
AC ELECTRICAL CHARACTERISTICS vce = =15V, Ta = 25°C
SE/NE5119
PARAMETER T0 FROM TEST CONDITIONS UNIT
Min Typ Max
TgLH  Settling time + % LSB Input All bits Low-to-high 200 ns
TsHL  Settling time t % LSB Input All bits High-to-low 200 ns
tpLH  Propagation delay Output Input All bits switched Low-to-high 60 ns
tpHL  Propagation delay Output Input All bits switched High-to-low 60 ns
tpLsg Propagation delay Output Input 1 LSB change 60 ns
tpLH  Propagation delay Output LE Low-to-high transition 60 ns
tpHL  Propagation delay Output LE High-to-low transition 60 ns
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 reference currents > 3mA, use of an external buffer is required.
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8-BIT ,P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT

SE/NE5119

UNIPOLAR VOLTAGE OUTPUT (0 —+10V)

BIPOLAR OUTPUT OPERATION (- 1mA TO +1mA)
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

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.

FEATURES

* Pin-and-function compatible with
MC3410

¢ 10-bit resolution and accuracy
(=0.05%)

¢ Guaranteed differential non-linearity

over temperature

Wide compliance voltage range— — 2.5

to +2.5V

Fast settling time—250ns typical

Digital inputs are TTL and CMOS

compatible

High-speed multiplying input slew rate

—20mAlus

Reference amplifier internaily

compensated

Standard supply voltages + 5V and

- 15V

3

.

SE/NE54410

PIN CONFIGURATION
F PACKAGES
Vee [1] 18] Vaer *
GND E 15] VRer ™
ouTPuT [3] 74 vee
o, (Ms8) [7] 73010 (LSB)
02 (5] [12] 0
05 (6] [11] Dg
0. [7] 07
0s [F] 9706
TOP VIEW

APPLICATIONS ABSOLUTE MAXIMUM RATINGS T,= +25°C unless otherwise noted
¢ Suc ive approximation A/D SYMBOL AND PARAMETER RATING UNIT
converters
\ Power Suppl! +7.0 Vdc
¢ High-speed, automatic test equipment Vzg wer Supply 18 Vde
* High-speed modems v, Digital Input Voltage +15 vde
* Waveform generators Vo Applied Output Voltage +4, -50 Vdc
* CRT displays lrer(is)  Reference Current 25 mA
* Strip CHART and X-Y plotters Vegr  Reference Amplifier Inputs Vee Vee vdc
* Programmable power supplies Vrero) Reference Amplifier Differential Inputs 0.7 Vde
* Programmable gain and attenuation Ta Operating Temperature Range
SE5410 —-55to +125 °C
NE5410 Oto +70 °C
T, Junction Temperature
Ceramic Package +175 °C
Piastic Package + 150 °C
BLOCK DIAGRAM
MsB LS8
Dy D; D3 Dg Ds Dg Dy Dg Dg Dyo
TA Ts Ts T? Te Ts TroTyTuTw o
o
CURRENT SWITCHES
IEEEREERNE
LADDER TERMINATORS
[ITTTTTIT]
R-2R LADDER I
16
Vees( +) O— | )
15
VRer(-)0— BIAS
[ CIRCUITRY
REFERENCE 14
CURRENT —o Voc
AMPLIFIER

I 1

Vee GND
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LINEAR LS PRODUCTS

40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

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

SES410: Tp= —55°C to + 125°C, NE5410 Series: T,=0°Cto +70°C
unless otherwise noted.

NE/SE5410
SYMBOL AND PARAMETER TEST CONDITIONS i o Ma UNIT
n X
Relative accuracy (Error +0.025 +0.05 %
E, relative to full scale |g) Over temperature + 1/4 +1/2 LSB
0.025 0.05 [
Differential non-linearity Over temperature ix T i 7 LS?B
Settling time to within ore
ts + 2 LSB (all bits low to high) Ta=25°C 250 ns
:PLH Propagation delay time Ta=25°C gg ns
PHL
TClo Output full scale current drift 20 40 ppm/°C
Digital Input Logic Levels
(All bits)
Vi High Level, Logic “1” 2.0 Vde
Low Level, Logic “0” 0.8
Digital Input Current (All bits)
™ High Level, Vi;=5.5V 20 uA
e Low Level, V| =0.8V -20
Reference Input Bias Current
IRers) (Pin 15) -1.0 -50 rA
low Output Current (All bits high) V;ﬁ:: 36%%%\/’ 3.937 3.996 4.054 mA
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 lner g:{:rence Amplifier Slew 20 MAls
ST Inge ?ier:‘zrence Amplifier Settling 0to 4.0mA, =0.1% 20 .
_ Output Current Power Supply o 1o,
PSRR(~) Sensitivity 0.003 0.01 %! %
Co Output Capacitance Vo=0 25 pF
Digital Input Capacitance
G (All bits high) 40 pF
lec Power Supply Current +2 +4 mA
lge (All bits low) -12 -18
X,CC Power Supply Voltage Range T‘§/= 2_5 ¢ + 144'7:5 + E;g +155‘2755 vdc
EE o= - 14. - - 15,
Power Consumption 190 300 mwW
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LINEAR LSI PRODUCTS

40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

TYPICAL PERFORMANCE CHARACTERISTICS

4.0
is.o
5 Vee= +8.0V
& 20 Vgg= - 15.0V _]
g ) Ta=25°C
) IngF=2mA -
5]
E 1.0
5
(S ]
-10

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

Figure 1. Output Current vs. Output Compliance Voltage
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[} IReF=2mA -

-1.0

-30
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Figure 2. Maximum Output Compliance
Voltage vs. Temperature
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Figure 3. Power Supply Currents vs. Temperature
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Figure 4. Reference Amplifier Frequency Response
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LINEAR LSI PRODUCTS

SE/NES410

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

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 RI2R 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
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 Vgg supply volt-

age for best operation. Bipolar input sig-
nals may be handled by connecting R16 to
a positive voitage 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)
MSB () (6 m ® © (10) 1) (12) LSB
D4 D2 D3 Ds Ds Ds D7 Dg Dg D1
Q ] Q Q Q Q 9 cr 9 9 GND
@
._I_ -0
l T l l = lour
3 3 3 3 8 ¢ @
SEGMENT - j_ . JEU% I WG B W _ .
DECODER
VBias
(INTERNAL)
)
%l: 2R 2R 2R
Vs —— AVAVAV AV‘VAV
R

Vee (1)

Figure 5. NE5410 Equivalent Circuit

CODE SELECTED 0111110011
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LINEAR LS| PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

Dy THROUGH
D1o

1
l_ R1g+ Ry = Ry5 = RReF

= Ry << Ryg
lo F.S. =2 Ip = VRer/ RRer

a) POSITIVE REFERENCE VOLTAGE

Va(-)

Dy THROUGH
D1o

Ris+Rr=Ryg
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= 1.0kQ, and settling time
is =10us. The reference amplifier phase
margin decreases as the current source
value decreases in the case of a current
source reference, so that the minimum ref-
erence current supplied from a current
source is 0.5mA for stability.

OUTPUT VOLTAGE
COMPLIANCE

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

ACCURACY

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

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

MONOTONICITY

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

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NES410

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 6256 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, 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
0.14F
— +2Vde
14 = []
16 1k
F—0—AAM———
15 ! 0-14F RISE AND FALL TIMES = 10ns
—o—»vvv—-L 24V
- < = 4V
<6003 RL vi !
NES410 0.4v
3
—O- 0 Vo o5V
2R Co = 26pF Vo
2 -~ Co s 25p!
5 1l = = 0 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
Vee
0.14F
14 =
" 18 1K +2vde
—o—— RISE AND FALL TIMES < 10ns
5 24V
—o——
6 15 1k 0.14F v "4 \
3 ] I 0.4V e
8 - -
51 Nesat0
e’
10 3
—O0—— Vo
11 -—
p—O——1 R
—o—12] ) 20 ov
13 o Vo
v 50 n = = - 80mv
0.1,F — -
(-1 tPLH tPHL
= = L FOR PROPAGATION
= = = LAY TIME
Vee
Figure 8. Propagation Delay Time
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LINEAR LSI PRODUCTS

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

Vee
0.14F

'—O—WV]- ID.MF 20V

NE5410 RS VRer(+)

N

]
0.5v
Vo SLEW RATE
0
1 V' 1g=2us TYPICAL
TO =0.1%
0.1,F
USE Ry = 2002 TO GND FOR
(‘_l SLEW RATE MEASUREMENT
Vee
Figure 9. Reference Amplifier Settling Time and Slew Rate
Ro = Ry + Rp = 2.5kQ Ro =Ry + RF=2.5k2
v F.S. ADJ Ry << R F.S. ADJ Ry << R
REF Rr Re
2.5k A AAM—
YW +15V
e Vee 0
RReF < 2.5k
i
15 5410
] —0 Vour
2.5k
Vee =
= 0.1
ST
a) Bipolar Output (-10 to +10V) b) Unipolar Positive Output (0-10V)

Figure 10. Voltage Output Circuits
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LINEAR LSI PRODUCTS

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

sV
REF
3 ANALOG
S 24 INPUT
FS. 1 +5Vde 1% 20k +5Vde
ADJ 4:“0" T -Vo—AM—0 +V O
S
< 14 4
l 16 25k < zepo :L 500K 1 |14
2.5k 15 3 ADJ 2 i+ var
_[-vvw— NES410 / INA
= NES29
[ {
- 15Vde = iNB ouTa
Dour < B = r Tro
P Tog - 10Vde
I 2504 SAR §}—o START
cLock o—{cp Qqop—o E0C

L

= +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
7
16
: T
12
Pl 9| Lsara
Bus] 3
[ NES410
2
5
1
2
Lo
CONTROL [ &,
SIGNALS { -
FROM 4P | =t L1_ 2 Ez23 |11
Do Qo " Q2 \/
112 LS375 1/2 LS375
D ol ab
3
1 EOJ 3l

4

TIMING SEQUENCE

S B

E2

1

DBo,1 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 xP Bus Interface
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LINEAR LSI PRODUCTS

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

Vee Vee

5V
REF Tu T1

2.5k 1g

2.5k 45 NE5410
= LsB [1312]11]10[0 [8 [7 |6

Doyt —11
Qo

START —o)RST 10-BIT COUNTER

= 1023
ViN FULL SCALE= 4 mA (R1 + Ry) (1024)

Figure 13. Staircase A/D
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LINEAR LSI PRODUCTS

SELECTOR GUIDE

1. With strobe, will work trom single supply.
2. Complementary output gates with individial strobes
3. Will operate from single or dual supplies
4. Ultra-high speed

4-98

*Tefperature Range
I = Industnal

C=
M =

Commercial
Military

COMPARATORS
MAX. INP.
MAX. INP. o COMMON VOLTAGE MAX. DIFF.
oFFsgT | CURRENT supPLY  |RESPONSE| MopE | OUTPUT VOLTAGE GAIN INPUT
CcoM- TEMP. VOLT BIAS OFFSET VOLTAGE TIME VOLTAGE | Vo Max. Vg Min.| OUTPUT (Typ.) TTL VOLTAGE
DEVICE | PLEXITY |RANGE* | (mV) “A)  (uA) %) (Typ.) (ns) |RANGE (V)| (V) V) [STRUCTURE| V/imV |FANOUT )
tM11t’ Single M 4.00 0.15 0.02 £15 200 (t14 0.4 o.C. 200 5 +30
LM211 Single | 4.00 0.15 0.02 to 200 14 04 oc 200 5 130
LM311 Single C 10.0 0.30 0.07 +5 and GND 200 +14 04 0.C 200 5 +30
NE5272 Single Cc 10.0 4.00 1.0 t51t0 £10 16 15 05 27 TTL 5 t5
SES527 Single M 6.00 4.00 1.00 and GND 16 15 0.5 25 TTL 5 +5
NE5295 Single c 10.0 500 150 +510 +10 12 35 05 27 TTL 5 +5
SE529 Single M 6.00 360  9.00 and GND 12 +5 05 25 TTL 5 +5
LM1193 Dual M 7.00 100 010 +15 80 13 0.4 o.cC 40 2 +5
LM219 Dual | 7.00 100 010 to 80 +13 0.4 o.cC 40 2 15
LM319 Dual 9 10.0 120 0.30 +5 and GND 80 +13 0.4 o.c 40 2 +5
LM1933 Dual M 9.00 030 010 +110 £18 1300 0toVg-2 07 oc 200 2 36
LM293 Dual i 9.00 0.40 0.15 or 1300 OtoVg-2 0.7 ocC 200 2 36
LM393 Dual C 9.00 0.40 0.15 +2t0 +36 GND 1300 OtoVg-2 0.7 0.C 200 2 36
LM2903 Dual I 15.0 0.50 0.20 1300 OtoVg-2 0.7 ocC 100 2 36
.| SEINES214 Dual MIC 15/10.0 40.0 120 +5. -5 GND 8 13 05 27 TTL 12 +6
SE/NES22 Dual Mm/IC 15/10.0 | 40.0 12.0 +5, -5, GND 10 +3 05 [eX] 12 +6
LM1393 Quad M 9.00 0.30 0.10 1300 OtoVg-2 07 ocC 200 2 36
LM239 Quad | 9.00 040 015 t1to ¢ 180r 1300 OtoVg-2 07 [eXe} 200 2 36
LM339 Quad [o} 9.00 0.40 0.15 +210 +36 1300 OtoVg-2 07 o.cC 200 2 36
LM2901 Quad | 15.0 0.50 0.20 1300 OtoVg-2 07 ocC 100 2 36
MC33023 Quad | 40.0 1.00 0.30 +210 +28 GND 2000 0toVg-2 07 o] 100 2 28
Notes:




LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR

DESCRIPTION

The LM111 series are voltage comparators
that have input currents approximately a
hundred times lower than devices like the
uA710. 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)
the devices are also much less prone to
spurious oscillations. The LM111 series has
the same pin configuration as the uA710
series.

FEATURES

® Operates from single 5V supply

¢ Maximum input bias current: 150nA
(LM311 - 250nA)

¢ Maximum offset current: 20nA (LM311 -
50nA)

e Differential input voltage range: +30V

¢ Power consumption: 135mW at £15V

o High sensitivity—200V/mV

APPLICATIONS

.

Zero crossing detector
Precision squarer
Positive/negative peak det

Low voltage adjustable reference

supply
Switching power amplifier

EQUIVALENT SCHEMATIC

LM111/211/311

PIN CONFIGURATION

GND[i
INPUT é
INPUT (3]

v-[

D, FE, N PACKAGE

ol

(7] outpuT
[6] BALISTROBE

5] BALANCE

ORDER PART NO.
LM211N/LM311N
LM311D

LM111FE/ILM211FE/LM311FE

BALANCE/
STROBE BALANCE
[+

R3 R1 R4
300

o K D1 D2
o sV 6V

R10
K

[e]
<
a
a13
ouTPUT
o4} -0
A1

130
INPUTS Q15
:‘;:
o—
ou’k}' .
R13
4
ov- =
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT

Total supply voltage 36 \"
Output to negative supply voltage:

LM111/LM211 50 \

LM311 40 i
Ground to negative supply voltage 30 \
Differential input voltage +30 Vv
Input voltage? *15 A
Power dissipation2 500 mw
Output short circuit duration 10 sec
Operating temperature range

LM111 -55to +125 °C

LM211 -25to +85 °C

LM311 0to+70 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C

(soldering, 10sec)

499




LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR

LM111/211/311

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/mvV
Response time5 Ta=25°C 200 200 ns
Saturation voltage VIN < -5mV, louTt = 50mA
Ta=25°C 0.75 1.5 0.75 1.5 v
Strobe on current Ta=25°C 3.0 3.0 mA
Output leakage current ViN = 5mV, Vour = 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)| —14.5 [13.8,-14.7 13.0 — 145 [13.8,-14.7| 13.0 Vv
Saturation voltage V+ =45V, V-=0
VIN < -6mV, IsiNnk < 8mA 0.23 0.4 0.23 0.4 \"
Output leakage current ViIN = 5mV, Vourt = 35V 0.1 0.5 nA
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 4.1 5.0 mA
NOTES
1. This rating applies for +15V supplies. The positive input voltage limit is 30V above the 3. These specifications apply for Vs = +15V and 0°C < Ta < 70°C unless otherwise

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

2. The maximum junction temperature of the LM311 is 116°C. For operating atelevated
temperatures, devices in the TO-5 package must be derated based on a thermal
resistance of 150° C/W, junction to ambient, in the N package, a thermal resistance of
162° C/W, and °C/W for the Ceramic The junction of
the LM111 is 150°C, while that of the LM211 is 110°C. For operatiny at elevated
temperatures, devices in the TO-5 package must be derated based on a thermal
resistance of 150°C/W, junction to ambient. The thermal resistance of the Cerdip
package is 110°C/W, junction to ambient.

TYPICAL APPLICATIONS

o

specified. With the LM211, L all P 1s are limited to
-25°C < Ta< 85°C and for the LM111 is limited to -55°C < Ta < 125°C. The offset
voltage, offset current and bias current specifications apply for any supply voltage
from a single 5V supply up to +15V supplies.

. The offset voltages and offset currents given are the maximum values required to drive

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

. The response time specified is for a 100mV input step with 5mV overdrive.
. Do not short the strobe prin to ground; it should be current driven at 3mA to 5mA.

ZERO CROSSING DETECTOR
DRIVING MOS LOGIC

DETECTOR FOR MAGNETIC
TRANSDUCER

TTL INTERFACE WITH HIGH
LEVEL LOGIC

MAGNETIC
PICKUP

-OV* 5v R3
R1 82K
240K
INPUT “O—AAA I—
s
0 outeut c1 S

'[an
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 LS| PRODUCTS

]
DESCRIPTION FEATURES PIN CONFIGURATIONS
The LM119 series are precision high speed ¢ Two independent comparators
dual comparators fabricated on a single e Operates from a single 5V supply D,F,N PACKAGE
monolithic chip. They are designedto oper- e Typically 80ns response time at +15V
ate over a wide range of supply voltages e Minimum fan-out of 3 (each side) NC d
down to a single 5V logic supply and e Maximum input current of 1uA over NC rg"
ground. Further, they have higher gain and temperature ano 1 ]
lower input currents than devices like the e Inputs and outputs can be isolated from
uAT710. The uncommitted collector of the system ground +INPUT 1[4}
output stage makes the LM119 compatible ® High common mode slew rate ~INPUT 1 (j
with RTL, DTLand TTL aswell ascapableof e MIL-STD-883 A, B, C avallable V-
driving lamps and relays at currents up to ouTPUT é
25mA. UTPUT 2
Although designed primarily for applica- TOP VIEW
tions requiring operation from digital logic ORDER NUMBERS
supplies, the LM119 series are fully speci- LM119F LM219F LM319D.FN
fied for power supplies up to *15V. It fea-
tures faster response than the LM111 at the H PACKAGE*
expense of higher power dissipation. How-
ever, the high speed, wide operating voltage v+
range and low package count make the OUTPUT ¢ @® CINPUT2
LM119 much more versatile than older de- GND 1 +INPUT 2
vices like the uA711.
The LM119 is specified from -55°C to +INPUT TS GND2
+125°C, the LM219 is specified from -25°C it ® CAlureuta ve
to +85°C, and the LM319 is specified from Vo
0°C to +70°C. ORDER NUMBERS
LMT19H  LM219H  LM319H
EQUIVALENT SCHEMATIC *Metal cans (H) not racommended for new designs
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LINEAR LSI PRODUCTS

DUAL VOLTAGE COMPARATOR

LM119/219/1319

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Total supply voltage 36 \"
Output to negative supply voltage 36 "
Ground to negative supply voltage 25 )
Ground to positive supply voltage 18 v
Differential input voltage +5 v
Input voltage? *15 \
Power dissipation2 500 mw
Output short circuit duration 10 s
Operating temperature range

LM119 -55 to +125 °C

LM219 -25 to +85 °C

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

NOTES

1. 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 4.0 2.0 8.0 mvV
Over temp. 7 10 mV
los Input offset current1.2 Ta =25°C 30 75 80 200 nA
Over temp. 100 300 nA
I8 Input bias current? Ta =25°C 150 500 250 | 1000 nA
Over temp. 1000 1200 nA
Av Voitage gain Ta =25°C 10 40 8 40 V/mV
Vou Saturation voitage VIN=5mV, lout=25mA, Ta=25°C 0.75 1.5 v
VIN=10mV, lout=25mA, Ta=25°C 0.75 1.5 v
V+245V,V-=0
Vin = 6mV, lout = 3.2mA
Ta=0°C 023 | 04 \'
Ta<0°C 0.6
VIN = 10mV, lout = 3.2mA 03 04 v
loH Output leakage current V-=0V, VIN = 5mV
Vout =35V, Ta =25°C 0.2 2 kA
Over temp. 1 10 uA
V-=0V, Vin = 10mV
Vout =35V, Ta =25°C 0.2 10 uA
VIN Input voltage range Vg = +15V *13 +13 Vv
: V+ =5V, V- =0V 1 3 1 3 v
Vio Differential input voltage +5 +5 \
I+ Positive supply current V+ =5V, V- =0V, Ta = 25°C 43 43 mA
I+ Positive supply current Vs = +15V, Ta = 25°C 8.0 11.5 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 Vs =+15Vdowntoa
single 5V supply.
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2. The offset voltages and offset currents given are the maximum vaiues 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.



LINEAR LSI PRODUCTS

DUAL VOLTAGE COMPARATOR LM119/249/319

AC ELECTRICAL CHARACTERISTICS TEST CIRCUIT
LIMITS RESPONSE TIME
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max MEASUREMENT
Response time* Vs=%15V, Ta=25°C 80 ns
RL = 5000} (see test figure) T Ty
+hv
*NOTE g
The response time specified is for a 100mV step with 5mV overdrive e
o— —o
PULSE o X our
GENERATOR -
o——f L o Vour
=
=15V ‘7[
TYPICAL PERFORMANCE CHARACTERISTICS
TRANSFER FUNCTION RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
A0 — 1T T—T—T ) 8.0 > 60 T T T T > 60
Vg= £ 15V V** =36V 5! so L\ || vs=s0v 1 50
> 35 R =1.4K0 7.0 w . \ Ry = 5000 Dw
] Tro25°C // 2 % e L0 A Z‘,L Lvieasovy  BQ a0 (]
x 30 603 o5 N\ TN 1a=2sec 35 20mv [|/ #s0mv
g l v+ 4 =50V = 2 30 ; T 3 30 }—[ 1
T 25 > 5.0 < 20 2 \WAVEANE > 20 —1
& I} . mv } ! 7
g / 4 o i i 5.0mv \Z.Omv //} 2.0mv
2 20 7 a0 1.0 : AN z 1.0
o m
15 L a0y 2 0 | p Vg= =15V <>
5 / 2 ;o - { w100 Ry = 5000
& 10 207 & i P z9 VH+ =50V
3 / < §§ -50 1 - T Ta=25°C 7|
® ! Y= S0 ! / g o e
RESI ¥4 , 3 1 ] ]
-10 -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 7 6.0 T T 6.0 T
| Vs= =15V ' 50 :F;);:v > 50 { ‘
Ta=25°C pe > > L= -
< a0 N et 1 a0 \ viessovi sl [/
| | | Dw 20mv \ 2.0mVv Ta=25°C &0 20mv //2A0mv
- t T 5% 30 —\— 5 30 i
z I | o5 \ ~x 5:0mv 3 V7 |
2 200 1|, - g 2.0 \ \ g 20 [ 7\ 5.0mV i
3 T { 10 10 |
» | 1 0 +—t
g 100 i 0 z 9 g 2, H Vs =50V
- L 4 - [] - | 100 RL = 5000
2 . | Suw Su g v+ =50V _
g o : + gg -%0 EE Ta=25°C
~ DIFFEREN. | 5 -100 g 0 o
100 | TIAL INPUT VOLTAGE | 2 53 Lo
-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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LINEAR LS| PRODUCTS

DUAL VOLTAGE COMPARATOR

LM119/249/319

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
OUTPUT SATURATION VOLTAGE SUPPLY CURRENT OUTPUT LIMITING
CHARACTERISTICS
25 T 12 — 120 T 1.2
Ta=25°C Ta=25°C < Ta=25°C
T / 1 ? 100 i ORT CIRCUIT CURHEINT 0s
: y gl A . I SHORT CIRCU l
= / . 8 POSITIVE SUPPLY & 80 08 Z
g v g NN —1 %
g E s ) = 06
3 3 g ~~ &
.5 10 > / I} 8
8 / g 4 NEGATIVE SUPPLY - £ a 04 &
3 /| s | V] —1 ol £
3, 2 T & 7/ POWER DissiPATION g
/vs==1sv 2 - g2 0.2
INPUT OVERDRIVE = 5.0mV
0 1 1 1 0 [ ]
o 02 04 06 08 10 [} 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)
v+ 12
250 T T \\ l
Vg= =z 15V 5 04 A ttvs * =5.0V, Vg~ =0 "
g 20 | _os ™S ¢ % [POSITIVE SUPPLY, Vs = = 18V
e - 0.
I N g ., Vs= 215V ™ oy ~
- s -1 e Tr—
: EEEn NS ~
E \.,\ w -16 t t S g 8
] P~ 3 20 |_PEFERRED TO SUPPLY VOLTAGES E POSITIVE SUPPLY, Vs * =5.0V,
£ 100 § 02 2, 5, | | vs~ =0
% % 1.2 g ‘!‘
08 [vg= =15V, Vg* =50V, V- = o NEGATIVE SUPPLY, Vg = = 15V
8O TSI orrser 8 1] 2 l @ l s s
04
0 - v- l l 0
55 -15 5 45 85 125 -85  -15 5 5 8 125 -85 15 5 a5 8 125
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
INPUT CURRENTS SUPPLY CURRENTS COMMON MODE LIMITS
(LM319) (LM319) (LM319)
300 T 12 v+ T
= N +=50V,Vg~ =
- Vg= =15V Y] L. Vst =50V, Vg
< 250 F— < 1o | 08 —
| BIAS [ —t— i POSITIVE SUPPLY, Vg = = 15V o Vg= 216V | ——t—u]
- . 8 £ -2 o
g 200 z = Ll
g g 6 é‘ "~ | REFERRED TO SUPPLY VOLTAGES
3 _ -20
O 150 S POSITIVE SUPPLY, Vs * =5.0, V- = 272 2
2 g 4 o 12
z e l | | § 08
100 (7] NEGATIVE SUPPLY, Vg= = 15V ] - Vg= =15V, Vg* =5.0V,Vs~ =0
| | OFFsET 2 G 5= =18V, Vgt =50V, Vs~ =
50 0 o I
0 10 20 30 40 50 60 70 0 10 20 30 4 50 60 70 0 10 20 30 4 5 60 70

TEMPERATURE — °C

TEMPERATURE — °C

TEMPERATURE — °C
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LINEAR LS| PRODUCTS

DUAL VOLTAGE COMPARATOR

LM119/219/319

TYPICAL APPLICATIONS

RELAY DRIVER

INPUTS

Vout =5V for VT <ViN<VuT
Vouyrt =0 for Vjy <Vt or Vin>Vur

WIDE RANGE VARIABLE

OSCILLATOR
1900 +
a7k LMo
1N914 g1 &
= =
+8V
7.5M
VAvAv
b3 s
*3 3500
] i
1 | L——K 2N2222
__L—D}" } ! SQUARE WAVE OUTPUT
- 8 7| 1nots 1kHz to 1MHz
TRIANGLE WAVE OUTPUT
4
1/2 1
3 [LM31g
500pF = |
" FREQUENCY ADJUST
xS N914 MUST BE BUFFERED
2 FORR,_ s 100
= =T ]
-5V

I'N
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LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR

DESCRIPTION

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

The LM129 series was designed to directly
interface with TTL and CMOS. When oper-
ated from both plus and minus power sup-
plies, the LM139 series will directly interface
with MOS logic where their low power drain
is a distinct advantage over standard com-
parators.

ABSOLUTE MAXIMUM RATINGS

FEATURES

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

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

Low input biasing current 25nA

Low input offset currrent +5nA and offset
voltage

Input common-mode voltage range in-
cludes ground

Differential input voltage range equal to
the power supply voitage.

Low output 250mV at 4mA saturation
voltage

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

APPLICATIONS

A/D converters

Wide range VCO

MOS clock generator
High voltage logic gate
Multivibrators

LM139A/239A/339A/LM1
LM29

39/239/339/

PIN CONFIGURATION

D,F,N PACKAGE

outpuT2 1] ~ [74] outpuT 3
output 1 [T~ 73] outPuT 4
v [3] @ GND
NpuT - [ 7] INPUT 4+
NpuT 1+ ] 70] INPUT 4 -
input 2~ 6] BLIEE
iNpuT 2+ [7] 5] wputa-
TOP VIEW
ORDER NUMBERS
LM139/239/339F N LM2901F N
MC3302D,FN LM339D

PARAMETER RATING UNIT
Vce supply voitage 36 or +18
Differential input voltage 36
Input voltage -0.3 to +36
Power dissipation?
N package 570 mW
F package 900 mW
Qutput short circuit to ground?2 Continuous
Input current (Vin < -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 -85 to +150 °C
Lead temperature (soldering 10 sec.) 300 °C

EQUIVALENT CIRCUIT

(1 Comparator Only)
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DC ELECTRICAL CHARACTERISTICS V+ =5Vdc, LM139A/LM139: —55°C = T, = 125°C unless otherwise specified

LM239: -25°C =< T, =< 85°C unless otherwise specified

LM339: 0°C =< T, =< 70°C unless otherwise specified
V+ =5Vdc, LM339A: °C < T, =< 70°C unless otherwise specified
LM239A: —25°C < T, < 85°C unless otherwise specified
LM2901/LM3302: —40°C = T, =< 85°C unless otherwise specified

TEST LM139A LM239A/339A LM139 LM239/339 LM2901 MC3302
PARAMETER NDI uNIT
CONDITIONS Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max
Vos Input offset Ta=25°C *10] =20 10} =20 *20 +50 =20 +50 *20 =70 +30 +20 mvV
vollages Over temp. 4.0 +4.0 9.0 9.0 *9 *15 +40
Vem  Input common TaA=25°C 0 V+-15) 0 V+-151 0 V+-15 0 V+-15 0 V+-15 V+-15
mode voltage Over temp. 0 V+-20] 0 V+-20} O V+-20 0 V+-20 0 V+-20 V+-20] v
range®
Vipr Ditferential inpul‘ Keep all V+ V+ V4 V+ V+ V4 v
voltage# ViNs = OVdc
(or V- if need)
I} input bias ING+) O iNg—)
current? with output in
linear range
Ta=25°C 25 100 25 250 25 100 25 250 25 250 25 500
Over temp. 300 400 300 400 200 500 1000 nA
los Inputoffset INgG+)— BIN(=)
current Ta=25°C +30}] =25 +50 50 +30 *25 +50 +50 +5 +50 =5 +100 | nA
Over temp. +100 *150 +100 *150 =50 * 200 + 300 nA
loL Output sink VIN(-) = 1Vdc, | 60 16 6.0 16 6.0 16 6.0 16 6.0 16 6 mA
current ViN(+ )= 0,
Vo = 15Vdc,
Ta=25°C
Vo = 800mV,
over temp. 20
loH Output leakage Ving) = 1Vde,
current ViN-)=0
Vo =5Vdc,
Ta=25°C 0.1 0.1 0»1 0.1 0.1 0.1 nA
Vo =30vde,
over temp. 10 10 1.0 10 1.0 10 wA
lcc Supply current V+ =28V 8 18
R == on
comparators,
Tpo=25°C 08 20 08 20 08 20 0.8 20 08 20 mA
V+ =30V 1.0 25
Ay . Voitage gain R = 15kQ,
V+ =15Vdc 50 200 50 200 50 200 50 200 25 100 2 100 VimV
VoL Saturation voltage | ViN(-) = 1Vdc,
ViN(+)=0.
ISINK < 4mA
Ta=25°C 250 400 250 400 250 400 250 400 400 150 400 mv
Over temp. 700 700 700 700 400 700 700
TisR Large signal Vin = TTL logic
response time swing,
VREE = 1.4Vde,
300 300 300 300 300 300 ns
TR  Response time®
13 13 13 13 13 13 kS

See notes on following page.

N
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LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR

LM139A/239A/339A/LM139/239/339/
LM2901/MC3302

NOTES
1. For g at high , the LM339l339A LM2901 and MC3302 must be
derated bmd ona125°C { and a thermal

[

w

of 175°C/W which applies for me device soldered in a printed circuit board,
operating in a s(lll alr embient. The LM139/139A/239/239A must be derated on a
150°C i The low power dissipation and the “On-Off"
characteristics of the outputs keep the chip dissipation very small (Pp < 100mW),
provided the output are allowed to saturate.

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

>

o

L4

. Positive excursions of input voltage may exceed the power supply level by 17 volts.

As long as the other voitage within the de range, the com-
parator will provide a proper output state. The low input voitage 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 signail voitage should not be

destruction, The maximum output current is app ly 20mA | 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 blased 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 voitages 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 neg: This is not and normal output states will re-
establish when the input voltage, which was negative, again returns to a value
greater than —0.3Vdc.
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®

1] d to go neg by more than 0.3V. The upper end of the common-mode volt-
age range is V+ — 1.5V, but either or both inputs can go to 30Vdc without damage.

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

current is y 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. For
larger overdrive signals, 300ns can be obtal see typical perf

istics section.




LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR

LM139A/239A/339A/LM439/239/339/
LM2901/MC3302

TYPICAL APPLICATIONS

+250mVpc < Ve < +50Vpe
700Hz < fo < 100kHz

[1/4LM33¢

100k
AA
W
*ve
FRAEQUENCY 10
CONTROL O +
VOLTAGE 0.1uF
INPUT VAA
>
.”““1; 20k

b3
$ 5003 o vin
QU
V+ = +30Vpc H

v+

TWO-DECADE HIGH-FREQUENCY VCO

I . sooprl

v+

3.0kQ

OUTPUT 1

OUTPUT 2

VISIBLE VOLTAGE INDICATOR

“SVpe
)

LIMIT COMPARATOR

v+ (12vpe)

2Rs
* VREF HI O—AWA—]

Rs
*VIN

&

*VREF LOWO

VREF o
- 1.4Vpc)

v+

>
$ 2.0k

v
i,
Vo

CRYSTAL
1= 100kHz

NOTE:

Inputs of unused comparators should be grounded.
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LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR

LM139A/239A/339A/LM139/239/339/
LM2901/MC3302

TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY CURRENT
1.0 T
Ta -55° —1

< 08 Ta= 0°C
€ L
Z T 1
3 | —r
> Ta= *70°C
g oa ]
H
J 1 ra= +125°C
- /

0.2

RL=@® 4

10 20 30
V* —SUPPLY VOLTAGE—VDC

1n—INPUT CURRENT—nApc

INPUT CURRENT OUTPUT SATURATION VOLTAGE
:'“2‘::):20‘:?:‘:_ 3 SAYU::I"‘ISS{ 4”
2 1.4
&
Ta -885°C E //
" e Taz 125 VY
Taz 0°C § o Z /]
'L\ § b A /A = -s5°C
<
. X Ny 74
Ta= +125°C Ta= +25°C F
Tal med //x Ta 25"
/
ok d l
0 10 20 30 “0 0.01 0.1 0 10

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—
NEGATIVE TRANSITION

OUTPUT VOLTAGE.
VoV

V *+—SUPPLY VOLTAGE—Vpc

INPUT VOLTAGE.
ViN—mV
<

10—OUTPUT SINK CURRENT (mA)

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—
POSITIVE TRANSITION

- T T T T
r T x T [ u INPUT OVERDRIVE = 100mV
5mV = INPUT OVERDRIVE g ¢ (
*sv ! 5
4 o >
| ' 2 D] |
3 — § >3
5.1K 13 7 20mv Tsmv
VIN 3 2 o
100my | p [1] [
1 1 out, 1 +5V
L] L e~ u I I JJ ]
* I [ l < E T < v 51K 7
f OVERDRIVE 25 ™ —
e T 5> s Ta< 25°CH— Vout]
g
g i oL
=100 TA = 25°C —-1 - -
A OVERDRIVE | |
0 05 10 15 20 1] 0.5 1 1.5 2
TIME— u sec TIME— ;i sec
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

DESCRIPTION

The LM193 series consists of two independ-
ent precision voltage comparators with an
offset voltage specification as low as 2.0mV
max for two comparators which were de-
signed specifically to operate from a single
power supply over a wide range of voltages.
Operation from split power supplies is also
possible and the low power supply current
drain isindependent of the magnitude of the
power supply voltage. These comparators
also have a unique characteristic in that the
input common mecde 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 voitage range 2.0Vdc
to 36Vdc or dual supplies =1.0Vdc to
+18Vdc

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

¢ Low Input biasing current 25nA

¢ Low input offset current +5nA and offset
voltage *2mV

¢ Input common-mode voltage range in-
cludes ground

* Ditferentlal input voitage range equal to
the power supply volitage.

e Low output 250mV at 4mA saturation
voltage

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

APPLICATIONS

® A/D converters

* Wide range VCO

* MOS clock generator
*» High voltage logic gate
* Multivibrators

LM193/A/293/AI393/A/2903

PIN CONFIGURATIONS

D,N,FE PACKAGE

outpuT A [T] (8] v
ez 7] outeute
NON-INVERTING INVERTING
INPUT A 6 ) INPUT B
NON-INVERTING
ano [2] (5] NeuTs
TOP VIEW
ORDER NUMBERS
LM193FE LMB393FE
LM293FE LM393AFE
LM293AFE LM393N
LM293N LN393AN
LM2S3AN LM2903N
LM383D

PARAMETER RATING UNIT

Vce supply voitage 36 or £18 Vdc
Differential input voltage 36 Vdc
Input voltage -0.3 to +36 Vdc
Power dissipation!

N 570 mwW

FE 900 mwW
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)
v
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/AI293/A/393/AI12903

DC ELECTRICAL CHARACTERISTICS (Contd) V+ = 5Vdc, LM193/193A: -55°C < Ta < +125°C unless otherwise specified.
LM293/293A: -25°C < Ta < +85°C unless otherwise specified.
LM393/393A: 0°C < Ta < +70°C unless otherwise specified.

LM2903: -40°C < Ta < +85°C unless otherwise specified.?
LM193 LM293/393
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Input offset voltages Ta=25°C +2.0| 5.0 +20 | +50 | mV
Over temp. +9.0 +9.0
Vewm Input common mode voltage Ta =25°C 0 V+-15] 0 V+-15| V
ranges6.10 Over temp. 0 vV+-20] O V+-2.0
VipR Differential input voltage4 Keep all ViN's = 0Vdc v+ V+ \
(or V-if need)
s Input bias current8 ling+) or Iing-) with output in
linear range
Ta=25°C 25 | 100 25 250
Over temp. 300 400 nA
los Input offset current ling) = inge)
Ta=25°C +3.0| 25 50| 50 | nA
Over temp. +100 +150 | nA
loL Output sink current ViNG-) = 1Vdc, ViINe) =0,
Vo < 1.5Vdc,
Ta=25°C 6.0 | 16 6.0} 16 mA
loH Output leakage current Ving) = 1Vde, Vine) = 0
Vo = 5Vvdc,
Ta=25°C 0.1 0.1 nA
Vo = 30Vdc, over temp. 1.0 1.0 uA
lcc Supply current RL = « on both comparators
Ta=25°C 0.8 1 0.8 1 mA
V+ = 30V, over temp. 2.5 2.5
Av Voltage gain RL = 15K, V+ = 15Vdc .50 | 200 50 | 200 V/mV:
VoL Saturation voltage ViING-) = 1Vdg, ViNe) =0,
ISINK < 4mA
Ta=25°C 250 | 400 250 | 400 |
Over temp. 700 700 mV
TLsR Large signal response time ViN = TTL logic swing,
VRer = 1.4Vdc, VgL = 5Vdec,
RL = 5.1k},
Ta=25°C 300 300 ns
TR Response time® VrL = §Vdc,
Ry = 5.1k(},
Ta=25°C 1.3 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

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

a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C 5. Atoutput switch point, Vo = 1.4Vdc, Rs = 002 with V+ from 5Vdc to 30Vdc; and over the *
junction p . The low bias dissipation and the “On-Off" full input common-mode range (OVdc to V+ -1.5vdc). :

characteristics of the outputs keeps the chip dissipation very small (Pp < 100mW), 6. The input common-mode voltage or either input signal voltage should not be allowed *

provided the output transistors are allowed to saturate. to go negative by more than 0.3V. The upper end of the common-mode voltage range
2. Short circuits from the output to V+ can cause excessive heating and eventual is V+ -1.5V, but either or both inputs can go to 30Vdc without damage.

destruction. The maximum output current is approximately 20mA independent of the 7. With the LM293/293A, all temperature specifications are limited to -25°C < Ta <

magnitude of V+. +85°C and the LM393/393A, ail temperature specifications are limited to 0°C < Ta<
3. This input current will only exist when the voltage at any of the input leads is driven +70°C. The LM2903 is limited to -40°C < Ta <85°C.

negative. It is due to the collector-base junction of the input PNP transistors becoming 8. The direction of the input current is out of the IC due to the PNP.input stage. This

forward biased and thereby acting as input diode clamps. In addition to this diode current is essentially constant, independent of the state of the output so no loading ,

action, there is also lateral NPN parasitic transistor action on the IC chip. This change exists on the reference or input lines. :

transistor action can cause the output voltages of the comparators to go to the V+ 9. The response time specified is for a 100mV input step with a 5mV overdrive.

voltage level (or to ground for a large overdrive) for the time duration that an inputis 10. For input signals that exceed Vcc, only the overdriven comparator is affected. With a

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.
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/A/293/AI393/AI12903

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

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

-65°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| 2.0 +2.0] 7.0 mV
Over temp. *40 +4.0 *9 +15
Vem  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] O V+-2.0] 0 V+-2.0
Vipr Differential input Keep all Vin's = 0Vde v+ V+ V+ Y
voltage4 (or V-if need)
[[:] Input bias current8 hing+) or ling-) with output in
linear range
Ta=25°C 25 | 100 25 | 250 25 | 250
Over temp. 300 400 200 | 500 nA
los Input offset current IING+) = LN
Ta=25°C +3.0| *25 +5.0| x50 +5 | +50 nA
Over temp. +100 +150 +50 | +200 nA
loL  Output sink current ViN(-) 2 1Vde, Ving) = 0,
Vo < 1.5Vdc,
Ta =25°C 6.0| 16 60| 16 60| 16 mA
lon Output leakage VING+) = 1Vde, Vi) =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 R = = 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-) 2 1Vdc, Ving) =0,
ISINK < 4mA
Ta =25°C 250 | 400 250 | 400 400
Over temp. 700 700 400 | 700 mv
TLsr Large signal VIN = TTL logic swing, 300 300 300 ns
response time VRer = 1.4Vdc,
VRL = 5Vdc, RL = 5.1kQ,
Ta =25°C
TR Response time?® VRL = 5Vdc, RL = 5.1k{}, 1.3 1.3 1.3 us
Ta=25°C
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR  LM193/A/293/AI393/A/2903

TYPICAL APPLICATIONS

TWO-DECADE HIGH-FREQUENCY VCO LIMIT COMPARATOR

ve v V¥ (12Vpe)
100k be

100k

+ve 3.0k 2Rg
FREQUENCY Jur .
CONTROL OUTPUT 1 VREF HI &AW
VOLTAGE LAMP
INPUT OUTPUT 2 ‘v Rs
e A% N
<
<
= 2Rg 2N2222
V+ = +30V, +
ce * Vrer Low T VWY =
+25mVpc=Ves +50Vpe

700Hz <1, < 100kHz

VISIBLE VOLTAGE INDICATOR TTL TO MOS LOGIC CONVERTER

.
sVpc oy
SVpc

10k~ =12V
(*1.4vpe)

~12Vpc=

CRYSTAL CONTROLLED OSCILLATOR

200kQ CRYSTAL
t = 100kHz

All pins of any unused comparators shouid be grounded.
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LINEAR LS| PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/A/293/AI1393/A/2903

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT CURRENT
Fen e
8
]
J TA= -88°C
z
3 T o°C
A
3
g —
3 AN
z X
MERERERTT \\nf +a8°c
Ntz +70°C
) 10 20 30 w0
V +—8UPPLY VOLTAGE—Vpc
RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—
NEGATIVE TRANSITION
4 L [ [ [
: SmV = INPUT OV‘ENDNV‘;
§>| A s5v i
S>° - 20mv .
% \ Vin sax_|
. 100m\l\ VOUT
g o { X =
5t 4 “
g1 o
£ 5
z
100 TaS 2°C
1]
0 0.5 1.0 15 20
TIME— 4 sec

OUTPUT SATURATION VOLTAGE

[

0.1

VO—SATURATION VOLTAGE (Vcc)

snuon‘glg: %1
. Z
Ta= +125°C A//

V.

A]/TA’ - §5°C

7

0.001

AL/
P
0.01 / 0.1 1[ —[ 10

Io—OUTPUT SINK CURRENT (mA)

100

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—
POSITIVE TRANSITION

6 | T T T
u INPUT OVERDRIVE = 100mV
g s
<
5 [
4 D] |
5 5
5 1 lznmv Is:rv
I 1

1 5V
A AN N
Bz € 51K P
a5 Vin —
>z
§> 50, Ta® 25°CH— Vout
z = =

) 0.5 1 15 2
TIME— i sec
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LINEAR LSI PRODUCTS

FEATURES

¢ 12ns maximum guaranteed propagation
delay

o 20A maximum Input bias current

e TTL compatible strobes and outputs

o Large common mode input voltage
range

e Operates |rom standard supply voitages

Military qualifications pending

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS

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

o High speed line receiver

PARAMETER RATING UNIT
Supply voltage v
v+ Positive +7
V- Negative -7
VIDR Ditferential input voltage 16 \
VIN Input voltage v
Common mode t5
Strobe/gate +5.25
Pp Power dissipation 600 mwW
T A Operating temperature range
NES21 0to 70 °C
SE521 -55 to +125
Tstg Storage temperature range -65to +150 °C
Lead temperature +300 °C
(solder, 60 sec)

PIN CONFIGURATION
D,F,N PACKAGE
weut1a [T] 4] v
nput 18 [Z] 73] v-
ne (3] (7] INPUT 24
outeut 1v [@] [11] iNpuT 28
sTROBE 16 [ ] 0] ne
stroees [6] (9] outeuray
arouno [7] 8] STROBE 2G
TOP VIEW
ORDER NUMBERS
NES21D,F,N SES521F

BLOCK DIAGRAM

()
INPUT 1A

12)
INPUT 18

4)

12
INPUT 2A

)
OUTPUT 1Y INPUT 2B

8)
STROBE 1G

(9)
OUTPUT 2Y
8)

(8)
STROBE S

STROBE 2G

EQUIVALENT SCHEMATIC

Ve

1O
> >
1» Ry :»u,
b4 <
2 Q, Q,
.
L. -
Q,
R,
V-
130
%l‘
Q“ﬁ
‘
12 Qs

> >
< <
>Ry &
2 ?

v+O
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NES21

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

SE LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
Vos Input offset voltage V+ = +4.5V, V- = -45V mv
At 25°C 6 7.5
Over temperature range 15
'BlAS Input bias current Ve =455V, V- = -5.5V pA
At 25°C 75 20
Over temperature range 40
IOS Input offset current V+ = +5.5V, V- = -5.5V KA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4 5V, V- =-45V +3 \
ViL Low level input voitage Vv
At 25°C 0.8
Over temperature 0.7
ViH High level input voltage 2.0 \"
Input current V+ = +5.5V, V- = -5.5V
K High ViH =27V
1G or 2G strobe 50 MA
Common strobe S 100 KA
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 25 3.4
Vou Low V+ = +4.5V, V- = -4.5V, ILoaD- 10mA 05
Ta =25°C, ILoaD = 20mA 0.5
Supply voltage \
V+ Positive 45 5.0 5.5
V- Negative -4.5 -5.0 -5.5
Supply current V+ =55V, V-=-55V, TA=25°C mA
lcc+ Positive 27 35
lce- Negative -15 -28
I'sc Short circuit output current -35 -115 mA
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LINEAR LS| PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NE521

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

NE LIMITS TS
TEST CONDITIONS UN
PARAMETER Min Typ Max
Vos Input offset voltage V+ = +4.75V, V- = -4.75V mV
At 25°C 6 7.5
Over temperature range 10
IBIAS Input bias current V+ = +5.25V, V- = -5.25V MA
At25°C 7.5 20
Over temperature range 40
'OS Input offset current V+ = +5.25V, V- = -5.25V LA
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
lH High ViH =27V
1G or 2G strobe 50 A
Common strobe S 100 MA
e Low ViL=05v
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA
v Output voltage Vis) = 2.0v v
OH High V+ = +4.75V, V- = -4.75V, |LOAD =-1mA 2.7 3.4
VOL Low V+ = +5.25V, V- = -5.25V, | LOAD = 20mA 0.5
Supply voltage v
V+ Positive 4.75 5.0 5.25
V- Negative -4.75 -5.0 -5.25
Supply current V+ =525V, V-=-525V, TA=25°C mA
olel Positive 27 35
Icc- Negative -15 | -28
I'sc Short circuit output current -40 -100 mA
AC ELECTRICAL CHARACTERISTICS T4 =25°C, R =280Q C| =15pF V+=+5V V- =-5V
LIMITS
PARAMETER FROM TO UNIT
INPUT OUTPUT Min Typ Max
Large Signal Switching Speed
Propagation delay ns
tPLH(D) Low to high! Amp Output 8 12
tPHL(D) High to low? Amp Output 6 9
tPLH(S) Low to high2 Strobe Output 45 10
tF’HL(S) High to low? Strobe Output 3.0 6
Maximum operating frequency 40 55 MHz
NOTES

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

output

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

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NES21

TYPICAL PERFORMANCE CHARACTERISTICS

RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES RESPONSE TIME vs TEMPERATURE
T T
] "I: Iosco 2 4 Ta280c | y
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3 . . L/ g ,| 100mv 1omv 210 P
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g g z == 7
2 10mV 3 oo b
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g L § 50
> [3
5 0 Fa z
g H
- o & 10 185 20 26 30 o 8§ 10 18 20 28 60 20 <20 80 +100 <140
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1 I W
N ! 314 s 30
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H i ‘i 210 220
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g E— ®i0
[} + 4
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LINEAR LsI PRODUCTS

FEATURES

15ns maximum guaranteed propagation
delay

20A maximum input bias 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 voitages

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS

¢ MOS memory sense amp
* A-to-D conversion

e High speed line receiver

PIN CONFIGURATION

PARAMETER RATING UNIT
Supply voitage v
V+ Positive +7
V- Negative -7
VIDR Ditferential input voltage 8 v
VIN Input voitage v
Common mode 5
Strobe/gate $5.25
PD Power dissipation 600 mw
TA Operating temperature range NE 0to 70 °C
SE -55 to +125 -
Tstg Storage temperature range -65 to +150 °C
Lead temperature +300 °C
(solder, 60 sec)

D,F,N. PACKAGE

ORDER NUMBERS
NES22D,F,N SES22F

weut1a [1] E v+
weut 18 (7] 3] v-
ne [3] 12] inpUT 24
outeut 1y [T [T1] iNPuT 28
sTROBE 16 [§ | [10] nc
sTROBES [6 ] (9] outpuray
GROUND [T7] 8] sTrose 20
TOP VIEW

BLOCK DIAGRAM

INPUT 1A

{
INPUT 18

(1

by

“)
OUTPUT 1Y O

(8)
STROBE 16

[}
STROBE § (‘-17

@

(8)

2
INPUT 2A

,IN’UT 28

OUTPUT 2Y

STROBE 26

EQUIVALENT SCHEMATIC

140~
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DC ELECTRICAL CHARACTERISTICS 5V +£10%, Ta = -55to 125°C unless otherwise specified
SE LIMITS
PARAMETER UNIT
TEST CONDITIONS Min Typ Max
Vos Input offset voltage V+ = +4.5V, V- = -4 5V mV
At 25°C 6 75
Over temperature range 15,
181AS Input bias current V+ = +5.5V, V- = -5.5V MA
At 25°C 75 20.
Over temperature range 40.
los Input offset current V+ = 455V, 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 \
ViL Low level input \
Voltage at 25°C 0.8
over temperature 0.7
Vi High level temperature 20 \"
Input current V+ = +5.5V, V- = -5.5V
H High ViH =27V
1G or 2G strobe 50 KA
Common strobe S 100 WA
hL Low VL = 0.5V
1G 2G strobe -2 mA
Common strobe S -4 mA
Output voltage \"
VoL Low V+ = +4.5V, V- = -4 5V
loL = 20mA, Ta =25°C 5
loL = 10mA 5
Output current LA
loH High Vec+ = +4.5, Vec- = -4.5V, Vou = 5.5V
250
Supply voltage \
V+ Positive 4.5 5.0 5.5
V- Negative -4.5 -5.0 -5.5
Supply current V+ =85V, V- = -55V mA
lcc+ Positive 27 35
lce- 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 75
Over temperature range 10
1B1AS Input bias current V+ = +5.25V, V- = -5.25V Py
At 25°C 7.5 20
Over temperature range 40
los Input offset current V+ = +6.25V, V- = -5.25V HA
At 25°C 1.0 5
Over temperature range 12
Ve Common mode voltage range V+ = +4.75V, V- = -4.75V +3 v
Input current V+ = +5.25V, V- = -5.25V
HiH High Vig =27V
1G or 2G strobe 50 MA
Common strobe S 100 MA
he Low ViL =058V
1G 2G strobe -2.0 mA
Common strobe S -4.0 mA
Output voltage V+ = +5.25V, V- = -5.25V, V| (g = 2.0V v
Vou Low ILOAD = 20mA 0.5
Output current A
oM High Vee+ = +4.75,
VoG- = -4.75V, Vou = 5.25V 250
Supply voltage "
V+ Positive 4.75 5.0 525
V- Negative -4.75 -5.0 -5.25
Supply current V+ =525V, V- = -5.25V, Tp = 25°C mA
lcc+ Positive 27 50
lce- Negative -15 -28
AC ELECTRICAL CHARACTERISTICS Tp = 25°C, R = 28002, C|_ = 15pF
FROM T0 LImITs UNIT
PARAMETER INPUT OUTPUT Min Typ Max
Input resistance 4 k)
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/SES22

TYPICAL PERFORMANCE CHARACTERISTICS

RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS

INPUT OVERDRIVES INPUT OVERDRIVES RESPONSE TIME vs TEMPERATURE
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR

SE/NES27

DESCRIPTION

The SE/NE527 is a high speed analog vol-
tage comparator which, in the first time
mates state-of-the-art Schottky diode tech-
nology with the conventional linear proc-
ess. This allows simultaneous fabrication
of high speed T2L gates with a precision
linear amplifier on a single monolithic chip.
The SE/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

* TTL or ECL compatible outputs

* Wide common mode and differential vol-
tage range

e Mil std 883A,B,C avallable

¢ Typical Gain of 5000
APPLICATIONS

® A/D conversion

ECL to TTL interface
TTL to ECL interface
Memory sensing
Optical data coupling

BLOCK DIAGRAM

o o o o

PIN CONFIGURATIONS

D,F,N PACKAGE

vi [: W) v'a
~e [ 7] sTROBE A
INPUT A& E 7] ne
INPUT 'E 1 OUTPUT A
Ne q 5] arouno
v; (4 E outeuT 8
ne (7] [1] strose s
TOP VIEW
ORDER NUMBERS
NE527D,N,F SES27F
H PACKAGE *

STROBE A
vyt (7%
ouTPUT A
INPUT A
INPUT B
ouTPUT B
outPuT 8
v = ORDER NUMBERS
STROBE 8 SEINES27H
*Metal cans (H) notrecommended for new designs
+ vt
Vi STROBE A 2
o ' 9 -0
< <
20K K S 3K 4K 550
315K 15K = OUTPUT A
o
7500 g Q7500 320K
<
INPUT A = 3 613K

2000

LAl

M’% 3000 '\%

STROBEB

GROUND
o

OUTPUT B
—
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR SE/NE527
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Positive supply voltage (V1+) +15 \
Negative supply voltage (V1-) -15 \
Gate supply voltage (V2+) +7 \"
Output voitage +7 \"
Differential input voltage *5 \
Input common mode voltage *6 \"
Power dissipation 600 mw
Operating temperature range
NE527 0to +70 °C
SES527 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C
DC ELECTRICAL CHARACTERISTICS Vi+ = 10V, Vi- = -10V, V* = +5.0v
SES527 NE527
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max Min Typ | Max
INPUT CHARACTERISTICS
Input offset voltage @ 25°C 4 6 mv
Over temperature range 6 10 mv
Input bias current @ 25°C 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 uA
Common mode +5 v
voltage range
GATE CHARACTERISTICS
Output voltage
“1" State Vz+ = 4.75V, Isource = -1mA 25 3.3 27 3.3 \
“0" State Va2t = 475V, Isink = 10mA - 05 0.5 \
Strobe inputs
“0” Input current’ Va+ =525V, VsTRoBE = 0.5V -2 -2 mA
“1" Input current @ 25°C'| V2* =5.25V, VsTROBE = 2.7V 50 100 uA
Over temperature range Vz+ =5.25V, VsTRoBE = 2.7V 200 200 uA
“0" Input voltage Va+ = 475V 0.8 0.8 \
“1" Input voltage Va2t = 4.75V 2.0 2.0 \
Short circuit
Output current Vz+ =5.25V, Vout = 0V -18 -70 -18 -70 mA
POWER SUPPLY REQUIREMENTS
Supply voltage
Vi+ 5 10 5 10 v
Vi- -6 -10 -6 -10 v
Va+ 45 5 5.5 4.75 5 5.25 Vv
Supply current Vit =10V, Vi- = -10V
Va+ = 5.25V
I+ Over temp. 5 5 mA
I1- Over temp. 10 10 mA
12+ Over temp. 20 20 mA

NOTES
1. See logic function table.

4125



LINEAR LSI PRODUCTS

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
totf Turn-off time 6 ns
TYPICAL PERFORMANCE CHARACTERISTICS
INPUT CURRENTS vs SUPPLY CURRENT vs POWER DISSIPATION vs
TEMPERATURE TEMPERATURE SUPPLY VOLTAGE
30 3 I 80 et TEov
2.5 I\ 15 H Ta=255C
< 20 N Ry - L € 1m0 [ //
1 1‘5 N\BIAS CURRENT T T z!
e W £ s Vot =50V % S 140 7
z 10 w 7 =
& N & — ] - s
£ 05 S £ 8 — S 430 v
3 o © 5 ]
g 03] h 4 iedtidd e 120 4
g Nl [OFFSET CURRENT & | v | w
Z 02 ~ 2 3 ! 3 110 Vd
01 2 += 410V 2 /
. Vit = .
0 A 100
-50-25 0 25 50 75 100 125 -50-25 0 25 50 75 100 125 x5 %6 27 %8 %9 =10
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V4 +,V; ™) — VOLTS
SUPPLY CURRENT vs OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR
SUPPLY VOLTAGE VARIOUS INPUT
OVERDRIVES
8 l Ta=25°C > Vit =10V, Vi~ = - 10V > Vi* =10V, Vi~ = 10V
7 f-Va+ =50 glos Va* =50V el s Vot =50V —
€ t- g5 4 [OUTRUTA 28 4 louteuta —
6 Ea N— E< : e
| |+ l o5 3 \ oL 3 AUEIVAW V) 3]
= 2 \ 2 AV FAA VI
g ° 2 I > 2 E N \e\g
- F—— 1 ) overorive \5|\3 \B.\x
3 \ ] (3N I ) 2 AN
I = : 5y SN A
g 2 %'é +00 INPUT A ;'é +100 OVERDRIVE
2 28 o =2 o T INPUT B
1 ] § | _OVERDRIVE _| 2100
[} ~100 A |
£5 %6 x£7 %8 =9 =10 0 5 10 15 20 25 30 0 5 10 15 20 25 30
SUPPLY VOLTAGE V4 *,V; =) — VOLTS TIME — ns TIME — ns
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VOLTAGE COMPARATOR

SE/NE527

RESPONSE TIME TEST CIRCUIT

“":’c . — O(V:*)
+10 sy
INPUT PROBE waovf:-%.v m .1ii'wwv
3
[Tmn = = 1 1_3 "= =
INPUT gy s N
L
510 810 +5O0—A—9
Ry
= § |8 |10
= l
v1-) |
—100___rJ +5 =

CR1 - CRA = ING14 INPUT

R1 SELECTED FOR 18:1 DIVIOER PRR = 1MHz
R2,3 SELECTED FOR 100mV AT PIN & Pw = 50ns.
TrmTim2ns

AMPLITUDE = 3.00V

ouTPUT
PROBE +5

APPLICATIONS

One of the main features of the device is that
supply voltages (V1+, V1-) need not be
balanced, as indicated in the following dia-

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

NE527 LOGIC FUNCTION

it isalso important to note that Output Ais in
phase with input A and Output B is in phase
with Input 8.

grams. For proper oparation, however, neg-
ative supply (V1-) should always be at least A :’ 'NB_ STR'A’ STR'B’ OUT ‘A’ ouT '8’ COMMENT
six voits more negative than the ground A*,87)
terminal (pin 6). Input Common Mode range > Vo X hil H Ih Read i g, liHa
should be limited to values of two volts less
than the supply voltages (V1+and V1-) upto < = Vou hil X il H Read lja, e
TYPICAL APPLICATIONS
PHOTODIODE DETECTOR ECL TO TTL INTERFACE
A +8V +8Y
L
Ve, :E Ry = :: Rz
1 1 1 Q 1 14 [
3 1np—o 3 " '_'Cf’
T
earn T $n, s2TN ouTeuUTS
g o 4 I‘-—-—-é
14, P INpUT | s 10 [
Ry 3Ry L -l- SRy Ry -L
T T -8V = - 10V )
MOS8 MEMORY SENSE AMP TTL TO ECL INTERFACE
VRgr »oV ‘? +8Y
i
3o ! KS Sk -
1108 " 2 mweer T [ w171
MOS RAM 3 np—>° o 3 1 D——-g
82N 827N
4 9 g - { 3:8
[ 10 L ! [ 10 !
1000 1000 l R SRy l l
L 4 6V = = -10v -8av
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VOLTAGE COMPARATOR SE/NES29

DESCRIPTION FEATURES PIN CONFIGURATION
The SE/NES529 is a hfgh speed analog volt- e 10ns propagation delay D,F,N PACKAGE
age comparator which, for the first time e Complementary output gates
‘mates state-of-the-art Schottky diode tech- e TTL or ECL compatibie outputs vi* [0 ) va*
nology with the conventional linear proc- e Wide common mode and differential voit- w ] 3] strosE A
ess. This allows simultaneous fabrication of age range
high speed T2L gates with a precisionlinear e Typical Galn 5000 weut A (3] 1] Ne
amplifier on a single monolithic chip: weuts [1] 7] outPUT A
APPLICATIONS ne 3] 3] anovko
® A/D conversion v [ 7] ourpurs
¢ ECL to TTL interface o5 B
e TTL to ECL interface b stRose®
* Memory sensing TOP VIEW
e Optical data coupling ORDER NUMBERS
o Mil std 883A,8,C available SE/INES29F, NE520N,D
H PACKAGE*
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT ORDER NUMBERS
SE/NE5S29H
Positive supply voltage (V1+) +15 v “Metal cans (H) not recommended for new designs.
Negative supply voltage (V1-) -15 "
Gate supply voltage (V2+) +7 Vv
Output voltage +7 v BLOCK DIAGRAM
Differential input voltage +5 \
Input common mode voltage +6 Vv
Power dissipation 600 mw
Operating temperature range OUTPUT A
NE529 0to +70 °C INPUT A
SE529 -55 to +125 °C INPUT B outPUTS
Storage temperature range -65 to +150 °C
Lead temperature
(soldering, 60 sec) +300 °C
EQUIVALENT SCHEMATIC
vy O STROBEA A
o ’ -0
m % " : } W -
Q
o,
0.
2 " E:ux . pREL OUTPUTA
Ry
GROUND
. outPuTe
Q4
on
stRoses - = =
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DC ELECTRICAL CHARACTERISTICS Vi+=+10V, V2+=+5.0V, Vi-=-10V
SES29 NES529
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min | Typ | Max
INPUT CHARACTERISTICS
Input offset voltage @25°C 4 6 mv
Over temperature range 6 10 mV
Input bias current @25°C 5 12 5 20 wA
Over temperature range VIN=0V 36 50 uA
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 +5 v
GATE CHARACTERISTICS
Output voltage
“1” state Va+ = 4.75V, lsource = ~1MA 25 33 2.7 3.3 v
“0" state Vo+ = 4.75V, lsink = 10mA 0.5 0.5 \
Strobe inputs
“0” Input current1 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 HA
“0" input voltage Vot = 4.75V 08 0.8 \
“1" input voltage Vaot+ = 475V 20 2.0 \
Short circuit
Output current Va2+ = 5.25V, Voyt = 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 5.5 4.75 5 5.25 \"
Supply current Vi+ =10V, Vi- = -10V
Va+ = 5.25V
I+ Over temp. 5 5 mA
I- Over temp. 10 10 mA
2+ 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

Propagation delay time
tPLH
tPHL

Delay between output
A and B

Strobe delay time
toN turn-on time
torF turn-off time

ViN = £100mV step

12
10

ns
ns

ns

ns
ns
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VOLTAGE COMPARATOR

SE/NE529

TYPICAL PERFORMANCE CHARACTERISTICS

= N
smi mzi +80
I

3
Rz 4

1-)

-mo""_’l__.1 5

5

W

INPUT CURRENTS SUPPLY CURRENT POWER DISSIPATION
vs TEMPERATURE vs TEMPERATURE vs SUPPLY VOLTAGE
12 160 .
10 N\ . | Va* =5.0V
« y —y 3 g [TamzsC
g 8 N g 1 Ao Sy 4
T BIAS CURRENT 1 Vp* =5.0V | /
- 4 | : 2 140
2 P z | ] 7
. z : 2
w P~ = 4~ < /
g 2 N s 2 430
3 o 3 Vi= =10V ] 2 /
5 oek 9 % 1 e 120 /
a U a 4 | « /
& 0.4 et % 3 LM g /
- | OFFSET CURRENT : Ve oo 2 110
0 | | | 100
-50-25 0 25 50 75 100 125 -50-25 0 25 50 75 100 5 8 T8 89 10
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V4 *, V4 =) — VOLTS
SUPPLY CURRENT OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR
vs SUPPLY VOLTAGE ’ VARIOUS INPUT OVERDRIVES
8
N > [ I + -
, Tm2ec | L s Vit =10V, Vit m =10V T s [T ¥;¢ Al
E 4~ Ya* maov §§ 4 boutpur A2 259Y 53 4 LOUTPUT A
| 35 3 Va 35 3 TR -
5 s beg” i . 2 \ / 2 \.o \i. OVERDRIVE
z I 2 g 2 \ 2\
B\ \s,
g ta* 3 Y 1 R ‘\ A\
3 | T |ouieurs /N T AN
> 3 e | { ) |
i 5 o 5, +100 | 5y +100 |
& g Y ] OVERDRIVE
s 2 Q INPUT A ] yeno
2 22 o i £z o ':_' INPUT B SSES
1 g -100 OVERDRIVE 3 -100
0 i I >
5 8 ) 8 10 0 5 10'15 20 25 0 0 5 10 16 20 25 30
SUPPLY VOLTAGE (V4 *, V- ) = VOLTS TIME — ns TIME = ne
RESPONSE TIME TEST CIRCUIT V14) o oe o—o (V2+)
ROBE *ss‘:?wv : L 1 < 1"1' = w:o‘v QUTPUT
INPUT P B > B
IT S 1K I :_I_: PROBE
‘ETMH T F |1l luT T
INPUT

CR1 - CR4= INS14 INPUT
R1 SELECTED FOR 15:1 DIVIDER PRR = 1MHz
R2,3 SELECTED FOR 100mV AT PIN 4 Pw = 50ns
Tr=Tim2ns
AMPLITUDE = 3.60V
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VOLTAGE COMPARATOR

SE/NES29

APPLICATIONS NE529 LOGIC FUNCTION
One of the main features of the device is that Vin ins . ins "
supply voltages (V1+, V1-) need not be (A*,B") STR'A STR‘B OUT‘A out's COMMENT
balanced, as indicated in the following dia-
grams. For proper operation, however, neg- > Vot X hii H iih Read lig, ina
ative supply (V1-) should always be at least < = Vo hil X Ih H Read 4, s
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 Vi-)up to
a maximum of 6 volts as supply voltages
are increased.
Itis also importantto 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 L5V
>
(VA :: Ry
<
% 1 14 Q 1 Q
3 Hp—o0 1 }———(f)
520N 520N TTL OUTPUTS
3 |
a4 9}—o0 9—2
[ 10 10 Q
Ry "1:E l l l
= ':L -ev = =
MOS MEMORY SENSE AMP TTL TO ECL INTERFACE
VReF 5V o +sv
| 1
K 2K T
1103 1 14 Q TTL INPUT 14 3
MOS RAM ' 3 1 p—o0 3 b
520N 528N
]
4 of——o 4 [] 1‘ SZ?,
(] 10 [] 10
1000 1000 i J- Ry l l
= = -8V = == o =10V -8.2v
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DISPLAY DRIVER —SYMBOLS AND DEFINITIONS

Absolute Maximum Rating

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

BCD

Binary Coded Decimal.

BI/RBO

Blanking Input or Ripple Blanking Output.

CE

Chip Enable.

CLR

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

Duty Cycle

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

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

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

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

lec (= lee)

Supply Current. The current flowing into the + Vg (- Vo) sup--

ply terminal of the circuit with specified input conditions and
open outputs. Input conditions are chosen to guarantee worst
case operation unless specified.

lcex

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

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

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

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

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

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

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

Iseq

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.

Segment Identification

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

th

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

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

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.

tl’lt:

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

1is logic level high

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

Typical Value

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

Ver

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

Vee (= 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
handie or a specified input voltage to the device.

Vou

Output High Voitage. The minimum guaranteed High voltage at
an output terminal for the specified output current Ig and at the
minimum Vg value.

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

Vour

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

Vs

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

XX

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

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

DESCRIPTION

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

ABSOLUTE MAXIMUM RATINGS

FEATURES

Current limited output: £10mA Typ

Power-off source impedance: 30002 Min

Simple slew rate control with external
capacitor

Flexible operating supply range
Inputs are DTL/TTL compatible

APPLICATIONS

e Computer port driver .
¢ Digital transmission over long lines

Slew rate control

e TTL/DTL to MOS translation

MC1488

PIN CONFIGURATION

D,F,N PACKAGE

vee [T
INPUT 1 (_T_@
OUTPUT1 3] @
INPUT 2A [4
INPUT 2B é
outPuT2 [E] @

GND [7]

14] Vee
73] INPUT 4B

[1z] INPUT4A
[11] ouTPUT4
0] iNPUT 3B
(9] INPUT3A
[8] output3

TOP VIEW

ORDER NUMBERS
MC1488D MC1488F, MC1488N

PARAMETER RATING UNIT
Supply voltage V+ +15 \"
V- -15 \Y
Input voltage (V|N) -15<sVN=T0 \
Output voltage +15 \
Power dissipation:
F package 1000 mwW
N package 800 mwW
Operating temperature range 0to +75 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering. 10sec) 300 °C

CIRCUIT SCHEMATIC

O V+
INPUT
INPUT
ouTPUT
‘b > <L
S R5 S Re S R7
1’ 10K ¢ 7K < 700
Q V-
1/4 CIRCUIT
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QUAD LINE DRIVER MC1488

DC ELECTRICAL CHARACTERISTICS V+=+49.0V * 1%, V- =-9.0V * 1%, Ta = 0°C to +75°C
unless otherwise specified.
All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25°C."

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Logic “0” input current Vin = 0V -1.0 -1.6 mA
Logic “1" input current ViN = +5.0V .005 10.0 uA
V+ =9.CV 6.0 0
' RL = 3.0k V- =-8.0V : 7.
High level output voltage Vin = 0.8V V4 = 13.2V 9.0 105
V-=-13.2V
M 6.0 6.8
RL = 3.0k V-=-9.0V —0. -0
Low level output voltage Vin = 1.9V V+ = 13.0V 9.0 105
V-=-13.2V
High level output Vout =0V
Short-circuit current VIN =0.8V -6.0 -10.0 -12.0 mA
Low level output Vour =0V
Short-circuit current VIN = 1.8V 5.0 100 12.0 mA
V+=V-=0V 300 0
Output resistance Vour = +2V
V+=9.0V, V- = -8.0V 15.0 20.0 mA
VIN = 1.9V V+ =12V, V- =-12V 18.0 25.0 mA
Positive supply current V+ =15V, V- = 18V 250 34.0 mA
{output open) V+=9.0V, V- =-8.0V 45 6.0 mA
ViN = 0.8V V+ =12V, V- = -12V 55 7.0 mA
V+ = 15V, V- = -15V 8.0 12.0 mA
V+ =9.0V, V- =-9.0V -13.0 -17.0 mA
VIN = 1.9V V+ =12V, V- = =12V -18.0 -23.0 mA
V+ = 15V, V- = -15V ~-25.0 -34.0 mA
Negative supply current
(output open) V+=98.0V, V-=-8.0V -1 -15 uA
VIN = 0.8V V+ =12V, V- = -12V -1 -18 uA
V+ = 15V, V- = -15V -.01 -2.5 mA
V+=8.0V, V- = -8.0V 252 333 mw
Power dissipation V4 = 12V, V- = =12V 444 576 mw
Propagation delay to “1" (tpq1) RL = 3.0k(), CL = 15pF, Ta =25°C 275 560 ns
Propagation delay to “0" (tpgo) RL = 3.0k, CL = 15pF, Ta = 25°C 70 175 ns
Rise time (tr) RL = 3.0k{}, CL = 15pF, Ta = 25°C 75 100 ns
Fall time (ty), RL = 8.0k(}), CL = 15pF, Ta = 25°C 40 75 ns

NOTE

“Voltage values shown are with respect to network ground tarminal. Positive current is
defined as current into the referenced pin.
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QUAD LINE DRIVER

MC1488

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE AND
CURRENT-LIMITING

RS232C DATA TRANSMISSION

VIN Vout

I 15pF*

3K

ROTE
*C. includes probe and jig capacitance.

SWITCHING WAVEFORMS

—— e wan - 3,0V

(Dd 0

I—— ——l lpd1
NOTE

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

VOUT
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By connecting a capacitor to each driver
output the slew rate can be controlled utiliz-
ing the output current limiting characteris-
tics of the MC1488. For a set slew rate the
appropriate capacitor value may be calcu-
lated using the following relationship

C = Isc (AT/AV)

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

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

CHARACTERISTICS
l 1 _Til.il)_l. 114 MC1488 ",j,,[!',i},;:” 'r‘l.nm
15 Yo——
z 1 V4=12v =i P -Dc
E 0 V- = -12v
E' s [\ A Y mten(‘::(::[qzec'rmc I
E NAY \\ v“_*:_’gv\ \ CV: TRt 1 - T2LDTL
Q 0 O e d--Q-—
5 - A -\ AT OG— — =
E \‘ \ \ . SIGNAL GROUND 114 MC1488
T -9 INTERNALDATA T |
o -12 TERMINAL - = =
e Z\DCHM__L ! EQUIPMENT MODEM
18 -12 -8 -4 0 4 B8 12 16 NOTE
Vo OUTPUT VOLTAGE (V) *Optional for noise filtering
AC LOAD CIRCUIT APPLICATIONS TYPICAL APPLICATIONS

DTL/TTL-TO-MOS TRANSLATOR

+12v

MOS
OuTPUT
-10VTO
~-0.4v

1/4 MC1488

DT/
TTL
INPUT
10K

-12v

~12v

DTL/TTL-TO-HTL TRANSLATOR

+ 12V
114 MC1488
DTl ome HTL
OUTPUT
LAl °
INPUT 0V T
+10V
v

DTL/TTL-TO-RTL TRANSLATOR
+12v

1/4 MC1488
oTUY RTL

OUTPUT
NPT -07VTO
3V

12V 430V
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DESCRIPTION

The MC1489/MC1489A are quad line re-
ceivers designed to intertace 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 LINE RECEIVERS _

FEATURES

® Four totally separate receivers per pack-
age

® Programmable threshold

® Bulit-In Input threshold hysteresis

® “Fall safe” operating mode

* Inputs withstand +30V

APPLICATIONS

o Computer port inputs

* Modems

¢ Eliminating noise In digital circuitry
¢ MOS to TTL/DTL translation

PIN CONFIGURATION
D, F, N PACKAGE

NeUT Y | Y

A

<
a
o

RESPONSE
CONTROL 1

S

INPUT 4

72 | RESPONSE

OUTPUT CONTROL 4

INPUT 2

Gl L ]

il

3

CONTROL 2 INPUT 3

RESPONSE
ouThUT 2 9 | contRoL 3

o
o £

aND R | outeuta

]
C]
[]
RESPONSE E
(]
L

LI

TOP VIEW
ORDER NUMBERS
MC1489D, MC1489AD
MC1489F, MC1489AF, MC1489N, MC1489AN

VOLTAGE WAVEFORMS

PARAMETER RATING UNIT
Power supply voltage 10 \"
Input voltage range +30 \
Output load current 20 mA
Power dissipation-
F package 1 w
N package 800 mwW
Operating temperature range 0to +75 °C
Storage temperature range -85 to +150 °C

INPUT

QUTPUT

EQUIVALENT SCHEMATIC

AC TEST CIRCUIT

{1 4 OF UNIT SHOWN)

RESPONSE 0
CONTROL

ax
INPUT O——AAA

VWA

3
S 0k
4
b:

MC1489: Rr = 10k
MC1489A: RF = 2k

RESPONSE
CONTROL
= OPEN ouTPUT Vee
[} o
SAL
i»
PULSE
GENERATOR —-—-k}——
15pF
INCLUDING
_l_ JIG AND PROBE
O GND - = -
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LINEAR LSI PRODUCTS

QUAD LINE RECEIVERS

MC1489/MC1489A

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

MC1489 MC1489A
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min | Typ | Max
Input high threshoid voltage Ta =25°C, Vour < 0.45V, 1.0 15 1.75 2.25 \
lout = 10mA
Input low threshold voltage Ta=25°C, Vout < 2.5V, 0.75 1.25 0.75 1.25 \
lout = -0.5mA
ViN = +25V +36 | +56 | +83 | +3.6 | +56 | +83 mA
VIN = -25V -36 | -56 | -83 | -36 | -56 -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 2.6 38 5.0 2.6 3.8 5.0 \'
Input = Open, lout = -0.5mA 2.6 3.8 5.0 2.6 3.8 5.0 v
Output low voltage ViN = 3.0V, louT = 10mA 0.33 | 0.45 0.33 0.45 Vv
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 mwW
NOTES
1. Voltage values shown are with respect to network ground terminal. Positive currentis
defined as current into the referenced pin.
2. These apply for ri control pin = open.
AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V 1%, Ta = 25°C unless otherwise specified.12
MC1489 MC1488A
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min Typ | Max
Input to output “high” RL = 3.9k} (AC test circuit 25 85 25 85 ns
Propagation delay (tpg1)
Input to output “low" RL = 3900 (AC test circuit) 20 50 20 50 ns
Propagation delay (tpdo)
Qutput rise time RL = 3.9k} (AC test circult) 110 178 110 175 ns
Output fall time RL = 3900 (AC test circuit) 9 20 9 20 ns
NOTES
1. Voltage vaiues shown are with respect to network ground terminai. Positive currentis
defined as current into the refersnced pin.
2. These sp 18 apply for resp control pin = open.
TYPICAL APPLICATIONS
RS232C DATA TRANSMISSION MOS TO TTL/DTL TRANSLATOR
1/4MC 1489/
TTLOTL 1 4MC1488 MC1489A TTLOTL sV
— T —_——
EEID R D f %::.-b--
INTERCONNECTING I !
1/4MC 1488, CABLE = —— TILOTL
TTLOTL MC1489A 1 TTLOTL r = E -
Comien b O~ MOS LOGIC - -
i == G (| | =
SIGNAL GROUND 1/4MC1488 1.4 MC 1489 +_ E 5‘
INTERFACE DATA I _L J'_ e s | -
TERMINAL - - -
EQUIPMENT MODEM 6
*Optional for noise filtering
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LINEAR LS| PRODUCTS

DDRESSABLE RELAY DRIVER _

DESCRIPTION

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

BLOCK DIAGRAM

FEATURES

¢ 8 high current outputs

¢ Low-loading bus compatible inputs

e Power-on clear ensures safe operation

¢ Wiil operate in addressable or
demultiplex mode

o Allows random (addressed) data entry

« Easily expandable

¢ Pin compatible with 9334

APPLICATIONS

* Relay driver

* Indicator lamp driver

¢ Triac trigger

¢ LED display digit driver
* Stepper motor driver

1-OF-8

-*)cournon.
2% GATE

W{>L>w
oo > |
*Dq>_J

INPUT STAGE

vee

OUTPUT STAGE

ABSOLUTE MAXIMUM RATINGS

Ta=25°C unless otherwise specified.

PARAMETER
Vee Supply voltage
ViN Input voltage
Vour ~ Output voltage
lgno  Ground current
loyr  Output current
Each output
Pp Power dissipation’
Ambient temperature range
To  NES5090
Ty Junction
Tsta Storage
Tsog  Lead soldering temperature
(10 sec max)

 RATING UNIT
-05to+7 \
-05to+ 15 \
0to+30 \
500 mA
200 mA
1 w
°C
0to+70
150
- 65to+ 150
300 °C

PIN CONFIGURATION

D',F,N PACKAGE

A& 18] Voo
A,[Z [15) CLR
A, 3] [74) CE
a, (4] 7] o
Q,E E°7
Q, [€] [11] Q,
q, [7] mE
GND [& 5] o,

TOP VIEW

ORDER NUMBERS
NES090N
NES090F
NES090D!

NOTES:

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

3. SO and non-standard pinouts.
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LINEAR LSI PRODUCTS

ADDRESSABLE RELAY DRIVER NE5090

PIN DESIGNATION

PIN NO. SYMBOL NAME AND FUNCTION
1-3 A0-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 Qo-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
CIR CE D Ao A1 A2 | Qo Q1 Q2 Q3 Q4 Q5 Qg Q7
L H X X X X H H H H H H H H | Clear
L L L L L L|{HHHHHIHIHH
L L H L L L L H HHHHHH
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 HHHH H H
L L H H H H H H HH H H H L
H H X X X X QN-1 > | Memory
H L L L L L H aN-j —————————
H L H L L L L OoN-j————————
H L L H L L Qn-1 H  ON-t——————
H L H H L L | Qv L Qnet Addressable
H L L H H H QN-1 = H | Latch
H L H H H H QN-1 » L

X = Don't care condition

Qn-1 = Previous output state

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

DC ELECTRICAL CHARACTERISTICS V¢ =4.75V to 5.25V, 0°C < T, < 70°C unless otherwise specified (NES090)2,

LIMITS
PARAMETER TEST CONDITIONS Vi Tvp Mox UNIT
Input voltage
Vik High 20 v
Vi Low 0.8
Output voltage
VOL Low |o|_ =150mA, Ta= 25°C : 1.05 1.30 v
Over temperature 1.50
Input current
IIH High Vin = Vee <1.0 10 WA
he Low ViN=0V -3.0 -250
loH Leakage current Vour =28V, 5 250 uA
Supply current
lecL All outputs low Vo= 5.25V NE5090 35 60 mA
lecH All outputs high 22 50
NOTES
1. Derate power as indi d above th ambient P ()

NES5090 N at 8.3mW/°C above 85°C
NES090 F at 7.5mW/°C above 65°C

. All typical values are at Voo =5V and Tp =25°C

»
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LINEAR LSI PRODUCTS

ADDRESSABLE RELAY DRIVER

NES090

SWITCHING CHARACTERISTICS V. =5V, Ty = 25°C, Voyr =5V, loyr= 100mA, Vy_ = 0.8V, V= 2.0V

PARAMETER TO FROM Min Typ Max UNIT
Propagation delay time
tpLH Low to high' = 900 1800
ton. High to low Output CE 130 260 ns
toLn Low to high? 920 1850
tory High to low? Output Data 130 260 ns
toLn Low to high3 900 1800
tor High to low? Output Address 130 260 ns
tpLH Low to high? J— 920 1850
tone High to low? Output CLR ns
SWITCHING SETUP REQUIREMENTS
tsm)?® Chip enable High data 5 20 ns
ts(Lf Chip enable Low data 10 30
tsa® Chip enable Address 0 20 ns
thy? Chip enable High data +10 0 ns
taey® 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

L

Other Inputs: CLR = H.

A = Stable.

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

tpLH q

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

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

A

'PHL tpLy

Q

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

TURN-OFF DELAY, CLEAR TO OUTPUT

tpLH

Other Inputs. CE - H.
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ADDRESSABLE RELAY DRIVER

NE5090

TIMING DIAGRAMS (Cont'd)

SETUP AND HOLD TIME, DATA TO ENABLE

Other Inputs: CLR = H. A = Stable,

SETUP TIME, ADDRESS TO ENABLE

Other Inputs: CLR = H,

TYPICAL APPLICATIONS

INTERFACING WITH A

CLEAR

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

DRIVING SIMPLE LOADS

osvT
R
4
Q2
5090 Q4
Qq

+5VTO 28V

+28V

RELAY
LOAD

TTTTHTM

MICROPROCESSOR SYSTEM
DATA
BUS
P
+5V +5V
D T [}
o I3 Q9 A Qo
— ] Q3 a2 Q3
Ag Q2 A Q2
Q3 o Q3
Q Q
4 4
5080 i 5090 o
& — &
CE & l_— ]
%)
CONTROL

38T Ao
COUNTER A1 5000 —oa,

iW—

i ——
||'——|
e
’_
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ADDRESSABLE RELAY DRIVER

NES090

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE VS LOAD CURRENT

Yy 7l

7,
oc/
25 ¢

06 J70 C

0.8

OUTPUT VOLTAGE (V)

0 50 100 150 200
QUTPUT LOAD CURRENT (mA)
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DESCRIPTION
The NE587 is a latch/decoder/driver for 7-

nt cc de 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-seg t decoding is impl t
ed with a ROM so that alternative fonts can
be made available.

FEATURES

@ Latched BCD Iinputs

* Low loading bus-compatible inputs

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

APPLICATIONS

© Digital panel meters

* Maasuring instruments
* Test equipment

¢ Digital clocks .
* Digital bus monitoring

ABSOLUTE MAXIMUM RATINGS T4 = 25°C unless otherwise specified

PARAMETER RATING UNIT
Vce Supply voltage -0.6 to +7 v
VIN Input voltage —0.6to +156 v
(Do - D3, LE, RBI)
Vout Output voltage -0.5to +7 v
(a-g, RBO)
Pp Power dissipation (26°C)' 1000 mw
TA Amblent temperature range 0to70 °C
Ty Junction temperature 160 °C
TsTG Storage temperature range —86 to +160 °C
TsoLD Soldering temperature 300 °C
(10 sec. max)
NOTE
Derate power dissipation as indicated
N package - 95°C/watt above 8§5°C
F package - 100°C/watt above 60°C
BLOCK DIAGRAM
T T T 1
| : o NES/H ()
’ I
vee (18) oo — .. I
i |
| |
' |
' |
WBI (5) O- : |
|
) o—:— :
01 (1) O aC0 TO
02(2) o——:—— LaTcres :> il I
03 (8) - |
|
ot
L) L
! O a(18)
-0 b (14)
O ¢ (13)
(8 O REFERENCE b=t O d(12)
DRIVER o e
O 1(17)
GND (9) o——————l— . | o (10)

o—-{-—-—
|
|
|
(-

POWER GND (10)

PIN CONFIGURATIONS
F,N PACKAGE
oy [1] 18] vec
02 [Z] 7] ¢
e [3] mp
7o [7] [
i ] 1) »
[} E E <
oo [7] 12] @
L] E % .
DIG GND E 10] oaret
TOP VIEW
ORDER NUMBERS
NES87F NES587N
D2 PACKAGE
oy [ ~ Vee
0, [ 7]
O 7] ¢
svrso. (4] 17] »
A [T] 78] »
Ne 6] 18] NC
03 [T] 1] o
Do [T} [13] o
b ] 72] o
DIa GND [0 ti_Tj PW GND
TOP VIEW
NES87D?
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NOTES:

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

3. SO and non-standard pinouts.




LINEAR LSI PRODUCTS

LED DECODER/DRIVER

NES587

DC ELECTRICAL CHARACTERISTICS

VGG = 4.76 10 6.25V, 0°C < Tp < 70°C.

Typical values are at VoG = 6V, Ta = 26°C, Rp = 1kQ ( 1%) unless otherwise stated.

NES87
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Vee Operating supply voltage 4.75 6.00 6.25 v
ViH Input high voltage All inputs except Bl 2.0 15 v
Bi 2.0 6.5
viL Input low voltage 0.8 v
Vic Input clamp voltage N = —12mA, Tp = 25°C -1.5
1 Input high current Inputs Dg —Dg, LE, RBI kA
VIN = 2.4V 1.0 10
VIN = 16V 15 15
Input Bi (pin 4) 10 100 uA
RBI=H
ViN = Voo = 5.26V
™S Input low current VIN = 0.4V, Inputs Dg — D3 -5 KA
LE, RBI -200
Input -] -0.7
Vce = 6.26V
RBI = H, VN = 0.4V mA
VoL Output low voltage Output RBO
lout = 3.0mA 2 5 v
VoH Output high voltage Output RBO
lout = —60uA 3.5 4.6 v
| = H .
i lout Output segment Outputs “a” thru “g" 20 26 30 mA
“ON" current Vour = 2.0V
AlouTt Output current ratio With reference to “b” segment 0.90 1.00 1.10
(all outputs ON) VoUuT = 2.0V
IOFF Output segment Outputs “a” thru “g" 20 260 KA
“OFF" current Vout = 6.0V
lcco Supply current Vece = 6.26V 33 55 mA
All outputs “ON"
Vourt > 1V
Icci Supply current Ve = 6.26V 50 70 mA
All outputs blanked
NOTE
NES87 PROGRAMMING

The NE&B7 output current can be 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 I8 Ip ~ 1“;' as shown In Figure 5. i is 20 In the

18 to 50MA output current range.
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LINEAR LSI PRODUCTS

LED DECODER/DRIVER . NES87

AC ELECTRICAL CHARACTERISTICS vgg =5V Tp = 25°C. R = 1300, C = 30pF inciuding probe capacity.

NES587
PARAMETER TEST CONDITIONS Min Typ Max |- UNIT
'Dav Propagation delay From data to output 135 ns
’ Figure 2
tDav. Propagation delay From LE to output 138 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
Day. ™ % UHL *+ LW

TRUTH TABLE

BINARY INPUTS OUTPUTS

INPUT LE [RBI | D3 D2 Dy Do | a b |c |d|e ]|t | g |RBO DISPLAY
- Hl | x| x| x|x STABLE . STABLE
0 Lo e e |Lv | A]A]ATATH]H]H L BLANK
0 LlA ]t e liololo]e]clelole|[wln 0
1 Clx ool lmlRr|co|e|n{A|{H]|HH 1
2 clx oo lmlolole|nmloleln]Llmn 2
3 clx ol R|m]jo oo L ]|HlH]|L]H 3
4 Llx o lmle v |Rlojo|r|AlL]L]|H 4
5 Lyx |t |Rr|Lv| Ao ]lHlo{o|nlL]|L]|H 5
8 Lyx|vjmlwloje]nr|ololr o] lmH 8
7 Llx |t |H|H|lH]c|L|Cc|An|R|H]|H]|H 7
8 Lyx|H|jLlo Lo ool |e]L|mn 8
9 cyx | H| Lo lr{o oot imlio|cn 9
10 cyx|H|Lv|Hlo|RrR|A|lR|H]|H]R]L|H -
11 Ll x{H|Lv|lhRlw{LlH]|RIL]L|lL L ]H E
12 Clx{Hlmloelolrlololw oo |n H
13 tlx|{H|HlC|H|RH|H]|AlL{L]|L|H]|H L
14 clx|mH|n|lwlo oo lnlnlolele|H P
15 L|x|{H|HI{H|R|A|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 level, output is "OFF"
L = LOW voltage level, output is "ON"
X = Don't care

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

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

SEGMENT, IDENTIFICATION

d
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LINEAR LS! PRODUCTS

LED DECODER/DRIVER

NES87

NES587 PROGRAMMING

NES587 output current can be programmed
by using a programming resistor, Rp, con-
nected between rp (pin 8) and Gnd (pin 8).
The voltage at rp (pin 8) is constant
(=~1.40V). A partial schematic of the volt-
age reference used in the NE587 is shown in
figure 1.

Output current to program current ratio,
lo/lp, is 20 in the 16mA to 50mA range.
Note that |p must be derived from a resistor
(Rp), and not from a high impedance source
such as an lgyt DAC used to control display
brightness.

memmmememssssss s ——————

PIN 8

r
1
H P
I l
REFERENCE | 1 Rp
'
1
1
I
- '
= H
e o e v e o o
Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

Do-D3

X

QUTPUT

'4— tPHL —]

X
—

Figure 2 -

L

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

|<— tPLH I* tPHL
- 1/ /S

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 6, the two system
power supplies are Vcc and Vg. In many
cases, these will be the same voltage. Nec-
essary parameters are:

Ve, Supply voltage to driver

Vs, Supply voltage to display

Icc. Quiescent supply current of
driver

ISEG: LED segment current

VE, LED segment forward voltage at
Iseg

Kpc. % Duty cycle

VE, the forward LED drop, depends upon the
type of LED material (hence the color) and
the forward current. The actual forward volt-
age drops should be obtained from the LED
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 2.2t0 3.5V
Green 2.5 to 3.5V
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LINEAR LSI PRODUCTS

LED DECODER/DRIVER

NES87

TIMING DIAGRAMS (Cont'd)

t ]
h W

..

Figure 4

i

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:

Pg =Vgce Xlige + (Vg = VR) X 7 X Iseg X Kpc
mw

Assuming Vg = Vgg = 6.26V
VE = 2.0V
Kpc = 100%
Pd max =5.25 X 50 + 3.25 X 7 X 30 mW
= 945 mW

SUPPLY CURRENT VS SUPPLY VOLTAGE OUTPUT CURRENT VS OUTPUT VOLTAGE

NES587 NES587
Rp = 1Kohms
40.0 TTT 40.0
Rp =1k l l oc
Vour =2V
ALL OUTPUTS “ON 25°¢ )/
35.0 0. Al
prm » 30.0
g
(25°C) //
Icc 1 ? 70°C
(Ma) 300 P 20.0
/4 lout
/ﬂ/ // (Ma)
1 (70°C)
25.0 10.0
200
4.0 4.4 48 5.2 56 6.0 6.4 o 10 20 30 40 50

Vee (VOLTS) — Vour (VOLTS) —-

NORMALIZED OUTPUT CURRENT
VS SUPPLY VOLTAGE

MAXIMUM POWER DISSIPATION
VS TEMPERATURE

Vo=2V
Tho=25°C
105
1000
102
f\ NES87 ' 800
lout (Rp = 1K) g
(%) 100 f E 600
\\ >
o
o 400
200
95 0
4.0 45 5.0 55 6.0 0 25 50 75

VCC (VOLTS) ——m TA (C) —

NORMALIZED OUTPUT CURRENT

VS TEMPERATURE
Ve =5.0V
110.0
T 105.0
NES87
lout (Rp = 1K)
(%) b j
100.0
&\N
95.0
90.0
10 20 30 40 50 60 70 80
TEMP (°C) ————met
OUTPUT CURRENT
VS PROGRAM RESISTOR
50.0
Voo =5.0V
40.0 Th=25°C —d
Vour=2V
30.0 \
loyr 20.0
Moy \
100 \
T~y
N~
\P
0.0
0 2.0 4.0 6.0 8.0 10.0

Rp (KOhMS) et
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LED DECODER/DRIVER

NES87

TYPICAL APPLICATIONS

vee

DRIVING A SINGLE DIGIT

b3 O—m il .
02 O b—~j

0y O c

0p O—mmm NESB7 d

e o—f 1‘————-]
P O——m————— 9

" o JJ.T

NOTE

Decoupling capacitor on Vo should be 0.01 uF ceramic

Figure 6

-O RBO

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

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

tor from Vg to Vg. The value of this resis-
tor is calculated by:
2.0
Rg = = 100 (% W rating)
7 X lggg

assuming worst case Iggg of 30 mA
Hence now P4 max = Vcc Xlcc + (Vg — Vy —
Ry X 7 X Iggg) X 7 X Xlggg

X Kpc
=5.25 X 50+ 1.25 X7 X 30
mw
=525 mW
and Py qy =50X 30+ 1256 X5X 25
= 306 mW

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

Vg = 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 acrcss the digit driver must also be
considered in computing device power dissi-
pation. It may even be an advantage to use a
digit driver which drops an appreciable volt-
age, rather than the saturating PNP transis-
tors shown in figure 9. For example a dar-
lington PNP or NPN emitter follower may be
preferable. Figure 8 shows the NE591 as
the digit driver in a multiplexed display sys-
tem. The NE§91 output drops about 1.8V
which means that the power dissipation is
evenly distributed between the two integrat-
ed circuits.

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

NNAN

W AL

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

With
Vg = 4.9V pk.
Vg = 2.0V

The duty cycle is approximately 80%.
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LED DECODER/DRIVER

NES87

TYPICAL APPLICATIONS (Cont'd)

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL
AND LEADING EDGE RIPPLE BLANKING
Vs O
Vee O—
° L] o] o o
T NESB7 pu NESS7 X NESS? _3__: NESST?
L e TR I
D3 O
D2 O
D1 O-
A A
A9 O— DIGIT
Ay 0— bEcooe
ey — BRIGHTNESS CONTROL Qe
cron Figure 7 nn
INTERFACING 8-DIGIT LED DISPLAY WITH P BUS
DATA BUS
ADDRESS BUS
ADDRESS :>
DECODE |
NES91
|
0o oy |02 03 o4 |0s |Ds 07
vcc E ________________ E
a b c d e t g

O01u

]

NES87

||i—— A

Figure 8
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LED DECODER/DRIVER

NES87

TYPICAL APPLICATIONS (Cont'd)

vg O

4-DIGIT MULTIPLEXED LED DISPLAY

OIGIT 1 O

DIGIT 2 O

DIGIT3 O

oiaIT 4 M

g

03 O
b2 O——

01 NESS7 I
Bp O] ’-'l -

fo—— ] %” =

Figure 9

For additional information, refer to the Applications Section.
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DESCRIPTION

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

FEATURES

© Latched BCD Inputs

° Low loading bus-compatible inputs

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

APPLICATIONS

© Digital panel meters

® Measuring instruments
¢ Test equipment

o Digital clocks

e Digital bus monitoring

ABSOLUTE MAXIMUM RATINGS T = 25°C unless otherwise specified

PARAMETER RATING UNIT
Vece. Vs Supply voltage -0.5t0 +7 \"
VIN Input voitage -0.5to +15 v
(Do - D3, LE, RBI)
Vout Output voltage —0.5 to +7 v
(a-g, RBO)
Pp Power dissipation (26°C)' 1000 mw
TA Ambient temperature range Oto 70 °C
Ty Junction temperature 150 °C
TsTG Storage temperature range -85 to +150 °C
TsoLD Soldering temperature 300 °C
(10 sec. max)
NOTE
Derate power dissipation as indicated
N package - 95°C/watt above 55°C
F package - 100°C/watt above 50°C
BLOCK DIAGRAM
;" “““““““““““““““““ 1
| : O FBS/BI (4)
! l
vee (18) O———I——-—-—- I
! |
' |
! |
! |
FEBI (5) O : |
|
00 (1) o——:- :
01(1) O—————] 8CD TO '
e |
03 (6) 0——‘—— |
| |
ao—t ] U
| -0 a(15)
: I O b(14)
w(8) O ' | o
i REFERENCE O d(12)
| DRIVER _.I_._o o (11)
: _______.______ol 1(17)
GND (9) <>——————L-i . __OI e (1)
PR NRNOR PR |
Vg (10)
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PIN CONFIGURATION
F,N PACKAGE
o4 [T] 18] vee
ME Ec
= [5] 76 o
WE Ea
i 5] 4] »
»[E .
] )
w[e mg
ono 7] 0] vs
TOP VIEW
ORDER NUMBERS
NESBOF  NES8IN
D2 PACKAGE
ol B Ve
0y [Z] E
E [T i8] ¢
Bi/RB0 [2] [17] a
Bl [5] 18] b
Ne [E] 73] NG
oy [ 73] ¢
oy [E] 73] o
ip [2] 12] o
oo [10] 1] v,
TOP VIEW
NE5890?

NOTES:

1. SOL - Released in Large SO package only.

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




LINEAR LSI PRODUCTS

LED DECODER/DRIVER

NE589

DC ELECTRICAL CHARACTERISTICS

Voe = 4.76 10 6.26V, 0°C < Tp < 70°C. Typical values are at Voc = Vs =5V, To = 25°C,Rp = 7kQ (£ 1%) unless otherwise stated.

All outputs blanked

NES589
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Vce, Vs Operating supply voltage 4.75 5.00 5.26 v
VIH Input high voltage All |nputs_9xcept BI 2.0 15 v
BI 2.0 5.5
ViL Input low voltage 0.8 v
Vic Input clamp voltage IIN = —12mA, Tp = 256°C -1.5 \'Z
H Input high current Inputs Dg —Dg, LE, RBI
VIN = 2.4V 0.1 10 A
VIN = 15V 10 15 HA
o Input high current Input B (pin 4) 10 uA
RBI=H
VIN = Vce = 5.25Y
L Input low current ViN = 0.4V, Inputs Dg — D3 -5
LE, RBI -200 kA
I Input low current Input Bi -0.7
__Vog =525V
RBI = H, V|y = 0.4V mA
VoL Output low voltage Output RBO
lout = 3.0mA 0.2 0.5 v
VoH Output high voltage Output RBO
loyt = —50uA 3.5 4.5 v
RBlI =H
lout Output segment Outputs “a” thru “g” 20 25 30 mA
“ON" current Vourt = 2.0V
Aloyt Output current ratio With reference to “b” segment 0.90 1.00 1.10
(all outputs ON) VouT = 2.0V
IOFF Output segment Outputs “a” thru “g" 20 250 uA
“OFF" current
Icco Supply current Vge = 5.25V 25 55 mA
All outputs “ON"
Vourt > 1V
Iccl Supply current Ve = 5.25V 30 65 mA
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AC ELECTRICAL CHARACTERISTICS voc=Vg=5V Tao=25°C, R = 1300, C_= 30pF including probe capacity.
NES589
PARAMETER TEST CONDITIONS Min Typ Max UNIT
tD,v 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 85 ns
Figure 4
ts Latch enable setup time From data to LE 76 ns
Figure 4
tH Latch enable hold time From LE to data 0 ns
Figure 4
NOTE:
Dpy, = MAX (tyy + tLp)
TRUTH TABLE
BINARY INPUTS OUTPUTS .
INPUT [E |RBI (D3 [Dy [Dy [Dg|a [b[c[d]e |t [q [AEO DISPLAY
- H * X X X X STABLE STABLE
0 TR I U T (R A T A BN A A R O R BLANK
0 L H L L L L H H H H H H L H ]
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
**BI X X X X X X L L L L L L L L blank

NOTES

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

* The RBI will blank the display only if a binary zero is stored in the latches.
** RBO/BI used as an input overrides all other input conditions.

SEGMENT IDENTIFICATION

I

‘o
al I
o
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LED DECODER/DRIVER

NES589

NE589 PROGRAMMING

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

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

T

BAND GAP
REFERENCE

brmmcce——————

e 0 o o o

PIN 8

lno

Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

Do-D3

Y

X

l—wm—.

ouTPUT

L— tPHL —|

—

[

|

Figure 2

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

Do-03

X

OuTPUT

_f

|

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
themr. Duty cycle control does afford one
way of improving display efficiency, pro-
vided that the LEDS are not driven too far
into saturation, but the improvement is mar-
ginal. Operation at higher peak currents has
the added advantage of giving much better
matching of light output, both from segment-
to-segment and digit-to-digit.

An output current of 10 to 50mA was chosen
so that it would be suitable for muitiplexed
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, it
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 Vg 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

Kpg.. % Duty cycle

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

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

NE589

TIMING DIAGRAMS (Cont'd)

These voltages are all for single diode dis-

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

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

tw
|

..
o ///////////////////////////////////////////////////////////

age drop was around 3.5V.

Thus a maximum power dissipation calcula-
tion when 4ll segments are on, is:

Pg=Vgoc Xice + (Vs = VE) X 7 X Igeg X Kpg
mw
Assuming Vg = Vg = 5.26V

Vg = 2.0V
Kpg = 100%

—

Pd max =5.26 X 50 + 3.26 X 7 X 30 mW
= 945 mW

Figure 4

TYPICAL PERFORMANCE CURVES

OUTPUT CURRENT VS OUTPUT CURRENT VS NORMALIZED OUTPUT CURRENT
PROGRAM RESISTOR OUTPUT VOLTAGE VS TEMPERATURE
50 a0 — 112 — T
::(; =7VKsn—5~° voLTs | Vee =Vs=5.0 VOLTS
Vee=5.0 VOLTS=Vg 108
0 Tes2see % OVER TEMP. RANGE
Vour=2V 1 104
g ® : =\ z
£ \ T T 100
3 20 2 ‘ 3
£ \ ‘ 9
o N 10
= 9
\ -
0 0 92
0 12 24 48 96 192 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
"z v | s ‘l’v T o Vs =5.0 VOLTS
s =5.| e
108 Vour=20v_— 80 ::“.' -7;-‘:(‘(;0'-73_
TEMP =25 |° ALL OUTPUT ON
104 50
= 100 E » 25°C
3 8 B —
9 -—% 30 —%(m ¢
94 20
92 10
a0 45 50 55 60 40 45 50 55 60 70
Ve (VOLTS) Vee (VOLTS)
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LED DECODER/DRIVER

NE589

TYPICAL PERFORMANCE CURVES (Cont'd)

SUPPLY CURRENT VS SUPPLY VOLTAGE
NES89

T 171717
Vo

fA
Alt'ouTpuTs oN"
|

35.0

X3 (u'ca,
P. 82(25°C) :

€ 100
o) _ ’
~g¥
4 P, #3 (70°C)
25.0
200
4.0 44 4.8 5.2 EX ) 6.0 6.4
VEC (VOLTS) —b-
TYPICAL APPLICATIONS
DRIVING A SINGLE DIGIT
vee
ve
0.01.4
; '; Ot
03 O—m v .
[' P S b ——————-] l
0y O] c 1
Dy O—————] NESBD  d
—

NOTE =

O RBO

Decouoling capacitor on Vy 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 =5.0X 30+ 3.00X5X25mW
= 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 3.26 .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/Vs 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 V¢ to Vg. The value of this resis-
tor is calculated by:

2.0

7 X lgeg

assuming worst case lggg of 30 mA

Hence now Py max = Vcg X Icg + (Vs — Vy —
Ry X 7 X lggg) X 7 X X Iggg
X Kpc
=525X50+1.26 X7 X 30
mw
= 526 mW

and Py ay = 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 =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 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 NES91 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 Vcc 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 SV supply used in the rest of the sys-
tem. In fact a simple unsmoothed full-wave
rectified sine wave works extremely well if a
slight loss in brightness can be tolerated. A
transformer voltage of about 3-4.5V rms
works well in most LED display systems.
Waveforms are shown below:

VAVAVA

WA WERS

ISEG

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

With
Vg = 4.9V pk.
VE = 2.0V

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

NE589

TYPICAL APPLICATIONS (Cont'd)

vee ©

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

g
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B
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Figure 6

BRIGHTNESS CONTROL O
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DECODE
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vee

Do
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L

Figure 7
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LED DECODER/DRIVER NES89

TYPICAL APPLICATIONS (Cont'd)

4-DIGIT MULTIPLEXED LED DISPLAY

L

DIGIT 1 O DO__M._K

DIGIT 2 O— Do—vw—K
DIGIT3 O D&—W—K

DIGIT & O_M

gl |4 |8| |8

——o0 Vs
o3 OH——— ™™ ————q

vee
o—_ ]
02 NESS® T
Y- S
0o O——————— |

o T i 17

Oiu

Figure 8

For additional information, refer to the Applications Section.
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-_—,,,,,,,,,— N -
ADDRESSABLE PERIPHERAL DRIVERS NES590/NES91

DESCRIPTION ) FEATURES PIN CONFIGURATION

The NES590/591 addressable peripheral e 8 high current outputs
drivers are high current latched drivers, e Low-loading bus compatible inputs F,N PACKAGE
similar in function to the 9334 address de- ¢ Power-on clear ensures safe operation A [T 5] v
coder. The device has 8 Darlington power e NES90 will operate in addressable or ¢ E ic
outputs, each capable of 250mA load cur- demultiplex mode MLz %] &
rent. The outputs are turned on or off by e Allows random (addressed) data entry a2 3] (1] cE
respectively loading a iogic high or logic e Easily expandable 0o [] 3] o
low into the device data input. The required  « NE590 is pin compatible with 54/74LS259 o G NES90 3 o
output is defined by a 3-bit address.-The 7
device must be enabled by a CE input line.  APPLICATIONS o: [€] [11] o6
A common clear input, CLR, turns all out- e Relay driver o3 [ @ og
puts off when a logic low is applied. ¢ Indicator lamp driver ono [g] 5] o
. e Triac trigger
The NE590 has 8 open collector Darlington ) . TOP VIEW
X K e LED display digit driver
outputs which sink current to ground. The « Stepper motor driver ORDER NUMBERS
device is packaged in a 16-pin moided or PP NESQON,F
cerdip package.
The NE591 has 8 open emitter Darlington
outputs which source current to an external F,N PACKAGE
load from a common collector line, Vs. This & [0 E ;
Vs line need not necessarily be the same as _°°
the 5 volt Vcc supply. The device is pack- %o [2] [17] <t
aged in an 18-pin molded or cerdip pack- a4 3] 6] ce
age. “ 5] =) o
oo [5] NE591 [4] o/
o, [&] 3] 0
uy [7] 12] a4
os [5] 7] o,
GND E 0] vs
TOP VIEW
ORDER NUMBERS
NES91N,F
PIN DESIGNATION
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 NES91 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
NE590, a high data input will override the clear function on the addressed latch. On
the NES91, 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 Vcc or
another supply.
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES91

TRUTH TABLE (NE590)

INPUTS OUTPUTS MODE
CLR CE D Ao A1 A2 | Qo @ Q2 Q3 Q4 Q5 Qg Q7
L H X X X X H H H H H H H H | Clear
L L L L L L H H HH 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 H H
L L L H H H H H HH H H H H
L L H H H H H H HH H H H L
H H X X X X QN-1 = | Memory
H L L L L L H Q-1 —-
H L H L L L L QN A\t
H L L H L L Qn-1 H ONoyp—————
H L H H L L Qn-1 L QN-1 Addressable
H L L H H H QnN-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
(NE591)
INPUTS OUTPUTS ‘| MODE
CLRCE Cs D Ag Ay Az| Qg 0y Q; Q3 Q4 Q5 Qg Q7
L X X X X X X L L L L L L |[Clear
H H H X X X X |QN-1 :
H H L X X X X |[QN-1 »1 Memory
H L H X X X X |Qn-1 -
H L L L L L L L QnN-1 >
H L L H L L L H Qn-1 t o Ad
H L L L H L L |Onv-1 L QOn-t dressable
Latch
H L L H H L L |GN-1 H QN1
H L L L H H H OGN » L
H L L H H H H |QNna = T

X = Don't care
Qn- 1 = Previous output state

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

NES90/NES91

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C unless

otherwise specified.
mo_D,; @-—o ap PARAMETER RATING UNIT
&= oa, Vce Supply voltage -0.5to +7 \
VIN Input voltage -0.5to +15 v
o Oa, Vout Output voltage v
NES590 0to +7
ay NE591 0 to Vee
At 1058 [-NJcontRol Vs Source bus voltage v
DECODER(—/] GATE yeren PN NES591 only -0.5to +7
Ay ‘ Hurenfoe Vs-Vcc  Source/supply differential v
. Oos voltage
NE591 oniy -5to +2
° o,., lout QOutput current mA
Each output 300
&EO—D& [Gre oo, All outputs 1000
NESOT ONLY) Po Power dissipation? 1 w
Temperature range °C
INPUT STAGE NES90 OUTPUT STAGE Ta Ambient 0 to +70
vee Ty Junction 165
‘ NES91 TstG Storage -65 to +150
s Tsold Lead soldering temperature 300 °C
(10sec max)
DC ELECTRICAL CHARACTERISTICS Vcc =4.75t0 5.25V, 0°C < Ta < 70°C uniess otherwise specified.2.3
LIMITS
PARAMETER TEST CONDITIONS i T " UNIT
in yp ax
Input voltage "
ViH High 2.0
ViL Low 0.8
Output voltage Vv
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
IH High Vin = Vco 0.1 10
e Low Vin =0V
CE input -25 -60
All other inputs -15 -50
lon Leakage current Vouyr = 5.25V 10 250 A
; Supply current4 Vs = Vcc =5V mA
lccL All outputs low
NE590 33 50
NE591 15 50
lceH All outputs high
NES590 15 50
NES591 30 50

NOTES

1. Derate power dissipation as indicated above threshoid ambient temperature:
NES90N at 9.3 mW/°C above 85°C
NES90F at 7.5 mW/°C above 66°C
NES91N at 11.5 mW/°C above 100°C
NES#1F at 10.7 mW/°C above 72°C
2. All typical values are at Vcc = 5V and Ta - 25°C.
3. For the NES91. Vs = Vcg in all tests.
4. Supply current for the NES91 is measured with no output load.
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES91

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

NES90 NES591
PARAMETER TO FROM UNIT
Min | Typ Max | Min Typ | Max |

Propagation delay time ns
tPLH Low to high5 = 65 150 50 80
tPHL High to lows Output Ce 115 | 230 70 | 120
tPLH Low to highé 65 130 45 70
tPHL High to lows Output Data 120 | 240 65 | 100
tPLH Low to high? 100 200 45 80
tohL High to low? Output Address 130 | 260 75 | 140
tPLH Low to highg e—
tPHL High to lows Output CLR 65 130 45 140
tPLH Low to highs == 40 80
tPHL High to lows 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 widthS 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 Turr-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 diagram
9. See Setup and Hold Time, Data to Enable 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 (NES90)

C——————
Q (NES91)

'PLH

tPHL

Other Inputs: CLR H. A Stable, CS L

Q (NESS0)

Q (NESST)

Other Inputs: CE

S L

CLR

H.

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

Q (NESS0)

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

TURN-OFF DELAY, CLEAR TO OUTPUT

o X

tpLH

Q (NES90)

tPHL

Q (NES591)

Other Inputs: CE=H. S=H

SETUP TIME, ADDRESS TO ENABLE

Other Inputs: CLR = H, TS = L

OUTPUT VOLTAGE VS LOAD CURRENT(NE590)

14

12 /
g —
g // ;/
=
g 0°C / —
’é 08 ?//
H 25 /

0.6 }70°C.

04

0 50 100 150 200 250
OUTPUT LOAD CURRENT (mA)

SETUP AND HOLD TIME, DATA TO ENABLE

Q (NE590) %Zgz%;z é%%zéz%
Q (NES91) ZZZZZZZZ;; %%

Other Inputs: CLR H. A - Stable, CS =L

INTERFACING THE 590/591 WITH A
MICROPROCESSOR SYSTEM

OUTPUT VOLTAGE DROP VS LOAD CURRENT(NE591)

20

A————_A——-
g
:scc/ //

>
70C

OUTPUT VOLTAGE DROP (Vcc-Vo)

0 50 100 150 200 250
OUTPUT LOAD CURRENT (mA)

DATA
BUS

WP

0 CS (591 ONLY) o CS (591 ONLY)

!
l

00000000
NONEWNSO

Ao

5801

E
CLR

1o
CONTROL

al
al
(o]
2
5

CLEAR

Aa. A1, A, and CS may be connected to the
address bus if permitted by system design
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ADDRESSABLE PERIPHERAL DRIVERS

NES90/NES91

TYPICAL APPLICATIONS (Contd)

NES90 DRIVING SIMPLE LOADS

s

NES590 OPERATING IN DEMULTIPLEX MODE

3-8IT Al sw 00

COUNTER

—

t——
FI kg
i
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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

o Digit and/or segment drivers

e Active output pull-down circuitry

® High output breakdown voltage

e Low supply voltage

* Input compatible with all logic outputs

APPLICATIONS
o Digital clocks

¢ Dashboard displays
¢ Panel displays

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

PIN CONFIGURATION

N, F PACKAGE

w1 1] 18] ouT 1
w2 [7] 17] out2
N3 [3] [16] out3
wa [7] 78] outa
s [5] 73] outs
e [6] [13] outs
w7 [7] [12] our7
N8 5] 1] outs
ano 7] 0] v+
TOP VIEW

ORDER NUMBERS
SA/NES94N  SA/NE5S94F

PARAMETER RATING UNIT
Vee Supply voltage 45 v
Vout Output voltage Vee
VIN Input voltage -0.3, +20 v
lout Output current
Each output 50 mA
All outputs 200 mA
‘Pd Power dissipation* 800 mwW
(at 25°C)
TA Operating temperature range
NE Oto 70 °C
SA —40 to +85 °C
TsTG Storage temperature range +66 to +160 °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

D' PACKAGE
N1 [T] [20) ouT 1
IN2 [Z] [19] out 2
IN3 [T] [18] ouT 3
N4 [3] [17] ouT 4
IN5 [5] 6] ouT s
N6 [6] 5] ouTs
IN7 [T] [14] out 7
N8 [E] [13] ouTs
GND [3] [12] v+
ne [i9] [11] NC
TOP VIEW
ORDER NUMBER
NE594D'

-0 Vee

-0 out

10K

O GND
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VACUUM FLUORESCENT DISPLAY DRIVER SA/NES94

DC ELECTRICAL CHARACTERISTICS V(g = +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
lccH Supply current (all outputs high) Veo = 40V VIN = 3.5V 3 6 mA
IccL Supply current (all outputs low) Vge = 40V VIN = 0.4V 04 1 mA
VIN Input voltage range o] 15 \Y
ViH Input voitage to ensure logic ‘1’ 2.6 v
ViL Input voltage to ensure logic ‘0’ 0.8 \
H Input current to ensure logic ‘1’ 100 uA
L Input current to ensurae logic ‘0’ 10 HA
N Input current VIN= 26V 60 130 uA
ViIN= 5.0V 180 330 HA
ViN = 15.0V .68 1.3 mA
VOH Output high voltage VIN = 3.5V Ta = 25°C Vee—1.5|Vee—1.1 \
IoUT = —25mA Over Temp. |Vcg —2 |Veg-1.3 v B 4
VouT with respect to Voo
VOoH Output high, no load voltage ViN = 3.5V
loyt =0, TA=25°C Vee—1 |Veg—0.8 v
Vourt with respect to Vcc
VOFF Output ‘OFF’ voltage level ViN = 0.8V 10 200 mv
loutr =0
IoH Available output current Vce = 35V VIN = 3.5V —35 mA
Vour = 30V
TA = 25°C
lout Output pulldown current Vee = Vour = 38V 100 200 400 kA
Inputs open
ICEX Output leakage current Ta = 25°C ViN = 0.4V -1 A
Vcg = 40V, Vourt =0V =1
AC ELECTRICAL CHARACTERISTICS1 v =35V, Tp = 25°C
NE/SA594
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
tpdLH Propagation delay - low to high
output transition. 50% ViN to 50% VouT 1 5 uS
tPdHL Propagation delay - high to low
output transition. 50% VN to 50% VouT 3 10 uS
tR Output rise time 10% VoyT to 90% VouT 05 3 uS
tF Output fall time 90% VouyrT to 10% Vour 15 5 us
NOTE
1. See figure 1
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VACUUM FLUORESCENT DISPLAY DRIVER SA/NES94
SWITCHING TIMES OF DRIVERS
VOLTAGE WAVEFORMS TEST CIRCUIT
PRR
sV vee = 35V
Vi
e I N £
<@ ' PDHL | VIN Vour
PRR = 10kHz
R = tF = (50ns) AL "FC
=34V
90% = = =
|-t POLH: - = -
.1 RL = 10k
CL = 50pF
vour 50%
INCLUDES PROBE AND
FIXTURE CAPACITANCE
10%
ov
o Figure 1
TYPICAL PERFORMANCE CHARACTERISTICS
N VS VIN IccH VS TEMPERATURE
1000 5
800 / 4
/
/ E—
600 -
1] / vee =40V
A 00 A o 2
200 1
° o 5 10 15 20 940 25 S0 85
VIN(V) T Temperature °C =

OUTPUT VOLTAGE VS OUTPUT CURRENT

vee

vee™!

Ta = 25C \
vee2

vVout
V)

vee™3

vec™4

vee™ S
Al 10 20 30 a0 ¥50

louT (mA) ——>

Icc VS Ve (ALL INPUTS HIGH)

ts

lccH
(ma)2

/ Ta=25C

20 30 40 50

vee(v) —>
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TYPICAL APPLICATION
DIGITAL CLOCK WITH ALARM
2 3
+V418T0 a0V
RE 78mG
b DIMMER
u ADJUST
+ 1 a
IR 2504F N RS R9 ,
1N4002 VA~ AAA- A 1
5.6K ’ 50K 15K = nE »
aov wviz |2
AMS
= 1N914 3
A .
1, T
IJ.F
10 l ALARM
N ENABLE
N.O.
SET -0-
6 22 o
NC. —-l no.
HOUR
I SNOOZE
s ?no. 9
S Q, N2
ALARM
e 13
2v ) 7
+1
Re
L 15 M 25 10002
50250
" S +12v 23 3
100K & [ 24 4 sl
$h s 2
3 . Qo oK 27 2 =
, | romeee ! S L
—1- 7
/ +12v U
28 1
I\ M
“J
N \ 10K =
7
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5
— A
I I!u7s,54321 I lsr:l7ostazt
R S NEISAS94 +12v NE/SASP4
100K > $ mec E—

R o |7|717|7u/17'5/17u o 10’1/171714[‘7';’17".
$EEE8ddd $§8ddddd
VW -0 K J A 0
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DESCRIPTION

These high-voitage, 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 ULLN2003 has a series base resis-
tor to each Darlington pair, and thus
allows operation directly with TTL or
CMOS 5V supply voltage.

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

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

FEATURES

® Peak inrush current 600mA

e Protected internally against inductive
loads

e Open collector topology

e Compatible with most logic technologies

ABSOLUTE MAXIMUM RATINGS

EQUIVALENT SCHEMATICS

HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04

PIN CONFIGURATION

TYPE ULN2003
(each driver)

TYPE ULN2004
(each driver)

D,N,F PACKAGE

i

y
¥]
ElSEENE)EIENE

clslaicicicioie
v
¥

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 v
VIN Input voltage 30 \
VEBC Emitter base voltage 6 \
Ic Continuous coliector current 500 mA
I8 Continuous base current 25 mA
Po Power dissipation 1.3 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 will sustain 350mA per output with
VCE(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.!.2.3

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 uA
Vce(saT) Collector-emitter Ic = 350mA, Ig = 500uA 2 — 1.25 1.6 "
Saturation voltage lc = 200mA, Ig = 350uA 2 - 11 1.3 \"
ic = 100mA, ig = 250uA 2 — 0.9 1.1 \
linoN)  Input current
Type ULN2003 ViN = 3.85V 3 - 0.93 1.35 mA
Type ULN2004 VIN = 8V 3 - 0.35 0.5 mA
Vin =12V 3 - 1.0 1.45 mA
lin(OFF)  Input current Ic = 500uA, Ta =70°C 4 50 65 _ nA
VIN©ON)  Input voltage
Type ULN2003 VcEe = 2V, Ic = 200mA 5 = — 24 Vo]
Vce = 2V, Ic = 250mA 5 — — 2.7 \ | ——
Vce = 2V, Ic = 300mA 5 — - 3.0 \ 4
Type ULN2004 Vce = 2V, Ic = 125mA 5 — - 5.0 \
Vce =2V, Ic = 200mA 5 — — 6.0 \ S
Vce =2V, Ic = 275mA 5 — — 7.0 \
Vce =2V, Ic = 350mA 5 - — 8.0 \
CiN Input capacitance — —_ 15 30 pF
IR Clamp diode leakage VR = 50V 6 - — 50 uA
current
VE Clamp diode forward voltage IF = 350mA 7 — 1.7 2 \%
NOTES
1. Al limits stated apply to the complete Darlington series except as specitied forasingle
device type.
2 The IinoFF) current limit guarantees against partial turn-on of the output
3. The Vinjon) voitage limit guarantees a minimum output sink current per the specified
test conditions
AC ELECTRICAL CHARACTERISTICS Ta =25°C unless otherwise specified.12.3
Test LIMITS
PARAMETER TEST CONDITIONS y UNIT
Fig. Min Typ Max
ten Turn-on delay 0.5 Ein to 0.5 Egur — — 1.0 5 us
teHe  Turn-off delay 0.5 Ein to 0.5 Eout — — 1.0 5 us
NOTES
1. Altlimits stated apply to the complete Darlington series except as specified for asingle
device type

2. The linoFF) 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 ASAFUNCTION ALLOWABLE AVERAGE PACKAGE

OF OF POWER
SATURATION VOLTAGE INPUT CURRENT DISSIPATION AS A FUNCTION OF
AMBIENT TEMPERATURE
800 400 r E’
AN 3
I o /' z ~
- . z
< 690 T 300 S
; z / / g 10 \\
5 z S ¢
& a00 E 200 & #/ =
3 g (S w &
3 3 Y/ § e
« z e Y4
S 2 /| w 0s N
2 200 2 100 / s "
=) = h N\,
g g 14 g .
/ 4 AN
) 0 H
0 05 1.0 15 0 200 400 600 o 0 50 100 150
SATURATION VOLTAGE - VCE(SAY) INPUT CURRENT IN LA - U™ -i“ 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 e
z 7
.;( 20 T //’/ S0
z o :
e 15 /«*v>r z 15
z <
& - —1
& 10 Z Z w0 wak
S \A47 £ P
2 0524 2 os . ==
z 3 - 1
o z
2 3 a 5 6 7 8 9 5 6 7 8 9 10 1" 12
INPUT VOLTAGE - V INPUT VOLTAGE - Vin
TEST FIGURES
OPEN 50V OPEN 50V OPEN
'c
HFE = '—E—
OPEN cex 'cex
= s
l 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

YN
OPEN

Figure 3

OPEN

Figure 4

- 50V

OPEN

2
|
-
[2]
g

Figure 6

Figure 7

TYPICAL APPLICATIONS

TTL TO LOAD

ULN2003

“Vee v

(KR

=
o
POty
=

E:—-D(:.ID'4 T

LAMP

2_" TEST

o=
outpuT

BUFFER FOR HIGHER
CURRENT LOADS
ULN2004

]

| I — o
=
o

FEEMERA

¥YLYYY

¥ [¥[gyYy]

gy

CMOS
ouTPUT =T
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LVDT SIGNAL CONDITIONER

DESCRIPTION

FEATURES

NES520

PIN CONFIGURATION

The NE5520 is a signal conditioning.cir- e Osclilator frequency: 1kHz to 20kHz D', F PACKAGE
cuit for use with Linear Variable Differen- « Low distortion
tial Transformers (LVDT). The chip includes Capable of ratiometric operation AMP OUT [T] 18] +V
a low distortion amplitude stable sine +IN[Z] 78] cr
wave oscillator with programmable fre- * Single supply operation 5V to 20V or
dual supply =25V to =10V -iN[3] [14] Vrer
quency to drive the primary of the LVDT; a
synchronous demodulator to convert the °® Low power consumption LVOT IN [4] 73] FEEDBACK
LVDT output amplitude and phase to posi- DEMOD OUT 5] [17] osc
tion information; and an output amp to —_—
provide gain and filtering. APPLICATIONS SYNe E 1] 0s¢
+ LVDT signal conditioning GNo 7] 0] Vaerr2
 RVDT signal conditioning ne (7] 9] Ne
N PACKAGE
AmP ouT [T] [14] +v
ABSOLUTE MAXIMUM RATINGS N e
PARAMETER RATING UNIT -IN[T] [72] Vier
Supply voltage +20 v LvOTIN [4] [11] FEEDBACK
Split supply voltage +10 \' slosc
Operating temperature range Oto +70 °C oemop out (£ ol .
Storage temperature range —65to + 165 °C svnc [E] 8]osc
Power Dissipation (Note 1) 840 mw aND [7] 8] Vaern
TOP VIEWS
ORDER NUMBERS
NES520D"
NES520F (16-Pin), NES520N (14-Pin)
NOTES:
1. SOL - Released in Large SO package only.
. 2. SOL and non-standard pinout.
BLOCK D'AG RAM 3. SO and non-standard pinouts.
. Veer
)
12
1
oK O FEEDBACK
v o
sl ]
cr o2 osc | SN l: >- 0 5S¢
10
O 0sC
10K
AN~ ' O VReF2
14 - 10K
+V o BIAS CKT | i "
10K - 10K 7
v o N —o‘ LVDT IN
+V
DEMOD _ § -
our © +y K s T
3 (e} VW Wy
-IN o AUX. AMP. [ SYNG []
2 DEMOD O SYNC
+IN O
out 04
17

NOTES:

1. Supplied only in large SO (Small Outline) package. See package diagram. .

2. Pin numbers are for N package.
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LVDT SIGNAL CONDITIONER

NES520

DC ELECTRICAL CHARACTERISTICS T,=25°C, Vg=V + =10V unless otherwise specified.

NES520

Output short circuit current

PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Supply current Over temp. 7.0 10 mA
Reference current Over temp. 55 10 mA
Reference voltage range Over temp. 5 V+ \"
Power dissipation 120 220 mwW
Osclllator section
Oscillator output ;/_'; Vrms
Sine wave distortion 4 %
Initial amplitude error +3 %
Tempco of amplitude 0.05 %I°C
Voltage coef. of amplitude error 25 %IV
Initial accuracy of osc. frequency 20 %
Tempco of frequency error 0.05 %I°C
Voltage coef. of frequency 25 %IV (Vg)
X 15 mA (rms)
Oscillator output load current
Cver temp. 8 mA (rms)
Demodulator section
Linearity error Over temp. 0.05 0.1 %
Maximum demodulator input Over temp. range Z—R— 0.5 \§+ 0.5 Vv
Demodulator offset voltage Over temp. range 65 mV
Demodulator input current Over temp. - 1000 —300 nA
Vr/2 accuracy Over temp. -3 +05 +3 %
Auxiliary Output Ampiifier
Input offset volitage Over temp. -10 10 mV
Input bias current Over temp. range - 500 - 300 nA
Input offset current - 100 100 nA
Gain R, = 10k over temp. 100 vimv
Slew rate 15 Viusec
Gain bandwidth A=1 1 MHz
Output voltage swing R, = 10K over temp. 1.5 V+ -1.5 Vv
50 mA

NOTE

Rating applies to ambient temperatures up to 70°C. Above 70°C derate linearly at 7.6mW/°C for the plastic package and 7.3mW/°C for the cerdip package.
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LVDT SIGNAL CONDITIONER

NE5520

TYPICAL PERFORMANCE CHARACTERISTICS

1n AND I* vs TEMPERATURE

8
7
.
fe =
T — 1+
5 S
N
4
~55 0 25 70 125
Ta(°C)
Fo Vs CT
10 .
V*=Vp=10V
e 110
(Tvp:Fug o
1
)
6 0.1
0.01
0.001
100 1K 10K 100K  1000K
Fo(H2)
DISTORTION OF SINE WAVE
vs REFERENCE VOLTAGE
20 T T
Ry =1 k0: OSC TO OFT
15
z
g 10
£
5 ]
//
[}
5 10 15 20

V* =VR(VOLTS)

In AND I* vs VOLTAGE

20

v

P p

= / +
/

5

5 10 15 20

v+ =vg (VOLTS)

DEMODULATOR OFFSET
vs TEMPERATURE
(NORMALIZED TO 25°C)

40

| v+ =Vamtov
(TYP: + 250 4V/°C)
20
s e
E
[
$
-20 //
- 40 ~
-85 o 2 70 128
TA(°C)

OSCILLATOR AMPLITUDE VARIATION
WITH TEMPERATURE

g \Va = 5V
g s
3 \
Va=10V
0 Vp =20V \
-5
-85 025 70 125

Ta(°C)
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LVDT SIGNAL CONDITIONER NES5520
TYPICAL SINGLE SUPPLY LVDT CIRCUIT
M 13| | SINE wavE + )
er T CONVERTER O
X h | I"'"L!D'T_—1

NES5520

s ]
VR12 |

e
SYNCHRONOUS T
DEMODULATOR 4 =

OUTPUT
SIGNAL

For additional information, refer to the Applications Section.
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SAMPLE AND HOLD ElRCUITS—-SYMBOLS AND DEFINITIONS

Acquisition Time

The time required to acquire a new analog input voltage with an
output step of 10V. Note that acquisition time is not just the
time required for the output to settle, but also includes the time
required for all internal nodes to settle so that the output
assumes the proper value when switched to the hold mode.
Aperture Delay Time

The time elapsed from the hold' command to the opening of the
switch.

Aperture Jitter

Also called “aperture uncertainty time”, it's the time variation or
uncertainty with which the switch opens, or the time variation in
aperture delay.

Aperture Time .

The delay required between “hoid” command and an input
analog transition, so that the transition does not affect the hold
output.

Dynamic Sampling Error

The error introduced into the held output due to a changing
analog input at the time the hold command is given. Error is ex-
pressed in mV with a given hold capacitor value and input slew
rate. Note that this error term occurs even for long sample times.
Effective Aperture Delay

The time difference between the hold command and the time at
which the input signal is at the held voltage.

Figure Of Merit

The ratio of the available charging current during sample mode
to the leakage current during hold mode.
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Gain Error

The ratio of output voltage swing to input voltage swing in the
sample mode expressed as a percent difference.

Hold-Mode Droop

The output voltage change per unit of time while in hold. Com-
monly specified in V/s, xVius or other convenient units.
Hold-Mode Feed Through )

This percentage of an input sinusoidal signal that is measured at
the output of a sample-hold when it’s in hold mode.

Hold Settling Time

The time required for the output to settle within 1mV of final
value after the “hold” logic command.

Hold Step

The voitage step at the cutput of the sample and hold when
switching from sample mode to hoid mode with a steady (dc)
analog input voltage. Logic swing is 5V.

Sample-To-Hold Offset Error

The difference in output voltage between the time the switch
starts to open, and the time when the output has settled com-
pletely. It is caused by charge being transferred to the hoid .
capacitor switch as it opens.

Slew Rate

The fastest rate at which the sample & hold output can change
(specified in V/us).

Threshold

Level shall be defined as that level which causes the switch con-
trol to change state.
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MONOLITHIC SAMPLE AND HOLD CIRCUITS
=== ——————————— - ———————— =

DESCRIPTION

The Signetics LF198/LF298/LF398 are
monolithic sample and hold circuits which
utilize high-voltage lon Implant JFET tech-
nology to obtain ultra-high DC accuracy
with fast acquisition of signal and low
droop rate. Operating as a unity gain fol-
lower, DC gain accuracy is 0.002% typical
and acquisition time is as low as 6us to
0.01%. A bipolar input stage is used to
achieve low offset voltage and wide band-
width. Input offset adjust is accomplished
with a single pin and does not degrade
input offset drift. The wide bandwidth
allows the LF198 to be included inside the
feedback loop of 1MHz op amps without
having stability problems. Input imped-
ance of 10'°0 allows high source imped-
ances to be used without degrading accu-
racy.

P-channel junction FET's are combined with
bipolar devices in the output amplifier to
give droop rates as low as 5SmV/min with a
1uF hold capacitor. The JFET's have much
lower noise than MOS devices used in pre-
vious designs and do not exhibit high tem-
perature instabilities. The overall design
guarantees no feed-through from input to
output in the hold mode even for input sig-
nals equal to the supply voltages.

Logic inputs are fully differential with low
input current, allowing direct connection
to TTL, PMOS, and CMOS. Differential
threshold is 1.4V. The LF198/LF298/LF398
will operate from +5V to + 18V supplies.
They are available in an 8-lead TO-5 pack-
age, or an 8-pin plastic DIP.

FUNCTIONAL DIAGRAM

FEATURES

e Operates from +5V to + 18V supplies

® Less than 10us acquisition time

* TTL, PMOS, CMOS compatible logic
input

® 0.5mV typical hold step at Cp, = 0.01uF

® Low input offset

® 0.002% gain accuracy

* Low output noise in hold mode

© Input characteristics do not change
during hold mode

© High supply rejection ratio in sample or
hold

® Wide bandwidth

APPLICATIONS

* The LF198/LF298/LF398 are ideally
suited for a wide variety of sample and
hold applications including data
acquisition, analog-to-digital
conversion, synchronous demodu-
lation, and automatic test setup.

LF198/LF298/LF398

F,N PACKAGE
v+ 3 [2] woaic
vouThGe 7] herenence
weut 3] 6] cn
v- [4] 5] outpur
TOP VIEW

ORDER NUMBERS
LF198F, LF298F, LF398F
LF198N, LF298N, LF398N

H PACKAGE
LoGic

TOP VIEW

ORDER NUMBERS
LF198H, LF298H, LF398H

D3 PACKAGE
INPUT [T] [13] Vos Ad)
ne[2] [13) Ne
v- (3] [2]v+
e (4] [{i]Loaic
Ne (5] [70] LoGIC REF
Ne (€] [T]ne
outeut [7] [&]cn
TOP VIEW
ORDER NUMBER
LF398D

NOTES:

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

TYPICAL APPLICATIONS
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MONOLITHIC SAMPLE AND

HOLD CIRCUITS

LF198/LF298/LF398

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage +18 \"
Power dissipation (package limitation)' 500 mwW
Operating ambient temperature range
LF198 -55t0 +125 °C
LF298 -25t0 +85 °C
LF398 Oto +70 °C
Storage temperature range —-65 to +150 °C
Equal to
Input voltage supply voltage
Logic to logic reference differential voltage? +7, -30 v
Output short circuit duration Indefinite
Hold capacitor short circuit duration 10 sec
Lead temperature (soldering, 10sec) 300 °C

DC ELECTRICAL CHARACTERISTICS

Unless otherwise specified, the following conditions apply. Unit is in “sample” mode,
Vg = 15V, Ti = 26°C, —11.5V < V|N < +11.5V, Ch = 0.01uF, and R = 10k{2. Logic

reference voltage = OV and logic voltage = 2.5V.

LF198/LF298 LF398
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max |Min| Typ | Max
T,=25°C 1 3 2 7 mV
6 i
Input offset voltage' 5 10 mv
. T,=25°C 5 25 10 50 nA
6 i
Input bias current Full temperature range 75 100 nA
Input impedance T;=25°C 1010 1010 Q
. T;j=25°C, R = 10K 0.002 | 0.005 0.004 | 0.01 %
Gain error Full temperature range 0.02 002 | %
Feedthrough attenuation ratio at 1kHz T;j=25°C, Cp=0.014F 86 96 ‘ 80 90 dB
. T;=25°C, "HOLD"” mode 0.5 2 0.5 4 Q
Output impedance Full temperature range 4 6 Q
“HOLD” step* T;=25°C, Cp=0.014F, Voyr=0 0.5 2.0 1.0 25 mV’
Supply current® T;=25°C 45 5.5 4.5 6.5 mA
Logic and logic reference input current Tj=25°C 2 10 2 10 A
Leakage current into hold capacitor® T;=25°C5, Hold mode 30 100 30 200 | pA
- . o AVoyr= 10V, Cp,= 1000pF 4 4 us
Acquisition time to 0.1% Cr=0.014F 20 20 us
Hold capacitor charging current Vin=Vour=2V 5 5 mA
Supply voltage rejection ratio Vour=0 80 110 80 110 dB
" Differential logic threshold Tj=25°C 08 | 14 24 108 | 14 24 v
NOTES
1. The maximum junction temperature of the LF398 is 150°C. When operating at elevated 4. Hold step is to stray b input logic signals and the

»

ambient temperature, the TO-5 and plastic DIP packages must be derated based on a
thermal resistance (6jA) of 160°C/W.

Although the differential voltage may not exceed the limits given, the common-mode
voltage on the logic pins may be equal to the supply voitages without causing damage
to the circuit. For proper logic operation, however, one of the logic pins must always be
at least 2V below the positive supply and 3V above the negative supply.

Unless fied, the 9 apply. Unit is in “sample” mode,
Vg = 16V, Tj = 26°C, =11.6V < V)y < +11.5V, Cy, = 0.014F, and Ry = 10k, Logic
reference voltage = OV and logic voitage = 2.5V.
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o

hold capacitor. 1pF, for instance, will create an additional 0.5mV step with a 6V logic
swing and a 0.0 14F hold capacitor. Magnitude of the hold step is inversely proportional
to hold capacitor value.

. Leakage current is at a junction of 25°C. The effects of junction
temperature rise due to power dissipation or elevated ambient can be calculated by
doubling the 26°C value for each 11°C increase in chip temperature. Leakage is
guaranteed over full input signal range.

6. The parameters guaranteed over a supply voltage of 5 to + 18V.
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MONOLITHIC SAMPLE AND HOLD CIRCUITS

LF4198/LF298/LF398

TYPICAL DC PERFORMANCE CHARACTERISTICS
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TYPICAL AC PERFORMANCE CHARACTERISTICS
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MONOLITHIC SAMPLE AND HOLD CIRCUITS LF198/LF298/LF398

TYPICAL AC PERFORMANCE CHARACTERISTICS (cont'd)

DYNAMIC SAMPLING ERROR OUTPUT DROOP RATE “HOLD” SETTLING TIME
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SE/NE5537

SAMPLE AND HOLD AMPLIFIER

DESCRIPTION

The NES537 monolithic Sample and Hoid
amplifier combines the best features of ion
implanted JFET's with bipolar devices to ob-
tain high accuracy, fast acquisition time,
and low droop rate. This device is pin com-
patible with the LF 198, and features supe-
rior performance in droop rate and output
drive capability. The circuit shown in Figure
1 contains two operational amplifiers which
function as a unity gain amplifier in the Sam-
ple mode. The first amplitier has bipolar in-
put transistors which gives the system a low
offset voltage. The second amplifier has
JFET input transistors to achieve low leak-
age current from the hold capacitor. A
unique circuit design for leakage current
cancellation using current mirrors gives the
NE5537 a low droop rate at higher tempera-

ble with TTL, PMOS or CMOS logic. The dif-
ferential logic threshold is 1.4V with the
Sample mode occurring when the logic input
is high. It is available in 8-lead TO-5 and 8-
pin plastic DIP packages.

FEATURES

e Operates from +5V to + 18V supplies
* Hold leakage current 6pA @ T125°C

o Less than 4us acquisition time

e TTL, PMOS, CMOS compatible logic
input

0.5mV typical hold step at C, = 0.01uF
Low Input offset: 1MV (typical)
0.002% gain accuracy with R = 2kQ
Low output noise in hold mode

Input characteristics do not change
during hold mode

e High suppl jection ratio in ple or
ture. The output stage has the capability to h o?d PRIy Y
drive a 2KQ load. The logic input is compati- | Wide bandwidth
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage +18 \
Power dissipation (package limitation)' 500 mw
Operating ambient temperature range
SE5537 —55to +125 °C
NES537 Oto +70 °C
Storage temperature range —65to +150 °C
Input voltage Equal to supply
voltage
Logic to logic reference differential voltage? +7, —-30 v
Output short circuit duration Indefinite
Hold capacitor short circuit duration 10 sec
Lead temperature (soldering, 10sec) 300 °C
NOTES
1. The maximum junction temperature of the SE5637 is 160°C and for the NE5537
is100°C. When operating at ture, the TO-5 and plastic DIP
packages must be derated based on a thermai re nce (fja) of 150°C/W.
2. Although the differential voitage may not exceed the limits given, the common mode
voltage on the logic pins may be equal to the supply voltages without causing damage
to the circuit. For proper logic operation, however, one of the logic pins must always
be at least 2V below the positive supply and 3V above the negative supply.
BLOCK DIAGRAM
OFFSET
o
2
: O ouTPUT
¥
eyt O-2
Looie (}. // e 300
_./ 1
MF!:::}:“!: 07
L]
Figure 1 cu”fc"lgon

PIN CONFIGURATION

N PACKAGE

v+[j

OFFSET 5
ADJUST

weur (7]

v-14

8] Loac
7] Loaic
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6] cn

5] output

TOP VIEW

ORDER NUMBERS
NE/SESS37N

H PACKAGE
Metal Can Package

Logic

TOP VIEW
ORDER NUMBERS
NE/SE5537-H
D3 PACKAGE
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v- [3] [12] v+
ne [4] 1] Loalc
Ne [5] [10] Loaic REF
ne (6] E NC
outeut [7 8] Cn

TOP VIEW

ORDER NUMBER
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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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SAMPLE AND HOLD AMPLIFIER

SE/NES537

ELECTRICAL CHARACTERISTICS3

SE5537 NES537
PARAMETER TEST CONDITIONS Min | Typ | Max | Min Typ | Max UNIT
Input offset voltage® Tj=26°C 1 3 2 7 mv
Full temperature range 5 10 mvV
Input bias current® Tj=25°C 5 25 10 50 nA
Full temperature range 75 100 nA
Input impedance Tj = 25°C 1010 1010 Q
Gain error Tj = 25°C, 0.002 | 0.007 0.004 | 0.01 %
=10V < V|N < 10V, R = 2K
=11.6V < V)N < 11.5V,
RL = 10K
Full temperature range 0.02 0.02 %
Feedthrough attenuation ratio at 1kHz Tj = 256°C, Ch = 0.01pF 86 96 80 90 dB
Output impedance Tj = 25°C, “HOLD" mode 0.5 2 0.5 4 Q
full temperature range 4 8
“HOLD" Step* Tj = 26°C, Ch, = 0.01uF, 0.5 2.0 1.0 2.5 mv
Vour =0
Supply current® Tj=25°C 45 8.5 4.5 7.6 mA
Logic and logic reference
input current Tj=25°C 2 10 10 uA
Leakage current into hold capacitor® T = 25°C hold mode® 6 50 100 pPA
Acquisition time to 0.1% Vourt = 10V,
Ch = 1000pF 4 4 us
Ch = 0.01uf 20 20 us
Hold capacitor charging current VIN — VouTt = 2V 5 5 mA
Supply voltage rejection ratio Vour =0 80 110 80 110 dB
Differential logic threshold Tj=25°C 0.8 14 24 0.8 1.4 24 v
NOTES
3. Unless the apply. Unit is in “sample” mode, 5. Leakage current is measured at a junction temperature of 25°C. The effects of

Vg = + 16V, Tj= 26°C, ~11.6V < V|y < 11.6V, Cp, = 0.014F, and R = 2. Logic
reference voltage = OV and logic vonngo = 2.6V.

Hold step is to stray cap input logic signals and the
hold capacitor. 1pF, for instance, will create an additional 0.6mV step with a 6V logic
swing and a 0.01F hold capacitor. Magnitude of the hold step is inversely proportional
to hold capacitor value.

TYPICAL PERFORMANCE CHARACTERISTICS

junction temperature rise due to power dissipation or elevated ambient can be calcu-
lated by doubling the 26°C value for each 11°C increase in chip temperature. Leak-
age is guaranteed over full input signal range.

These parameters guaranteed over a supply voltage range of 5 to x 18V.
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SAMPLE AND HOLD AMPLIFIER

SE/NES537

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd))
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SAMPLE AND HOLD AMPLIFIER

SE/NE5537

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
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SAMPLE AND HOLD
INTRODUCTION

For many years designers have used the
sample and hold (or track and hold) to oper-
ate on analog information in a time frame
which is expedient.

By sampling a segment of the information
and holding it until the proper timing for con-
verting to some form of control signal or
readout allows the designer certain freedom
in performing predetermined manipulative
functions. Therefore, the sample and hold
can be defined as a “selective analog mem-
ory cell”.

The memory is volatile and will also decay
with time.

When using the sample and hold method for
evaluating signal information, the designer
is given the added feature of eliminating out-
side noise elements. With the analog to digi-
tal converter products available today the
“dc memory” of the sample and hold can be
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easily converted to digital format and further
incorporated into microprocessor based
systems.

Parametric evaluation of the sample
and hold will be discussed in the following
paragraphs.

DEFINITION OF TERMS
ACQUISITION TIME: The time required to
acquire a new analog input voltage with an
output step of 10V. Note that acquisition
time is not just the time required for the out-
put to settle, but also includes the time re-
quired for all internal nodes to settle so that
the output assumes the proper value when
switched to the hold mode.

APERTURE DELAY TIME: The time
elapsed from the hold command to the open-
ing of the switch.

APERTURE JITTER: Also called “aperture
uncertainty time”, it's the time variation or
uncertainty with which the switch opens, or
the time variation in aperture delay.

APERTURE TIME: The delay required be-
tween “hold” command and an input analog
transition, so that the transition does not
affect the held output.

BANDWIDTH: The frequency at which the
gain is down 3dB from its dc value. It's mea-
sured in sample (track) mode with a small-
signal sine wave that doesn't exceed the
slew rate limit.

EFFECTIVE APERTURE DELAY: The time
difference between the hold command and
the time at which the input signal is at the
held voltage.

FIGURE OF MERIT: The ratio of the avail-
able charging current during sample mode to
the leakage current during hold mode.

HOLD-MODE DROOP: The output voltage
change per unit of time while in hold. Com-
monly specified in V/s, uV/us or other con-

venient units.

HOLD-MODE. FEEDTHROUGH: The per-
centage of an input sinusoidal signal that is
measured at the output of a sample-hold
when it's in hold mode.

HOLD SETTLING TIME: The time required
for the output to settle within 1mV of final
value after the “hold” logic command.

SAMPLE-TO-HOLD OFFSET ERROR: The
difference in output voltage between the
time the switch starts to open, and the time
when the output has settled completely. It is
caused by charge being transferred to the
hold capacitor switch as it opens.

SLEW RATE: The fastest rate at which the
sample & hold output can change (specified
in V/us).

HOLD STEP: The voltage step at the output
of the sample and hold when switching from
sample mode to hold mode with a steady
(dc) analog input voltage. Logic swing is 5V.
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SAMPLE AND HOLD AMPLIFIER

SE/NES537

DYNAMIC SAMPLING ERROR: The error
introduced into the held output due to a
changing analog input at the time the hold
command is given. Error is expressed in mV
with a given hold capacitor value and input
slew rate. Note that this error term occurs
even for long sample times.

GAIN ERROR: The ratio of output voltage
swing to input voltage swing in the sample
mode expressed as a percent difference.

THRESHOLD: Level shall be defined as
that level which causes the switch control to
change state.

BASIC BLOCK DIAGRAM

The basic circuit concept of the sample and
hold circuit incorporates the use of two (2)
operational amplifiers and a switch control
mechanism (which determines sample, hold
or track conditions). Reference figure 1.

The block diagram of the NE5537 is a
closed loop non-inverting unity gain sample
and hold system. The input buffer amplifier
supplies the current necessary to charge
the hold capacitor, while the output buffer
amplifier closes the loop such that the
output voltage is identical to the input volt-
age (with consideration for input offset volt-
age, offset current, and temperature vari-
ations which are common to all sample and
hold circuits, be they monolithic, hybrid or
modular).

When the sampling switch is open (in the
hold mode) the clamping diodes close the
loop around the input amplifier to keep it
from being overdriven into saturation.

The switch control is driven by external logic
levels via a timing sequence remote from the
sample and hold device. Reference figure 2.
The switch control has a floating reference
(pin 7), referred to as the logic reference
which makes the sample and hold device
compatible to several types of external log-
ic signals (TTL, PMOS, & CMOS). The
switching device operates at a threshold
level of 1.4V,

The switch mechanism is on (sampling an
information stream) when the logic level is
high (pin 8 is 1.4 volts higher than pin 7) and
presents a load of § microamperes to the
input logic signal. The analog sampled sig-
nal is amplified, stored (in the external hold-
ing capacitor), and buffered. At the end of
the sampling period the internal switch
mechanism turns off (switch opens) and the
“stored analog memory"” information on the
external capacitor (pin 6) is loaded down by
an operational amplitier connected in the
unity gain non-inverting configuration. This

amplitier, whose input impedance is effec-
tively:

R RIN(AQL) /(1 + 1/A)
where R = Eftective input impedance

RN = Open loop input impedance

AoL = Open loop gain

A = AC loop gain

Therefore, the higher the open loop gain of
the second operational amplifier, the
larger the effective loading on the capac-
itor. The larger the load, the lower the
“leakage” current and the better the droop
characteristics.

In actuality the amplifiers are designed with
special leakage current cancellation circuits
along with FET input devices. The leakage
current cancellation circuits give better high
temperature operation (remember that the
FET amplifiers double in required bias cur-
rent for every 10 degree increase in junction
temperature).

Sampling time for the NES537 is less than
10usec, (measured to 0.1% of input signal).
Leakage current is 6pA at a rate output load
of 2kQ.

BASIC APPLICATIONS

Multiplying DAC

As depicted in the block diagram of figure 3,
the sample and hold circuit is used to supply
a “variable” reference to the digital to ana-
log converter. As the input reference varies,
the output will change in accordance with
equation 1, shown in figure 3.

Varying the input signal reference leve! can
aid the system in performing both com-
pression and expansion operations. The
multiplying DAC's used are the Signetics
SE/NE 5008; however, if the rate of change
of the reference variation is kept slow
enough a microprocessor compatible DAC
can be incorporated, such as the NE5018 or
the NES020.

DATA ACQUISITION SYSTEMS

As mentioned earlier, the designer may wish
to operate on several different segments of
an “analog” signal; however he is limited by
the fact that only one analog to digital con-
verter channel is available to him. Figure 4
shows the means by which a multiplexing
system may be accomplished.

APPLICATION HINTS
Hold Capacitor

A significant source of error in an accurate
sample and hold circuit is dielectric absorp-
tion in the hold capacitor. A mylar cap, for

instance, may “sag back” up to 0.2% after a
quick change in voltage. A long “soak” time
is required before the circuit can be put
back into the hold mode with this type of
capacitor. Dielectrics with very low hyster-
esis are polystyrene, polypropylene, and
Teflon. Other types such as mica and
polycarbonate are not nearly as good.
Ceramic is unusable with > 1% hysteresis.
The advantage of polypropylene over poly-
styrene is that it extends the maximum ambi-
ent temperature from 85°C to 100°C. The
hysteresis relaxation time constant in poly-
styrene, for instance, is 10-50ms. If A-to-D
conversion can be made within 1ms, hyster-
esis error will be reduced by a factor of ten.

DC Zeroing

DC Zeroing is accomplished by connecting
the offset adjust pin to the wiper of a 1kQ
potentiometer which has one end tied to vt
and the other end tied through a resistor to
ground. The resistor should be selected to
give =~0.6mA through the 1KQ potentio-
meter.

Sampling Dynamic Signals

Sampling errors due to moving (changing)
input signals are of significant concern to
designers employing sample and hold cir-
cuits. There exist finite phase delays
through the sample and hold circuit causing
an input-output phase differential for moving
signals. In addition, the series protection re-
sistor (3002 to pin 6 of the NE5537) will add
an RC time constant, over and above the
slew rate limitation of the input
buffer/current drive amplifier. This means
that at the moment the “hold” command ar-
rives, the hold capacitor voltage may be
somewhat different than the actual analog
input. The effect of these delays is opposite
to the effect created by delays in the logic
which switches the circuit from sample to
hold. For example, consider an analog input
of 20 Vp-p at 10kHz. Maximum dV/dt is
0.6V/us. With no analog phase delay and
100ns logic delay, one could expect up to
(0. 1us) (0.8V/us) = 80mV error if the “hold”
signal arrived near maximum dV/dt of the
input. A positive going input would give a
+680mV ‘error. Now assume a 1MHz (3dB)
bandwidth for the overall analog loop. This
generates a phase delay of 180ns. If the
hold: capacitor sees this exact delay, then
error due to analog delay will be (0.16us)
(0.8V/us) = —98mV (analog) for a total of
—36mV. To add to the confusion, analog de-
lay is proportional to hold capacitor value
while digital delay remains constant. A fam-
ily of curves (dynamic sampling error) is in-
cluded to help estimate errors.
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A curve labeled Aperture. Time has been
included for sampling conditions where the
input is steady during the sampling period,
but may experience a sudden change nearly
coincident with the “hold” command. This
curve is based on a 1mV error fed into the
output.

- A second curve, Hold Settling Time indi-
cates the time required for the output to
settle to 1mV after the “hold” command.

Digital Feedthrough

Fast rise time logic signals can cause hold
errors by feeding externally into the analog
input at the same time the amplifier is put
into the hold mode. To minimize this prob-

TYPICAL APPLICATIONS

lem, board layout should keep logic lines as
far as possible from the analog input.
Grounded guarding traces may also be used .
around the input line, especially if it is driven
from a high impedance source. Reducing
high amplitude logic signals to 2.5V will also
help.

Logic signals also couple to the hold ca-
pacitor. This hold capacitor should be
guarded by a P.C. card trace connected to
the sample-and-hold output. This will also
minimize board leakage.

SPECIAL NOTES

1. Not all definitions herein defined are
measured parametrically for the NES537,
but are legitimate terms used in sample
and hold systems.

2. Reference should be made to Design
Engineering, volumes 23 (Nov. 8, 1978),
25 (Dec. 6, 1978) and 26 (Dec. 20, 1978)
for articles written by Eugene Zuch of
Datel Systems, Inc. for a further discus-
sion of sample and hold circuits.

3. Reference also made to National
Semiconductor Corporation’s Special
Functions Data Book (1976).

TYPICAL CONNECTION

SAMPLE 5V

HOLD ov

Figure 2
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COMPANDOR

NES570/571/SA571

DESCRIPTION

The NE570/571 is a versatile low cost dual
gain control circuit in which either channel
may be used as a dynamic range compres-
sor or expandor. Each channel has a full
wave rectifier to detect the average value of
the signal, a linerarized, temperature
compensated variable gain cell; and an
operational amplifier.

The NE570/571 is well suited for use in celiu-
lar radio and radio communications systems,
modems, telephone, and satellite broadcast/
receive audio sytems.

FEATURES

* Complete compressor and expandor in
11C

Temperature compensated

Greater than 110dB dynamic range
Operates down to 6Vdc

System levels adjustable with external
components

¢ Distortion may be trimmed out

CIRCUIT DESCRIPTION

The NES70/571 ° compandor building
blocks, as shown in the block diagram, area
full wave rectifier, a variable gain cell, an
operational amplifier and a bias system. The
arrangement of these blocks in the IC result
in a circuit which can perform well with few
external components, yet can be adapted to
many diverse applications.

The ful! wave rectifier rectifies the input
currer t wt.ich flows from the rectifier input,
to an ir ‘ernal summing node which is bi-
ased at VRgf. The rectified current is aver-
aged on an external filter capacitor tied to
the CRECT terminal, and the average value
of the input current controls the gain of the
variable gain cell. The gain will thus be
proportional to the average value of the
input signal for capacitively coupled voltage
inputs as shown in the following equation.
Note that for capacitively coupled inputs
there is no offset voltage capable of pro-
ducing again error. The only error will come
from the bias current of the rectifier (sup-
plied internally) which is less than .1uA.

- |Vin = Vrerl avg.
Ry

|Vin| avg.
G TR

The speed with which gain changes to fol-
low changes in input signal levels is deter-
mined by the rectifier filter capacitor. A
small capacitor will yield rapid response but
will not fully filter low frequency signals.
Any ripple on the gain control signal will
modulate the signal passing through the
variable gain cell. In an expandor or com-

Note:
1. Supplied only in large SO (Small Outline) package.

APPLICATIONS

Cellular radio

Teleph trunk pandor—570
Teleph bscriber pand
High level limiter

Low level expandor—noise gate
Dy noise r Y
Volitage controlled amplifier
Dynamic filters

571

Aneti "

ABSOLUTE MAXIMUM RATINGS

PIN CONFIGURATION

D', F, N PACKAGE
Rect. Cop 1 [T} 6] Rect Cap 2
Rect. in 1[Z] [75] Rect 1n 2
AG Celtin 1[3 ] [14] ~Gcanin2
ano [4] 73] vee
tnv. in 1[5 ] [72] 1nv. 1n 2
Res. R, 1[6 | [11] Res &, 2
Output 1 E E Qutput 2
THD Trim 1[ 8] [9] THD Trim 2
Order Part No.
NES70 FN NES571 FN
SAST1 FN  NE571D'

NOTES:

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

3. SO and non-standard pinouts.

PARAMETER RATING UNIT
Positive supply Vdc
570 24
571 18
TA Operating temperature range
NE 0to 70 °C
SA -40 to +85 °C
PD Power dissipation 400 mwW

BLOCK DIAGRAM

1o0f2

THD TRIM T

R2 20K variable
4G IN gain cell
R1 10K
RECT IN RECTIFIER
l RECT CAP

INVERTER IN

output

pressor application, this would lead to third
harmonic distortion, so there is a tradeoff to
be made between fast attack and decay
times, and distortion. For step changes in
amplitude, the change in gain with time is
shown by this equation.

G(t) = (Gjnitial - Gfinal) e~V

+ Gﬁnal; 7=10K X CReCT

The variable gain cell is a currentin, current
out device with the ratio |QyT/l|N con-
trolled by the rectifier. ||N is the current
which flows from the AG input to aninternal
summing node biased at Vggg. The follow-
ing equation applies for capacitively cou-
pled inputs. The output current, IQyUT, is
fed to the summing node of the op amp.

_VIN-VREF _ VIN
TR R,
A compensation scheme built into the AG
cell compensates for temperature, and can-
cels out odd harmonic distortion. The only
distortion which remains is even harmonics,
and they exist only because of internal
offset voltages. The THD trim terminal pro-
vides a means for nulling the internal offsets
for low distortion operation.

The operational amplifier (which is internal-
ly compensated) has the non-inverting in-
put tied to VRgF, and the inverting input
connected to the AG cell output as well as
brought out externally. A resistor, Rj, is
brought out from the summing node and
allows compressor or expandor gain to be
.determined only by internal components.
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The output stage is capable of £20mA out-
put current. This allows a +13dBm (3.5V
rms) output into a 3000 load which, with a
series resistor and proper transformer, can
result in +13dBm with a 600 () outputimped-
ance.

A band gap reference provides the refer-
ence voltage for all summing nodes, a regu-
lated supply voltage for the rectifierand AG
cell, and a bias current for the AG ceil. The
low tempco of this type of reference pro-
vides very stable biasing over a wide tem-
perature range.

The typical performance characteristics il-
lustration shows the basic input-output
transfer curve for basic compressor or ex-
pandor circuits.

TYPICAL PERFORMANCE
CHARACTERISTICS

TYPICAL TEST CIRCUIT

BASIC INPUT-OUTPUT
TRANSFER CURVE

-30|

-80|

70

"a0 30 20 10 0 +10
COMPRESSOR OUTPUT LEVEL

COMPRESSOR INPUT LEVEL OR EXPANDOR OUTPUT LEVEL (dBm)

EXPANDOR INPUT LEVEL (dBm)

Voo = 18V

2
I + 710 v

- wWA D il
a1 oK L
0 118 812 "
- $
- <
22 K

"
i1
4

DC ELECTRICAL CHARACTERISTICS T,=25°C, V¢ =15 Except where indicated, the 571 specifications are identical to 570

NE570 NE/SA5715
PARAMETER TEST CONDITIONS ™~ Min Typ Max Min Tvp Max UNIT
Ve Supply voltage 6 24 6 18 . v
lcc Supply current No signal 3.2 4.8 3.2 48 mA
Output current capability +20 +20 mA
Output slew rate t.5 +.5 V/us
Gain cell distortion2 Untrimmed 3 1.0 5 20 %
Trimmed 05 A
Resistor tolerance £5 t15 +5 *15 %
Internal reference voltage 1.7 1.8 1.9 1.65 1.8 1.95 "
Output dc shift3 Untrimmed $20 +50 +30 £100 mv
Expandor output noise No signal, 156Hz-20kHz' 20 45 20 60 uv
1 -15 dBRNC
Unity gain level -1 0 +1 -1.5 0 +1.5 dBm
Gain change? 4 -40°C < T <70°C +1 +.1 dB
0°C < T <70°C +1 1.2 +.1 4
Reference drift -40°C < T <70°C +2,-25( 10, -40 +2,-25 |+20, -50 mv
0°C < T <70°C t5 10 5 +20
Resistor drift4 -40°C < T <70°C +8,-0 %
0°C < T <70°C +1.-0
Tracking error (measured relative Rectifier input, V2 = 2 dB
to value at unity gain) equals Vp= +6dBm, V, = 0dB
L‘g_‘\)’gg’;'y gain)] V= - 30dBm, V, = OdB w2 | -5+ +2 |15
Channel Separation 60 60 dB

NOTES:

. Input to V4 and V, grounded.
. Measured at OdBm, 1kHz.

. Relative to value at Ty = 25°C.

1
2
3. Expandor ac input change from no signal to OdBm.
4
5

. Electrical characteristics for the SA571 only are specified over - 40 to + 85°C

temperature range.

5-4




LINEAR LSI PRODUCTS

COMPANDOR
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INTRODUCTION

Much interest has been expressed in high per-
formance electronic gain control circuits. For
non-critical applications, an integrated circuit
operational transconductance amplifier can be
used, but when high performance Is required,
one has to resort to complex discrete circuitry
with many expensive, well matched compo-
nents. This paper describes an inexpensive
Integrated circuit, the NE570 Compandor,
which offers a pair of high performance gain
control circults featuring low distortion (<.1%),
high signal to noise ratio (80dB), and wide
dynamic range (110dB).

CIRCUIT BACKGROUND

The NE570 Compandor was originally
designed to satisfy the requirements of the
telephone system. When several telephone
channels are multiplexed onto a common line,
the resulting signal to noise ratio Is poor and
companding is used to allow a wider dynamic
range to be passed through the channel.
Figure 1 graphically shows what a compandor
can do for the signal to noise ratio of a
restricted dynamic range channel. The input
level range of +20to — 80dB is shown under-
going a 2 to 1 compression where a 2dB input
level change is compressed into a 1dB output
level change by the compressor. The original
100dB of dynamic range is thus compressed
to a 50dB range for transmission through a
resticted dynamic range channel. A comple-
mentary expansion on the receiving end
restores the original signal levels and reduces
the channel noise by as much as 45dB.

The significant circuits in a compressor or
expandor are the rectifier and the gain control
element. The phone system requires a simple
full wave averaging rectifier with good accu-
racy, since the rectifier accuracy determines
the (input) output level tracking accuracy. The
gain cell determines the distortion and noise
characterics, and the phone system specifi-
cations here are very loose. These specs
could have been met with a simple opera-
tional transconductance multiplier, or OTA,
but the gain of an OTA is proportional to tem-
perature and this is very undesirable. There-
fore, a linearized transconductance multiplier
was designed which is insensitive to tempera-
ture and offers low noise and low distortion
performance. These features make the circuit
useful in audio and data systems as well as in
telecommunications systems.

BASIC CIRCUIT HOOKUP
AND OPERATION

Figure 2 shows the block diagram of one
half of the chip, (there are two identical

channels on the 1.C.). The full wave averag-
Ing rectifier provides a gain control current,
I, for the variable gain (AG) cell. The output
of the AG cell is a current which Is fed to the
summing node of the operational amplifier.
Resistors are provided to establish circuit
gain and set the output dc bias.

RESTRICTED DYNAMIC
RANGE CHANNEL
INPUT ] 5 ouTPUT
LavEL a LEVEL
W m— s +20
o8
—_— e~ —
7 e\
_/?_WX
|
-80 | -80
|
Figure 1
CHIP BLOCK DIAGRAM

(1 OF 2 CHANNELS)

THD TRIM A, INV.IN

Voo PIN 13
GND. PIN 4

The circuit is intended for use in single
power supply systems, so the internal sum-
ming nodes must be biased at some voltage
above ground. An internal band gap voltage
reference provides a very stable, low noise
1.8 volt reference denoted Vret. The non-
inverting input of the op amp is tied to Vret,
and the summing nodes of the rectifier and
AG cell (located, at the right, of Ry and R2)
have the same potential. The THD trim pinis
also at the Vret potential.

Figure 3 shows how the circult is hooked up
to realize an expandor. The input signal. Vin,
is applied to the inputs of both the rectifier
and the AG cell. When the input signal drops
by 6dB, the gain control current will drop by
a factor of 2, and so the gain will drop 6dB.
The output level at Vout will thus drop 12dB,
glving us the desired 2 to 1 expansion.

Figure 4 shows the hookup for a compres-
sor. This is essentially an expandor placed
in the feedback loop of the op amp. The AG
cell is set up to provide ac feedback only, so
a separate dc feedback loop is provided by
the two Rgc-and-Cqc. The values of Rgc will
determine the dc bias at the output of the op
amp. The output will bias to:

Voutde = 1 + ReettRdez (4 4 Rac tor) ; gy
Re 30K

The output of the expandor will bias up to:

Ra 20K
Voutdc =1+ R—4Vm =<1 + 30K ) 1.8V = 3.0V

The output will bias to 3.0V when the inter-
nal resistors are used. External resistors
may be placed in series with R3, (which will
affect the gain), or in paraliel with R4 to raise
the dc bias to any desired value.

Figure 2
BASIC EXPANDOR
R,
*CcINt R,
{ A\ AG Vour
Vin & Vaer *
o——t¢ ng
*CiN2 R,
——w—] =

M

*external components

.
CRrecT

GAIN = 2R3 Vin (avg.)
RiRzlg

I8 = 140uA
Figure 3
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BASIC COMPRESSOR

Vour
vin —O
3
", :: Vaer
1
RiRzls |2
GAIN ={——————
(2 R3 ViN (avg.))
Ig = 140pA
*external
components Figure 4

CIRCUIT DETAILS-RECTIFIER
Figure 5 shows the concept behind the full
wave averaging rectifier. The input current
to the summing node of the op amp, Vin/R1,
is supplied by the output of the op amp. If we
can mirror the op amp output currentinto a
unipolar current, we will have an ideal recti-
fier. The output current is averaged by Rs,
Cr, which set the averaging time constant,
and then mirrored with a gain of 2to become
lg, the gain control current.

RECTIFIER CONCEPT

v+

- I= VIN/R,

Figure 5

Figure 6 shows the rectifier circuit in more
detail. The op amp is a one stage op amp,
biased so that only one output device is on
at a time. The non-inverting input, (the base
of Q1), which is shown grounded, is actually
tied to the internal 1.8V Vret. The inverting
input is tied to the op amp output, (the
emitters of Qs and Qe), and the input sum-
ming resistor R1. The single diode between

5-6
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v+

Q

ViN avg.

lg=2 "

Figure 6

the bases of Qs and Qg assures that only one
device is on at a time. To detect the output
current of the op amp, we simply use the
collector currents of the output devices Qs
and Qe. Qs will conduct when the input
swings positive and Qs conducts when the
input swings negative. The collector cur-
rents will be in error by the a of Qs or Qe on
negative or positive signal swings, respec-
tively. IC’s such as this have typical npn g8's
of 200 and pnp B's of 40. The o's of .995 and
.975 will produce errors of .5% on negative
swings and 2.5% on positive swings. The
1.5% average of these errors yields a mere
.13dB gain error.

At very low input signal levels the bias
current of Q2, (typically 50nA), will become
significant as it must be supplied by Qs.
Another low level error can be caused by dc
coupling into the rectifier. If an offset vol-
tage exists between the Vin input pin and the
base of Qz, an error current of Vos/R1 will be
generated. A mere 1mv of offset will cause
an input current of 100na which will pro-
duce twice the error of the input bias cur-
rent. For highest accuracy, the rectifier
should be coupled into capacitively. Athigh
input levels the g of the pnp Qg will begin to
suffer, and there will be an increasing error
until the circuit saturates. Saturation can be
avoided by limiting the current into the
rectifier input to 250ua. If necessary, an
external resistor may be placed in series
with Ry to limit the current to this value.
Figure 7 shows the rectifier accuracy vs
input level at a frequency of 1kHz.

At very high frequencies, the response of
the rectifier will fall off. The rolloff will be
more pronounced at lower input levels due
to the increasing amount of gain required to
switch between Qs or Qe conducting. The

rectifier frequency response for input levels
of 0dBm, -20dBm, and -40dBm is shown in
Figure 8. The response at all three levels is
flat to well above the audio range.

RECTIFIER ACCURACY
" T T T
2
z
8
g °T 1
&
I

RECTIFIER INPUT dBm"

Figure 7

RECTIFIER FREQUENCY RESPONSE
vs INPUT LEVEL

INPUT = 0dBm

GAIN ERROR (dB)

L
10K 1MEG
FREQUENCY (Hz)

Figure 8
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VARIABLE GAIN CELL

Figure 9 is a diagram of the variable gain
cell. Thisis alinerarized two quadrant trans-
conductance multiplier1.2, Qi, Q2 and the
op amp provide a predistorted drive signal
for the gain control pair, Qa, Q4. The gain is
controlled by Ig and a current mirror pro-
vides the output current.

The op amp maintains the base and collec-
tor of Q1 at ground potential (Vref) by con-
trolling the base of Q2. The input current lin
(= Vin/R2) is thus forced to flow through Q1
along with the current 11, s0 Ic1 = |1 +lin.
Since |2 has been set at twice the value of 11,
the current through Q2 is l2=(11+lin) = l1=lin=
Ic2. The op amp has thus forced a linear
current swing between Q1 and Qz, by pro-
viding the proper drive to the base of Qa.
This drive signal will be linear for small
signals, but very non-linear for large sig-
nals, since it is compensating for the non-
linearity of the differential pair Q1, Q2 under
large signal conditions.

The key to the circuit is that this same
predistorted drive signal is applied to the
gain control pair Q3 and Q4. When two
differential pairs of transistors have the
same signal applied, their collector current
ratios will be identical, regardless of the
magnitude of the currents. This gives us:

Ict Ica l1t+lin

l1=lin

plus the relationships Ig = Ic3+lcas and lout=
Ic4-Icawill yield the multiplier transfer func-
tion,

la Vin lg

lout = — lip = =— —

I Rz 1y

this equation is linear and temperature in-
sensitive, but it assumes ideal transistors.

If the transistors are not perfectly matched,
a parabolic, non-linearity is generated,
which results in 2nd harmonic distortion.
Figure 10 gives an indication of the magini-
tude of the distortion caused by a given
input level and offset voltage. The distortion
is linearly proportional to the magnitude of
the offset and the input level. Saturation of
the gain cell occurs at a +8dBm level. At a
nominal operating level of 0dBm, a 1mv
offset will yield .34% of second harmonic
distortion. Most circuits are somewhat bet-
ter than this, which means our overall off-
sets are typically about 1/2mv. The distor-
tion is not affected by the magnitude of the
gain control current, and it does not in-
crease as the gain is changed. This second
harmonic distortion could be eliminated by
making perfect transistors, but since that
would be difficult, we have had to resort to
other methods. A trim pin has been provided

SIMPLIFIED AG CELL SCHEMATIC
v+

la lg Vi
lout= — In = SN
ou ™ 12z

Figure 9

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

AG CELL DISTORTION
vs OFFSET VOLTAGE

INPUT LEVEL (dBm)

Figure 10

Figure 12 shows the noise performance of
the AG cell. The maximum output level
before clipping occurs i the gain cell is
plotted along with the output noise in a
20kHz bandwidth. Note that the noise drops
as the gain is reduced for the first 20dB of
gain reduction. At high gains, the signal to
noise ratio is 90dB, and the total dynamic
range from maximum signal to minimum
noise is 110dB.

Control signal feed-through is generated in
the gain cell by imperfect device matching
and mismatches in the current sources |4
and l2. When no input signal is present,
changing |G will cause a small output signal.
The distortion trim is effective in nutling out
any control signal feed-through, but in gen-
eral, the null for minimum feed-through will
be different than the null in distortion. The
control signal feed-through can be trimmed
independently of distortion by tying a cur-
rent source to the AG input pin. This effec-
tively trims |1. Figure 13 shows such a trim
network.

THD TRIM NETWORK

*IF TRIM NETWORK NOT USED,
‘CONNECT CAPACITOR AS SHOWN. Vee
R
3.ev
6.2K
20K
To THD Trim
¥
1
:ll: «200pF
1 -
=<
Figure 11

DYNAMIC RANGE OF NE570

+20

MAXIMUM
SIGNAL LEVEL

~080 p
-0} ‘4/uouz N
L 20KHz BW
1 L L 1 J
") -
VCA GAIN (d8)
Figure 12
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COMPANDOR

NES70/574/SA571

CONTROL SIGNAL
FEEDTHRU TRIM

Figure 13

OPERATIONAL AMPLIFIER

The main op amp shown in the chip block
diagram is equivalent to a 741 with a 1MHz
bandwidth. Figure 14 shows the basic cir-
cuit. Split collectors are used in the input
pair to reduce gm, so that a small compensa-
tion capacitor of just 10pf may be used. The
output stage, although capable of output
currents in excess of 20ma., is biased for a
low quiescent current to conserve power.
When driving heavy loads, this leads to a
small amount of crossover distortion.

RESISTORS

Inspection of the gain equations in Figure 3
and 4 will show that the basic compressor
and expandor circuit gains may be set en-
tirely by resistor ratios and the internal
voltage reference. Thus, any form of resis-
tors that match well would suffice for these

5-8

simple hookups, and absolute accuracy and
temperature coefficient would be of no im-
portance. However, as one starts to modify
the gain equation with external resistors,
the internal resistor accuracy and tempco
become very significant. Figure 15 shows
the effects of temperature on the diffused
resistors which are normally used in inte-
grated circuits, and the ion implanted resis-
tors which are used in this circuit. Over the
critical 0°C to 70°C temperature range,
there is a 10 to 1 improvement in drift froma
5% change for the diffused resistors, to a .5%
change for the implemented resistors. The
implanted resistors have another advantage
in that they can be made 1/7 the size of the
diffused resistors due to the higher resistivi-
ty. This saves a significant amount of chip
area.

OPERATIONAL AMPLIFIER

Figure 14

RESISTANCE vs TEMPERATURE

118 w0an /o
DIFFUSED
RESISTOR

110
wxa /O
Low TC
108 IMPLANTED
RESISTOR

ANNNUNNNRNRR ST O OONNNUNNNRNY
1.00 ARRRRIRINERELRRRY 14 €RROA BAND

e 0 40 80 120
TEMPERATURE
Figure 15

*For additional information, consuit the Applications Section.



LINEAR LSI PRODUCTS

PROGRAMMABLE ANALOG COMPANDOR

SA/NES72

DESCRIPTION

The NES72 is a dual channel, high perfor-
mance gain control circuit in which either
channel may be used for dynamic range
compression or expansion. Each channel
has a full wave rectifier to detect the aver-
age value of input signal; a linearized, tem-
perature compensated variable gain cell
(AG) and a dynamic time constant buffer.
The buffer permits independent control of
dynamic attack and recovery time with mini-
mum external components and improved low
frequency gain control ripple distortion over
previous compandors.

The NE572 is intended for noise reduction in
high performance audio systems. It can also
be used in a wide range of communication
systems and video recording applications.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Independent control of attack and
recovery time.

Improved low frequency gain control
ripple

® Compl tary gain comp
expansion with external Op Amp
Wide dynamic range —greater than
110dB

Temperature compensated gain
control

Low distortion gain cell

Low noise—6uV typical

Wide supply voltage range—6V-22V
System level adjustable with external
components.

1 and

APPLICATIONS

® Dynamic noise reduction system
e Voltage control amplifier

® Stereo expandor

e Automatic level control

* High level limiter

® Low level noise gate

® State variable filter

PIN CONFIGURATION

D, N PACKAGE

TRACK TRIM A [T] I76] vee
RECOV. CAP. A [5
RECT.IN A [T]

ATTACK CAP A E 13| RECT.INB

[75] TRACK TRIM B
[14] RECOV. CAP. B

26 out A [5] [72] aTTack cap e
THD TRIM A [6 ] [17] scoute
G INA [7] [10] THD TRIM B
GROUND [&] (5] siNe
(Top view)

ORDER PART NO.

NES72N  SA572N
SA572F NES72D SA572D

PARAMETER RATING UNIT
Vee Supply voltage 22 vDC
TA Operating temperature range Oto 70 °C
Pp Power dissipation 500 mw

BLOCK DIAGRAM

(5.11)

(7.9) Rt
6.8K
(6,10)
-—-} AG
500 I
GAIN CELL
(3,13)

RECTIFIER

“—L: ]

(1,15)

BUFFER 10K S

(8)

(4,12) (2,14)

Note:
1. Supplied only in large SO (Sma!l Outline) package.
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PROGRAMMABLE ANALOG COMPANDOR SA/NES72

ELECTRICAL CHARACTERISTICS Standard Test Conditions (unless otherwise noted) Ve = 15V TA = 25°C Expandor mode (see test
circuit) Input signals at unity gain level (OdB) = 100mV RMS at 1KHz, V, = V,, Ry = 3.3K, Ry = 17.3K

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Vece Supply voltage 6 22 Voc
Icc Supply current No Signal 6 mA
Internal voltage reference 23 25 27 Voc
THD (untrimmed) 1kHz Cp = 1.0uF 2 1.0 %
THD (trimmed) 1kHz CR = 10uF .05 %
THD (trimmed) 100Hz .25 %
No signal output noise Input to V4 and V2 grounded (20-20kHz) 6 25 uv
N DC level shift (untrimmed) Input change from no signal to 100mV RMS +20 +50 MV
Unity gain level -1 0 +1 dB
Large signal distortion Vy = Vp = 400mV 0.7 3.0 %
Tracking error (measured relative Rectifier input +.2 dB
to value at unity gain output) = V,= +6dB, V, =0dB
[Vo = Vo(unity gain)] dB -V, (dBm)| V,= ~30dB, V, = 0OdB +.5 -15
+.8
Channel crosstalk 200mV RMS into channel A, measured output on 60 dB
channel B
Power supply rejection ratio 120Hz 70 dB
TEST CIRCUIT
AuF 100Q
W
22uF
1% IIV
2.2uF (7.9) 6.8K (5,11) R3 = =
vio—b———twWA{ e AMA~
R4 17.3K

82K

/

(2,14)
YW 22K NES534 ——O Vo

1

= 10uF l BUFFER f:(’v +_]_ +/
L
I

2.2u
4,12) T

8)

1,15)

100¢?
2.24F  3.3K(3,13)
A +
va O——-I}——-—":v‘. RECTIFIER (16) VA~ +15V
2

1% AuF 224F

dt
|||—”:——-4
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PROGRAMMABLE ANALOG COMPANDOR

SA/NES72

AUDIO SIGNAL PROCESSING IC
COMBINES VCA AND FAST AT-
TACK-SLOW RECOVERY LEVEL
SENSOR

In high performance audio gain control appli-
cations it is desirable to independently con-
trol the attack and recovery time of the gain
control signal. This is true, for example, in
compandor applications for noise reduction.
In high end systems the input signal is usual-
ly split into two or more frequency bands to
optimize the dynamic behavior for each
band. This reduces low frequency distortion
due to control signal ripple, phase distor-
tion, high frequency channel overload and
noise modulation. Because of the expense
in hardware, multiple band signal process-
ing up to now was limited to professional
audio applications.

With the introduction of the Signetics NE572
this high performance noise reduction con-
cept becomes feasible for consumer hi fi
applications. The NE572 is a dua! channel
gain control IC. Each channel has a linear-
ized, temperature compensated gain cell
and an improved level sensor. In conjunction
with an external low noise op amp for current
to voltage conversion, the VCA features low
distortion, low noise and wide dynamic
range. The novel level sensor which pro-
vides gain control current for the VCA gives
lower gain control ripple and independent
control of fast attack, slow recovery dynam-
ic response. An attack capacitor CA with an
internal 10K resistor RA defines the attack
time TA. The recovery time TR of a tone
burst is defined by a recovery capacitor CR
and an interna! 10K resistor RR. Typical at-
tack time of 4MS for the high frequency
spectrum and 40MS for the low frequency
band can be obtained with .1uF and 1.0uF
attack capacitors respectively. Recovery
time of 200MS can be obtained with a 4.7uF
external capacitor. With the recovery ca-
pacitor added in the level sensor, the gain
control ripple for low frequency signals is
much lower than that of a simple RC ripple
filter. As a result the residual third harmonic
distortion of low frequency signal in a two
quad transconductance amplifier is greatly
improved. With the 1.0uF attack capacitor
and 4.7uF recovery capacitor for a 100HZ
signal the third harmonic distortion is im-
proved by more than 10db over the simple
RC ripple filter with a single 1.0uF attack
and recovery capacitor, while the attack
time remains the same.

The NE572 is assembled in a standard 16 pin
dual in line plastic package and in oversized
SO (Small Outline) package. It operates over
wide supply range from 6V to 22V. Supply cur-
rent is less than 6mA. The NE572 is designed
for consumer application over a temperature

range 0-70°C. The SA572 is intended for appli-
cations from - 40°C to + 85°C.

NE572 BASIC APPLICATIONS

Description

The NE572 consists of two linearized, tem-
perature compensated gain cells (AG) each
with a fuli-wave rectifier and a buffer amplifi-
er as shown in the block diagram. The two
channels share a 2.5V common bias refer-
ence derived from the power supply but oth-
erwise operate independently. Because of
inherent low distortion, low noise and the
capability to linearize large signals, a wide
dynamic range can be obtained. The buffer
amplifiers are provided to permit control of
attack time and recovery time independent
of each other. Partitioned as shown in the
block diagram, the IC allows flexibility in the
design of system levels that optimize DC
shift, ripple distortion, tracking accuracy
and noise floor for a wide range of applica-
tion requirements.

Gain Cell

Figure 1 shows the circuit configuration of
the gain cell. Bases of the differential pairs
Q4 — Qg and Q3 — Q4 are both tied to the
output and inputs of OPA A{. The negative
feedback through Q holds the Vgg of Q1 —
Qp and the Vgg of Q3 — Q4 equal. The
following relationship can be derived from

the transistor model equation in the forward
active region.

AVBEQG -q,=%BEq, _q,

(VBg = V1 1, IC/IS)

1o RN
Vil <_2~_G 20 O) - V1l (___.___2
Is Is

Vin
where lin = ﬁ

Ay = 6.8K
Iy = 140uA
Ip = 280uA

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

If all transistors Qy through Qg4 are of the
same size, equation (2) can be simplfied to:
1

2
lo=7iy lnelg= T, (2-2p+lg @

The first term of eqn. (3) shows the multiplier
relationship of a linearized two quadrant
transconductance amplifier. The second
term is the gain control feed through due to
the mismatch of devices. In the design this

BASIC GAIN CELL SCHEMATIC

v+

B}
14044

-—
o 4
+ - r : l
Q4 Oak‘ ¥ Q1 Q2
S RIS
b3 6.8K
2
'a 280uA
=
VREF
THD
- TRIM -
= (o]
Vin
Figure 1
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PROGRAMMABLE ANALOG COMPANDOR SA/NES72

has been minimized by large matched de-

vices and careful layout. Offset voltage is SIMPLIFIED RECTIFIER SCHEMATIC
caused by the device mismatch and it leads vt | | inaVin=Vage
to even harmonic distortion. The offset voit- TR,

age can be trimmed out by feeding a current
source within +25uA into the THD trim pin.
The residual distortion is third harmonic dis-
tortion and is caused by gain control ripple.

In a compandor system, available control of

fast attack and slow recovery improves rip- VREF O—— +

ple distortion significantly. At the unity gain A2 K
level of 100mV, the gain cell gives THD (to- - Qs
tal harmonic distortion) of .17% TYP. Output

noise with no input signals is only 8uV in the
audio spectrum (10HZ-20KHZ). The output
current Ig must feed the virtual ground input Sz [
of an operational amplifier with a resistor
from output to inverting input. The non-invert-
ing input of the operational amplifier has to S Qs
be biased at VREF if the output current Ig is $h2

dc coupled. vin o-—-——1

Rectifier
The rectifier is a full-wave design as shown

in Figure 2. The input voltage is converted to ? . ?

current through the input resistor R2 and
turns on either Q5 or Q6 depending on the
signal polarity. Deadband of the voltage to =
current converter is reduced by the loop

gain of the gain block A2. If AC coupling is Figure 2

used, the rectifier error comes only from in-

put bias current of gain block A2. The input
bias current is typically about 70nA. Fre- BUFFER AMPLIFIER SCHEMATIC
quency response of the gain block A2 also ) v+
causes second order error at high frequen-
cy. The collector current of Q6 is mirrored
and summed at the collector of Q5 to form
the full wave rectified output current Ig. The
rectifier transfer function is
Vin— Vrer

Ry (4)
If Vin is A.C. coupled, then the equation will
be reduced to:

_Vin(AVG)
- R

Q10

% S |

X2
Qe

lrac

The internal bias scheme limits the maxi-
mum output current Ig to be around 300uA.
Within a + 1dB error band the input range of
the rectifier is about 52dB.

Buffer Amplifier

In audio systems, it is desirable to have fast
attack time and slow recovery time for a
tone burst input. The fast attack time re-
duces transient channel overload but also
causes low frequency ripple distortion. The
low frequency ripple distortion can be im-
proved with the slow recovery time. If differ-
ent attack times are implemented in corre- ca y crR L
sponding frequency spectrums in a split TRACKING

band audio system, high quality perfor- TRIM
mance can be achieved. The buffer amplifier

is designed to make this feature available Figure 3
with minimum external components. Refer-

o113

X2

a4 a18

It
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ring to Figure 3, the rectifier output current is
mirrored into the input and output of the
unipolar buffer amplifier A3 through Qg, Qg
and Qqp. Diodes D1y and Dy2 improve
tracking accuracy and provide common
mode bias for Ag. For a positive going input
signal, the buffer amplifier acts like a volt-
age follower. Therefore, the output imped-
ance of Az makes the contribution of ca-
pacitor CR to attack time insignificant.
Neglecting diode impedance the gain Ga(t)
for AG can be expressed as follows.

=t

Ga(t) = (GajNT — GagnL) @ TA + GapnL
GaynT = Initial Gain

TA = Rp ¢ CA = 10K * CA Gagyy = Final Gain

where 7A is the attack time constant and RA
is a 10K internal resistor. Diode D15 opens
the feedback loop of A3 for a negative going
signal if the value of capacitor CR is larger
than capacitor CA. The recovery time de-
pends only on CR ¢ RR. If the diode imped-
ance is assumed negligible, the dynamic
gain GR (t) for AG is expressed as follows.
—=t
GR() = (GRINT ~ GRENL) @ "R + GR ENL

TR = Rg + CR = 10K » CR

where 7R is the recovery time constant and
RR is a 10K internal resistor. The gain con-
trol current is mirrored to the gain cell
through Q14. The low level gain errors due
to input bias current of A2 and Az can be
trimmed through the tracking trim PIN into
Ag with a current source of +3uA.

Basic Expandor
Figure 4 shows an application of the circuit
as a simple expandor. The gain expression
of the system is given by

Vour _ 2 RaeVin(AVG)

Vin I RgeR, (I =1404A)

Both the resistors Ry and Ry are tied to
internal summing nodes. R is a 6.8K inter-
nal resistor. The maximum input current into
the gain cell can be as large as 140uA. This
corresponds to a voltage level of 140uA «
8.8K = 952mV peak. The input peak current
into the rectifier is limited to 300uA by the
internal bias system. Note that the value of
R can be increased to accommodate high-
er input level. R and Rg3 are external resis-
tors. It is easy to adjust the ratio of R3/R2
for desirable system voltage and current
levels. A small R2 resuits in higher gain con-
trol current and smaller static and dynamic

®)

tracking error. However, an impedance buff-
er A1 may be necessary if the input is volt-
age drive with large source impedance.

The gain cell output current feeds the sum-
ming node of the external OPA A3. R3 and
Az convert the gain cell output current to the
output voitage. In high performance applica-
tions, Az has to be low noise, high speed
and wide band 8o that the high performance
output of the gain cell will not be degraded.
The non-inverting input of A can be biased
at the low noise internal reference PIN 6 or
10. Resistor R4 is used to biased up the
output DC level of Ay for maximum swing.
The output DC level of A2 is given by

Rz ) Ra

+ ﬁ: - Vg ﬁ;
Vg can be tied to a regulated power supply
for a dual supply system and be grounded
for a single supply system. CA sets the at-
tack time constant and CR sets the recovery
time constant.

Vobc = VRer (1 (6)

BASIC EXPANDOR SCHEMATIC

R4

R3

AAA

17.3K

——O VOUT

+VB A
o A1 (5.11)
—— b a6
7.9) | 6.8¢ ]
2.2uF
(6,10) R6
VREF —AWA
1K
2,14
! ) - Cq
BUFFER (4,12) l I““F
R2 Jr-' :—.E
3.3K I | CA CR
D 1uF 10uF
(3.13)

us)l

+vee

Figure 4
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Basic Compressor

Figure 5 shows the hook-up of the circuit as
a compressor. The IC is put in the feedback
loop of the OPA Aj..The.system gain ex-
pression is as follows:

Vour (i Rp + Ry 2
VIN “\2 ° R3*Vy (AVG)
RDC1, RDC2, and CDC form a dc feedback
for Ay. The output DC level of Ay is given by

Rpc1 + Rpca

Vobc = VRer \'* T R,
Rpc1 * Rpca
- VB . mRA

The zener diodes Dy and Dy are used for
channel overload protection.

@)

®)

Basic Compandor System

The above basic compressor and expandor
can be applied to systems such as
tape/disc noise reduction, digital audio,
bucket brigade delay lines. Additional sys-
tem design techniques such as bandliimiting,
band splitting, pre-emphasis, de-emphasis
and equalization are easy to incorporate.
The IC is a versatile functional block to
achieve a high performance audio system.
Figure 6 shows the system level diagram for
reference.

For additional information, refer to the Appli-
cations Section.

R4

AAA

vs

BASIC COMPRESSOR SCHEMATIC

RDC1

RDC2

VWA

CiN1

ViN O—] —wW

>

C2.1uF

A Y—

AAA
VWA

9.1K

l coc
I 10uF

<

220F 475k

A1

AMM—
9.1K

D1 D2

o
>

/
>

Sk Rs
(6,10) VREF

Rl
AA

W

6.8K

BUFFER

7.9 1k
L

CIN2
2.2uF

.

—+

vce 1 (16)

Figure 5

O VouT

[ ]

COMPRESSION

V RMS

3.0v

547.6MV
400 MV

100 MV

NE572 SYSTEM LEVEL

INPUT TO 4G
AND RECY

/

[

EXPANDOR
out

REL LEVEL Al
oB

BS LEVEL
dBM

+29.54 —

+14.77 —
+12.0 —

10 MV

100uV

0.0 —

—20 —

-40 —

-60 —

+11.76 —

—3.00 —
—5.78

-=17.78 —

—37.78 —{

»57.73—-‘

~77.78 —

10uv Figure 6 -8o— —97.78 —

*For additional information, consult the Applications Section.
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STEREO DEMODULATOR WITH BLEND

DESCRIPTION

The LM1870 combination FM Stereo
Demodulator and Blend Circuit is a PLL
circuit with a D.C. control pin whose pur-
pose s to reduce switching noise by de-
creasing separation under low signal am-
plitude conditions. The part is designed
specifically for automobile applications
where fluctuating signal strength can
cause demodulation noise.

FEATURES

¢ Stereo blend control

* Wide input dynamic range

¢ Low total harmonic distortion
e VCO disable function

¢ Monophonic override pin

o Supply range 7V-15V

APPLICATIONS

¢ Auto radlios

¢ High fidelity tuners

* High performance portable radios
¢ Electronic tuned radios

LM1870

PIN CONFIGURATION

N PACKAGE

Quick MoNo [1]
PLLINPUT [2]
VeSS
LAMP FILTER [§ ]
LOOP FILTER [}
LOOP FILTER [7]
VCO TUNING [E]
VCO TUNING [¢]
GROUND [10]

BLEND CONTROL
VOLTAGE

[18] AUDIO INPUT
[18] BLEND FILTER
[17] BLEND FILTER
18]
[15) pEEMPHASIS

BLEND REgIS\‘ R
19 KHz TEST POIN
LEFTGAIN &

[13) LEFT QuTPUT
(12] RIGHT OUTPUT
[11] LAMP DRIVER

TOP VIEW
ABSOLUTE MAXIMUM RATINGS RO e R
PARAMETER RATING UNIT LM1870N
Supply voltage, pin 3 15 \"
Lamp driver voltage, pin 11 18 \
Output voltage, pin 12, 13 supply off 7 \
Quick mono input (pin 20) V + (pin 3)
Blend input (pin 20) 15 Vv
Operating temperature range 0°Cto +70°C
Power dissipation (note 1) 1 w
Storage temperature —-65°Cto +125°C
Lead temperature (soldering, 10 seconds) 300°C
TYPICAL APPLICATION AND TEST CIRCUIT
12v
R19S 4ok,
15K3 1eqT POINT o%:‘r
COUNTER 7 ive Viawp
|._
T I
w 180
CONTROL BLEND < R14 2w
VOLTAGE Wweut - c1eL lms C15 Lpys  7XS " LED
VOLTAGE 0-00474F 3K 0?1:,,,(5 LEFT ouT
+, Tz I H
Izur 55(78] 18 ,,7 0.0047,Fh6 s [ia 13 RIGHT OUT
ciotl ‘ :
2F -~|DECODER|
BLEND, ’
CKT
COMPOSITE I
INPUT
ELECTRONIC _@'_l
SWITCH & o 112
c2 |
Ll i |
IN PHASE l ﬂ LOOP PHASE 76kHz
- ||>HA§§ DETECTOR DETECTOR vco
12| p)3 |2 5 6| C6 |7 8 R8 |80
QuICK 1;3!11- " 0.0474F 33K AJ—':A a0
MONO M L " cs [ RO
c3 & S2uF e o7 LOOTT gl eK2 ¥
0.1F T vCo 033%FT * |1000pF T
= v+ STOP = = = = T
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STEREO DEMODULATOR WITH BLEND LM1870
DC ELECTRICAL CHARACTERISTICS T,=25°C, V* =8V unless otherwise noted (Figure 1)
SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Operating supply voltage 7 8 15 \
Supply current, 26 45 mA
Input DC voltage Pin 19 4 v
Input DC voltage Pin 2 1.8 \
Supply rejection 15 30 dB
Lamp leakage current Lamp off, pin 11= 16V 0.1 100 A
Lamp saturation voltage Lamp on, pin 11 @ 75mA 1.4 2.0 "
VCO stop voltage Voltage @ pin 4 to stop VCO 0.2 0.4 \"
VCO stop current Pin 4=0.2v -30 - 100 A
Blend input bias current -2 -20 uA
Quick mono switch voltage 4 v
Quick mono bias current Pin 1=8V 2 A
Output leakage Pin120r13=6.5V, pin3=0V 0.1 20 uA
AUDIO ELECTRICAL CHARACTERISTICS
SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Mono gain 1kHz —4 -1 +2 dB
Mono THD 1kHz @ 200mVrms 0.05 0.25 Yo
Channel balance +0.4 +1.5 dB
Gain shift Mono to stereo +0.1 +1.0 dB
Channel separation Pin 20 = 1.1V 30 45 dB
QOutput DC shift Mono to stereo +15 + 100 mV
Input resistance Pin 19 20 40 kQ
Output resistance Pin 12, 13 65 200 Q
Ultrasonic rejection 19kHz + 38kHz 30 dB
SCA rejection (Note 2) 70 dB
Signal to noise 1kHz @ 200mVrms MONO 68 dB
PLL ELECTRICAL CHARACTERISTICS
SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Lamp ON voltage 19kHz on pin 2 15 20 mV
Lamp OFF voltage 19kHz on pin 2 2.5 5 mV
Lamp hysteresis 10 dB
Capture range 25mVrms on pin 2 +2 +4 +6 %
Hold in range 25mVrms on pin 2 +12 %
Input resistance Pin 2 8 14 kQ

5-16
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STEREO DEMODULATOR WITH BLEND LM1870

BLEND ELECTRICAL CHARACTERISTICS

TEST CONDITIONS
SYMBOL AND PARAMETER (Pin 20 from 1.1V to 0.2V) MIN TYP MAX UNIT
Stereo gain change 1kHz L= — R input -25 -35 dB
Mono gain change 1kHz L= R input -15 -05 05 dB
10kHz L=R input -8 - 14 -20 dB
Output DC shift +40 +100 mv
NOTES
1. For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 125°C/W junction
to ambient.

2. Input is 10% SCA (74.5kHz), 9% pilot and 1kHz left or right. Rejection is ratio of 1kHz output to 1.5kHz output.

TYPICAL CHARACTERISTICS

GAIN CHANGE vs TEMPERATURE VCO SUPPLY SENSITIVITY VCO TEMPERATURE STABILITY
2 19,200 1.0 19,200 1.0
s 3
- °F °
- o) a2z
g1 £ 19,100 05 2 »19,100 05 2
2 > 38 0
8 2 G u 5
z i} 23 1 z
< o0 2 19,000 0o & 219,000 o O
T <3 < =<
o w ™~ o o
z w o =
< o >0 z
g -1 O 18,900 -0.53 > 18,900 -0.5%
> m m
2 2
-2 18,800 -1.0 18,800 -1.0
~25 0 25 50 75 7 8 9 10 11 12 13 14 15 -2 0 25 50 75
TEMPERATURE (°C) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
LAMP ON/OFF vs TEMPERATURE SEPARATION vs TEMPERATURE SEPARATION vs VCO TUNING
20 80 80 T ]
| PiLOT
on| 1T J LEVEL ]
215 P s % | 20mV
s — 2 = | g0, IV
‘E‘ 5 ™~ 5 © b ™
w10 [~ ] =
3 z &
- < <
5 & &
2 5 orF @ 30 @ 30
a.
0 20 20
-25 0 25 50 75 -25 0 25 50 75 18K 18K 20K
TEMPERATURE (°C) TEMPERATURE (°C) VCO FREQUENCY (H2)
CAPTURE RANGE vs PILOT LEVEL SUPPLY CURRENT vs SUPPLY VOLTAGE LAMP DRIVER VOLTAGE vs CURRENT
80 30 ‘ 4.0 T
CURRENT
70  ® 35 umnj‘
s 60 E S 30
[ = 28 w
z 50 é /// Q 25 //
5 P
o 40 z 27 3 20 7
-
& 0 > P - s e
9 AY 74 ] = 7
a N A a z /
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5-17

|en]



LINEAR LSI PRODUCTS

STEREO DEMODULATOR WITH BLEND

LM1870

GAIN vs R, (PIN 14, 15)
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/
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LINEAR LSI PRODUCTS

_DUAL LOW-NOISE PREAMP

DESCRIPTION

The NES542 is a dual preamplifier for the
amplification of low levei signals in applica-
tions requiring optimum noise perform-
ance. Each of the two amplifiers is com-
pletely independent, with individual internal
power supply decoupler-regulator, provid-
ing 110dB supply rejection and 70dB chan-
nel separation. Other outstanding features
include high gain (104dB), large output volt-
age swing (Vcc ~2Vp-p), and internai com-
pensation to 10dB. The NE542 operates
from a singie supply across the wide range
of 9 to 24V.

The NE542 is ideal for use in stereo phono,
tape, or microphone preamps and other
applications requiring iow noise amplica-
tion of smail signals.

FEATURES

® Low noise—.7uV total input noise
High gain—104dB open loop
Single supply operation

Wide supply range 9 to 24V
Power supply rejection 110dB
Large output voltage swing
(Vcc -2V p-p)

PIN CONFIGURATION
NPACKAGE
+IN [T A (8] +IN (@2
-INM [2 (7] -IN (2

GND [3]

(6] vee

¢ Wide bandwidth 15MHz unity gain OUTPUT (1) [@] 5] OUTPUT (2)

* Power bandwidth 100kHz (15V p-p)

* Internally compensated (stable at 10dB) TOP VIEW

e Short circuit protected

* High slew rate 5V/us °"°f,'25'1‘2’,'f BER

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage +24 \"
Power dissipation 500 mwW
Operating temperature range 0to+70 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C

EQUIVALENT CIRCUIT

DC ELECTRICAL CHARACTERISTICS Ta=25°C,Vcc=14V

unless otherwise specified.

NES542
PARAMETER TEST CONDITIONMS UNIT
Min Typ Max

Supply voltage 9 24 \
Supply current Vcc=9t018V,RL == 9 15 mA
Input resistance

Positive input 100 kQ

Negative input 200 kQ
Output resistance Open loop 150 Q
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LINEAR LSI PRODUCTS

DUAL LOW-NOISE PREAMP NES42

AC ELECTRICAL CHARACTERISTICS Ta =25°C, Vcc = 14V unless otherwise specified.

NES42
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Voltage gain Open loop 160,000 vV
Input current
Negative input 5 KA
Output current Source 8 14 mA
Sink (linear operation) 2 3 mA
Output voltage swing Vee -2.5| Vee -2 \%
Small signal bandwidth 15 MHz
Slew rate 5 V/us
Power bandwidth 15V p-p 100 ) kHz
Maximum input voltage Linear operation, <2.5% distortion 300 mVrms
Supply rejection ratio f=60, 120Hz 100 dB
f= 1kHz 110 dB
Channel separation f=1kHz 40 70 dB
Total harmonic distortion 40 dB gain, f=1kHz 1 3 %
Total equivalent input
Noise RS = 6001, 100 ~ 10,000Hz 7 1.2 uVrms
Noise figure RS =50k, 10 - 10,000Hz 1.2 dB
RS =20k(}, 10 10,000Hz 1.2 dB
RS = 10k, 10 - 10,000Hz 15 dB
RS = 5k, 10 -10,000Hz: 2.4 dB
TYPICAL PERFORMANCE CHARACTERISTICS
LARGE SIGNAL FREQUENCY RESPONSE GAIN vs TEMPERATURE Veevsice
7= | Ve = 24V, Ay = 1000 120 3
@ 20 > 1% DISTORTION
2z 12
3 18
Q 18 g " "
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z o2
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e 1k 10k 100k ™ 10M 100M i 0 25 50 7% 8 10 12 14 186 18 20 22 24
FREQUENCY — Hz TEMPERATURE — °C SUPPLY VOLTAGE — V
P-P OUTPUT VOLTAGE SWING % DISTORTION CHANNEL SEPARATION
vsVee
>| = 1.1 90
] Vec=12V
z 1.0 I~
F 2 / os 80 // x\
w [ [}
g / e HE
5 07
g va i o § 60 ,/
5 / g g
E 10 8 08 NAB EQUIVALENT P
<] 5 04 w
H / 2 s ]
g § 0.2 | 8 P H
g - 3
X 01 2008 [3] Ay = 1000
Q 0 . ] » Veg=12V
] 5 10 15 20 25 10 100 1% 10k 100k 10 100 1k 10k 100k 1M
SUPPLY VOLTAGE — V FREQUENCY — Hz FREQUENCY ~ Hz

5-20



LINEAR LS| PRODUCTS

DUAL LOW-NOISE PREAMP

NES42

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

PSRR vs FREQUENCY

GAIN AND PHASE RESPONSE

VOLTAGE GAIN vs
SUPPLY VOLTAGE

0.14F 1,8)

NOTE: All resistors values are typical and in ohms.
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FREQUENCY — Hz FREQUENCY — Hz SUPPLY VOLTAGE — V
NOISE VOLTAGE vs NOISE CURRENT
FREQUENCY vs FREQUENCY PULSE RESPONSE
18 T—TTTT TTT 9 T
NOTE: Rg=0 NOTE: Rs =50k . Av=10
14
7
12 0.8 > 8
2 ] [
S S \ 5 v
z 10 \\ 2 08 [
N h 3
| | \ © 3
z 3 Z 04 ] \
> N = N 3 2 \
T - e
s 02 ~ gt L L] 1 X
0 -
-1
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FREQUENCY — Hz FREQUENCY — Hz TIME — 48
TYPICAL APPLICATIONS
TYPICAL TAPE PLAYBACK AMPLIFIER AUDIO MIXER
12v
0.14F
1uF 500k %“
A o—|
1uF 500k 22k
1uF 500k
14F 500k 24
No=-{f-ophi-- y

RIAA MAGNETIC PHONO PREAMP

Vo= +18V
o OuUT
46k
z ~-6800pF
470
i 91k
S04F 1

*For additional information, consult the Applications Section.
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DOUBLE BALANCED MIXER AND OSCILLATOR

SA/NE602

Preliminary

DESCRIPTION

The SA/NE602 is a monolithic Double
Balanced Mixer with on-board oscillator and
voltage regulator. The oscillator can be used
as a buffer for external injection. The design
is optimized for frequency conversion applica-
tions up to 200MHz and has excellent noise
and 3rd order intermodulation performance
The SA/NE602 is available in a 8 lead dual in
line plastic package and 8 lead SO (Surface
mounted miniature package).

FEATURES

* Low current consumption: 2.4mA
typical

* High input and oscillator frequency
operation up to 200MHz

e High third order intercept point: - 15
dBm referred to matched input

« Excellent noise figure: 5.0dB typical
at 45 MHz

* Low external count; suitable for
crystal/ceramic filters

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS

s HF and VHF frequency conversion

* Celluiar radio mixer/oscillator

* Communication receivers

* Instrumentation frequency converters
* VHF walkie talkie

PIN CONFIGURATION

D, N PACKAGES

et A7 |
npuT 8[ 2 |
GROUND [ 3 |
output a4 ]

8 | Vec
2] OSCILLATOR

& ] osciLLaToR

3 OUTPUT B

TOP VIEW

ORDER PART NUMBERS

NEBO2N
NE602D

SAB02N
SA602D

PARAMETER RATING UNIT
Maximum operating voltage 9 \
Sterage temperature -65to +150 °C
Operating temperature

NE602 Oto +70 °C
SA602 -40 to +85 °C
BLOCK DIAGRAM
8l [ 7] [ sl 5 ]
Vee
VOLTAGE
l REGULATOR OSCILLATOR
| GROUND
I Lz [a] Le]
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LINEAR LSI PRODUCTS

DOUBLE BALANCED MIXER AND OSCILLATOR

SA/NE602

Preliminary

DC ELECTRICAL CHARACTERISTICS: T, = 25°C, V¢ = 6V.

SYMBOL AND PARAMETER SA/NEG02 UNIT
Min Typ | Max

Power supply voltage range 45 — 8.0 \
D.C. current drain — 24 2.7 mA
Input signal frequency —_ — 200 MHz
Oscillator frequency — — 200 MHz
Noise figure @ 45MHz - 50 6 dB
Third order intercept point — -15 | -17 dBm
Mixer input resistance 1.5 — — kQ
Mixer input capacitance — 3 3.5 pF
Mixer output resistance'’ — |2x15| — kQ

NOTE:

1. Each output pin is internally connected to V¢ through a 1.5 (nominal) kQ resistor

CIRCUIT DESCRIPTION

The NE602 utilizes an active double balanced
mixer. The RF input port (pins 1 and 2) can be
used in either a symmetrical or an asym-
metrical configuration. The RF input port has
a resistance of 1.5KQ shunted by 3.0pF. In
order to be used as an asymmetrical configura-
tion, one of the two input pins (1 or 2) must be
bypassed to ground with a capacitor. The RF

TYPICAL APPLICATION

input port does not need any external bias and
should not be DC grounded. An external DC
path between pins 1 and 2 is allowed.

The local oscillator is an emmitter-follower cir-
cuit and is capable of many types of oscillator
configurations. Pin 6 (oscillator base) and pin
7 (oscillator emitter) do not need any external
bias circuitry, but only pin 6 may have a DC

22pF l 1_

- ;4.2MH2 THIRD OVERTONE CRYSTAL
5.6pF

0.5 to 1.3xH
5.5,H
Yoe foa s ol +
6.8,F T I_L'l

—
-E inF
1

[) 5 )
|1509F
OUTPUT
151 '330pF
NE802 1w ;T P!
¢—Ti20pF =
3 4

INPUT

path to Vcc. Pin 6 can be used for external
oscillator or for frequency synthesizer injection.

The NE602 output pins can be used in a single-
ended or push-pull configuration. There are in-
ternal 1.5KQ resistors connected to V¢ for
each output pin (4 and 5); therefore no exter-

nal bias is needed. Pins 4 and/or 5 may have =——-

a DC path to V¢c.
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LOW POWER FM IF SYSTEM

Preliminary

DESCRIPTION

The SA/NE604 is a monolithic low power FM
IF system incorporating two limiting inter-
mediate frequency amplifiers, quadrature
detector, muting, logarithmic signal strength
indicator, and voltage regulator. The
SA/NEG604 is available in a 16 lead dual-in-fine
plastic package and 16 lead SO (surface
mounted miniature package).

FEATURES

* Low power consumption: 2.3mA typical
¢ Logarithmic Received Signal Strength
Indicator (RSSI) with a dynamic range in
excess of 90dB

Separate data output
Audio output with muting
Low external count;
crystal/ceramic filters
Excellent sensitivity: 1.5,V across input
pins (0.27 uV into 500 matching network)
for 12dB SINAD (Signa! to Noise and
Distortion ratio) at 455kHz

suitable for

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS

* Cellular Radio FM IF

¢ Communications receivers

* Intermediate frequency amplification and
detection up to 10.7MHz

* RF level meter

* Spectrum analyzer

SA/NE604

PIN CONFIGURATION

N, D PACKAGE

IF AMP
DECOUPLING

ano [2]
MUTE INPUT E
Vee E

RSS! OUTPUT E

1

Aupio outpuT [ |

oaTA ouTPUT [7 ]
QUADRATURE
INPUT

/

TOP VIEW

16| IF AMP INPUT

15 IF AMP
DECOUPLING

IF AMP
4] output
3] GND

LIMITER
INPUT

77] LIMITER
DECOUPLING

70] LIMITER
DECOUPLING

9 | LIMITER
ouTPUT

12

ORDER NUMBERS

NE604N, NEB04D
SA604N. SA604D

SYMBOL AND PARAMETER RATING UNIT
Maximum operating voltage 9 \
Storage temperature -651t0 +150 °C
Operating temperature
NE604 0 to +70 °C
SA604 —-40 to +85 °C
BLOCK DIAGRAM
[e] [ws] [Ga] [G3] [G2] [Hi] [Go] [
GND
IF
AMP
SIGNAL
STRENGTH
UAD
DET
)
REGULATOR ‘
GND [ Vee
Lol L Le] [al [s] [l [T TeT
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LOW POWER FM IF SYSTEM

SA/NE604

Preliminary

ELECTRICAL CHARACTERISTICS T, =25°C, Ve = + 6 volts, unless

otherwise stated.

CIRCUIT DESCRIPTION
The SA/NE604’s IF amplifier has a gain of
30dB, bandwidth of 15MHz, with an input

hK

SIGNAL
STRENGTH

LIMITER

SYMBOL AND PARAMETER SA/NE604 UNITS impedance of 1.5KQ and an output impedance
Min | Typ | Max of 1.0KQ. The limiter has a gain of 60dB,
bandwidth of 15MHz, and an input impedance
4. 8.0 "
Power supply vo.ltage range S of 1.5KQ. An interstage filter between the IF
D.C. current drain 23 | 27 mA Amplifier and Limiter is recommended to
!.F. frequency 10.7 MHz reduce wideband noise. The quadrature
— detector input (pin 8) impedance is 40K
RSSI range 8D | 90 - aB
The data (unmuted output) and audio (muted
- 1. dB )
RSS! accuracy 15 output) both have 50K output impedance and
I.F. input impedance 1.5 kQ their detected signals are 180 degrees out of
I.F. output impedance 1.0 . KQ phase with each other. The mute input (pin 3)
— - has a very high impedance and is compatible
Limiter input impedance 15 kg with three and five volt CMOS and TTL levels.
Quadrature detector data output impedance 50 kQ Little or no DC level shift occurs after muting
Muted audio out impedance 50 kO when the quadrature detef:tor is adjusted to the
- - IF center frequency. Muting will attenuate the
Mute - switch input threshold (on) 1.7 - v audio signal by more than 60dB and no voltage
(off) - 1.0 \ spikes will be generated by muting.
The logarithmic signal strength indicator is a
current source output with maximum source
current of 50 microamps. The signal strength
indicator’s transfer function is approximately
10 microamp per 20dB and is independent Of
IF frequency. The interstage filter must have
a 6dB insertion loss to optimize slope linearity. 5
Pins 1, 16, 15, 14, 12, 11, 10, 9, and 8 do not
need external bias and should not have a
DC path.
TYPICAL APPLICATION
INPUT @——1 I J. T
-L— 0.1.F T 0.1.F L 0.1,F J: 10pF
[6] [4] 13 21 [ l | 0 ] 9

VOLTAGE
REGULATOR

1 2 5 6 Lz ] Le]
0.14F T
= o
GND RSS! AUDIO  DATA
out out ouT
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DOLBY NOISE REDUCTION CIRCUIT

NE645/46

DESCRIPTION .

The NE645/646 Is a monolithic audio noise
reduction clrcult designed as a direct
replacement device for the NE645B/
NE646B in Dolby* B-Type nolise reduction
systems. The NE645/646 is used to reduce
the level of background noise introduced
during recording and playback of audio
signals on magnetic tape, and to improve
the noise level in FM broadcast reception.
This circuit is available only to licensees
of Dolby Laboratories Licensing Corpora-
tion, San Francisco, California.

NOTE
*T.M. Dolby Laboratories Licensing Corporation.

ABSOLUTE MAXIMUM RATINGS

FEATURES
o Accurate record mode frequency
response

with temperature and Vo +0.4 dB
typical
Excellent back-to-back dynamic

response — D.C. shift less than 20 mV

typical
Improved stability of all op amps
High reliablility packaging

Excellent frequency response tracking

PIN CONFIGURATION

N PACKAGE
cinput (1] 18] v+
B INPUT [2] [15] F CONTROL
B OUTPUT 3] [13) @ ouTPUT
REFERENCE 4] 13] NiC
A INPUT 5] [12] 0 INPUT
Aoutput (6] [11] ¢ ouTPUT
EK OUTPUT [T | [10] D FILTER
nic (8] [9] GROUND

TOP VIEW
ORDER NUMBERS
NE645N, NE646N

PARAMETER RATING UNIT
Supply voitage 24 "
Temperature range
Operating Oto +70 °C
Storage -65to +150 °C
Lead temperature (soldering, 60 sec) +300 °C
BLOCK DIAGRAM
16
.. EK
INTERNAL OVERSHOOT 3: o
] POWER R —
supply ::’Apl’ o SUPPRESSOR
REFERENCE
4
VARIABLE
:E INPUT AMP :E INPUT AMP IMPEDANCE :E
[}
A 4»4 —b" o RECTIFIER
SIDE
CHAIN AMP |
s 2 3 1 1 12 o e 18




LINEAR LSI PRODUCTS

ELECTRICAL CHARACTERISTICS v c=12volts, f=20 Hz to 20 kHz.
All levels referenced to 580 mVrms (0 dB) at Pin 3, Ty = +25°C
Unless otherwise noted.
NE645 NE646
PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max UNIT
Supply Voltage Range 8 20 8 20 \%
Supply Current, Igc Veo =12V 16 24 16 24 mA
Voltage gain (Pins 5-3) f=1 kHz (Pins 6 and 2 connected) 245 26 275 245 26 27.5 dB
Voltage gain (Pins 3-7) f=1 kHz, 0 dB at pin 3, noise -05 0 +05 -05 0 +05 dB
reduction out
Distortion
THD, 2nd and 3rd harmonic | f=20 Hz - 10 kHz, 0dB 0.05 0.1 0.05 0.2 %
f=20 Hz — 10 kHz, + 10 dB 0.15 0.3 0.2 0.5 %
signal handling' (Veo=12V) | 1% dist at 1 kHz +12 +15 +12 +15 dB
Signal-to-noise ratio? Record mode 67 72 64 72 dB
Playback mode 77 82 74 82 dB
Record mode
Frequency response f=1.4kHz
(at pin 7) referenced 0dB -1 0 +1 -1.5, 0 +15 dB
to encode monitor point - 20dB -166 | -156 | —146 | —17.1 | —156 | —14.1 dB
(pin 3) - 30dB -235 | =225 | -215 | —240 | -225 | -21.0 | dB
f=5kHz
0dB -07 +0.3 +1.3 -1.2 +0.3 +1.8 dB
-20dB -178 { -168 | -158 | -183 | -16.8 | -1563 | dB
- 30dB -228 | -218 | -208 | —233 | -21.8 | —-20.3 dB
- 40dB -302 | -29.7 | —28.7 | -30.2 [ -29.7 | —28.2 | dB
f=20kHz
0dB -03 +0.7 +1.7 -08 +0.7 +22 dB
—20dB -183 | -173 | -163 | —-188 | -17.3 | —-158 | dB
—30dB -245 | -235 | -225 | —-25.0 | —235 | -22.0 | dB
Back-to-back frequency Using typical record mode -1 0 +1 -15 0 +15 dB
response frequency response test points
Input resistance Pin 5 35 50 65 .35 50 65 kQ
Pin 2 3.1 4.2 5.3 3.1 4.2 5.3 kQ
Output resistance Pin 6 1.9 2.4 3.1 1.9 24 31 kQ
Pin 3 80 120 80 120 Q
Pin7 80 120 80 120 Q
Back-to-back frequency
response shift
Versus temperature 0°-70°C +04 +0.4 dB
Versus supply voltage 8-20V +0.4 +0.4 dB

NOTES

1. See maximum signal handling versus supply voltage characteristics.
2. All noise levels are measured CCIR/IARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19.
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DOLBY NOISE REDUCTION CIRCUIT NE645/46

PERFORMANCE CHARACTERISTICS

THD vs FREQUENCY RECORD MODE THD vs FREQUENCY RECORD MODE THD vs FREQUENCY PLAY MODE
= W === 10 1= - 10 T
§ odBTH 3 +10dBL H 2 0 dB LTt
3 Vee =12V g Vee= 12V S Vee = 12V
= = -
-4 (-3
] o o
2 7 J w— n ]
H @ L 2
Q 01 ; 0.1 N "] ; 0.1
8 g &
z g = H
< F 2
: i I :
: : : =
3 e R
0.01 0.01 0.01
100 1K 10K 100 1K 10K 100 1K 10K
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (H2)
THD vs FREQUENCY MAXIMUM SIGNAL HANDLING vs
THD vs OUTPUT RECORD MODE NOISE REDUCTION (NR) OFF SUPPLY VOLTAGE
1o = - s==sa: 2 I
2 fm1kHz R Vee = 12 1% THD
: Voo =12V g hiid 16 |__RECORD MODE /
1 kHz
; g g //
8 / g 8 18 v
; 01 g o — g /
g N Va4 5 T ; 14
3 ] 1 & //
2 H a8 5
< < o
z z 12
: g /
" 001 " 001 10
-20 =10 0 +10 420 100 1K 10K 8 10 12 14 18 18
OUTPUT (dB) FREQUENCY (H2) Vee — SUPPLY VOLTAGE (VOLTS)
SUPPLY CURRENT vs
SUPPLY VOLTAGE
20
E L~
& 4/
g 16 —
o L~
]
g
2
[T
8
8 10 12 14 18 18
Vcc — SUPPLY VOLTAGE (VOLTS)
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LINEAR LSI PRODUCTS

DOLBY NOISE REDUCTION CIRCUIT

NE645/46

APPLICATION INFORMATION

DOLBY ENCODER Output for constant level input (single tone frequency response)

The NE645/646 is a direct replacement for Input Level (dB)

the NE645B/646B. The NE645/646 incorpo- Erequenc: o

rates improved design techniques to in- "&:z) 4 (Dolby -5 .10 .15 .20 -25 .30 35 -40

sure excellent performance required in Level)

Dolby B and C Type Audio Noise Reduc- 01 0 X 0 01 0 0 0 0 0

tion Systems. Critical component values 0.14 ) 02 02 0.2 0.2 0.2 01 0.2 04

are unchanged except for C309 on Pin 1 0.2 0 03 04 05 05 0.6 056 05 05

which is now an optional component in 03 0 03 06 11 13 13 13 13 13

specific applications defined by Dolby 0.4 20 2.1 22 23 21

Laboratories. All circuit parameters are 0.5 0 03 08 18 26 290 PY) 30 29

guaranteed at 12V Vgc. 0.6 36 3.7 38 3.7
0.7 0 0.4 09 21 35 4.3 44 45 4.4
0.8 4.8 5.0 5.3 5.1
0.9 5.6 5.8 5.6
1.0 0 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2
1.2 6.9 71 71
1.4 0 0.3 0.9 2.3 4.4 6.6 7.5 7.7 7.7
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9
3.0 0.2 0.6 0.8 1.9 3.9 6.6 8.8 9.7 9.7
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3
7.0 0.3 0.8 1.0 1.7 28 4.7 7.3 9.7 10.4
10.0 04 0.7 1.1 1.7 26 4.2 8.5 9.1 10.4
14.0 0.5 0.8 1.1 1.8 2.7 44 6.5 8.7 10.3
20.0 0.7 0.7 1.2 1.9 2.7 4.4 8.5 8.7 10.3

NOTE

The figures given in this table are the average response of many of Dolby Laboratories' protessional encoders, and are
not intended to be taken as required consumer equipment performance ct Thus, no Inf should be
drawn on the tolerances which licensees must retain in consumer equipment, The figures can, however, be used to
plot typical characteristics.

TEST CIRCUIT NE645/646
I +8TO+20V I
C fee
18
e e
ca08
104F
18VDC
4 7,
s LK > —{ our
0
0 POWER INTERNAL QuensHoor bt
3 BIAS UPPREBSOR [~
L SUPPLY SUPRLY
RW‘E R4S
KS KS
REFERENCE
4
c202 |* VARIABLE ] |
2204F == S INPUTAMP S INPUTAMP IMPEDANCE b3
18VDC > 2 b3
= 5 >, | (]
A — /4»/"' —lc >‘1 o RECTIFIER
SIDE
L CHAIN AMP
18vDC [] 2 3 1 " 12 10 14 R304 18
n L"_‘ 270K
302 A
L ca08 R308 S 47K €308
470pF 3 ©303 b: €304
] I™ W e TR S i om aom
L 1% +| *caoe Is% I°- M 33
= S=104F e -
N 18VDC = s =
U
NOTE ‘2301F cu; A%1 |
Al and are d In OHMS. 00pF 0.0274 SaaK $ haos
*Optional in it defined ™ 1%; T1% p 180K
by Dolby Laboratories.
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LINEAR LSI PRODUCTS

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT

DESCRIPTION

The NE648/649 is an audlo noise reduction
circuit designed for use in low voltage en-
tertainment systems. The circult Is used
to reduce the level of background noise in-
troduced during the recording and play-
back of audio signals on magnetic tape
and improve the noise level in FM broad-
cast reception. The circuit is Intended for
use in automotive and portable cassette
Dolby* B-Type noise reduction systems.
This circuit is available only to licensees
of Dolby Laboratories Licensing Corp.,
San Franclisco.

NOTE
*T.M. Dolby Lab jes LI

ABSOLUTE MAXIMUM RATINGS

NE648/49

PIN CONFIGURATION
N PACKAGE
ciNpUT [T] 6] v+
B INPUT [Z] 5] F CONTROL
8 OUTPUT 3] 73] G OUTPUT
REFERENCE [ | 73] sias
A INPUT (B [12] D INPUT
A OUTPUT (] 11) € OUTPUT
EK OUTPUT [7] [10] D FILTER
wic 2] 9] GROUND

TOP VIEW

ORDER NUMBERS
NE648N, NEG49N

PARAMETER RATING UNIT
Supply voltage 16 \"
Temperature range
Operating —-40to +85 °C
Storage - 65to + 150 °C
Lead temperature (soldering 60sec) + 300 °C
BLOCK DIAGRAM
16
- 7
o EX
$ 2~0dB
9 POWER
SUPPLY
REFERENCE E/_]
4
. VARIABLE Y
;E INPUT AMP :E INPUT AMP IMPEDANCE 3
< < <
5 i \ 5
A — A “b‘J o RECTIFIER
SIDE /(
CHAIN AMP l
le 2 3 1 12 o 13 {14 |15
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LINEAR LS| PRODUCTS

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT

NE648/49

DC ELECTRICAL CHARACTERISTICS Vc=9V, f = 20Hz to 20kHz.

All levels referenced to 580mVrms (0dB) at pin 3, T, = + 25°C unless otherwise noted.

NEB48

PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Supply voltage range® 6 9 14 6 9 14 v
Minimum voltage supply for
8dB headroom 1’_: [1)'4"1": . 8.5 8.5 v
10dB headroom <% 75 75 v
Supply Current, Icc 11 18 11 18 mA
Supply Current,! Icc 20 20 mA
f=1kHz
Voltage gain (pins 5-3) (pins 6 and 2 connected) 245 26 275 245 26 275 dB
f=1kHz, 0dB at pin 3, .
Voitage gain (pins 3-7) nolse reduction out -05 0 +0.5 -05 0 +0.5 dB
f = 20kHz to 10kHz, 0dB 0.05 0.1 0.05 0.2 %
Distortion f= 20Hz to 10kHz, + 10dB 02 | 03 02 | 05 %
Signal Handling
(See Performance Characteristics)
Record
2 (pins 6 and 2 connected) & 2 84 2 a8
Signal-to-noise ratio’
Playback 77 82 7% | 82 dB
(pins 6 and 2 connected)
f=1.4kHz
0dB -1 0 +1 -15 0 +15 dB
—20dB ~-166 | —156 | —146 | - 171 | - 156 | ~14.1 dB
- 30dB -235 | -225 | -215 | —-240 | -225 | -21.0 dB
f=5kHz
Record mode frequency 0dB =07 +0.3 +13 -1.2 +03 +1.8 dB
response (at pin 7) referenced -20dB -178 | -168 | —-158 | —-183 | -168 | —15.3 dB
to encode monltor point -30dB -228 | -218 | -208 | -233 | -218 | -20.3 dB
(pin 3) - 40dB -302 | —-29.7 | —-28.7 | -30.2 | -29.7 | —28.2 dB
f=20kHz
0dB -03 +0.7 +17 -08 +0.7 +2.2 dB
-20dB -183 | -173 | -163 | -188 | -17.3 | - 158 dB
-30dB -245 | —-235 | —225 | -250 [ -235 | -22.0 dB
Back-to-back frequency Using typical record mode
response response *10 +15 g8
Pin5 35 50 65 35 50 65 kQ
Input resistance Pin 2 31 | 42 | 53 | 31 | 42 | 53 k0
Pin 6 1.9 24 3.1 19 24 3.1 kQ
Output resistance Pin 3 80 120 80 120 Q
Pin7 80 120 80 120 Q
Record mode frequency
response shift
0to 70°C +0.3 dB
Versus temperature — 40 to 85°C 05 dB
Versus Ve 6 to 14V 0.2 dB/vV
NOTES
1. With electronic switching.
2. All noise levels ars CCIRIARM ghted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19.

3. The circuit will function as low as Vo= 4.5V (l.e. output signal present). See graphs of Icc and signal handling vs Vec.
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LINEAR LS! PRODUCTS

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49

PERFORMANCE CHARACTERISTICS

(+10dB) THD vs FREQUENCY (0dB) THD vs FREQUENCY
1.0 10
& v ||l £
g o1 gt 3 0.1
£ i=a £
et 14v 0T
v T1]
v
0.1 0.01 ‘j%v“
100 1K 10K 100 1K 10K
FREQUENCY (Hz) FREQUENCY (Hz)
CURRENT vs SUPPLY VOLTAGE MAXIMUM SIGNAL HANDLING vs SUPPLY VOLTAGE
FOR 1% THD (RECORD)
] v
15 1T S8
13 —A0C, § 13 L
& 5E® 11
on T+ 250C -
3 - " 100C 89
8° g
7 [,
>
J 3
5 /
2
2 3-1
4 6 8 10 12 14 16 18

-3
Vee (V) a4 6 8 10 12 14 16
SUPPLY VOLTAGE (V)
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LINEAR LSl PRODUCTS

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT

NE648/49

DOLBY ENCODER oOutput for constant level input (single tone frequency response)

feput Leve! (dB)
Frequency 0
(kH2) (Dolby -5 -10 -15 -20 -25 -30 -35 -40
Level)
0.1 0 0.1 0 0.1 0 0 0 0 0
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1
0.2 0 0.3 0.4 05 0.5 0.6 0.6 0.5 0.5
0.3 0 0.3 0.6 1.1 13 1.3 1.3 1.3 1.3
0.4 2.0 2.1 2.2 23 2.1
0.5 0 0.3 0.8 18 2.6 29 29 3.0 2.9
0.6 3.6 3.7 3.8 3.7
0.7 0 0.4 09 2.1 3.5 4.3 4.4 45 44
0.8 4.8 5.0 5.3 5.1
0.9 5.6 5.8 5.6
1.0 0 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2
1.2 6.9 71 74
1.4 0 0.3 0.9 23 4.4 6.6 7.5 7.7 7.7
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9
3.0 0.2 0.6 0.9 19 39 6.6 8.8 9.7 9.7
5.0 03 0.6 1.0 1.7 3.2 54 8.2 10.0 10.3
7.0 0.3 0.6 1.0 1.7 2.8 4.7 7.3 9.7 10.4
10.0 0.4 0.7 1.1 1.7 26 42 6.5 9.1 10.4
14.0 0.5 0.8 1.1 1.8 2.7 4.4 6.5 8.7 10.3
20.0 0.7 0.7 1.2 1.9 2.7 4.4 6.5 8.7 10.3
NOTE

The figures given in this table are the average response cf many of Dolby Laboratories’ professional encoders, and are
not intended to be taken as required consumer equiprnent performance characteristics. Thus, no inference should be
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to
plot typical characteristics.

TEST CIRCUIT NE648/49

| +6T0 +14V I

C lcc
16
AAA AAA
AA- VWA
c208
104F
15VDC
h 7,
3 . EK - out
b3 0dB
s POWER
I SUPPLY
RIS RIS
1K KS
1 1 REFERENCE e l
3
c202 |* VARIABLE L
220uF == S INPUTAMP INPUT AMP IMPEDANCE S
1svDC | 3 E S
= 5 74 S
DM »--—-i>—< ,i} F —-b« D RECTIFIER
c201 |+ SIDE
1uF CHAIN AMP
10VDC 5 2 3 1 1 12 |10 13 [14 15
i R305Q R0
180K
L c2cs p R302 1N AMA
INPUT = 470pF R30S 5 c303 7K 10.F c304
180 ¢ 4700pF == 5% e ooa7,f =C306 L caor
L 1o +| *cae 1V I 5% Io.1,.r Io.as,.w
- =104
r
15VDC = = =
*Optional capacitor in specific applica- 5§§§1F 00(1:30'5 2 R301
tions defined by Dolby Laboratories. ,%p : 1‘;.]: :, 3.3K
**Optional R309, R314 as determined = 1%
by customer.
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DOLBY B TYPE NOISE REDUCTION CIRCUIT

NE650

DESCRIPTION

PIN CONFIGURATION
The NEB50 Is a monolithic audio noise re-
ductlon clrcult designed for use in Dolby* N PACKAGE
B Type nolse reduction systems. The
NEB50 Is used to reduce the level of back-
ground nolse introduced during recording C INPUT []_ E V+
and playback of audio signais on magnetic 8 INpuT [T} 78 F CONTROL
tape. The NEB50 features excellent dy- :
namic characterlstics over a wide range of B ouTPUT (3 [14] @ ourpur
operating conditions and Is pin compatl- REFERENCE (4] 73] NI
ble with NE645/646. This circult is avall- A INPUT [E] 12 0 INPUT
able only to licensees of Dolby Laborator-
les Licensing Corp., San Franclsco. A oureur (E] E ¢ ouTeuT
E EKOUTPUT (7] [10] D FILTER
NOTE e [E] (9] aroUND
*T.M. Dolby Lab les L g Corp wSrvEw
ORDER NUMBER
NE65ON
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage 24 v
Temperature range
Operating 0to +70 °C
Storage -65to + 150 °C
Lead temperature (soldering 60sec) +300 °c
BLOCK DIAGRAM
16
= 7
s EK
° POWER INTERNAL g}’pe:::sgg; | :: o
suppLy [ BUS L
REFERENCE
4
VARIABLE
S INPUTAMP 3. INPUTAMP IMPEDANCE $
< < <
> A L /‘{F' ‘&" | necririen
8SIDE
CHAIN AMP 1
Te 2 3 [ oz [0 T T8
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LINEAR LS| PRODUCTS

DOLBY B TYPE NOISE REDUCTION CIRCUIT

NE650

DC ELECTRICAL CHARACTERISTICS V=12V, f=20Hz to 20kHz.
All levels referenced to 580mVrms (0dB) at pin 3, To= + 25°C unless otherwise noted.

NE650
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Supply voltage range 8 20 \
Supply current, lgc Electronic switching on 16 24 mA
Voitage gain (pins 5-3) f=1kHz (pins 6 and 2 connected) 25.5 26 26.5 dB
Voltage gain (pins 3-7) f=kHz, 0dB at pin 3, noise reduction out -0.5 0 +0.5 dB
Voltage gain (pins 2-3) f=1kHz 13 dB
Distortion f=20Hz to 10kHz, 0dB 0.05 0.1 %
THD; 2nd and 3rd harmonic f=20Hz to 10kHz, + 10dB 0.15 0.3 %
Signal handling 1% distortion at 1kHz +12 +15 dB
. . e Record mode 68 72 dB
Signat-to-noise ratio Playback mode 7 | 82 dB
Back-to-back frequency response Using typical record mode response +0.5 dB
f=1.4kHz
0dB -05 0 +0.5 dB
-20dB -16.1 | - 156 | -15.1 dB
- 30dB -235 ] -225| -215 dB
f=5kHz
0dB ~-07 +0.3 +13 dB
Record mode frequency response (at pin 7) -20dB -173 | -16.8 | -16.3 dB
referenced to encode monitor point (pin 3) - 30dB -223 | -218 | -213 dB
- 40dB -302 | -20.7 | -29.2 dB
f=20kHz
0dB -03 +0.7 +1.7 dB
- 20dB -183 | -17.3 | -16.3 dB
- 30dB -245| -235| -225 dB
Pin 5 35 50 65 kQ
Input resistance Pin 2 3.1 4.2 5.3 Kk
Pin 6 1.9 2.4 3.1 kQ
Output resistance Pin 3 80 120 Q
Pin7 80 120 Q
Back-to-back frequency response shift
Versus Ty 0°Cto —-70°C +0.4 dB
Versus Vgo 8 to 20V +04 daB

*All noise levels are CCIR/ARM

ighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19,
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LINEAR LS! PRODUCTS

DOLBY B TYPE NOISE REDUCTION CIRCUIT |

NE650

PERFORMANCE CHARACTERISTICS

THDvs FREQUENCY RECORD MODE

w0 e
2 0dBI Y
z Vee= 12V
B
]
2
Q 01
z
o
H]
«
E 2
z
S
-

0.01

100 1K 10K

FREQUENCY (H2)

THD vs OUTPUT RECORD MODE

-
°

fm1kHz
Ve =12V

/

TOTAL HARMONIC DISTORTION (%)
o

o
=4

i
»
(=3

-10 0 +10 +20
OUTPUT (dB)

SUPPLY CURRENT vs
SUPPLY VOLTAGE

20

-

z L~
& //
g 15 /,

[3]

5

a

a

2

[T

2

8 10 12 14 16 18
Vec — SUPPLY VOLTAGE (VOLTS)

THD vs FREQUENCY RECORD MODE

10 o
2 +10 dBf
z Vec= 12V
§
@

—
a ™~ 1
o 01
z
]
3
4
<
x
-
<
=
[
0.01
100 1K 10K

FREQUENCY (Hz2)

THD vs FREQUENCY
NOISE REDUCTION (NR) OFF

S0 T

!!_ xvcc:fiv
o

5 n

£ 11

g T

9

8 +10 dB|

g o ;

g ]

H dB

<

x

-

=

(]

0.01
100 1K 10K

FREQUENCY (Hz)

THD vs FREQUENCY PLAY MODE

o 10 T
2 0dB it
§ Vee = 12V
s
2
=]
o 01
z
]
H
=
<
3 N
-t !
5
-

0.01

100 1K 10K

FREQUENCY (Hz)

MAXIMUM SIGNAL HANDLING vs
SUPPLY VOLTAGE

|
1% THD ! /
RECORD MODE
18 1 kHz /
18 /

e
1 /

R
/

8 10 12 14 16 18
Vee ~ SUPPLY VOLTAGE (VOLTS)

OUTPUT (dB DOLBY)
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LINEAR LS| PRODUCTS

DOLBY B TYPE NOISE REDUCTION CIRCUIT NE650

DOLBY ENCODER output for constant level input (single tone frequency response)

Input Level (dB)
Frequency 0
(kH2) (Dolby -8 -10 -15 -20 -25 -30 | -35 -40
Level)
0.1 0 0.1 0 0.1 0 0 0 0 0
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1
0.2 0 0.3 04 0.5 0.5 0.8 0.8 0.5 0.5
0.3 0 0.3 0.6 1.1 1.3 1.3 1.3 1.3 1.3
0.4 20 2.1 22 2.3 2.1
0.5 0 03 0.8 1.8 2.6 29 29 3.0 29
0.6 3.8 3.7 3.8 3.7
0.7 0 0.4 0.9 2.1 3.5 4.3 4.4 4.5 4.4
0.8 48 5.0 5.3 5.1
0.9 568 5.8 5.6
1.0 0 0.4 1.0 23 4.2 5.7 6.1 8.3 6.2
1.2 6.9 71 71
14 0 0.3 0.8 23 44 6.8 75 7.7 7.7
20 0.1 04 0.8 2.2 4.3 7.0 8.5 8.8 8.9
3.0 0.2 0.6 0.9 19 3.9 6.6 8.8 9.7 9.7
5.0 0.3 0.8 1.0 1.7 3.2 5.4 8.2 10.0 10.3
7.0 0.3 0.8 1.0 1.7 28 4.7 7.3 9.7 10.4
10.0 0.4 0.7 1.1 1.7 28 4.2 6.5 9.1 10.4
14.0 0.5 0.8 1.1 1.8 2.7 44 6.5 8.7 103
20.0 0.7 0.7 1.2 1.9 2.7 4.4 8.5 8.7 103
NOTE
The tigures given in this table are the average response of many of Dolby L prof and are
not Intended to be taken as Thus, no int should be

drawn on the tolerances whlch licensees must retain in conlumor equipment. The figures cun however, be used to
plot typical characteristics.

TEST CIRCUIT NE650

| +8TO+20V I
Q lcc
18
‘v‘v‘v Av‘v‘v
c208
104F
15VDC
> 7,
S EK - our
b3 +
0d8
e POWER INTERNAL OVERSHOOT 1
—>— sias SUPPRESSOR —‘
= SUPPLY SUPPLY
RIOS R34S
XS mi!
REFERENCE
4
c202 |+ VARIABLE L
220,F == S INPUTAMP $  INPUTAMP IMPEDANCE b3
1svoc | > > 2
= s 4 [
J- A "—D" 1 &F ¢ o RECTIFIER
c201 SIDE
F g CHAIN AMP
15VDC 0 2 3 1 1w |12 |10 14 15
A R304
o a0
INPUT = R30s o €303 o o c304 o
4TopF 1803 4700pF 2= 5% 104F 0.047,F | —=C308 L c3o7
1 ] +| caoe 5VOC Is'% Io.us Iosm
=10F L -
15VDC = = =
NOTE €30t cao2 L rsor
All resistors standard and are measured in OHMS, mpF nmz‘i 1:&3»( :: 1“:3:
*Optional in specific app defined = V1%
by Dolby Laboratories.
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LINEAR LSI PRODUCTS

DOLBY NOISE REDUCTION SYSTEM

NE660

DESCRIPTION FEATURES PIN CONFIGURATION
The NE660 is a monolithic audio noise e Low voltage operation
reduction circuit designed for low power ¢ Large headroom (17dB typical at 1.8V) '
supply voltage applications. It is used to e Single or dual supply operation D' PACKAGE
reduce the level of background noise in- e Excellent channel to channel matching sw [i] [55) e 8
troduced during recording and playback of e Low nolse
audio signals on magnsetic tape. This cir- e Very low distortion outs [Z] 78] AC GND
cuit is available only to licensees of e Electronic Record/Play, on/off switch CONTRLB [T} [18] sc B
Dolby* Laboratories Licensing Corpora- e Minimum external part count ) 77N B
tion, San Francisco, California. wre [2] 7]
GROUND [] 176] Ve
ABSOLUTE MAXIMUM RATINGS wooe [} [I5] REFERENCE
PARAMETER RATING UNIT wra [T} g'" A
CONTRLA [ 3] sCA
Supply voltage 8 \' &
Temperature range ouTA [g] [72] AC aND
Operating —-20to +70 °C sw A [i9} EHP A
Storage - 65to + 150 (o} TOPVIEW
ORDER NUMBER
BLOCK DIAGRAM NES60D'
1. Switch output channel B
2. Output channel B
_____ ———— - 3. Control voltage B
| 4. Integrating filter B
FuLL | 5. Ground
WAVE t— | 6. Mode
RECT e LY 7. Integrating filter A
| oecay | | 8. Control voltage A
! NOISE REDUCTION CONTROL CIRCUIT | |8 9. Output channel A
| T AMP AMP Vil | 10. Switch output channel A
| ! CONvV. | 11. High pass filter channel A
sl - 3 | 12. AC ground channel A
/ - SUMMING | 13. Side chain channel A
| | AMP | 14. Input channel A
| b3 I\ | 15. Reference
| 16. Vgo
ral 824 AAA +o 17. Input channel B
| l/ | 18. Side chain channel B
1l | 19. AC ground channel B
O_T——_—'a<;° | 20. High pass filter channe! B
o——f—————-s swirck :
5 1' 1. SOL - Released in Large SO package only.
| —c\\-, e | 2. SOL gnd non-standard pinout.
i | 3. SO and non-standard pinots.
17 8.24. — 12
dB v l/ | °
|
| 3 !
| SUMMING |
I / B AMP |
[ 3 '
1 s |
| { cé’{}v ] |3
NOISE REDUCTION CONTROL : Bo
| AMP AMP ATTACK
o&L-J pecay | |
i oL CIRCUIT
i wave |7 |
i RECT |
1 |
N PN R |
2
*Available only to li of Dolby Lat ies Cor San F from whom g and i must be
Dolby is a regi d of Dolby L Corp 1, San Fi i Cali i
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LINEAR LSI PRODUCTS
DOLBY NOISE REDUCTION SYSTEM NE660

ELECTRICAL CHARACTERISTICS STANDARD CONDITIONS: Vo= 3V, frequency range: 20Hz-20kHz, T, = 25°C. All levels
referenced to 77.5mV = 0dB at test point (T.P.) In test circult of Fig. 1.

SYMBOL & PARAMETER MODE FREQ. TEST CONDITIONS LIMITS UNIT
Hz MIN TYP MAX
Supply Voltage Range 1.8 3 7 v
Supply Current off No Input signal -} 9 mA
V(PIn2or8)
Voltage Gain oft 1K 20 log V (Pin 17 or 14) 7.25 8.25 9.25 dB
Off 1K THD=1% 20 dB
Signal Handling at Output, Y
Note 1 R «® THD=1% 18 22 dB
Vee=1.8V, THD=1% 12 17 dB
Distortion, Note 4 ot K 0dB .02 A %
Distortion + Nolse +12dB .03 15 %
Distortlon, Note 4 R K 0dB .03 .25 %
Distortlon + Nolse +12dB .04 2 %
. R 64 89 dB
Signal to Noise Ratlo, Note 2 P CCIR/ARM 80 dB
1K -1 0 1 dB
T.P. Level = 0dB ~
10K -1 +.3 +15 d8
Frequency Response, Note 3 R 2K T.P. Level = -~ 25dB -19.5 -18 - 185 dB
10K T.P. Level= - 30dB -25 -235 -22 dB
5K T.P. Level = - 40dB -30.2 -29.7 -28.7 dB
Channel to Channel Unbalance R 2K T.P. Level= - 20dB 2 1.3 dB
Channel to Channel Crosstalk R 2K 0dB In Channel “A" 50 dB
Ripple Rejection R 50 ) 48 dB
Input Resistance No Input termination 35 50 85 kOhm
Off -5 +.5 \
Switching Thresholds (Relative
to Voltage on Pin 15) R Voltage at PIn 6 +.8 v
P -8 v
Maximum Frequency Response
Shift vs. Temperature R 20Hz
(Relative to T, =25°C) to -20 s T, s 70°C +1 dB
20K
Maximum Frequency Response _
Shift vs. Supply Voltage R 2K TP Lovel= - 2008 £2 +6 8
(Relative to Vgo=3V) == Tee

NOTES:

1. 12d8 g at 1.8V; h system I to Voo & 1.8V.

2. See Dolby Laboratories bulletin No. 19.

3. In DC coupled configuration when Pins 12 and 19 are connected to Pin 15, the RECORD curves might read slightly different than in AC coupled mode (Fig. 1). The varlation is
typically .5dB at the worst case input level/f A slightdeg of Channel to Channel Crosstalk wili also occur. When device is intended for use in DC
coupled configuration, factory test is to be requested accordingly.

4. 0dB distortion Is specified with each d in a 20Hz B.W. 12dB distortion Is speclfied as the wideband (20Hz-20kHz) of the plus nolse.

5-39



LINEAR LSI PRODUCTS

DOLBY NOISE REDUCTION SYSTEM NE660

Pretiminary
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» RECT | v 17 —?l v
S ATTACK )S
O oecay | | ok
< NOISE REDUCTION CONTROL CIRCUIT s
S AMP AMP “‘L‘O'JH
| t Vi T |
[ CONV. ] =
$33K | S
b3 ? |
) ot ! VRer - |
2 T SUMMING
e | L AMP |
<
104F
A INPUT . R 824 - ) A OUTPUT
L T dB | o p o’,‘s
10K : i 10K
<’
L o ° |
4 ENCOD o] o I =
NR. OFF O Y —o——————— switcH
DECODE .Y.. . 2‘2“1 Yy o\\., 5 |
I ol 8.24 AAA I2 0—'{ B OUTPUT
U v dB8 \AAs
B INPUT 104F ' ‘ 10u.F
10K 1 s | 10K
| 1 summing |
L \ AMP | =
- b | B
> | < '
‘P
[ i » '
i I
$ arx ! ' NOISE REDUCTION CONTROL COoRv. : L1 og 3
< ‘
3 | AMP AMP atrack || f-”
18 DECAY kS
l'—'—°—L" ? cacet | a3 33,
1033,F 4700pF | FULL =) —
> WAVE
! RECT i =
! |
|
L e e e e o e e e ] e e e s e i e e i i e e
s ) b
' 2
T ATuF T 033,F
. Figure 1. Test Circult
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DOLBY NOISE REDUCTION SYSTEM

NE660

reliminary

RECORP

PLAY

Ic, mA
o

NR OFF

1 2 3 a 5 6
Vee, V

Figure 2. Supply Current vs. V¢

SIGNAL HANDLING, dB

30

25

20

/| Recoro
NR OFF

/4 PLAY

Vee V

Figure 3. Signal Handling (THD — 1%)

PERCENT

2 RECORCU }

R =t PLAY

OFF
02

01 f—1— 18V
12dB
.005

.002
.001

20 50 100 200 500 1K 2K 5K 10K 20K
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Figure 4. Distortion + Noise

5 V+ =3V
+12dB

.05 "4
— ECORD ﬂ

PLAY

PERCENT
x

.01
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.002

01
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Figure 5. Harmonic Distortion + Noise
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7
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Figure 6. Encode Transfer Curve Shift

With Temperature
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Figure 7. Crosstalk, Voo =3V
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DESCRIPTION FEATURES PIN CONFIGURATION

The uA758 is a monolithic phase-locked ¢ 45dB channe! separation

loop FM stereo multiplex decoder. The de- e Automatic stereo/mono switching N PACKAGE

vice decodes an FM stereo multiplex signal e 70dB SCA rejection

into right and left audio channels while e 10V to 16V supply range

ln:erelntilv supr:resslna SCA information e High impedance input—low impedance | .. iaxmweur (] k5 v

when it is contained in the composite input output ORCILLATOR AC
signal. The device includes automatic P e L ) karwonk
mono-stereo mode switching and drive for onaMHASIS [14] Loor riLTER
an external lamp to indicate stereo mode LaFT CHANNEL (7] 53] Loor miLTER
operation. PIGHT CHANNEL 5] [72] oxracron insur

RIGHT CHANNEL TEST SN

The uA758 operates over a large voltage or.awmwasis L1 pLu o e s
range and requires a minimum number of
extéernal components. A simple setting of an anouno 8

external potentiometer adjusts the oscilla-

STEREO INDICATOR FiLTER
(7] [10] swivew miLTE

[9] swircH FiLTER

tor frequency. No coils are required. TOP VIEW
ORDER NUMBERS
WATSBN
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage +18 Vv
Supply voltage (< 15 seconds) +22 v
Voltage at lamp driver terminal
(Lamp OFF)- +22 v
Internal power dissipation 730 mW
Operating temperature range -40 to +85 °C
Storage temperature range -55 to +125 °C
Lead temperature (60sec) 300 °C
BLOCK DIAGRAM
vt SWITCH FILTER LOOP FILTER . OSCILLATOR RC NETWORK
b _‘ v
<
3 STEREQ
K> )INDICATOR| =
F——- w_ e _|w ol D“"' 1 B
P TN . LA 20 S 1
| PILOT . 38KHZ TO 19kHz |
| PHASE 78kHzVCD i ADRATU |
INPUT vzl 1 l
| |
| PILOT _J p—
AMPLITUDE AND — IN PHASE
4 I LAMP DRIVER DIVIDER I
| 7 1 I 1" n;n:resr
SIGNAL
| I, LEFT
) ) Lo e
outeur L 2 i AMPLIFIER INPUT BUFFER steneo |
= A ’ RIGHT
I 7 - S
L1}
L - - b
L] 3 L] -
LEFT CHANNEL F RIGHT CHANNEL
DE-EMPHASIS DE-EMPHASIS
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wA758

FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP

EQUIVALENT SCHEMATIC

A1

s

SISYHAm3 30
~ 1331

39V110A
Alaans.
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP

nA758

DC ELECTRICAL CHARACTERISTICS

Ta = 25°C, V+ = +12V, 19kHz pilot level =

30mVRems, multiplex signal

(L =R, pilot OFF) = 300mVgms, modulation frequency = 400Hz or 1Hz,

test circuit 1, unless otherwise specified.

uAT758
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max
lcc Supply current Lamp OFF 31 38 mA
I Maximum available lamp current 75 150 mA
V7 Voltage at lamp driver terminal Lamp = 50mA 1.3 1.8 Vv
ri Input resistance 20 35 k()
ro Output resistance 0.9 1.3 2.0 kQ
AC ELECTRICAL CHARACTERISTICS
uA758
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max
A(Va&Vs) DC voltage shift at either output Stereo to mono operation 30 150 mV
terminal
Ps.rR.  Power supply ripple rejection 200Hz, 200mVRms 35 dB
SEP Channel separation 100Hz 40 dB
400Hz 30 45 dB
10kHz 45 dB
BAL. Channel balance 0.3 1.5 dB
Av Voltage gain 1kHz 0.5 0.9 1.4 V/V
Pilot input level Lamp turn-on 18 25 mVRwMms
Lamp turn-off 2.0 7.0 mVRMS
Pilot input level hysteresis Lamp turn-off to turn-on 3.0 7.0 dB
Capture range 2.0 4.0 6.0 %
T.H.D. Total harmonic distortion Multiplex level = 600mVgms pilot OFF 0.4 1.0 %
19kHz rejection 25 35 dB
38kHz rejection 25 45 daB
SCA rejection? 70 dB
VCO Tuning resistance2 21.0 | 233 | 255 kQ
VvCO Frequency drift 0°C<Ta<25°C +0.1 +2 %
25°C < Ta<70°C -0.4 +2 %
NOTES

1. Measured with a stereo composite signal consistency of 80% stéreo, 10% pilotand 10%
SCA as defined in the FCC Rules on Broadcasting.
2. Total resistance from pin 15 to ground, in test circuit, required to set reference
frequency at pin 11 to 19kHz * 10hz

TYPICAL PERFORMANCE CHARACTERISTICS

CHANNEL SEPARATION — dB

CHANNEL SEPARATION vs
AUDIO FREQUENCY

S0 T #
C=104F | zI
20 LA 1 g
-4
(<]
-
30 [C=2,F 2
Q
C=0.47,F S
20 H
H
@<
<
10 Ta=25°C 3
V=12v I
0 C=LEAD 1 5
SsLEAD <]

10 100 1k 10k 100k

AUDIO FREQUENCY — Hz

HARMONIC DISTORTION vs

INPUT LEVEL
08 TT
| | Ta=2s°C
V=12V
L=R
0.6 =T pILOT OFF
74
0.4 Vi
4
0.2
A
0
0 200 400 600 800

INPUT LEVEL — mVrms

OSCILLATOR FREE RUNNING
FREQUENCY ERROR vs AMBIENT
TEMPERATURE
20

15 -v=12

1.0

0.5

0 —
-05

-1.0

-15

-20

-60-40-20 0 20 40 60 80 100
TEMPERATURE — °C

OSCILLATOR FREQUENCY ERROR — %




LINEAR LSI PRODUCTS

FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP nA758

TYPICAL PERFORMANCE CHARACTERISTICS (Contd

LAMP TURN ON & TURN OFF CAPTURE RANGES vs PILOT LEVEL CHANNEL SEPARATION vs
SENSITIVITY vs AMBIENT OSCILLATOR FREE RUNNING
TEMPERATURE FREQUENCY ERROR
20 80 v
roT 8 25°C— 250
18 |—v=12v l v NN -] Ta=25°C
6 V=12V ° 70 2v
g 18 r S - - 1 f= 1kHz
S LAMP ON | 4 }-Ta=-40°C = z 60
T 14 w Qg vesec <] }\ \
1 LA g 2 2 50
- 12 E % 4 /I N \
w0 9 = 40
w
= LAMP OFF C3 . S 8 .
5 . — 2 SIS _Ta=+85C o
g < -2 > Z 20 INPUT SIGNAL = 30mVrms
4 4 —40°C > J = MULTIPLEX SIGNAL
2 -6 L 5 10 (L=1, R=0, PILOT OFF) =
150mVrms
] -8 +25 [ i L o —
-40 -20 0 20 40 60 80 100 0 10 20 30 40 50 60 -20 -1.0 ] 1.0 20
OSCILLATOR FREE RUNNING
TEMPERATURE — °C PILOT LEVEL — mVrms FREQUENCY ERROR — %
TEST CIRCUIT AND TYPICAL APPLICATION
V=412V
l Ca Cs
0.1 0025 uF 033 uF
IyF 1 —
r T
= c‘_
COMPOSITE
MULTIPLEX —S»—i —E E——
uNIT 2u4F R3
21ke
cz 2 m ——AAA
LED A A A
STEREO E 022uF _D — Rs
INDICATOR 33ka Cs Ry
LAmP Ry 3 14 390 pF 5ka
C7 (N220)| OSCILLATOR
= 39k 0.22,uF DY
LEFT o I [ ]
OUTPUT 4 13
Cs = =
047 4F
RIGHT ={s 12 }————
OUTPUT Ry
< 3000
> 39ka 19kHz
3 [ "{ ! s n I ™ TESTSIGNAL
C3 022 uF 3 o
Co
0.47 4F
—= ol
= (TOP VIEW)
NOTE
Tolerance on resistors is +5% and tolerance on capacitors is +20% unless otherwise
specified. C1 tolerance = +100%; -20%, Cg tolerance = +1% in test circuit and +5% in
typical applications, Ratolerance =+1%, R4 tolerance =+10%, R1 and Rz tolerances = 1%
in test circuit and +5% in typical application.
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FM IF SYSTEM

CA3089

DESCRIPTION

CA3089 is a monolithic integrated circuit
that provides all the functions of a com-
prehensive FM-IF system. Figure 6 is a
block diagram showing the CA3089 fea-
tures, which include a three-state FM-IF
amplifier/limiter configuration with leve!
detectors for each stage, a doubly-
balanced quadrature FM detector and an
audio amplifier that features the optional
use of a muting (squelch) circuit.

The advanced circuit design of the IF sys-
tem includes desirable features such as

» Single-coil tuning capability

¢ High recovered audio: 400mV typ.
Provides specific signal for control of
interch | muting (squeich)
Provides specific signal for direct drive
of a tuning meter

Provides delayed AGC voltage for RF
amplifier

Provides a specific circult for flexible
AFC

s Internal supply/voltage reg ]

APPLICATIONS
« High-fidelity FM receivers

3

PIN CONFIGURATION
N PACKAGE
i® nput (7] (5] ne
BYPASSIG [75] oeLaveo acc
BYPASSING [74] SUBSTRATE
Frame 7] [13] TuNe METER

MuTE conTRot [5 |
avoio our & |

AFc outpuT 7]

¥ out [

12| MUTE LOGIC

(7] v
E REF. BIAS

'—9' QUADRATURE
INPUT

delayed AGC for the RF tuner, an AFC TOP VIEW
drive circuit, and an output signal to drive  * Automotive FM recesivers ono::gg;g;sen
a tuning meter andlor provide stereo ¢ Communications FM receivers
switching logic. In addition, internal
power supply regulators maintain a nearly ABSOLUTE MAXIMUM RATINGS
constant current drain over the volitage
supply range of + 8 to + 18 volts. PARAMETER RATING UNIT
The CA3089 is ideal for high-fidelity opera- DC supply voltage:
tion. Distortion in a CA3089 FM-IF system Between terminals 11 and 4 18 v
is primarily a function of the phase linear- Between terminals 11 and 14 18 v
ity characteristic of the outboard detector DC Current (out of terminal 15) 2 mA
coil. Device dissipation:
- - Up to Tp = 60°C 600 mw
The QAGOBQ utilizes a 16-lead dual-in-line Above Ty = 60°C derate linearly
plastic package and can operate over the 6.7 mw/eC
ambient temperature range of —-40°C to Ambient temperature range: '
+85°C. Operating —40 to +85 °C
Storage. —65 to +150 °C
Lead temperature (during soldering):
FEATURES At distance not less than 1/32" (0.79mm) +265 °C
* Exceptional limiting sensltivity: 10uV from case for 10 seconds-max
typ. at - 3dB point
° Low distortion: 0.1% typ. (with double-
tuned coil)
BLOCK DIAGRAM
v ==
. QuADRATURE T - € 1000F
ok | 1t |
g A o
TO INTERNAL REFERENCE
REGULATIONS AAA BIAS
11 ouT |8 9 10
CiFameoren ‘1' r == [ Awp L0 S our
IF INPUT -
e ; A S Rt o B ~f—< | “oerecron | |
T
AUDIO 6
Sy R o S
0.02u.F 0.02uF .
I T 21 [ | |
oELAYED T 15 } nsfe‘g}on DELrEEVcETLoa oerEE‘::Evton bt DELYEE‘;:EYLOR l :auunvlg
AGC FOR O + I | (SQUELCH)
RF AMPL L""f_"__f“__”f"_’] T bt CONTROL 5
1o CA3089 . AMPLITUDE MUTING
pdrrrd P Y N
FRAME SUBSIFATE Circuim "'1 MM
e I 150uA J & el
f - AN -0 TO STEREC
METER ?ng TUNING METER OUTPUT THRESHOLD
T = = LOGIC CIRCUITS = =
NOTE -
All resistors values are typical and in ohms. QO = 75 (G.I. EX27825 or equivalent)
*L tunes with 100pF (C) at 10.7MHz
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FM IF SYSTEM
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EQUIVALENT SCHEMATIC
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DC ELECTRICAL CHARACTERISTICS T4 = 25°C, V* = 12V unless otherwise specified.
CA3088D2 '
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max
STATIC (DC) CHARACTERISTICS
11 Quiescent circuit current No signal input, non-muted 16 23 30 mA
DC Voltages:4
V4 Terminal 1 (IF input) No signal input, non-muted 1.2 1.9 2.4 \"
Va Terminal 2 (ac return to input) No signal input, non-muted 1.2 1.8 24 v
V3 Terminal 3 (dc bias to input) No signal input, non-muted 1.2 1.9 2.4 v
Ve Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 8.0 v
Ve Terminal 7 (A.F.C.) No signal input, non-muted 5.0 5.6 6.0 v
Vio Terminal 10 (dc reference) No signal input, non-muted 5.0 5.6 8.0 v
DYNAMIC CHARACTERISTICS
Vi(lim)  Input limiting voltage (—3dB point)3 10 25 uv
AMR AM Rejection (terminal 6)4 VIN = 0.1V, Fg = 10.7MHz,
fmod = 400Hz, AM Mod = 30% 45 55 dB
Vo Recovered audio voltage (terminal 6)3 400 500 600 mvV
Total harmonic distortion: !
THD Single tuned (terminal 6)3 05 | 1.0 %
THD Double tuned (terminal 6)4 fmod = 400Hz, V|N = 0.1 0.1 %
S+N/N  Signal plus noise to noise ratio (terminal 6)3 Deviation = +75kHz V)N = 0.1V 60 70 dB
MUy Mute input (terminal 5) Vg = 2.5V 50 70 dB
MUpyt Mute output (terminal 12) VIN = 50uV 5 v
VIN = OV 4.0 v
MTR Meter output (terminal 13) VIN = 0.1V 25 35 v
ViN =500uV 10 | 15 v
VN = OV 7 v
AGC Delayed AGC (terminal 15) ViN = .01V 5 v
VIN = 10uV 4.0 5.0 v
THD Double tuned (terminal 6)4 fmod = 400Hz, 0.1 %
V|N =0.1

NOTES

1. THD characteristics and Audio Level are essentially a function of the phase and Q
characteristics of the network connected between terminals 8,9, and 10.

2. Test circuit Figure 1.

3. Test circuit Figure 2.

4. Test circuit Figures 1 and 2.
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FM IF SYSTEM

CA3089

TEST CIRCUITS

100
AAA

VWV

our i

0pF 250pF

)
30011 TUNER

o |
IF

(NOTE |§f
O—_.. o

CERAMIC
FILTER

INPUT (NOTE 2)

AUDIO

27K OUTPUT

Figure 3

TYPICAL FM TUNER (With a single-tuned detector coil.)

vt =12y

NOTES
All resistors values are typical and in ohms.

. Waller 4SN3FIC or equivalent

. Murate SFG 10.7mA or equivalent

. Rg will affect stability depending on circuit layout.
To increase stability Rs is decreased. Range of Rg
is 330 to 500, Ry + Rg < 3300

. L tunes with 100pF (C) at 10.7MHz
Qg unloaded = 75 (G.I. EX27825 or equivalent)

wr -

»

Performance data at f, = 98MHz, fyyop = 400Hz, devi-
ation =
+ 74kHz:
—3dB limiting sensitivity
20dB quieting sensitivity
30dB quieting sensitivity

2uV (antenna level)
1uV (antenna ievel)
1.5uV (antenna level)

SYSTEM DESIGN
CONSIDERATONS

The CA3089 is a very high gain device and
therefore careful consideration must be
given to the layout of external compo-
nents to minimize feedback. The input by-
pass capacitors should be located close

should not be large nor should the capac-
itors be of the type which might introduce
Inductive reactance to the circuit. An ex-
ample of good by-pass capacitors would
be ceramic disc with values In the range of
.01 to .05 microfarad.

The input impedance of the CA3089 is

recommended to match this Impedance.
The value of the input termination resistor
should be as low as possible without
degrading system operation. The lower
the value of this resistor the greater the
system stability. An input terminating
resistor between 50 and 100 ohms Is
recommended.

to the Input terminals and the values approximately 10,000 ohms. It Is not
TYPICAL PERFORMANCE CHARACTERISTICS
MUTING ACTION, TUNER AGC AFC CHARACTERISTICS
(Tuning meter output as a (Current at Term. 7 as a
function of input function of change in
signal voltage.) frequency.)
w DC VOLTAGE SUPPLY V + - 12V T 128 DC POWER SUPPLY (V+) =12V |
g AMBIENT TEMPERATURE (TA) *25°C 100 AMBIENT TEMPERATURE (Tp) = 25°C Z
< o |[ESTCIRCUIT — SEEFIGURES 6 SEE TEST CIRCUIT FIGURE 3 4
2 RECOVERED AUDIO < 1sp10 5K 7 /
ol FROM FULL OUTPUT / i o—va\,-@-—o "4
- (LEFT CO-ORDINATE) s S s e //
3 } I / ES
2z TUNER AGC OC_| 2 § =
2« VOLTAGE AT I 5 g
2 f TERMINAL NO. 15 S 5o
= RIGHT CO-ORDINATE) Q
g <-% ( 18 E s
>0 /
Q& i \ £ s
Ok -4 & 2 w
wz VOLTAGE \ € /
o AT TERMINAL o -15 ,
Q50 NO. 13 METER CIRCUIT H 1 /
B (33K} TO GND) \ -100
2 (RIGHT CO-ORDINATE)
-0 -125
1 10 100 L3 10K 100K -100 -50 o 50 100

INPUT SIGNAL - uV

CHANGE IN FREQUENCY (Af)— kHz
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FM IF SYSTEM

CA3089

TEST CIRCUIT TEST CIRCUIT
(Using a single-tuned detector coil.) (Using a double-tuned detector coil.)
[
| |
vesv it | I| :
Fanaal | I
Il e || sx
} VWA vezt2v | Py P
Loy
0.05.F 2 | |
T A
B 100pF
SIGNAL . 0014 , AFC OUTPUT vose 0%
INPUT ; 058 T8
VOLTAGE — 11
P = s 8.2K
3 10 SIGNAL - 00IWF \ AFC OUTPUT
1 AUDIO INPUT } B
3 7 & 27K QUTPUT VOLTAGE
‘P
/ 12 . 3 "
0.01 S | 0O001F 9 AUDIO
oF 3 7 § 27K  OUTRUT
02,F == 15 /
- i) -[-——2 :: a70 l 0.01 s 0.001uF
- -.j:' T L uF N
[ - 0.02uF =X . L
I 2 " * loonr| gem
Q 0.33.F 1 onuF] 4 p
> 270K = . =
$ d / J
oy fony
<L = = P 0.33uF
LD 05M 33K g 270K
1504 & <
FULL L
- - SCALE = . 9
- - = TUNING LeSosm
METER 15008 &
FULL
- SCALE == =k
*NOTE

*NOTE

L tunes with 100pF (C) at 10.7MHz.
tors valuea are typical and in ohms.
) = 76 (G.I. mfg. div. EX27825 or equivalent).

Figure 1

All resistors values are typical and in ohms.

T: Pri. = Qq (unloaded) == 75 (tunes with 100pF (C1) 20 t of 34e on 7/32" dia. form)
Sec. — Qg (unloaded) = 75 (tunes with, 100pF (C2) 20 t of 34e on 7/32" dia. form)
kQ (percent of critical coupling) > 70%
(Adjusted for coil voltage Vc) = 150mV

Above values permit proper operation of mute (squeich) circuit “E” type slugs, spacing

4mm

Figure 2
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MC1496/MC1596

DESCRIPTION APPLICATIONS
The MC1486 is a monolithic Double- e Suppressed carrier and amplitude modu-
Balanced Modulater/Demodulator  de- lation
signed for use where the output voltageisa @ Synchronous detection
product of an input voltage (signall and a ¢ FM detection
switched function (carrier). The MC1596 will ~ ® Phase detection
operate over the full military temperature * Sampling
range of -55°C to +125°C. The MC 1496 is  ® Single sideband
intended for applications withintherangeof ~ ® Frequency doubling
0°C to +70°C.
FEATURES
e Excellent carrier suppression
65dB typ @ 0.5MHz
50dB typ @ 10MHz
¢ Adjustable gain and signal handling
e Balanced inputs and outputs
¢ High common-mode rejection—85dB typ
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Applied voltage 30 \
Ditferential input signal (VgVo) *50 '
Differential input signal (V4-V1) 5+ |5 Re) \
Input signal (V2-V1, V3-Va) 5.0 \
Bias current (Is) 10 mA
Power dissipation (pkg. limitatior)
N package 900 mw
Operating temperature range
MC1496 0to +70 °C
MC1596 -55to +125 °C
Storage temperature range -85 to +150 °C
EQUIVALENT SCHEMATIC
Vp(+) Yo{~)
6 12
Q4 QF;— Q3 Q4
CARRIER (=) o> -
INPUT (+) 02
SIGNAL (=) O Qg f—Kas
INPUT (+) O —25 Gam
— —39 ADJUST
5 Q7 2
BIAS © 1 'S 8
Dy
‘% Ry Ry Ry
500k0 500kQ 500kQ
- 14
V© o

PIN CONFIGURATIONS

F, N PACKAGE
POSITIVE
SIGNAL INPUT LY 14 -v
GAIN'ADJUST [2 T3] NC
GAIN ADJUST [3] 12] ZS?QJ’T"E
NEGATIVE
SIGNAL INPUT 1] N
NEGATIVE
posam: (&} CARRIER INPUT
outeuT & el :gsmve
Ne[7] 8] canRigR INPUT,
TOP VIEW
ORDER NUMBERS
MC1496F,N  MC1596F
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BALANCED MODULATOR/DEMODULATOR

MC1496/MC1596

DC ELECTRICAL CHARACTERISTICS V*=+12vdc, V- =-8.0Vdc, Is = 1.0mAdc, RL = 3.9k}, Re = 1.0k(2,
Ta = 25°C unless otherwise specified.

MC1596 MC1496
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Single-ended input impedance Signal port, f = 5.0MHz
Rip Paraliel input resistance 200 200 kO
Cip Parallel input capacitance 20 20 pF
Single-ended output impedance f = 10MHz
Rop Parallel output resistance 40 40 kQ
Cop Parallel output capacitance 5.0 5.0 pF
Input bias current kA
_ h+tls
Ibs lbs = —5— 12 25 12 30
|a + 110
loc lbs = — 12 25 12 30 uA
Input offset current uA
lios lios=11-14 0.7 5.0 0.7 7.0
lioC lioc =lg=lqg 0.7 5.0 0.7 7.0 HA
Average temperature coefficient
Telio of input offset current 20 2.0 nA/°C
Output offset current
loo lg— 112 14 50 15 80 uA
Tcloo Average temperature coefficient 90 90 nA/°C
of output offset current
Common-mode quiescent
Vo Output voltage (Pin 6 or Pin 12) 8.0 8.0 Vde
Power supply current R mAdc
Ip+ lo+ 14z 20 | 30 20 | 40
lp- lyg 3.0 4.0 3.0 5.0
Pp DC power dissipation 33 33 mw
TEST CIRCUIT TEST CIRCUIT
CARRIER REJECTION AND SUPPRESSION SIGNAL GAIN AND OUTPUT SWING
T 10K 104F g INPUT +12vDC
AAA- ¢ 0 1
470 5 e
1000 6002 S L Rg=1K
.001 { 1 21K
| 1000 soK & x| osv m 39Kg S 30K
> 10K 4
< A = _EWT'MP‘_(}-‘ :0 33 e + Vg
.01 1 _
o 7500 T Ve O
OUTPUT = fc INPUT
- VWA-AAA- —t 0 50 =
=1 ‘Lg'.zef .01 6.8K
+8v 1 =
<4 0 ImF j;,.,,( -8VDC =
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BALANCED MODULATOR/DEMODULATOR

MC1496/MC1596

AC ELECTRICAL CHARACTERISTICS v+ =+12vdc, V- =-9.0Vdc, Is = 1.0mAdc, Re = 3.9k}, Re = 1.0k0,
Ta = +25°C unless otherwise specified.

MC1596 MC1496 UNIT
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max
Verr Carrler feedthrough Ve = 60mVrms sinewave and
offset adjusted to zero
fc = 1.0kHz 40 40 uVrms
fc = 10MHz 140 140
V¢ = 300mVp-p squarewave:
Offsetadjustedtozero fc=1.0kHz 0.04 | 02 0.04 04 | mVrms
Offset not adjusted fc = 1.0kHz 20 100 20 200
Vcs Carrier suppressions fs = 10kHz, 300mVrms sinewave
fc = 500kHz, 60mVrms sinewave 50 65 40 65 dB
fc = 10MHz, 60mVrms sinewave 50 50
BWiags Transadmittance bandwidth | Carrier input port, Vc = 60mVrms 300 300 MHz
(Magnitude) (RL = 500) sinewave fg = 1.0kHz,
300mVrms sinewave
Signal input port, Vs =300mVrms 80 80 MHz
sinewave |V¢| = 0.5Vdc
AVs Signal gain Vs = 100mVrms; f = 1.0kHz 25 35 2.5 3.5 vV
|Ve| = 0.5Vdc
CMV Common-mode input swing Signal port, fs = 1.0kHz 5.0 5.0 Vp-p
ACM Common-mode gain Signal port, fs = 1.0kHz -85 -85 dB
|Ve| = 0.5Vdc
DVout Differential output voltage 8.0 8.0 Vp-p
swing capability
TEST CIRCUIT

C2
CARRIER  0.1,F

INPUT e ._”_
ts

CARRIER REJECTION AND SUPPRESSION

+12vDC

MODULATING |
SIGNAL 10K
INPUT }1

CARRIER NULL =
-8vDe

*For additional information, consult the Applications Section.
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HIGH SPEED FSK MODEM TRANSMITTER

DESCRIPTION

The NES5080 is the transmitter chip, of a
two chip set, designed to be the heart of an
FSK modem. (The NES5081 is the receiver
chip.; The chips are compatible with the
IEEE 802.4 standard for a “Single Channel
Phase-Continuous-FSK Bus.” The specifi-
cations shown in this data sheet are those
guaranteed when the transmitter is tuned
for the frequencies given in the 802 stan-
dard. However, both the NE5080 and the
NES5081 may be used at other frequencies.
The ratio of logic high to logic low frequen-
cies remains fixed at 1.67 to 1.00at any center
frequency.

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢ Meets |IEEE 802.4 standard

¢ Data rates to several Megabaud
o Half or fuil duplex operation
L]

Jabber function on chip

APPLICATIONS

* Local Area Networks

¢ Point-to-point communications

e Factory automation

Process control
Office automation

~ NE5080

PIN CONFIGURATION

N PACKAGES
e
osc1[i]s 78] osc 2
JABBER FLAG [7] i8] gsgxé-gmn
JABBER
conTRoL L] 73] DATA INPUT
Vee, [4] 73] GND 1
TRANSMIT [+
GATE & 12] 0SC 3
FsK ouTeuT [E] [77] GND 2
CABLE GND [7] 76] N.C.
Vee, E 5] nC.

TOP VIEW

ORDER NUMBER

NES08ON
SYMBOL & PARAMETER RATING UNIT
Ve,
Supply Voltage Vccz + 6 v
Input Voltage Range (Data, Gate) ~0.3t0 + Vcc \
Power Dissipation 800 mw
Operating Temperature Range Oto +70 °C
Max Junction Temperature + 150 °C
Storage Temperature Range —65to +150 °C
Lead Temperature (soidering, 10 sec) 300 °C
BLOCK DIAGRAM
Ri
21K
+5V
o1 b "2 0.1uF O 0MF
- 00
1 16 12 15 8 4 =
Vee, Vee
DATA . 14 CURRENT VOLTAGE
(o2 | CONTROLLED
INPUT OSCILLATOR REGULATOR
2
TRIANGLE JABBER - O JABBER FLAG
TO SINE 3
CONVERTER CONTROL _j_
f c2
c4
6 TRANSMITTER
gg;;’g; 7 FSK OUTPUT
TRANgg; o2
GND;  GND, = CABLE GND
T [ )
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HIGH SPEED FSK MODEM TRANSMITTER

NE5080

GENERAL DESCRIPTION

The NE5080 is designed to transmit high
frequency asynchronous data on coaxial
cable, at rates from DC to 2 Megabaud
(see note 1). The chip accepts serial data
and transmits it as a periodic signal whose
frequency depends on whether the data is
high or low.

The device is meant to operate at a fre-
quency of 6.25MHz for a logic high and
3.75MHz for a logic low (see note 2). The
frequency is set up by external trimming
components; however, the ratio of the
high and low frequencies is set internally
and cannot be altered.

The FSK output can be turned off by use of
the transmit gate pin. When turned off, the
transmitter has a high outputimpedance and
the oscillator is disabled.

The length of time a transmitter can
transmit can be controlled by the use of
the Jabber contro! pin (see description of
Jabber Control Pin).

Jabber Control Pin

During the time the transmitter is transmit-

ting, this pin sources a current. This current

can be used to setthe maximum time that the
transmitter can be on. There are three
options that can be used:

1. Use the current to charge a capacitor.
When the voltage across the cap gets to
approx. 1.4V the transmitter will turn off. A
logic low applied to pin 3 will reset the
Jabber function; an open collector output
should be used for this purpose. A logic
high applied to the pin will disable the
transmitter.

2. Use to externally sense the current and
have external circuitry to control the
length of time the transmitter is on.

NES5080 PIN FUNCTION

PIN

FUNCTION

frequency

control function

function
4 Vcc‘—voltage supply

a logic high will disable it
6 TRANSMITTER FSK OUTPUT

to this pin and to Pin 11

9 No Connection
10 No Connection

the carrier frequencies.

14 DATA INPUT

1 0SC 1—one end of an external capacitor used to set the carrier

2 JABBER FLAG—this pin goes to a logic high if the transmitter
attempts to transmit for a longer time than allowed by the Jabber

3 JABBER CONTROL—used to control transmit time. See note on Jabber

5 TRANSMIT GATE—a logic low on this pin will enable the transmitter;

7 CABLE GROUND—the shield of the coax cable should be connected

8 Vce,—Connect to pin 4 close to device

1 GROUND 2—connect to Analog ground close to device
12 OSC 3—a variable resistor between this point and ground is used to set

13 GROUND 1—connect to Analog ground close to device

15 REGULATOR BYPASS—a bypass capacitor between this pin and Vee,
is required for the internal voitage regulator function

16 0OSC 2—one end of a capacitor that is between pin 1 and pin 16 and is
used to set the carrier frequency

3. The pin can be tied to ground and is then
not active. Transmission is then controlled
solely by the signal atthe transmitgate pin.

Jabber Flag Pin

This pin will go to a logic high when the
Jabber Control pin is used to shut off the
transmitter. It will latch and can be reset
by applying a logic low to the Jabber
Control pin.

Notes:

1. The NE5080 is capable of transmitting up
to 1 Megabaud of differential Manchester
code at a center frequency of SMHz.
Although the chip is designed to meet the
requirements of |EEE standard 802.4
(Token-Passing Single Channel Phase-
Continuous-FSK Bus), it can be used at
other frequencies. See ‘“Determining
Component Values.”

[
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ELECTRICAL CHARACTERISTICS Vcc,, = 4.75-5.25V T, =0°C to +70°C
NE5080
PARAMETER SYMBOL TEST CONDITIONS Wi Tve. Max. UNIT
Output Frequency (Logic High) Fy Data Input =22.0V (See Note 1) 6.17 6.25 6.33 MHz
Output Frequency (Logic Low) Fo Data Input <0.8V (See Note 1) 3.67 3.75 3.83 MHz
Data Input =2.0V or <0.8V
Output Amplitude Vo Output Load = 37.5Q 05 1.0 Vams
Output Impedance (gated off) Rott Transmit gate =2.0V 100 KQ
Output Impedance (gated on) Ron Transmit gate <0.8V 375 Q
Output Capacitance Co Transmit gate =2.0V or <0.8V 10 pF
Transmit gate =2.0V
Feed through Ve 2.0MHz sq. wave (TTL Levels) Input 1 MVaums
Transmit gate <0.8V
Jabber Current Iy Input 22.0V or <0.8V 1.25 A
Supply Current lec Ve, connected to Vg, 75 100 mA
LOGIC LEVELS
Data Input
Logic High Vin Input high voltage 2.0 Volts
Logic Low Vi Input low voltage 0.8 Volts
Input Current iy Vin=2.4V 40 uA
Input Current I Vin=0.4V -1.6 mA
Transmit Gate
Logic High Viu Input high voltage 2.0 Volits
Logic Low ViL Input low voltage 0.8 Volts
Input Current ™ VG =24V 40 uA
Input Current e VG =0.4V -16 mA
Jabber Flag
Logic High VoH IOH = —400xA 24 Volts
Logic Low Vo I0L = 4.0mA 0.4 Volts
Jabber Control
Logic High Vi Input high voltage 2.0 Volts
Logic Low Vi Input low voltage 0.8 Volts
NOTE
(1) Tuned per instructions in Applications section.
AC ELECTRICAL CHARACTERISTICS
NE5080
SYMBOL & PARAMETER TO FROM TEST CONDITIONS Wi Tvp. Max. UNIT
Set Up Time — Tg Data In Gate On Figure 1 2 0.1 uS
Output Freq. Data
- Delay Time — T, Change Transition Figure 2 150 nS
Output
Delay Time — Tg Disabled Gate Off Figure 3 0.4 2 uS
Output Jabber
Delay Time — T¢ Disabled Control Figure 4 100 nS
Jabber Jabber
Delay Time — Tp Flag Control Figure 5 100 nS
Jabber Control Reset
Pulse Width (Logic Low) 100 nS
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HIGH SPEED FSK MODEM TRANSMITTER

NE5080

TIMING DIAGRAMS

TRANSMITTER
GATE

!
<—Ts—|  VALID DATA

DATA INPUT I | I

Figure 1. Set-up Time, Tg

! T

DATA INPUT Ta f— Ta f—
|
%

|
el VAVAVAVAVAVAVATATAY

Fy Fo Fi
Figure 2. Delay Time, T,
TRANSMITTER !
GATE Te i
|
|
|

ouTPUT ,\/\/\r———
1

Figure 3. Delay Time, Ty

JABBER CONTROL Tc=<—
|
|

|
OUTPUT /\/\/\)_
|

Figure 4. Delay Time, T¢

JABBER CONTROL I

JABBER FLAG o

Lﬁ

Figure 5. Delay Time, Ty
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DESCRIPTION

The NES081 Is the receiver chip of a two
chip set designed to operate as an FSK
modem (the NES080 is the transmitter
chip). The chips are compatible with the
|EEE 802.4 standard for a “‘Single Channel
Phase-Continuous-FSK Bus.” The specifi-
cations given In this data sheet are those
guaranteed when the recelver Is tuned to
the frequencies In the 802 standard.
However, the recelver will work at other
frequencies.

FEATURES

o Meets IEEE 802.4 standard

o Data rates to several Megabaud
o Half or full duplex operation

o Low bit rate error (10-12 typical)

APPLICATIONS

o Local Area Networks

¢ Point-to-point communications
¢ Factory automation

¢ Process control

o Office automation

ABSOLUTE MAXIMUM RATINGS T,=25°C

PIN CONFIGURATION

N PACKAGES
Vee, [20] N.C.
cr[2] {18] FSK INPUT

[18] INPUT BYPASS
[17] ANALOG GND

[78] INPUT
DETECTION TIMING

INPUT
DETECTION TIMING

PUT

i

LEVEL DETECTION

73] INPUT LEVEL
DETECT

[12] DIGITAL GND

l'_'g’,g{ DATA OUTPUT
SYMBOL & PARAMETER RATING UNIT FLAG
v TOP VIEW
cc
Supply Voltage Vcc1 +6 Volts ORDER NUMBER
Input Voltage Range =0.3to +Vg¢ Volts NESO81N
Output (Data, Level Detect)
Max Sink Current 20 mA
Power Dissipation 800 mwW
Operating Temperature Range Oto +70 °C
Storage Temperature Range -65to + 150 °C
Lead Temperature (soldering, 10 sec) 300 °C
Max Differential Voltage between 100 mV
Analog and Digital Grounds
BLOCK DIAGRAM
cs . Note: Either
’_cclz' 0.JuF Q- u o L1orC7is
I -l— r e variable.
18 = 1 9 LT|3 MT|4 [2CT
c13 Veey Vec,
FSK INPUT | 19 PHASE
jt:,l__‘f“ t LIMIVER SHIFTER
S7150 17
<L ANALOG 4 |
avo 1T }
15 INPUT LEVEL
A6 on[ ey MULTIPLIER
5K
I Ry
= T 5 F 2.7K
14 LOW PASS : :; co ce
FILTER
e S .0 1T
‘[‘T'f’ c1o
= 18 SLICER =
surrers | J10 et
O LEVEL FLAG
DIGITAL GND
_Dz

5-58




LINEAR LSI PRODUCTS

HIGH SPEED FSK MODEM RECEIVER

NES084

GENERAL DESCRIPTION

The NE5081 will accept an FSK encoded
signal and provide the demodulated digital
data at the output. It is optimized to work at
frequencies specified in |EEE 802.4
(Token-Passing Single Channel Phase-
Continuous FSK Bus) i.e,, 3.75MHz and
6.25MHz. However, It will work at other
frequencies (see note 1).

Its normal acceptable input signal level range
is from 16mV RMS to 1V RMS. (This can be
adjusted, see note 2 below.)

The receiver will yield an undetected “Bit
Error Rate” of 10-9 or lower when receiving
signals with a 20dB signal-to-noise ratio. It
has a maximum output Jitter of =40nSec
(see definition of “Jitter” note 3).

Notes:

1. The receiver can be tuned to accept diffe-
rent frequencies by adjustment of the LC
circuit shown in Fig. 7. However, the ex-
ternal components have been optimized
for 3.75MHz and 6.25MHz. See “Deter-
mining Component Values” for use at
other frequencies.

2. Input Level Detect
This is a method of turning off the output
of the receiver when the input signal falls
below an acceptable level. This level is
adjustable within the range given in the
electrical specification section. The pur-
pose of this function is to minimize the
effect of noise on receiver performance
and to indicate when there is an accepta-
ble signal present at the input. All specifi-
cations given in this data sheet are with
the input level detection set at 16mV RMS.

3. Jitter Definition
This is a measure of the ability of the
receiver to accurately reproduce the
timing of its FSK coded digital input. The
spec indicates the error band in the timing
of a logic level change.

NES5081 PIN FUNCTION

PIN FUNCTION
1 Vee,—~should be connected to the 5 volt supply and pin 9
2 CT—one end of an external capacitor that is used to tune the receiver
3 LT—one end of an inductor that is used to tune the receiver
4 MT-—the junction of the capacitor and inductor used for tuning the
receiver
5 F2
6 F1 | Pins 5, 6, 7, 8 are used for a low pass filter to remove carrier
7 F3 | harmonics from the data output
8 Fa4
9 Vee,—connect to Pin 1 (see Pin 1 function) close to the device
10 INPUT LEVEL FLAG—this pin is used to indicate when there is a signal
at the input that is greater than the level set by the input level
detection circuitry. A logic high indicates an input greater than the
set level
11 DATA OUTPUT—supplies T2L level data that corresponds to
the FSK input received
12 DIGITAL GROUND—should be connected to digital ground
13and | |NPUT LEVEL DETECT—These pins are used to set the ievel of input signal
14 that the device will accept as valid
15 INPUT DETECTION TIMING—an external capacitor between this pin and
ground is used to determine the time from carrier turn-off to output
disable
16 INPUT DETECTION TIMING—same as pin 15, except that a resistor goes
between this pin and ground. The values of the C and R depend on
the carrier frequency. The values given in this data sheet are for a
5MHz carrier center frequency
17 ANALOG GROUND--connect to analog ground close to the device
18 INPUT BYPASS—A capacitor between this pin and ground is used to bypass
the input bias circuitry
19 INPUT—the FSK signal from the cable goes to this pin
20 NO CONNECTION
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NE5081

ELECTRICAL CHARACTERISTICS Vcc,, = 4.75-5.25V. External LC circuit tuned to 5MHz. Input level detect
set at 16mV Rms, Tp = 0°C to +70°C.
NE5081
PARAMETER SYMBOL TEST CONDITIONS Wi Tvp. Max. UNIT
Logic Low Frequency Fo External LC tuned to 5MHz 3.67 3.76 3.83 MHz
Logic High Frequency F, External LC tuned to 5SMHz 6.17 6.25 6.33 MHz
Minimum input level that is detected as
Minimum Input Detect Level INpL carrier. See Note 2 in General Description 5 50 mV RMS
LOGIC LEVELS: "=
Data Output Vo loL=4.0mA V)y>16mV RMS Freq=F, 0.4 Volts
Data Output Vou lon= —400pA V\y>16mV RMS Freq=F,| 24 Volts
Data Output Voun lon= — 400xA V\y<5mV RMS Freq =Fy 24 Volts
Input Detect Flag Vou loL=4.0mA V=0V RMS 0.4 Volts
Vo lon= —400pA V| >16mV 24 Volts
Vee=5.25V (Vgc, connected to V)
Supply Current loc Vin=1.0V RMS Freq=F, or Fy 50 mA
‘ : Input Signal>16mV RMS.
Bit Error Rate B.ER maximum in-band noise = 1.6mV RMS 10-"2 | 10-°
AC ELECTRICAL CHARACTERISTICS
NE5081
SYMBOL & PARAMETER TO FROM TEST CONDITIONS i Tvp. Max. UNIT
Input Level
Delay Time Tg Detect Flag Input On Figure 1 0.05 1 S
Input Level
Delay Time Te Detect Flag Input Off Figure 1 5 1.5 25 uS
Output
Delay Time To Enabled Input On Figure 2 2 uS
Output
Delay Time Te Disabled Input Off Figure 2 5 1.5 25 uS
Carrier Valid Data
Required Delay Turn Off End 2 uS
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HIGH SPEED FSK MODEM RECEIVER

NES081

TIMING DIAGRAMS

INPUT

INPUT LEVEL
DETECT OUTPUT

DATA OUTPUT

Fo Fy  18mV RMS

T

Tp — la—

an —TI——

VALID DATA

Figure 2. Delay Time, Tp, Tg
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PHASE-LOCKED LOOPS—SYMBOLS AND DEFINITIONS

Absolute Maximum Rating

Operating safe zones exceeding these limits could cause perma-
nent damage to the device and are not meant to imply that
devices can operate at these limits.

Capture Range (2f;, 2wo)**

Although the loop will remain in lock throughout its lock range,
it may not be able to acquire lock at the tracking range extremes
because of the selectivity afforded by the iow-pass filter. The
capture range also is centered at f,’ with the equal deviations
called the Lock-in or Pull-in Ranges. The capture range can never
exceed the lock range.

Closed Loop Gain (CLG)
The output signal frequency and phase can be determined from
a product of the CLG and the input signal where the CLG Is given
by
cLG=

T 1+K,
Damping Factor ({)
The standard damping constant of a second order feedback
system. For the PLL, ¢ refers to the abllity of the loop to respond
quickly to an input frequency step without excessive overshoot.

(Equation 1.4)

Free-Running Frequency (f,’, wg')

Also called the center frequency, this is the frequency at which
the loop VCO operates when not locked to an input signal. The
“prime” superscripts are used to distinguish the free-running
frequency from f,’ and w,’ which are used for the general oscil-
lator frequency. (Many references use f,’ and w,’ for both the
free-running and general oscillator frequency and leave the prop-
er choice for the reader to infer from the context). the ap-
propriate units for f,’ and w,’ are Hz and radians per second
respectively.

Lock Range (2f , 2w;)*

The range of frequencies over which the ioop will remain in lock.
Normally the lock range is centered at the free-running fre-
quency unless there is some nonlinearity in the system which
limits the frequency deviation on one side of f,’. The deviations
from f,’ are referred to as the Tracking Range or Hold-in Range.
(See figure 1.6.) The tracking range is therefore one-haif of the
lock range.

Lock-Up Time (t,)***

The transient time required for a free-running loop to lock. This
time depends principally upon the bandwidth selectivity de-
signed into the loop with the low-pass filter. The lock-up time is
inversely proportional to the selectivity bandwidth. Also, lock-up
time exhibits a statistical spreading due to random initial phase
relationships between the input and oscillator phases.

Loop Gain (K,)

The product of Ky, K., and the low-pass filters gain at dc. K4 is

evaluated at the appropriate input signal level and K, at the ap-
propriate w,’. K, has units of (sec)~ .
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Loop Noise Bandwidth (B,)

A loop property relating w, and r which describes the effective
bandwidth of the received signal. Noise and signal components
outside this bandwidth are greatly attenuated.

Natural Frequency (wp)

The characteristic frequency of the loop, determined mathe-
matically by the final pole positions in the complex plane or
determined experimentally as the modulation frequency. for
which an underdamped loop gives the maximum frequency
deviation from f,’ and at which the phase error swing is the
greatest.

Package Type Designation
See fuli package designations in Appendix.

Phase Comparator Conversion Gain (K,)

The conversion constant relating the phase comparators output
voltage to the phase difference between Input and VCO signais
when the loop Is locked. At low Input signal levels, K, is aiso a
function of signal amplitude. K4 has units of volts per radian
(V/irad).

Power Dissipation

The power that the device can safely handle at 25°C. The dissi-
pation must be derated as indicated for the individual package
type.

Ta

Ambient temperature range. Range of the surrounding environ-
ment of the operating device.

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

TsoLp

Soldering Temperature. The temperature which can be applied
to the lead frame of the device for short periods of time (nor-
mally specified for a duration of 10 sec).

Tsra
Storage temperature range. Temperature range that the device
can be stored in a non-operating condition.

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.

*Also called Synchronization Range.
**Also called Acquisition Range.
***Also called Acquisition Time.
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DESCRIPTION

The NE564 Is a versatile, high guaranteed
frequency Phase Locked Loop designed
for operation up to 50MHz. As shown in
the block diagram, the NE564 consists of
a VCO, limiter, phase comparator, and
post detection processor.

APPLICATIONS

¢ High speed modems

* FSK receivers and transmitters
¢ Frequency synthesizers

¢ Signal generators

¢ Various satcom/TV systems

ABSOLUTE MAXIMUM RATINGS

FEATURES

Operation with single 5V supply

TTL compatible inputs and outputs

Guaranteed operation to 50MHz

External loop gain control

Reduced carrier feedthrough

No elaborate filtering needed in FSK

applications

® Can be used as a modulator

e Variable loop gain (Externally
Controlled)

e e o 95 & o

PIN CONFIGURATION

D,1,N PACKAGE

v+ [T] 78] muourur
LOOP GAIN
contaoc 2] [75] nvstemsis ser
INPUT TO PHASE
COMPARATOR [3 7] anaLOG ouTPUT
FROM VCO
Loop Fiten 4] [73) Frea. seT cap.
LooP FiLTeR (5| [7Z] Faea. seT car.

Fm/arF weur 6 ] E VCO OUTPUT #2

[70] v+

[9] veo ourpur T

BIAS FLTER E

unouuo[z

TOP VIEW

ORDER NUMBERS
NE/SES64| NE/SE564N
NE564D

PARAMETER RATING UNIT
v+ Supply voltage \
Pin 1 14
Pin 10 6
Pp Power dissipation 600 mW
TA Operating temperature NE 0to 70 °C
Operating temperature SE —55to +125
tstg Storage temperature —65 to 150 °C
NOTE:

Operation above 5 volts will require heatsinking of the case.

BLOCK DIAGRAM

PHASE

9 O——f

POSY DETECTION
PROCESSOR e
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ELECTRICAL CHARACTERISTICS V=5V, Ta=25°C, f, = 5MHz, Ig = 4004A unless otherwise specified
SES564 NES564
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Maximum VCO frequency C, =0 (stray) 50 65 45 60 MHz
Lock range Input = 200mVrms T, = 25°C 40 70 40 70 % of t,
=125°C 20 30
= -55°C 50 80
=0°C 70
=70°C 40
Capture range Input = 200mVrms, Ry =27Q 20 30 20 30 % of fo
VCO frequency drift with fo=5MHz, Ty= - 55°C to 125°C 400 | 1000 PPM/°C
temperature =0°Cto70°C 400 | 1250
fo=500KHz, Ty= - 55°C to 125°C 250 | 500
=0°C to 70°C 400 | 850
VCO free running frequenc
9 Trequency Cy=91pF 4 | 5 | 6 | 35| 5 | 65 |MHz
R¢ =100Q “Internal”
VCO frequency change with Vec=4.5V to 5.5V 3 8 3 8 % of f,
supply voltage
Demodulated output voitage Modulation frequency: 1KHz
fo=5MHz, input deviation:
2%T=25°C 16 28 16 28 mvrms
1%T=25°C 8 14 8 14 mVrms
=0°C 13 mVrms
= ~-55°C 6 10 mVrms
=70°C 15 mvVrms
=125°C 12 16 mvrms
Distortion Deviation: 1% to 8% 1 1 %
Signal to noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Demodulated Output at Modulation frequency: 1KHz
operating voltage fo = 5MHz, input deviation: 1%
Ve =4.5V 7 12 7 12 mVrms
Veeo=5.5V 8 14 8 14 mVrms
Supply current Vec=5V iy, 1o 45 60 45 60 mA
Output
1" output leakage current Vour=5V, Pin 16,9 1 20 1 20 uA
“0" output voltage loyr=2mA, Pin 16,9 0.3 0.6 0.3 0.6 \
loyr=6mA, Pin 16,9 0.4 0.8 0.4 0.8 v
TYPICAL PERFORMANCE CHARACTERISTICS
LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR vs FREQUENCY SE/NE 564 TEST CIRCUIT
1000
of - Y
o T N\
. 10 N\ +5v O
. 1PIN, = 400uA \
4
1 | | | N Y 104 }
2 IpIN, © OkA 8 \ = R 3 ‘; A vco
§ 2 3 : N 2 0 "1 1 ouTPuUT
g § ) s
= 5 Yo \ INPUT C3 PP S 390
i‘ 100 hi \ 2 10 16 93 =
& of \ X —— DEMODU-
S N r . . , 10 A} 0.1 ] R = LATED
§ i , “E—- " 0.t I ouTPUT
g . ’ T c2 R2 564 T
=0 / 11 10 1 1 100 108 bW " 13
\ Vee -5 | FREQUENCY nfm c2 R2 12 j"
15's 6MHz = 4300F L
10 ._L.
07 08 09 10 11 12 13
NORMALIZED LOCK RANGE
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PHASE LOCKED LOOP

SE/NE564

FREQUENCY AS A FUNCTION OF

TYPICAL NORMALIZED VCO

PIN 2 BIAS CURRENT

TYPICAL NORMALIZED VCO
FREQUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

NORMALIZED VCO FREQUENCY
AS A FUNCTION OF TEMPERATURE

'CO FREQUENCY: 5MHz

BIAS CURRENT: —~200.A
FREQUENCY: SMH,;

H

NG el
1.00
L \ oy
0.95 v

NORMALIZED VCO FREQUENCY
°
&

FREQUENCY: 500 KHz

0.90 ———1~ BIAS CURRENT: ~200,A

> » 1,10
§ X § 1.08 N\
g 101 F Y: SOMHz g \\
g £ oo
Q \ g
0.99 N 21
7 N F
.95
0.08 \\ § °
§
0.87
080
0.98
—~600uA —400  —200 ) +200

I

BIAS CURRENT (4A), PIN 2

BiAS CURRENT (,A), PIN 2

—~600.A —400 —200 o

+200 +400 =50 —25 o 25 50 75 100 125

TEMPERATURE (IN °C)

VARIATION OF THE PHASE COMPARATOR'S
OUTPUT VOLTAGE VERSUS PHASE ERROR
AND BIAS CURRENT (Kp)

V, - PHASE COMPARATOR'S
OUTPUT VOLTAGE IN mV

VCO OUTPUT FREQUENCY AS A FUNCTION OF
INPUT VOLTAGE AND BIAS CURRENT (Kg)

VCO FREQUENCY
IN MHz

.

Tgas = 800,A

o laing = 06

800 4
1o = 1.0MHz
600 |
400 +
200 +
40 60 807 100 120 140 160

0- PHASE

ERROR IN

~200 } 7 DEGREES
- 400 1
- 600
- 800 -

800
VoIN mv

—400  -200 0 200 400 600
/ 8

5-65




LINEAR LS| PRODUCTS

PHASE LOCKED LOOP

SE/NE564

FUNCTIONAL DESCRIPTION
(figure 1)

The NES64 is a monolithic phase locked
loop with a post detection processor. The
use of Schottky clamped transistors and op-
timized device geometries extends the fre-
quency of operation to greater than 50MHz.
In addition to the classical PLL applications,
the NE564 can be used as a modulator with
a controllable frequency deviation.

The output voltage of the PLL can be written
as shown in the following equation:
fin — 1,
o= {in = to) Equation 1
K
veo

Kyco = conversion gain of the VCO
frequency of the input signal
free running frequency of the VCO

fin =
to =
The process of recovering FSK signals in-
volves the conversion of the PLL output into
logic compatible signals. For high data
rates, a considerable amount of carrier will
be present at the output of the PLL due to
the wideband nature of the loop filter. To

EQUIVALENT SCHEMATIC

avoid the use of complicated filters, a com-
parator with hysteresis or Schmitt trigger is
required. With the conversion gain of the
VCO fixed, the output voltage as given by
Equation 1 varies according to the frequen-
cy deviation of fi from f. Since this differs
from system to system, it is necessary that
the hysteresis of the Schmitt trigger be ca-
pable of being changed, so that it can be
optimized for a particular system. This is
accomplished in the 564 by varying the volt-
age at pin 15 which results in a change of
the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be
considered is the drift in the free running
frequency of the VCO itself. If this changes
due to temperature, according to Equation 1
it will lead to a change in the dc levels of the
PLL output, and consequently to errors in
the digital output signal. This is especially
true for narrow band signals where the devi-
ation in f;, itself may be less than the
change in {5 due to temperature. This effect

can be eliminated if the dc or average value
of the signal is retrieved and used as the
reference to the comparator. In this manner,
variations in the dc levels of the PLL output
do not affect the FSK output.

VCO Section

Due to its inherent high frequency perform-
ance, an emitter coupled oscillator is used in
the VCO. In the circuit, shown in the equivalent
schematic, transistors Qy; and Q3 with current
sources Qp5~Qy form the basic oscillator.
The approximate free running frequency of the
oscillator is shown in the following equation:

1
" 22Rg (C, +Cg)

fo Equation 2
Rc = Ryg = Ryg = 100 (INTERNAL)

C; = external frequency setting capacitor

Cg = stray capacitance

Variation of V4 (phase detector output volt-
age) changes the frequency of the oscilla-
tor. As indicated by Equation 2, the frequen-
cy of the oscillator has a negative

.
3 $38| ¢
< < <
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Figure 1
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temperature coefficient due to the positive
temperature coefficient of the monolithic re-
sistor. To compensate for this, a current I
with negative temperature coetficient is in-
troduced to achieve a low frequency drift
with temperature.

Phase Comparator Section

The phase comparator consists of a doubie
balanced modulator with a limiter amplifier
to improve AM rejection. Schottky clamped
vertical PNPs are used to obtain TTL level
inputs. The loop gain can be varied by
changing the current in Q4 and Q5 which

effectively changes the gain of the differen-
tial amplitiers. This can be accomplished by
introducing a current at pin 2

Post Detection Processor

Section

The post detection processor consists of a
unity gain transconductance amphtfier and
comparator The amplifier can be used as a
dc retriever for demodulation of FSK sig-
nals, and as a post detection filter for linear
FM demodulation. The comparator has ad-
justable hysteresis so that phase jitter in the
output signal can be eliminated.

i

FM DEMODULATOR AT 5V

LOCK RANGE ADJUSTMENT

As shown in the equivalent schematic, the
dc retriever is formed by the transductance
amplifier Qq0~Q43 together with an exter-
nal capacitor which is connected at the am-
plifier output (pin 14). This forms an integra-
tor whose output voltage is shown in the
following equation:

9m
= Vipdt .
Yo C, " Equation 3
gm = transconductance of the amplifier
Cp = capacitor at the output (pin 14)
Vip = signal voltage at amplifier input

With proper selection of Cp, the integrator
time constant can be varied so that the out-
put voltage is the dc or average value of the
input signal for use in FSK, or as a post
detection filter in linear demodulation.

The comparator with hysteresis is made up
of Q49—Qsp with positive feedback being

0.014F provided by Q;-Qug. The hysteresis is
9]_ varied by changing the current in Qgp with a
T = LOOPFILTER resulting variation in the loop gain of the
0.01.F comparator. This method of hysteresis con-
FM INPUT 0.47uF 16 2 1 4 ’__-1- . ; '
fc = SMHE ] 6 s trol, which is a dc control, provides symmet-
L | - . L .
tm = TkHz 1K ANALOG OUT ric variation around the nominal value.
7 15 p——0 N
BIAS FILTER 'E'm . 564 vtz
-0
= 3 N‘——Q POST DETECTION FILTER .
u.m'j_- Design Formula
13 d . N
! The free running frequency of the VCO is
2 i B00F shown by the following equation:
J to - 5MH; f !
o~ iz 0 = T £ .
. quation 4
FREQUENCY SET CAP 25Rc (Cy +Cg)
<
>
-4 $x Rg = 1008
Cq = external cap in farads
sV sV Cg = stray capacitance
Figure 2
FM DEMODULATOR AT 12V MODULATOR
il, LOCK RANGE ADJUSTMENT ln, 5V/7 :gflj‘s"yiﬂ(’z‘:i:“‘i"
0.01uF
rl LOOP FILTER 2K
— MODULATING
T 0.0 INPUT =
1kHz 10K
INPUT 047U 16 2 11 4 0.47uF 6 2 11 4 f
fo = SMHz o i P 5 = 1kHz 0— | 5
fm = 1kHz 1K 1K
7 R ANALOG OUT s —7 15—
BIAS FILTER J:‘ i = 0.F 564
= o | 564 s kHz = 11
0.1uF =
— ] 13 = - 13
POST DETECTION FILTER
10 12 08 8 10 9 12
80pF ‘—l 80pF
= fo - 5MHz = 1o - SMHz
T owr = | b FRequency seTcap sv *® FREQUENCY SET CAP
200 & 1K
> 5V MODULATED OUTPUT
1Ty
12v
Figure 3 Figure 4
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The loop filter diagram shown is explained
by the following equation:
F(s) =

! (First Order)  Equation 5
3

1+ sRC,
R =Ry, =Ry =13k (INTERNAL)*

By adding capacitors to pins 4 and 5, a pole is
added to the loop transfer function at
1
RCa.
*Refer to Figure 1.

APPLICATIONS

FM DEMODULATOR

The NE564 can be used as an FM
demodulator. The connections for operation
at 5V and 12V are shown in figures 2 and 3
respectively. The input signal is ac coupled
with the output signal being extracted at pin
14. Loop filtering is provided by the capaci-
tors at pins 4 and 5§ with additional filtering
being provided by the capacitor at pin 14.
Since the conversion gain of the VCO is not
very high, to obtain sufficient demodulated
output signal the frequency deviation in the
input signal should be 1% or higher.

MODULATION TECHNIQUES

The NE564 phase locked loop can be modu-
lated at either the loop filter ports (pins 4
and §) or the input port (pin 6) as shown in
figure 4. The approximate modulation fre-
quency can be determined from the frequen-
cy conversion gain curve shown in figure 5.
This curve will be appropriate for signals
injected into pins 4 and 5 as shown in
figure 4.

FSK Demodulation

The 564 PLL is particularly attractive for
FSK demodulation since it contains an inter-
nal voltage comparator and VCO which have
TTL compatible inputs and outputs, and it
can operate from a single 5 volt power sup-
ply. Demodulated dc voltages associated
with the mark and space frequencies are
recovered with a single external capacitor in
a dc retriever without utilizing extensive fil-
tering networks. An internal comparator,
acting as a Schmitt trigger with an adjust-
able hysteresis, shapes the demodulated
voltages into compatible TTL output levels.
The high frequency design of the 564 en-
ables it to demodulate FSK at high data
rates in excess of 1.0M baud.

Figure 5 shows a high-frequency FSK. de-
coder designed for input frequency devi-
ations of * 1.0MHz centered around a free-
running frequency of 10.8MHz. The value of
the timing capacitance required was esti-
mated from figure 8 to be approximately
40pF. A trimmer capacitor was added to fine
tune fo’ to 10.8MHz.

The lock range graph indicates that the
+ 1.0MHz frequency deviations will be within
the lock range for input signal levels greater
than approximately 50mV with zero pin 2 bias
current. While strictly this figure is appro-
priate only for 5MHz, it can be used as a
guide for lock range estimates at other f,’
frequencies.

The hysteresis was adjusted experimentally
via the 10kQ potentiometer and 2k bias ar-
rangement to give the waveshape shown in
figure 7 for 20K, 500K, 2M baud rates with
square wave FSK modulation. Note the mag-
nitude and phase relationships of the phase
comparators output voltages with respect to
each other and to the FSK output. The high
frequency sum components of the input and
VCO frequency also are visible as noise on
the phase comparators outputs.

10.8MHz FSK DECODER USING THE 564

sy .
o

300pF

BIAS = 022 'L’u £ L<
u >
[—-v:r—.m Ic: :_[ S g
- HYSTERESIS 1t rsx
= ADJUST *x $——O
S
1 10 15 16
2
0 1F
FSK |
weur O i
<
owr g™
} '
= > 1
3 <
arou 3
+5V O—WW\- 9 2
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e
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4
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Figure 5
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF

200mv 200mv

T :

100mv 'Domlv .8
e {
—
—
— — ——

(a) 20K BAUD

(b) 500K BAUD

!
100my s00n8

e

A

NOTE
Top trace-pin 4
Center trace-pin 5

v

Bottom trace-pin 16

(c) 2.0M BAUD
Figure 6

OUTLINE OF SETUP PROCEDURE

1.

Determine operating frequency of the
VvCO-.
If +N in feedback loop, then
fo=N Xfi.

. Calculate value of the VCO frequency

set capacitor:

1
Co = 2e001,

..Set I, (current sinking into Pin 2) for

=100uA. After operation is obtained, this
value may be adjusted for best dynamic
behavior.

. Check VCO output frequency with digi-

tal counter at Pin 9 of device (loop open,
VCO to ¢ det.). Adjust Cq trim or fre-
quency adj. Pin 4-5 for exact center fre-
quency if needed.

. Close loop and inject input signal to Pin

6. Monitor Pin 3 and 6 with two channel
scope. Lock should occur with A¢sg
equal to 90° (phase error).

6. If pulsed burst or ramp frequency is

used for input signal, special loop filter
design may be required in place of sim-
ple single capacitor filter on Pin 4 and 5.
(See PLL application section in Analog
Manual.)

. The input signal to Pin 6 and the VCO

feedback signal to Pin 3 must have a
duty cycle of 50% for proper operation
of the phase detector. Due to the nature
of a balanced mixer if signals are not
50% in duty cycle, D.C. offsets will
occur in the loop which tend to create an
artificial or biased VCO offset.

. For multiplier circuits where phase jitter

is a problem, loop filter capacitors may
be increased to a value of 10-50uF on
Pin 4, 5. Also careful supply decoupling
may be necessary. This includes the
counter chain V¢ lines.

NES564
PHASE LOCKED FREQUENCY
MULTIPLIER WITH VCXO

+5V
BIAS ADJUST

47,
10K1! i

_{ CER.
el

[ l e
.47.F CER.

L A3 F
i 2 v ab—boor

INPUT SIGNAL FILTER

M o 8 [l E TS

<
S 470u

veo
—
Nxty OuTPUT

o~
=
s
<
a
-]
& ©

1= Nxfy
——

Figure 7

*For additional information, consuit the Applications Section.
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DESCRIPTION

The SE/NES65 Phase-Locked Loop (PLL) is
a self-contained, adaptable filter and de-
modulator for the frequency range from
0.001Hz to 500kHz. The circuit comprises a
voltage-controlied oscillator of exceptional
stability and linearity, a phase comparator,
an amplifier and a iow-pass filter as shown
in the block diagram. The center frequency
of the PLL is determined by the free-running
frequency of the VCO; this frequency can be
adjusted externally with a resistor or a ca-
pacitor. The low-pass filter, which deter-
mines the capture characteristics of the
loop, is formed by an internal resistor and an
external capacitor.

FEATURES

¢ Highly stable center frequency

(200ppm/°C typ.)

Wide operating voitage range (6 to £12

velts)

Highly linear demodulated output (0.2%

typ.)

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

e TTL and DTL compatible square-wave

output; loop can be opened to Insert

digital frequency divider

Highly linear triangle wave output

Refersnce output for connection of com-

parator In frequency discriminator

o Bandwidth adjustable from < *1% to

> £80%

Frequency adjustable over 10 to 1 range

with same capacitor

APPLICATIONS

Frequency shift keying

Modems

Telemetry recelvers

Tone decoders

SCA receivers

Wideband FM discriminators

Data synchronizers

Tracking fiiters

Signal restoration

Frequency multiplication & division

NOTES:

1. SOL — Released In large SO package only.
2. SOL and non-standard pinout.

3. SO gng non-standard pinout.

PIN CONFIGURATIONS
F,N PACKAGE D® PACKAGE
V- E [14) NC INPUT [T] 12 v-
INPUT (7] 73] NC ne [Z] 73] Ne
INPUT [T] [12] NC INPUT [T] 12 v+
veo OUT'UT veo ouTPUT [4] EXTERNAL C
@] [77] Ne uTRyT [4 77 For vco
COMPARATOR &] 19] v+ COMPARATOR =] m) gg}‘i"}ggtﬁ
nsran;ug; ] 5] EXTEnoa - © ne [€] 5] ne
REFERENCE DEMODULATED
95"°°g‘-¢;i°c o X TENALR outpuT L (8] Quteur
TOP VIEW TOP VIEW
ORDER NUMBER ORDER NUMBER
SE/NESBSEN NES565D

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C unless otherwise specified.

PARAMETER RATING UNIT
Maximum operating voltage 26 \
Input voltage 3 Vp-p
Storage temperature -85 to +150 °C
Operating temperature range
NES565 0to +70 °C
SES565 -55 to +125 °C
Power dissipation 300 mw
BLOCK DIAGRAM

TL‘_—_'_L
12 C.

LOW PASS FILTER AL&T 2

INPUT O'— PHASE
AMPLIFIER I 3. 60)(
0_3' ..j DETECTOR

O DEMOD. OUTPUT
3 = REF. OUTPUT

ogt——
o]
gy
veo
T
WR Cy |
JSV‘ Oov
EQUIVALENT SCHEMATIC

FREOUENCY SETTING RESISTOR

i
!
3.6 lc;
i ourpur

m

ST 14
%?ﬁi“;”
u
}{—‘J

il

}_[6 nssensncs

V" c.l

9
FREQUENCV SETTING VCO
CAPACITOR

& - 5

PHASE
OUTPUT COMPARATOR

3 SIGNAL
INPUT

2 SIGNAL
INPUT
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ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = #6V unless otherwise specified.
SE565 NES565
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
SUPPLY REQUIREMENTS
Supply voltage +6 +12 | +6 +12 v
Supply current 8 |125 8 |125| mA
INPUT CHARACTERISTICS
Input impedance! 7 10 5 10 kQ
Input level required for fo = 50kHz, £10% 10 10 mvVrms
tracking frequency deviation
VCO CHARACTERISTICS
Center frequency
Maximum value 300 | 500 500 kHz
Distribution2 Distribution taken about
fo= 50kHz, R1 = 5.0k(}, C1 = 1200pF| -10 0 | +10 | -30 0 | +30 %
Drift with temperature fo = 50kHz 200 300 ppm/°C
Drift with supply voltage fo = 50kHz, Vcc = +6 to 7 volts 0.1} 10 02 |15 %/V
Triangle wave
Output voltage level 19 | 24| 3 19 | 24 3 Vp-p
Linearity 0.2 0.5 %
Square wave
Logical “1” output voltage fo = 50kHz +4.9| +5.2 +4.9 | +5.2 Vv
Logical “0" output voltage fo = 50kHz -0.2|+0.2 -0.2 | +0.2 Vv
Duty cycle fo = 50kHz 45 50 | 55 | 40 50 | 60 %
Rise time 20 | 100 20 ns
Fall time 50 | 200 50 ns
Output current (sink) 0.6 1 0.6 1 mA
Output current (source) 5 10 5 10 mA
DEMODULATED OUTPUT CHARACTERISTICS
Output voltage level Measured at pin 7 425| 45(475| 40 | 45| 5.0 \"
Maximum voltage swing3 2 2 Vp-p
Output voltage swing +10% frequency deviation 250 | 300 200 | 300 mVp-p
Total harmonic distortion 0.2 | 0.75 04 | 15 %
Output impedance4 3.6 3.6 kQ
Offset voltage (V6-V7) 30 | 100 50 | 200 mV
Offset voltage vs temperature (drift) 50 100 uv/°C
AM rejection 30 40 40 dB

NOTES

1. Both input terminals (pins 2 and 3) must receive identical dc bias. This bias may range

from 0 volts to -4 volts.

2. The external resistance for frequency adjustment (R1) must have a value between 2k(}

and 20k().

. Output voltage swings negati
. Output not buffered.

as input freq

~w
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TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPPLY CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

~
o

Ry = FREQUENCY SETTING
RESISTOR

\

\

POWER SUPPLY CURRENT — mA

10 14 18 22 26
TOTAL SUPPLY VOLTAGE — V

LOCK RANGE
AS A FUNCTION OF
GAIN SETTING RESISTANCE
(PIN 6-7)

R o
25k —|
10k—

OUTPUT (V7-Vg} — V

0.20.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
RELATIVE FREE-RUNNING FREQUENCY — f,

VCO CONVERSION GAIN

2.0

T
V* = +8V
V== -6V
P
15 /’
//
10 Ve

o

0.5
P

05 1.0 15 20 25 30
VOLTAGE BETWEEN PIN 7 AND PIN 10 — Vq0-V7
CHANGE IN FREE-RNNING

VCO FREQUENCY AS A
FUNCTION OF TEMPERATURE

.

NORMALIZED FREE-RUNNING FREQUENCY

0

25 ™

| V- =ev
20y, sev
15

1.0
0.5

o
-05
-1.0

FREQUENCY — %

-15
-2.0

-25
-75-50-25 0 25 50 75 100 12§

TEMPERATURE — °C

CHANGE IN FREE-RUNNING VCO

LOCK RANGE
AS A FUNCTION OF
INPUT VOLTAGE

1000

100

1? 1\//

0.2 04 06 08 1.0 12 14 1.6 1.8
NORMALIZED LOCK RANGE

VCO OUTPUT
WAVEFORM

INPUT — mV (p-p)

NAUDAEDA

V‘”I =Vl‘ =6V

GUTPUTFIN4 — V. QUTPUTPINS — V
1
i
]

DESIGN FORMULAS
(See Figure 1)

1
Free-running frequency of VCO: fo= 2
4R1C1

inHz

8f
Lock-range: fi =+ —2 in Hz
ch
1 2nfL

Capture-range: fc =+ —
2T T

where 7 = (3.6X103) X C2

TYPICAL APPLICATIONS
FM Demodulation

The 565 Phase Locked Loop is a general
purpose circuit designed for highly linear
FM demodulation. During lock, the average
dc level of the phase comparator output
signal is directly proportional to the fre-
quency of the input signal. As the input
frequency shifts, it is this output signal
which causes the VCO to shift its frequency
to match that of the input. Consequently,
the linearity of the phase comparator output
with frequency is determined by the
voltage-to-frequency transfer function of
the VCO.

5-72

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

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

o= 127 and should be adjusted to be at
~ 4R1Ch

the center of the input signal frequency
range, C1 can be any vaiue, but R1 should be
within the range of 2000 to 20,000 ohms with
an optimum value on the order ¢f 4000 ohms.
The source can be direct coupled if the dc
resistances seen from pins 2 and 3 are egual
and there is no DC voltage ditference
between the pins. A short between pins 4 and
5 connects the VCO to the phase comparator.
Pin 6 provides a DC reference voltage that i
close to the DC potential of the demodulated
output (pin 7). Thus, if a resistance is con-
nected between pins 6 and 7, the gain of the
output stage can be reduced with littie
change in the DC voltage level at the output.
This allows the lock range to be decreased

with little change in the free-running fre-
quency. In this manner the lock range can be
decreased from + 60% of f, to approximately
+20% of f, (at £ 6V).

A small capacitor (typically 0.001uF) should
be connected between pins 7 and 8to elimi-
nate possible osciliation in the control cur-
rert source.

A single-pole loop filter is formed by the
capacitor C2, connected between pin 7 and
the positive supply, and an internal resist-
ance of approximately 3600 ohms.

T8V
'

A7 oo T,

] 0 DEMODULATED
2 : QUTPUT

7
60 REFERENCE

SE/NE 365 4 QUTPUT
9|

M)
/A

= I

R

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

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

The loop filter capacitor C2 is chosen smali-
er than usual to eliminate overshoot on the
output pulse, and a three-stage RC ladder
filter is used to remove the carrier compo-
nent from the output. The band edge of the
ladder filter is chosen to be approximately
half way between the maximum keying rate
(in this case 300 baud or 150Hz) and twice
the input frequency (approximately
2200Hz). The output signal can now be
made logic compatible by connecting a
voltage comparator between the outputand
pin 6 of the loop. The free-running frequen-
cy is adjusted with R1 so as to result in a
slightly-positive voltage at the output with
fin = 1070Hz.

The input connection is typical for cases
where a dc voltage is present at the source
and therefore a direct connection is not
desirable. Both input terminals are returned
to ground with identical resistors (in this
case, the values are chosen to effect a 600~
ohm input impedance).

Frequency Multiplication
There are two methods by which frequency

multiplication can be achieved using the
565:

1. Locking to a harmonic of the input signal.

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

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

s + 6V
o Ry ! 2 L
sk Los =002 £002 0.0
0.001 T
e
o
Fsk 0 10k 10k 10k T
eyt 2 7 NES29
SE/NE 565 ©
SD 30K
3, ) 4
6003 3600 L o.0s l
Ter
== ! i i v
Figure 2

LOW PASS
FILTER

D___

PHASE
COMPARATOR

o & H

AMPLIFIER

>

vco

o

Figure 3

Figure 4

a case where the input signal varies over a
wide frequency range and a large multiple
of the input frequency is required.

A block diagram of the second scheme is
shown in Figure 3. Here the loop is broken
between the VCO and the phase compara-
tor, and a frequency divider is inserted. The
fundamental of the divided VCO frequency
is locked to the input frequency in this case,
so that the VCO is actually running at a
multiple of the input frequency. The amount
of multiplication is determined by the fre-
quency divider. A typical connection
scheme is shown in Figure 4. To set up the
circuit, the frequency limits of the input
signal must be determined. The free-
running frequency of the VCO is then ad-
justed by means of R1 and C1 (as discussed
under FM demodulation) so that the output
frequency of the divider is midway between
the input frequency limits. The filter capaci-
tor, C2, should be large enough to eliminate
variations in the demodulated output volt-
age (at pin 7), in order to stabilize the VCO
frequency. The output can now be taken as
the VCO squarewave output, and its funda-
mental will be the desired multiple of the
input frequency (fiN) as long as the loopisin
lock.

SCA (Background Music) Decoder

Some FM stations are authorized by the
FCC to broadcast uninterrupted back-
ground music for commerical use. To do
this a frequency modulated subcarrier of
67kHz is used. The frequency is chosen so

as not to interfere with the normai stereo or
monaural program; in addition, the level of
the subcarrier is only 10% of the amplitude
of the combined signal.

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

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

The Phase Locked Loop is tuned to 67kHz
with a 5000 ohm potentiometer; only ap-
proximate tuning is required, since the loop
will seek the signal.

The demodulated output (pin 7) passes
through a three-stage low-pass filter to
provide de-emphasis and attenuate the
high-frequency noise which often accom-
panies SCA transmission. Note that no ca-
pacitor is provided directly at pin 7; thus, the
circuit is operating as afirst-order loop. The
demodulated output signal is in the order of
50mV and the frequency response extends
to 7kHz.
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*For additional information, consult the Applications Section.
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DESCRIPTION

The SE/NE 566 Function Generator is a volt-
age controlled oscillator of exceptional linear-
ity with buffered square wave and triangle
wave outputs. The frequency of oscillation is
determined by an external resistor and capac-
itor and the voltage applied to the control ter-
minal. The oscillator can be programmed over
a ten to one frequency range by proper selec-
tion of an external resistance and modulated
over a ten to one range by the control voltage,
with exceptional linearity.

ABSOLUTE MAXIMUM RATINGS

FEATURES
* Wide range of operating voitage

(up to 24 volts) (single or dual)
* High linearity of modulation
Highly stable center frequency (200
ppm/°C typical)
Highly linear triangle wave output
Frequency programming by means of a
resistor or capacitor, voltage or current
Frequency adjustable over 10 to 1 range
with same capacitor

APPLICATIONS

Tone generators
Frequency shift keying
FM modulators

Clock generators
Signal generators
Function generators

e o

® e o ¢ o o

PIN CONFIGURATIONS

D, N PACKAGE
GROUND [7] ok’
NC (] e,
SQUARE WAVE -
3 ij R
OuTPUT v
TRIANGLE WAVE [3] ] MODULATION
OUTPUT INPUT
TOP VIEW

ORDER NUMBERS
SE/NES66N NE566D

F PACKAGE
Ne [0 (5] NC
NC [3] 9] NC
GROUND (3] 0] NC
SQUARE WAVE [7] v+
TRIANGLE
wave ] [@e,
NC[E] [ B,
Ne(7] [id MODULATION
INPUT
TOP VIEW
ORDER NUMBERS
SE/NES66F

PARAMETER RATING UNIT
Maximum operating voltage 26 Vv
Input voitage 3 Ve-p
Storage temperature -65 to +150 °C
Operating temperature range

NE566 0 to +70 °C
SE566 -55 to +125 °C
Power dissipation 300 my
BLOCK DIAGRAM
v
R
8
ve -
oo ] ::s:s::l: e i ol
| o
M

1+ .
e

o

il

EQUIVALENT SCHEMATIC

R
(EXTERNAL)
-~ —

FAN
X

:

°3.H.J' [ 1
~N
AN

6Kl

1

GROUND
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ELECTRICAL CHARACTERISTICS T,=25°C; Vcc= £ 68V unless otherwise specified.

SES66 NES66
PARAMETER UNIT
Min Typ Max Min Typ Max
GENERAL
Operating temperature range -55 125 70 °C
Operating supply voltage +6 +12 +6 +12 v
Operating supply current 7 125 7 125 mA
.veo!
Maximum operating frequency 1 1 MHz
Frequency drift with temperature 200 300 ppm/°C
Frequency drift with supply voltage A1 1 2 2 %/NV
Control terminal input impedance2 1 1 M
FM distortion (£10% deviation) 0.2 0.75 0.4 1.5 %
Maximum sweep rate 1 1 MHz
Sweep range 10:1 10:1
OUTPUT
Triangle wave output
Impedance 50 50 0
Voltage 19 24 1.9 2.4 Vpp
Linearity 0.2 0.5 %
Square wave input
Impedance 50 50 o]
Voltage 5 54 5 5.4 Vpp
Duty Cycle 45 50 55 40 50 60 %
Rise time 20 20 ns
Fall Time 50 50 ns

NOTES

1. The external resistance for frequency adjustment (R1) must have a value between 2k
and 20K().

2. The bias voltage (V) applied to the control terminal {pin 5) should be in the range
3/4V+< Ve S V-

TYPICAL PERFORMANCE CHARACTERISTICS

NORMALIZED FREQUENCY AS A NORMALIZED FREQUENCY AS A
FUNCTION OF CONTROL VOLTAGE FUNCTION OF RESISTANCE (R1)
. 25 V+ Z12 VoLTS 100 V+ =12 VOLTS
19} = 50 Vc=10 VOLTS
g ] 1w
T 15 '3
a 4 "
w o 10
N 2
" 2 5
H 2
4 w
2 os Ve & ) I
// 4 \\
0 05 10 15 20 25 30 01 02 05 1 2 5 10
CONTROL VOLTAGE
(BETWEEN PIN 8 AND PIN 5) — VOLTS NORMALIZED FREQUENCY

CHANGE IN FREQUENCY AS A
FUNCTION OF TEMPERATURE

428 e
% | v+ =12VOLTS
& +20Fy _1ovoLts
I 415
x \
Q 410 AN
& TYPICAL
+05 A
§ o A - N \
.\ NN N
£ AW\
w -1.0
g s Py
<
5 -20
-25

~75-50-25 0 +25+50+754+100+125

TEMPERATURE — (°C)
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

POWER SUPPLY CURRENT AS A
FUNCTION OF SUPPLY VOLTAGE

i
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OPERATING INSTRUCTIONS

The SE/NE 566 Function Generator is a
general purpose voltage controlled oscilla-
tor designed for highly linear frequency
modulation. The circuit provides simul-
taneous square wave and triangle wave
outputs at frequencies up to 1MHz. A typical
connection diagram is shown in Figure 1.
The control terminal (pin 5) must be biased
externally with a voltage (V¢) in the range

3/4V'sVesV’

where Vcc is the total supply voltage. In
Figure 1, the control voltage is set by the
voltage divider formed with Rz and R3. The
modulating signal is then ac coupled with

the capacitor C2. The modulating signal can
be direct coupled as well, if the appropriate
dc bias voltage is applied to the control
terminal. The frequency is given approxi-
mately by

2[(v" - (Vo))
RiCiV”

and R should be in the range 2k} <R1 <
20kQ.

A small capacitor (typically 0.001uf) should
be connected between pins 5 and 6 to elimi-
nate possible oscillation in the control cur-
rent source.

If the VCO is to be used to drive standard

to =

logic circuitry, it may be desirable to use
a dual supply as shown in Figure 2. In this
case the square wave output has the prop-
er dc levels for logic clrcuitry. RTL can
be driven directly from pin 3. ForDTL or T2L
gates, which require a current sink of more
than 1mA, it is usually necessary to connect
a 5k} resistor between pin 3 and negative
supply. This increases the current sinking
capability to 2mA. The third type of inter-
face shown uses a saturated transistor be-
tween the 566 and the logic circuitry. This
scheme is used primarily for T2L circuitry
which requires a fast fall time (<50ns) and a
large current sinking capability.

Ve

R2 R
18K ‘oo‘fi 1
o—{4

C; 5 4

2 cseineses M
Ry 7 3o
10K

I

FIGURE 1

+8 VOLTS

-8VOLTS
FIGURE 2

*For additional information, consuilt the Applications Section.
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DESCRIPTION

The SE/NES67 tone and frequency decoder
is a highly stable phase-locked loop with
synchronous AM lock detection and power
output circuitry. Its primary function is to
drive a load whenever a sustained frequen-
cy within its detection band is present at the
self-biased input. The bandwidth center
frequency, and output delay are independ-
ently determined by means of four external
components.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Wide frequency range (.01Hz to 500kHz)
o High stablility of center frequency

¢ Iindependently controliable bandwidth

(up to 14 percent)

High out-band signal and nolse rejection

Logic-compatible output with 100mA

current sinking capability

Inherent Iimmunity to false signais

Frequency adjustment over a 20 to 1

range with an external resistor

¢ Military processing available

APPLICATIONS

® Touch Tone® decoding

e Carrier current remote controls

® Ultrasonic controls (remote TV, etc.)
e Co ications paging

¢ Frequency monitoring and control

® Wireless intercom

® Precision oscillator

s o

PARAMETER RATING UNIT
Operating temperature
NES567 0to +70 °C
SE567 -55 to +125 °C
Operating voltage 10 \
Positive voltage at input 0.5+ Vs v
Negative voltage at input -10 Vdc
Output voltage (collector 15 Vdc
of output transistor)
Storage temperature -85 to +150 °C
Power dissipation 300 mW
BLOCK DIAGRAM
o
4
R2
Ry s { LOoP
VWA CURRENT | )
L] wmﬂ'\!"oa Qe FILTER
¢ cz
I 1 2%y =
PHASE =
DETECTOR

7 1
€3 Output 7
= Fitewr =

gl

PIN CONFIGURATIONS

FE, D, N PACKAGE
OUTPUT FILTER
CAPACITOR C3 [ 3] outpur
LOW-PASS FILTER
CAPACITOR C, L2 G:‘o::o
i
ineuT (5] (6] ELEMENTS R,
SUPPLY
voutace +v 2] (5] rmms
! ELEMENT R,
TOP VIEW
F PACKAGE
ouTpuT [7 t@ GND
¢ [2] 73] ne
e 5] [17] ne
¢z [@] E R1Cy
weut (5] 6] n,
NC E 3 NC
vee [T 5] ne
TOP VIEW
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EQUIVALENT SCHEMATIC
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DC ELECTRICAL CHARACTERISTICS (v+ =5.0V; Ta = 25°C unless otherwise specified.)

SE567 NES567
ER TEST CONDITIONS UNIT
PARAMET ESTC Min Typ | Max Min Typ | Max
CENTER FREQUENCY1
Highest center frequency (fo) 500 500 kHz
Center frequency stability2 -55to +125°C 35+140 35+140 ppm/°C
0to +70°C 35160 35160 ppm/°C
Center frequency distribution fo=100kHz =1.1/R,C, -10 0 +10 -10 0 +10 %
Center frequency shift with supply voltage f,= 100kHz=1.1/R,C, 0.5 1 07 2 %/V
DETECTION BANDWIDTH
Largest detection bandwidth f, = 100kHz =1.1/R,C;, 12 14 16 10 14 18 % of fo
Largest detection bandwidth skew 2 4 3 6 % of fo
Largest detection bandwidth— Vi = 300mVrms +0.1 +0.1 %/°C
variation with temperature
Largest detection bandwidth— Vi = 300mVrms +2 +2 %/V
variation with supply voltage
INPUT
Input resistance 15 20 25 15 20 25 kQ
Smallest detectable input voltage (Vi) IL = 100mA, fi = fo 20 25 20 25 mVrms
Largest no-output input voltage IL=100mA, f;=fo 10 15 10 15 mVrms
Greatest simultaneous outband +6 +6 dB
signal to inband signal ratio
Minimum input signal to widebahd Bn = 140kHz -6 -6 dB
noise ratio
OUTPUT
Fastest on-off cycling rate fo/20 fo/20
“1" output leakage current Vg =15V 0.01 25 0.01 25 uA
“0" output voltage I = 30mA 0.2 0.4 0.2 04 v
IL = 100mA 0.6 1.0 0.6 1.0 \
Output fall time3 RL = 500 30 30 ns
Output rise time3 RL = 500 150 150 ns
GENERAL
Operating voltage range 4.75 9.0 475 9.0 Vv
Supply current quiescent 6 8 7 10 mA
Supply current—activated RL = 20k} 11 13 12 15 mA
Quiescent power dissipation 30 35 mwW
NOTES
1. Frequency determining resistor Ry should be between 2 and 20kQ. 3. Pin 81to Pin 1 feedback RL network selected to eliminate pulsing during turn-on and
2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information turn-off.

TYPICAL PERFORMANCE CHARACTERISTICS

BANDWIDTH vs INPUT LARGEST DETECTION DETECTION BANDWIDTH AS
SIGNAL AMPLITUDE BANDWIDTH vs A FUNCTIONOF C2and C3
OPERATING FREQUENCY
i 300 15 108
o
I © E
a 250 S M
13 3 2~
3 HE * N 3 \
| 200 f— - ~ - AT S 108
w / 5
2 150 F3
5 73 g
g 5 g .
- 100 - @ 5 N 109 <7
> V /.‘° e T \
a § @ =
2 % - g g N
)”Z a[/ (4= || s = \\ Ca
N o ) 0 108 [e:
0 2 4 6 8 10 12 14 18 0.1 1 10 100 1000 0 2 4 6 8 10 12 14 18
BANDWIDTH — % OF fo CENTER FREQUENCY — kHz BANDWIDTH — % OF f,
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

TYPICAL SUPPLY CURRENT GREATEST NUMBER OF CYCLES TYPICAL OUTPUT VOLTAGE

vs SUPPLY VOLTAGE BEFORE OUTPUT vs TEMPERATURE
25 1000 1.0
0.9
>
<
€ 20 500 I o8
! NO LOAD 300 z o7 I =100mA
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E 6 " (MINIMUM C)) I} — L
3 / g '™ o g o
10 0.4
> |_—TaQuIESCENT 50 £ os
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a2 s Canowiorh 5 02
LIMITEDBY C, ™} o 01
0 1 [ L] P
4 5 6 7 8 9 10 1 5 10 50 100 ~75 -25 0 25 50 75 100 125
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1 1.5 T T 1 50 +V=7.0VOLTS (1)
+V=475V +V=5.75 VOLTS @ N V=90 VOLTS (2)
1.0 1.0 25 S
0.5 ol
® a1 2 O 2 W= S
L, 2= 1 A= | s NS
g 7 N = 2BRNNEE N
-0.5 > -0.5 // L« -50
A\ \
-1.0 7 -1.0 -75 A
-15 -15 -10
-75 -25 0 25 75 125 -75 -25 0 25 75 125 -75 -256 0 25 75 125
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
CENTER FREQUENCY CENTER FREQUENCY TYPICAL BANDWIDTH VARIATION
TEMPERATURE COEFFICIENT SHIFT WITH SUPPLY WITH TEMPERATURE
(MEAN AND S8.D.) VOLTAGE CHANGE vs
OPERATING FREQUENCY
100 1.0 15.0 ey
- 1 T~ <+ B 0.9
z 2 12
5 TN 08 7 2 125
Q 0
i NS > / S 100 10
s g J £ 06 “' 8
; 8 -100 \ | 0.5 z 7.5 .
5 N 22|2 0.4 g -
& T 0s z s 4
W -200 z T
z At=0°C T0 70°C 0.2 m 25 2
N HERE 0.1 BANDWITH AT 25°C
~1300 0 11 0 i L L L
45 50 55 60 65 7.0 1 2345 10 20 40 100 -75 -25 0 25 75 125

SUPPLY VOLTAGE — V CENTER FREQUENCY — kHz TEMPERATURE -~ °C

5-81




LINEAR LSI PRODUCTS

TONE DECODER/PHASE LOCKED LOOP

SE/NE567

DESIGN FORMULAS
1.1
R1C1

Vi
BW = 1070 / in % of fo, Vi < 200mVrms
foC2

Where

fo =

Vi = Input Voltage (Vrms)
C2 = Low-Pass Filter Capacitor (uF)

PHASE LOCKED LOOP
TERMINOLOGY CENTER
FREQUENCY (fo)

The free-running frequency of the current
controlled oscillator (CCO) in the absence
of an input signal.

Detection Bandwidth (BW)

The frequency range, centered about fo,
within which an input signal above the
threshold voltage (typically 20mVrms) will
cause a logical zero state on the output. The
detection bandwidth corresponds to the
loop capture range.

Lock Range

The largest frequency range within which
an input signal above the threshold voltage
will hold a logical zero state on the output.

Detection Band Skew

A measure of how well the detection band is
centered about the center frequency, fo. The
skew is defined as (fmax + fmin -2fo)/2fo
where fmax and fmin are the frequencies
corresponding to the edges of the detection
band. The skew can be reduced to zero if
necessary by means of an optional center-
ing adjustment.

OPERATING INSTRUCTIONS

Figure 1 shows a typical connection dia-
gram for the 567. For most applications, the
following three-step procedure will be
sufficient for choosing the external compo-
nents R4, C1, C2 and Ca.

1. Select Ry and C1 for the desired center
frequency. For best temperature stability,
R1should be between 2K and 20K ohm, and
the combined temperature coefficient of the
R1C1 product should have sufficient stabili-
ty over the projected temperature range to
meet the necessary requirements.

2. Select the low pass capacitor, C2, by
referring to the Bandwidth versus Input
Signal Amplitude graph. If the input ampli-
tude variation is known, the appropriate
value of foC2 necessary to give the desired
bandwidth may be found. Conversely, an
area of operation may be selected on this
graph and the input level and C2 may be
adjusted accordingly. For example, con-
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TYPICAL RESPONSE

Input

Output

Response to 100mVrms tone burst.
RL = 100 ohms.

Output

(-
Input |
(O SR |
Response to same input tone burst
with wideband noise.
S =-6db RL =100 ohms
N Noise Bandwidth = 140Hz

stant bandwidth operation requires that
input amplitude be above 200mVrms. The
bandwidth, as noted on the graph, is then
controlled solely by the foC2 product (fo
(Hz), Ca (u fd)).

3. The value of C3 is generally non-critical.
C3 sets the band edge of a low pass filter
which attenuates frequencies outside the
detection band to elminate spurious out-
puts. If Ca is too small, frequencies just
outside the detection band will switch the
output stage on and off at the beat frequen-
cy, or the output may pulse on and off
during the turn-on transient. If C3 is too
large, turn-on and turn-off of the output
stage will be delayed until the voltage on C3
passes the threshold voltage. (Such delay
may be desirable to avoid spurious outputs
due to translent frequencies.) A typical
minimum value for C3 is 2Ca.

AVAILABLE OUTPUTS (Figure'2)

The primary output is the uncommitted
output transistor collector, pin 8. When an
in-band input signal is present, this transis-
tor saturates; its collector voltage being less
than 1.0 volt (typically 0.6V) at full output
current (100mA). The voltage at pin 2 is the
phase detector output which is a linear
function of frequency over the range of 0.95
to 1.05 fo with a slope of about 20mV per
percent of frequency deviation. The average
voltage at pin 1is, during lock, a function of
the inband input amplitude in accordance
with the transfer characteristic given. Pin 5
is the controlled oscillator square wave

“f ¥
~ nuTO—)—4s ‘4 AL
Jlre
567 8|
. 3ny
ML
Wc 2 7 1
L, Jezion
e b c3
ASS| I‘“"""
= lu:rsu_ = FILTER
Figure 1

output of magnitude (+V -2Vpe) = (+V -1.4V)
having adc average of +V/2. A 1k} load may
be driven from pin 5. Pin 6 is an exponential
triangle of 1 volt peak-to-peak with an
average dc level of +V/2. Only high imped-
ance loads may be connected to pin 6
without affecting the CCO duty cycle or
temperature stability.

OPERATING PRECAUTIONS

A brief review of the following precautions
will help the user achieve the high level of
performance of which the 567 is capable.

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

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

3. Maximum immunity from noise and out-
band signals is afforded in the low input
level (below 200mVrms) and reduced band-
width operating mode. However, decreased
loop damping causes the worse-case lock-
up time to increase, as shown by the
Greatest Number of Cycles Before Output
vs Bandwidth graph.

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

SPEED OF OPERATION

Minimum lock-up time is related to the
natural frequency of the loop. The lower it
is, the longer becomes the turn-on tran-
sient. Thus, maximum operating speed is
obtained when C2 is at a minimum. When
the signal is first applied, the phase may be
such as to initially drive the controlied
oscillator away form the incoming frequen-
cy rather than toward it. Under this condi-
tion, which is of course unpredictable, the
lock-up transient is at its worst and the
theoretical minimum lock-up time is not
achievable. We must simply wait for the
transient to die out.

The following expressions give the values of
C2 and C3 which aliow highest operating
speeds for various band center frequencies.
The minimum rate at which digital informa-
tion may be detected without information
loss due to the turn-on transient or output
chatter is about 10 cycies per bit, corre-
sponding to an information transfer rate of
fo/10 baud.

g

Ce= 10 uF
fo

Ca=-280 4F
fo

In cases where turn-off time can be sacri-
ficed to achieve fast turn-on, the optional
sensitivity adjustment circuit can be used to
move the quiescent C3 voltage lower (closer
to the threshold voltage). However, sensitiv-
ity to beat frequencies, noise and extrane-
ous signals will be increased.

OPTIONAL CONTROLS (Figure 3

The 567 has been designed so that, for most
applications, no external adjustments are
required. Certain applications, however,
will be greatly facilitated if full advantage is

OUTHUT,
(PIN 8)

THRESHOLD VOLTAGE

Veet

0 100 200m Vems
IN.BAND
INPUT
VOLTAGE
Figure 2
v+
R
567 1.} 567 1
C3
I _IAfS )
DECREASE INCREASE
SENSITIVITY SENSITIVITY
V+
DECREASE
Ra Rg JSENSITIVITY
567 1 K|
50K INCREASE
¢, SENSITIVITY
1.0
SILICON
DIODES FOR
TEMPERATURE
COMPENSATION
(OPTIONAL)
Figure 3

taken of the added control possibilities
available through the use of additional ex-
ternal components. In the diagrams given,
typical values are suggested where appli~
cable. For best results the resistors used,
except where noted, should have the same

temperature coefficient. Ideally, silicon di-
odes would be low-resistivity types, such
as forward-biased transistor base-emmiter
junctions. However, ordinary low-voltage
diodes should be adequate for most appli-
cations.
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SENSITIVITY ADJUSTMENT
(Figure 3)

When operated as a very narrow band de-
tector (less than 8 percent), both C2 and C3
are made quite large In order to improve
noise and outband signal rejection. This will
inevitably slow the response time. If, how-
ever, the output stage is biased closer to the
threshoid level, the turn-on time can be
improved. This is accomplished by drawing
additional current to terminal 1. Under this
condition, the 567 will also give an output
for lower-level signals (10mV or lower).

By adding current to terminal 1, the output
stage is biased further away from the
threshold voltage. This is most useful when,
to obtain maximum operating speed, C2 and
Cga are made very small. Normally, frequen-
cies just outside the detection band could
cause false outputs under this condition. By
desensitizing the output stage, the outband
beat notes do not feed through to the output
stage. Since the input level must be some-
what greater when the output stage is made
less sensitive, rejection of third harmonics
or in-band harmonics (of lower frequency
signals) is also improved.

CHATTER PREVENTION (Figure 4)

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

DETECTION BAND CENTERING
(OR SKEW) ADJUSTMENT
(Figure 5)

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

ALTERNATE METHOD OF
BANDWIDTH REDUCTION

(Figure 6)

Although a large value of C2 will reduce the
bandwidth, it also reduces the loop damp-
ing so as to slow the circuit response time.
This may be undesirable. Bandwidth can be
reduced by reducing the loop gain. This
scheme will improve damping and permit
faster operation under narrow-band condi-
tions. Note that the reduced impedance
level at terminal 2 will require that a larger

value of Cz be used for a given filter cutoff
frequency. If more than three 567s are to be
used, the network of Rg and Rc can be
eliminated and the Ra resistors connected
together. A capacitor between this junction
and ground may be required to shunt high
frequency components.

OUTPUT LATCHING (Figure 7

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

REDUCTION OF C1 VALUE
(Figure 8)

For precision very low-frequency applica-
tions, where the value of C1 becomes large,
an overall cost savings may be achieved by
inserting a voltage follower between the R1
C1 junction and pin 6, so as to allow a higher
value of R1 and a lower value of C1 for a
given frequency.




LINEAR LSI PRODUCTS

TONE DECODER/PHASE LOCKED LOOP SE/INES67

PROGRAMMING TYPICAL APPLICATIONS
To change the center frequency, the value

of R1 can be changed with a mechanical or TOUCH-TONE® DECODER
solid state switch, or additional C1 capaci- ’
tors may be added by grounding them N
through saturating npn transistors. h o, jDo_:_-go‘n
1] 1
Rz
ITT 1 I
05K] 0.9K| 14k | 19k ] 25Kk 3.2x| 4.0k il < | 3
gm b 7;::4; [ %] >°__|__°| .
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- 13384 I
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TONE DECODER/PHASE LOCKED LOOP

SE/NES67

TYPICAL APPLICATIONS (Cont'd)

CARRIER-CURRENT REMOTE
CONTROL OR INTERCOM

+5 10 16V
60Hz AC LINE I
60-200Vrms LOAD
Cazrpr Ky I
500pF
11 RS
25K $
1o~ 100KHz
X AUDIO OUT
) c3 (IF INPUT IS
0.008mtd 02 FREQUENCY
1 MODULATED)

INPUT
CHANNEL O— )'_
OR RECEIVER

:l-_}',

1. Resistor and capacitor values chosen for desired frequencies and bandwidth.
2. It Cals made large 8o as to delay turn-on of the top 587, decoding of sequential (1 f2)
tones is possibie.

7
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Cg Cy

24% BANDWIDTH TONE DECODER
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80m VAMS s 87 g -0
SINE INPUT |72
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R
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Adjust R1 8o that ¢ = 80° with control midway
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TONE DECODER/PHASE LOCKED LOOP

SE/NES67

TYPICAL APPLICATIONS (Contd
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OUTPUT
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gzesm

CONNECTPIN3
TO28VTO
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+
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1
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-

*For additional information, consult the Applications Section.
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LINEAR LS| PRODUCTS

TIMER

SE/NESS55/SES55C

DESCRIPTION

The 555 monolithic timing circuit is a highly
stable controller capable of producing ac-
curate time delays, or oscillation. In the time
delay mode of operation, the time is precise-
ly controlled by one external resistor and
capacitor. For a stable operation as an oscil-
lator, the free running frequency and the
duty cycle are both accurately controlled
with two external resistors and one capaci-
tor. The circuit may be triggered and reset
on falling waveforms, and the output struc-
ture can source or sink up to 200mA.

ABSOLUTE MAXIMUM RATINGS

FEATURES

e Turn off time less than 2us

¢ Maximum operating frequency greater
than 500kHz

Timing from microseconds to hours
Operates in both astable and monostable
modes

High output current

Adjustabie duty cycle

e TTL compatible

e Temperature stability of 0.005% per °C

APPLICATIONS

Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Missing pulse detector

PIN CONFIGURATIONS

PARAMETER RATING UNIT

Supply voltage

SE555 +18 \

NES55, SE555C +16 v
Power dissipation 600 mwW
Operating temperature range

NES555 0 to +70 °C

SES555, SES55C -55to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) 300 °C

D, N, FE PACKAGE

EQUIVALENT SCHEMATIC

Yee
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8 O—

A
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| o
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VWV

TRIGGER
20—

RESET
4

arouno (7] 8] vee
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RESET 3 T] CONTROL
: ) VOLTAGE
TOP VIEW
ORDER NUMBERS
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SE555CN.CFE
F PACKAGE
ano [T 14) vee
TRIGGER [T ] [12] oiscHARGE
output [} [71] nc
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reser [6] BES
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LINEAR LSI PRODUCTS

TIMER

SE/NES55/SES55C

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V to +15 unless otherwise specified.

SE555 NES555/SE555C UNIT
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max
Supply voitage 45 18 45 16 \
Supply current (low state)! Vcc=5VRL== 3 5 3 6 mA
Vecc =15VRL == 10 12 10 15 mA
Timing error (monostable) Ra = 2KQ to 100K
Initial accuracy? C=0.1uF 0.5 2.0 1.0 3.0 %
Drift with temperature 30 100 50 150 | ppm/°C
Drift with supply voltage 0.05 0.2 0.1 0.5 %/V
Timing error (astable) Ra, R = 1k1 to 100k}
Initial accuracy? C =0.1uF 4 6 5 13 %
Drift with temperature Vce = 15V 500 500 |ppm/°C
Drift with supply voltage 0.15 0.6 0.3 1 %/V
Control voltage level Vce = 15V 9.6 100 | 104 9.0 100 | 11.0 \
Vece =5V 29 3.33 3.8 26 3.33 4.0 \"
Threshold voltage Vcc = 15V 9.4 10.0 | 10.6 8.8 10.0 | 11.2 \"
Vce =5V 27 3.33 4.0 24 3.33 4.2 \Y
Threshold current3 0.1 0.25 0.1 0.25 uA
Trigger voltage Vce = 15V 4.8 5.0 5.2 4.5 5.0 5.6 \
Vce =5V 1.45 1.67 19 11 1.67 22 \
Trigger current VTRiG = 0V 0.5 0.9 0.5 2.0 uA
Reset voltage4 0.3 1.0 0.3 1.0 \Y
Reset current 0.1 04 0.1 0.4 mA
Reset current VRESET = OV 04 1.0 0.4 1.5 mA
Output voltage (low) Vce =15V
Isink = 10mA 0.1 0.15 0.1 0.25 v
Isink = 50mA 04 0.5 0.4 0.75 \Y
IsiNk = 100mA 20 22 2.0 25 \
Isink = 200mA 25 25 \Y
Vce =5V
IsiInk = 8mA 0.1 0.25 0.3 0.4 \Y
ISINK = SmA 0.05 0.2 025 | 0.35 v
Qutput voltage (high) Vee = 15V
Isource = 200mA 125 125 Vv
Isource = 100mA 13.0 | 133 12.75 | 133 \Y
Vece = 5V
ISOURCE = 100mA 3.0 3.3 275 | 33 \
Turn off timeS VRreseT = Vee 0.5 2.0 0.5 2.0 us
Rise time of output 100 200 100 300 ns
Fall time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 na

NOTES

1.
2.
3.

4.
S.

Supply current when output high typically 1mA less.

Tested at Vcc = 5V and Ve = 15V,

This will determine the maximum value of Ra + Rg, for 15V operation, the max total
R = 10 megohm, and for 5V operation, the max total R = 3.4 megohm.

Specified with trigger input high.

Time measured from a positive going input pulse from 0 to 0.8 x Vcc into the threshoid

to the drop from high to low of the output. Trigger is tied to threshold.
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TIMER SE/NESS55/SESS5C

TYPICAL PERFORMANCE CHARACTERISTICS

MINIMUM PULSE WIDTH SUPPLY CURRENT DELAY TIME
REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs TEMPERATURE
150 10.0 1.015
125 +125°C
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TIMER

SE/NESS5/SESS5C

TYPICAL APPLICATIONS
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LINEAR LSI PRODUCTS

TIMER

SE/NES55/SES55C

Trigger Pulse Width Requirements
and Time Delays

Due to the nature of the trigger circuitry, the
timer will trigger on the negative going edge of
the input pulse. For the device to time out pro-
perly, it is necessary that the trigger voltage
level be returned to some voltage greater than
one third of the supply before the time out
period. This can be achieved by making either
the trigger puise sufficiently short or by AC
coupling into the trigger. By AC coupling the
trigger, see Figure 1, a short negative going
pulse is achieved when the trigger signal goes
to ground. AC coupling is most frequently used
in conjunction with a switch or a signal that
goes to ground which initiates the timing cycle.
Should the trigger be held low, without AC
coupling, for a longer duration than the timing
cycle the output will remain in a high state for
the duration of the low trigger signal, without
regard to the threshold comparator state.
This is due to the predominance of Q5 on the
base of Qqg, controlling the state of the bi-
stable flip-flop. When the trigger signal then
returns to a high level, the output will fall
immediately. Thus, the output signal will fol-
low the trigger signal in this case.

TYPICAL APPLICATIONS

AC COUPLING OF THE TRIGGER PULSE

Vee Vee

0014F

I

ALL RESISTOR VALUES ARE IN OHMS

Vee

3vee +

O
'VOLTS n r
- |® — pumarion o TAiGGER PULSE

ASSEEN BY THE TIMER

SWITCH GROUNDED
AT THIS POINT

Figure 1

Another consideration is the “turn off time”.
This is the measurement of the amount of time
required after the threshold reaches 2/3 V¢ to
turn the output low. To explain further, Q, at the
threshold input turns on after reaching 2/3 V¢,
which then turns on Qs, which turns on Qg.
Current from Qg turns on Qg which turns Q7
off. This allows current from Qg to turn on Qg
and Q4 to give an output low. These steps
cause the 2us maximum delay as stated in the
data sheet.

Also, a delay comparable to the turn off time is
the trigger release time. When the trigger is
low, Qyq is on and turns on Q,; which turns on
Q5. Q45 turns off Qg and allows Q7 to turn on.
This turns off current to Qyy and Q,4, wWhich
results in output high. When the trigger is
released, Qo and Qq; shut off, Qs turns off,
Qg turns on and the circuit then follows the
same path and time delay explained as “turn
off time”. This trigger release time is very
important in designing the trigger pulse width
so as not to interfere with the output signal as
explained previously.

SCHEMATIC 555 OR 1/2 556 DUAL TIMER

M
Os

TRIGGER
20

RESET
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Q25
DISCHARGE
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>
3 R12
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Q21 .
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ouTPUT
O 3
Q23
R14
220
Q24
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47K

Figure 2
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"DUAL TIMER

SA/SE/NESS6/SA/SEINES56-1/SE556-1C

DESCRIPTION FEATURES PIN CONFIGURATION
Both the 556 and 556-1 Dual Monolithic ¢ Turn off time less than 2 s (556-1, 1C)
timing circuits are highly stable control- o Maximum operating frequency greater D, F, N PACKAGE
lers capable of producing accurate time than 500 kHz (556-1, 1C)
delays or osqlllgtlop, The 556 and 556-1are Timing from microseconds to hours DISCHARGE [1 4] Vee
a dual 555. Timing is provided by an exter-
nal resistor and capacitor for each timing * Replaces two 555 timers THRESHOLD z E DISCHARGE
function. The two timers operate indepen- * Operates In both astable and mono- CONTROL [77] THRESHOLD
dently of each other, sharing only V¢ and stable modes reser [7] ST} CONTROL
ground. The circuits may be triggered and * High output current VOLTAGE
reset on falling waveforms. The output e Adjustable duty cycle oureur [5 ] [10] Reser
structures may sink or source 200 mA. « TTL compatible TRIGGER [6 | [ 9] outeur
¢ Temperature stability of 0.005% per °C GROUND [7 ] 5] TRIGGER
APPLICATIONS * SE556 MIL-STD-883A, B, C available,
« Precision timing N38510 (JAN planned, 38510 processing TOP VIEW
available) ORDER NUMBERS
: g::l‘;e:’:g’;lﬂ';""g SA/SE/NESS6-1FN SE556-1CF, CN
SE/NES56F.N NE556D
e Pulse generator SA556N SE556CN
® Missing pulse detector
e Tone burst generator
¢ Pulse width modulation
* Time delay generator
* Frequency division
® Industrial controls
e Pulse position modulation
e Appliance timing
* Tratfic light control
* Touch tone encoder
BLOCK DIAGRAM
T Vee
DISCHARGE II DISCHARGE
|
THRESHOLD : THRESHOLD
|
CONTROL VOLTAGE [—t | b— CONTROL VOLTAGE
RESET l : I RESET
|
|
FupfLop  t—I | L—4  FuPFLOP
|
1
| ! I
ouTPUT \ ouTPUT
|
|
|
TRIGGER : TRIGGER
|
GROUND '
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DUAL TIMER

SA/SE/NESS6/SA/SE/NES56-1/SE556-1C

EQUIVALENT SCHEMATIC (Shown for one circuit only)

™
O CONTROL VOLTAGE

b

Vec O
R1 R2 R3 R4 R7
4.7K 330 47KS 1K P 5K
as Qs Q7 Q9
L 1] A
THRESHOLD Q1 oy

—O OUTPUT

RESET

DISCHARGE

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Supply voltage
SA/NE556, 556-1, SE556C, 556-1C +16 \"
SES56-1, 556 +18 v
Power dissipation 600 mwW
Operating temperature range
NE/SA556-1, NES56 Oto +70 °C
SA556-1, SA556 -40to +85 °C
SES556-1, SE556-1C, SE556, 556C -55t0 +125 °C
Storage temperature range —-65to + 150 °C
Lead temperature (soldering, 60 sec) +300 °C
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DUAL TIMER SA/SE/NES56/SA/SE/NES56-1/SE556-1C

ELECTRICAL CHARACTERISTICS T, =25°C, Vg = + 5V to + 15V unless otherwise specified

SA/NE556/SE556C
: SE556/556-1
PARAMETER TEST CONDITIONS NES56-1/SE556-1C UNITS
Min Typ Max Min Typ Max
Supply voltage 4.5 18 4.5 16 \
Supply current (low state)' Vec=5V, R = 6 10 6 12 mA
Vec=15V, R = 20 24 20 30 mA
Timing error (monostable) Ra = 2kQ to 100kQ
Initial accuracy? C=0.14F 0.5 0.75 3.0 %
Drift with temperature T=1.1RC 30 100 50 150 ppm/°C
Drift with supply voltage 0.05 0.2 0.1 0.5 %IV
Timing error (astable) Ra, Rg = 1k to 100kQ
Initial accuracy2 C=0.1uF 4 6 5 13 %
Drift with temperature Ve =15V 400 500 400 500 ppm/°C
Drift with supply voltage 0.15 0.6 0.3 1 %IV
Control voltage level Voo =15V 9.6 10.0 10.4 9.0 10.0 11.0 v
Ve =5V 2.9 3.33 3.8 26 3.33 4.0 \'
Threshold voltage Ve =15V 9.4 10.0 10.6 8.8 10.0 11.2 '
Ve =5V 2.7 3.33 4.0 2.4 3.33 4.2 \'
Threshold current® 30 250 30 250 nA
Trigger voltage Voo =15V 48 5.0 5.2 45 5.0 5.6 \"
Vee =5V 1.45 1.67 1.9 1.1 1.67 2.2 \'%
Trigger current Vigg =0V 0.5 0.9 05 2.0 A
Reset voltage5 0.3 0.7 1.0 0.3 07 1.0 \
Reset current 0.1 0.4 0.1 0.6 mA
Reset current VReser =0V 0.4 1.0 04 15 mA
Output voltage (low) Voo =15V
lgink = 10mA 0.1 0.15 01 0.25 v
Ising = 50mA 0.4 0.5 0.4 0.75 v

SEGHE

0.1 0.2 0.25 0.3 \
Igink = SMA 005 | 0.15 015 | 0.25 v
Output voltage (high) Veo = 15V
Isource = 200mA 12.5 12.5 v
lsource = 100mA 13.0 133 12.75 13.3 v
Voc =5V
Isource = 100mA 3.0 3.3 2.75 33 Vv

Rise time of output 100 200 100 300 ns

Fall time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 nA
Matching characteristics*
Initial accuracy? 05 1.0 1.0 20 %
Drift with temperature 10 +10 ppm/°C
Drift with supply voltage 0.1 0.2 0.2 0.5 %IV
NOTES 4. Matching characteristics refer to the difference b perfi
1. Supply current when output is high is typically 1.0mA less. istics for each timer section in the monostable mode.
2. Tested at Voo =5V and Vg = 15V. 5. Specified with trigger input high.
3. This will determine maximum value of Rp + Rg. For 15V operation, the maximum 6. Time measured from a positive going input pulse from 0 to 0.4 Vg into the
total R=10 megohms, and for 5V operation, the max. total R= 3.4 megohms. threshold to the drop from high to low of the output. Trigger is tied to threshold.
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DUAL TIMER

SA/SE/NES56/SA/SE/NES56-1/SE556-1C

TYPICAL PERFORMANCE CHARACTERISTICS

MINIMUM. PULSE WIDTH
REQUIRED FOR TRIGGERING
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DUAL TIMER

SA/SEINESS6/SA/SEINES56-1/SE556-1C

TYPICAL APPLICATIONS

One feature of the dual timer is that by
utllizing both halves It Is possible to ob-
taln sequential timing. By connecting the
output of the first half to the Input of the
second half via a .001.fd-coupling capaci-
tor sequentlal timing may be obtalned.
Delay t4 Is determined by the first half and
t, by the second half delay.

The first half of the timer is started by
momentarlly connecting pin 6 to ground.
When It Is timed out (determined by
1.1R,C,) the second half begins. Its dura-
tion Is determined by 1.1R,C,.

SEQUENTIAL TIMER

Vee  Vee Vee Vee Vee
Ry y R2
10K S 1meg I 130k & 10K
4 10 14
1 12
C2
13 T sour

.001
———-————-L() OUTPUT 1

Q) OUTPUT 2

ALL RESISTOR VALUES ARE IN OHMS

“For additional information, consult the Applications Section.
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QUAD TIMER

DESCRIPTION

The 558 Quad Timers are monolithic timing
devices which can be used to produce four

PIN CONFIGURATION

SA/SE/NE558

D' F,N PACKAGE

entirely independent timing functions. The
558 output sinks current. These highly sta- OUTPUT A |-_,'J (6] ouTPUT D
ble, general purpose controllers can be
used in a monostable mode to produce LEI
accurate time delays, from microseconds to TIMING A | 2 TIMING D
hours. In the time delay mode of operation,
thetime is precisely controlled by one exter- TaicGen a [I] m] o
nal resistor and one capacitor. A stable
operation can be achieved by using two of
the four timer sections. ot [ Ovq 73] Aeser
The four timing sections in the 558 are edge a1 A2
triggered; therefore, when connected in vee [5] AN~ AMN——12]
tandem for sequential timing applications,
no coupling capacitors are required. Output
current capability of 100mA is provided in riasene [6] 1] TriccEn ¢
both devices. 1
Tming 8 [7] 1] TminG ¢
FEATURES
® 100mA output current per section 3] outrutc
* Edge triggered (no coupling capacitor) oureute [8] 2]
* Output independent of trigger conditions ORDER NUMBERS
* Wide supply voltage range 4.5V to 18V NE’SA’SE“‘:"’E 558’;5’3"’55555“ TOP VIEW
® Timer intervals from microseconds to
hours NOTES:
* Time period equals RC 1. SOL - Released in Large SO package only.
2. SOL and non-standard pinout.
* Military qualifications pending 3, SO and non-standard pinouts.
APPLICATIONS ABSOLUTE MAXIMUM RATINGS
® Sequential timing
* Time delay generation PARAMETER RATING UNIT
® Precision timing
® Industrial controls Supply voltage
* Quad one-shot NE/SA558 +16 v
SE558 +18 v
Power dissipation 1.25 w
Operating temperature range
NES558 0to +70 °C
SA558 -40 to +85 °C
SES558 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C
558 EQUIVALENT CIRCUIT
Vee
?
s
1 ~ = = O RESET
TIMING O- \-T—>] O
VeontroL O v
d) \ TRIGGER
Y our
? Db Hg*’

GND
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QUAD TIMER SA/SE/NE558

ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V to +15V unless otherwise specified.

SES558 SA/NES58
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max

Supply voltage 4.5 18 4.5 16 \

| Supply current Vce = Reset = 15V 16 32 18 36 mA
Timing accuracy (T = RC) R = 2k to 100k

C=1uF
Initial accuracy +1.0 3 +2 5 %
Drift with temperature 30 100 30 150 | ppm/°C
Drift with supply voltage 0.1 0.9 0.1 0.9 %/
Trigger voltage? Vee = 15V 0.8 24 0.8 24 Vv
Trigger current Trigger = OV 5 30 5 100 uA
Reset voltage2 0.8 24 0.8 24 Y
Reset current Reset 50 300 50 500 uA
Threshold voltage 0.63 0.63 xVee
Threshold leakage 15 15 nA
Output voitage3 IL=10mA 0.1 0.2 0.1 0.4 v
I = 100mA 0.7 15 1.0 2.0 \

Output leakage 10 500 10 500 nA
Propagation delay 1.0 1.0 us
Risetime of output I = 100mA 100 100 ns
Falltime of output IL = 100mA 100 100 ns

NOTES

1. Thetrigger functions only on the falling edge of the trigger pulise only after previously
being high. After reset the trigger must be brought high and then low to implement
triggering.

. For reset below 0.8 voits, outputs set low and trigger inhibited. For reset above 2.4
volts, trigger enabled.

3. The 558 output is open which req a pull up resistor to Vo to

sink current. The output is normally low sinking current.

)
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QUAD TIMER SA/SE/NESS58

558 LONG-TIME DELAY

Vo o— . ; ’ 'rmaa!ﬂJ
Ry 3R R $R Ay SR R 3R
1R 1$RL 1SR 2 $RL ou‘rPu‘r:_'—ea-l

T T T T
T Cy I°1 T €y T C; OUTPUT 2 r‘i"—l
TRIGGER — TR 0 TR 0 TR 0 TR o o ouTPUT4  OUTPUT3 I_e
ToELAY TQUTPUT |-
LOUTPUT 1 OUTPUT 2 OUTPUT 3 OUTPUT 4
! ' =
NOT USED ToeLay 3(R1€)
Tour R2C2
558 RING COUNTER
Vee o-
P 4 e > P4 P4 P4 P 4
3Ry ALY SRt RLS ;: Rl RLQ i: Ri RLS
<
2| c1) AEK 10] ¢ 15] c1
5[ nime e | T TIME I TIME I
3 1~ e 8- |n 9- |14 1§
START TRIG 04 TRIG 0, TRIG 03 TRIG 04—
RESET o0 13 13] 13] 13] 12_;_
10K
(a)
EXPECTED WAVEFORMS
Vee

el I e B I
|

| L L
W el [ ipiial
DS o B o B M
o Mn_ . ro Il

% 1 1 1 1

(b)

*For additional information, consult the Applications Section.
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Amplifiers
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Absolute Maximum Rating

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

Average Input Offset Current Temperature Coefficient (TClog)
The change in input offset current divided by the change to am-
bient temperature producing It.

Average Input Offset Voltage Temperature Coefficient (TCVg)
The change In Input offset voltage divided by the change in am-
bient temperature producing it.

Bandwidth

The frequency at which the gain is down 3dB from its dc value.
It's measured in sample (track) mode with a small-signal sine
wave that doesn’t exceed the slew rate limit.

Common Mode Input Resistance

The resistance looking into both inputs, with inputs tied
together.

Common Mode Rejection Ratio (CMRR)

The ratio of the change of input offset voltage to the input com-
mon mode voltage change producing it.

Full Power Bandwidth

The maximum frequency at which the full sine wave output might
be obtained.

Input Bias Current (ig)

The average of the two input currents at zero output voltage. In
some cases, the input current is measured for either input in-
dependently.

Input Capacitance

The capacitance looking into either input terminal with the other
grounded.

Input Current

The current into an input terminal.

Input Noise Voltage

The square root of the mean square narrow-band noise voltage
referred to the input.

Input Offset Current

The difference in the currents into the two input terminals with
the output at zero volts.

Input Offset Voltage

That voltage which must be applied between the input terminais to
obtain zero output voltage. The input offset voltage may also be
defined for the case where two equal resistances are inserted in
series with the input leads.

Input Resistance

The resistance looking into either input terminal with the other
grounded.

Input Voitage Range

The range of voltages on the input terminals for which the
amplifier operates within specifications. In some cases, the in-
put offset specifications apply over the input voltage range.
Large-Signal Voltage Gain

The ratio of the maximum output voltage swing to the change in
input voltage required to drive the output to this voltage.

Output Resistance

The resistance seen looking into the output terminal with the
output at null. This parameter is defined only under small signal
conditions at frequencies above a few hundred cycles to
eliminate the influence of drift and thermal feedback.

Output Short-Circuit Current

The maximum output current available from the amplifier with
the output shorted to ground or to either supply.

Output Voltage Swing

The peak output swing, referred to zero, that can be obtained.

Package Type Designation
See full package designations in Appendix.

Phase Margin

180° minus the absolute value of the phase shift measured at
the frequency at which the gain is unity.

Power Consumption

The dc power required to operate the amplifier with the output at
zero and with the output at zero and with no load current.
Power Dissipation

The power that the device can safely handle at 25°C. The
dissipation must be derated as indicated for the individual
package type.

Power Supply Rejection Ratio

The ratio of the change in input offset voltage to the change in
supply voltages producing it.

Rise Time

The time required for an output voltage step to change from 10%
to 90% of its final value.

Slew Rate

The maximum rate of change of output voltage under large
signal conditions.

Supply Current

The current required from the power supply to operate the ampli-
fier with no load and the output at zero.

Ta

Ambient temperature range. Range of the surrounding environment
of the operating device.

T

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

Tsta
Storage temperature range. Temperature range that the device
can be stored in a non-operating condition.

TsoLp

Soldering Temperature. The temperature which can be applied
to the lead frame of the device for short periods of time (nor-
mally specified for a duration of 10 sec).

Temperature Stability of Voltage Gain

The maximum variation of the voltage gain over the specified
temperature range.

Vee (= Veo)

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



. MAX. MIN. INPUT
MAX. INPUT MAXINPUT | gy _ ok TYe. | OIFF. | MIN. SUPPLY | MAX. ouTRUT NOISE
VOLTAGE? C MIN. |TYP.BW | SLEW | INP. | CMRR | MIN. | VOLTAGE | SUPPLY | VOLTAGE | INTERNAL | VOLTAGE
com- TEMP. OFFSET DRIFT OFFSET | BIAS Ay=1 RATE | VOLT® | RATIO | PSRR MAX. CURR. SWING (V) | COMPEN- ("VVH2)
DEVICE | PLEXITY | RANGE! (mV) WyrcTYP) (A MA) | (VimV) | (MH2) (Vius) (\J] (dB) (dB) (\J] (mA) RL=2K SATION fo=1kHz
NE530 Single Comm. 6 6 40 150 50 3 35 +30 70 76 +18 3 +10 Yes
SES30 Singie Mil. 4 Be 20 80 50 3 35 *30 70 76 *22 3 =10 Yes
NES31 Single Cormm. & 10e 200 1500 208 1 35 +15 70 76 =21 10 +10% No
SES531 Single Mil. 5 10e 20 500 505 1 35 =15 70 76 *22 7 *105 No
NES38 Single Comm. 6 6 40 150 50 6 60 +30 70 76 =18 3 *=10 Yes’
SES38 Single Mil. 4 15 20 80 50 6 60 +30 70 76 *22 3 *10 Yes’
uAT41 Single Mil. 5 100 200 500 50 1 05 +30 70 76 +22 28 *10 Yes
u7aiC Single Comm. 6 120 200 500 20 1 05 *30 76 +18 28 +10 Yes
NESS534/A | Single Comm. 4 Se 300 1500 255 10 13 =05 70 80 *22 8 +126 Yes8 45
SES534/A | Single Mil. 2 Se 200 800 506 10 13 +05 80 86 +22 65 +126 Yes® 4m
NES5539 Single Comm. 5 2,000 20.000 12004 600 70 80 +12 33 2.3 Yes'0 4B
-1.7
SES553¢9 Single Mil. 3 1,000 13.000 12004 6C0 70 60 *12 31 25 Yes'® iR
-2
LM158 Dual Mil. S Te 30 150 50 1 03 32 70 65 32 2 26 Yes 50
LM258 Dual ind. 5 7o 30 150 50 1 03 32 70 65 32 2 26 Yes 508
LM358 Dual Comm. 7 Te 50 250 25 1 03 32 65 65 32 2 26 Yes 508
NES532 Dual Comm. 7 7e 50 250 25 1 03 32 65 65 32 2 26 Yes 508
SA532 Dual Auto 7 7.5 50 250 25 1 03 32 65 65 32 2 26 Yes 50m
SES532 Dual Mil. 5 Te 3¢ 150 50 1 03 32 70 65 32 2 26 Yes 508
uA747 Duat Mil. 5 100 200 500 50 1 (] =30 70 76 =22 2.8 =10 Yes
uA747C Dual Comm. 6 120 200 500 3 1 05 +30 70 76 =18 28 =10 Yes
MC1458 Dual Comm. 6 12¢ 200 500 25 1 08 +30 70 7 =18 56A =10 Yes
SA1458 Dual Auto 6 120 200 500 20 1 08 +30 70 76 =18 56 =10 Yes
MC1558 Dual Ml 5 10e 200 500 50 1 08 +30 70 76 +22 Sa +10 Yes 308
NE4558 Oual Comm. 6 4e 200 500 20 3 1 +30 70 76 *18 56 +10 Yes 30m
SA4558 Dual Auto 6 4e 200 500 50 3 1 +30 70 76 =18 56 =10 Yes 3.
SE4558 Dual Mt 5 4e 200 500 50 3 1 +30 70 76 +22 56 =10 Yes 3om
NES512 Duat Comm. 5 Se 20 20 50 3 1 32 70 80 *16 5 *13 Yes 3om
SES512 Duat Ml 2 4e 0 10 50 3 1 =32 70 80 =16 5 *13 Yes 30.
NESS32/A Dual Comm. 4 Se 150 800 25 10 @ =05 70 80 +22 16 +128 Yes 6
SES532 4 Dual Mit 2 Se 100 400 50 10 9 =05 80 86 *22 13 +128 Yes SR
NES533 Dual Comm. 4 300 1500 25 10 13 =05 70 80 +22 16 > 128 Yes® 454
NES535 Duai Comen 6 Be 40 150 50 1 15 *30 70 7% =18 56 +10 Yes 508
SES535 Dual Mt 4 15 20 80 50 1 1% +30 70 76 *22 56 =10 Yes
LM124 Quad Ml 5 7 30 150 50 1 03 32z 7 65 32 3 26 Yes 508
LM224 Quad ing. 5 7e 3 150 50 1 0.3 32 7 65 32 3 26 Yes 508
LM324 Quad Comm. 7 7 50 250 2 1 03 32 65 65 32 3 2% Yes 508
SAS534 Quac Auto 7 Te 50 250 - 1 03 32 85 85 32 3 26 Yes som
MC3303 Quad Auto 8 10 % 500 20 1 06 +36 70 76 =18 7 =10 Yes
MC3403 Quad Comm. 10 i0 50 500 20 1 06 +36 70 76 +18 7 *10 Yes
MC3503 Quad Ml 5 10 50 500 50 1 06 +36 70 7% =18 4 =10 Yes
NES514 Quad Comm. 5 5o 20 20 50 3 1 32 70 80 +16 10 =13 Yes 3om
SESS14 Quad Mil. 2 4o 10 10 50 3 1 32 70 80 =16 10 *13 Yes 308
Notes:
1. Military: -55°Cto +125°C 3. Unless otherwise stated, max. negative input voltage cannot
industrial:  -25°Cto +85°C exceed negative power supply voltage.
Commercial:  0°Cto +70°C 4 Ay=7
Automotive: ~40°Cto +85°C 5. R=10K
2. Specifications guaranteed at 25°C unless otherwise in- 6. RL=600Q
dicated by the following marks: 7. Ay25
* Typical over full temperature range 8. Ay23
A over full range 9. RL=150Q

B Typical at 25°C

10. Ay37

3dINS JdO0L1DOI1IS OOTVNV

SIONACYUd IST AVINN



LINEAR LSI PRODUCTS

LOW POWER QUAD OP AMP

LM124/224/324/SA534

DESCRIPTION

The LM124/SA534 series consists of four
independent, high gain, internally frequen-
cy compensated operational amplifiers
designed specifically to operate from a
single power supply over a wide range of
voltages. Similar to LM2902.

UNIQUE FEATURES

In the linear mode the input common-mode
voltage range includes ground and the out-
put voitage can also swing to ground, even
though operated from only a single power
supply voltage.

The unity gain cross frequency is tempera-
ture compensated.

The input bias current is also temperature
compensated.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Internally frequency compensated for
unity gain

® Large dc voitage gain—(100dB)

* Wide bandwidth (unity gain)—1MHz
(temperature compensated)

® Wide power supply range

Single supply—(3Vdc to 30Vdc) or
dual supplies—(+1.5Vdc to £15Vdc)

* Very low supply current drain—
essentially independent of supply volt-
age (1ImW/op amp at +5Vdc)

® | ow input biasing current—(45nAdc
temperature compensated)

* Low input offset voltage—(2mVdc) and

offset current—(5nAdc)

Differential input voltage range equal to

the power supply voltage

Large output voltage—(0Vdc to V+—

1.5Vdc swing)

LM124 Mii std 883A,B,C available

PARAMETER RATING UNIT
V+ Supply voltage 32 or +16 Vdc
Differential input voltage 32 Vdc
Input voltage -0.3 to +32 Vdc
Power dissipation’
N package 570 mw
F package 900 mwW
Output short-circuit to GND
1 amplifier2 Continuous
V+ < 15Vdc and Ta = 25°C
Input current (Viy < -0.3V)3 50 mA
Operating temperature range
LM324 0to +70 °C
LM224 -25to +85 °C
SA534 -40 to +85 °C
LM124 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 10seci 300 °C
NOTES

1. For operating at high temperatures, all devices must be derated based on a +125°C
maximum junction temperature and a thermal resistance of 175°C/W which applies
for the device soldered in a printed circuit board, operating in a still air ambient
LM 124/224 can be derated based on a +150°C maximum junction temperature

2. Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short-
circuits can exceed the power dissipation ratings and cause eventual destruction

3. The direction of the input current is out of the 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 input lines.

PIN CONFIGURATION

D,F,N PACKAGE

output 1 [1] [1a] outPuT 4
~INPUT 1 E@ & 13] -INPUT 4
<inpuT 1 [3] [12] +iNPUT 4

v+ [} [77] ano
+INPUT 2 5 [70] «vpuT 3
-iNpuT 2 [ 6 W @E -INPUT 3
ouTPUT 2 (8] outpuT 3
TOP VIEW
ORDER NUMBERS

LM124N LM224N LM324N

LM124F LM224F LM324F

SA534N SA534F LM324D




LINEAR LSI PRODUCTS

LOW POWER QUAD OP AMP

LM124/224/324/SA534

DC ELECTRICAL CHARACTERISTICS Vv + =5V, T, = 25°C unless otherwise specified.

PARAMETER TEST CONDITIONS LM2eLM224 LM324/SAS34 UNIT
: Min Typ Max Min Typ Max
Vos Offset voltage' Rg =00 x2 +5 +2 +7 mv
Rg =00, over temp. =7 =9 mV
Vos  Drift Rg =00 7 7 u°c
lgiag  Input current? Iin(+) or Iin(=) 45 150 45 250 nA
Iin(+) or Iiy(=), over temp. 40 300 40 500
Ig Drift Over temp. 50 50 pA/°C
los  Offset current In(+) = Iin(=) +3 +30 +5 +50 nA
lin(+ 0= Ii(=), over temp. =100 + 150 nA
los  Drift Over temp. 10 10 pA/°C
Vem Common mode voitage V+ =30V 0 V+-15 0 V+-15 \"
range® V+ =30V, over temp. 0 V+-2 0 V42 v
Cmrr Common mode 70 85 65 70 dB
rejection ratio V4 =30V
Vour Output voitage swing R =2kQ, V+ = + 30V, 26 26 \
over temp.
Vou R_ = 10kQ, over temp. 27 28 27 28 \
VoL R_ = 10kQ, V+ =5V, over temp. 5 20 5 20 mV
lcc  Supply current Ry= o, Vg =30V, over temp. 1.5 3 1.5 3 mA
' RL_= o, on all op amps, 0.7 1.2 0.7 1.2
over temp.
AyoL Large signal voltage V+ = +15V (for large Vg swing), 50 100 25 100 VimV
gain Ry = 2kQ
V+ = +15V (for large Vg swing), 25 15 VimVv
R_ = 2kQ, over temp.
Amplifier-to-amplifier f=1kHz to 20kHz, -120 -120 dB
coupling® input referred
PSRR Rg < 00 65 100 65 100 dB
Output current
Source Vin+ = +1Vdc, Vi~ =0Vdc, 20 40 20 40 mA
V+ =15Vdc
Vin+ = +1Vdc, Viy+ =0Vdc, 10 20 10 20 mA
V+ = 15Vdc, over temp.
Sink Vin— = +1Vdc, Viy+ =0Vdc, 10 20 10 20 mA
V+ =15Vdc
Vin— = +1Vdc, Viy+ = 0Vdc, 5 8 5 8 mA
V + = 15Vdc, over temp.
Vin+ =0Vde, Viy— = + 1Vdc, 12 50 12 50 A
Vo= 200mV
Isc Short circuit current? 10 40 60 10 40 60 mA
Differential input V+ V+ \"
voltage®
GBW Unity gain bandwidth Ta=25°C 1 1 MHz
S.R. Slew rate Ta=25°C 0.3 0.3 Vius
Noise Input noise voltage Ta=25°C, f=1kHz 40 40 nVivHz

NOTES

exists on the input lines.

> W Mo

. Vo = 1.4Vdc, Rg =00 with V + from 5V to 30V and over full input common mode range (OVdc + to V+ — 1.5
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

. 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 +
- 1.5, but either or both inputs can go to + 32V without damage.
. Short circuits from the outputto V + can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of the magnitude

of V+. At values of supply voltage in excess of + 15Vdc continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive
dissipation can result from simultaneous shorts on all amplifiers.
5. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of
capacitive increases at higher frequencies.
6. The irv;ut common-mode voitage 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 +

-15

6-6

. but either or both inputs can go to + 32Vdc without damage.




LINEAR LS| PRODUCTS

LOW POWER QUAD OP AMP LM124/224/324/SA534

EQUIVALENT SCHEMATIC
VO
& ok 1ooué Sua J
as
Qs
Fee
a7
Q@ a3 Rsc
: a o outPuT
INPUTS
- = on a1
-0
‘/ow a2 Sou
a8 as
TYPICAL PERFORMANCE CHARACTERISTICS
SUPPLY CURRENT OUTPUT CHARACTERISTICS CURRENT LIMITING
CURRENT SOURCING
4 8 T A 90
- 80
71—
g +vt/2 570
N 36— v2 2
K §: E 60
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§ E ‘_‘ﬁ g \\sskcsns*usc
y 01 3
340 ° ° >
«2 z Vo V+ = 1010 15 Vdc and
/ - = = 2 P _ggocs TA < +128 % TN
,, | T TN
[ 10 20 30 40 ooo1 001 o1 ! 1o 100 1 10 100 1K 10K 100K 1M 10M
SUPPLY VOLTAGE (Vdc) 0~ OUTPUT SINK CURRENT (mAoc) FREQUENCY (Mz)

o



LINEAR LSI PRODUCTS

LOW POWER QUAD OP AMP

LM124/224/324/SA534

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

LARGE SIGNAL
FREQUENCY RESPONSE

20
15 Vdc o 100K
E 1K :
S v A
IN

H 7 Vde 2K
H + + &
I
510
a
=
2
o
] \
S s \

0 )\

® 10K 100K ™
FREQUENCY (Hz)
INPUT CURRENT
20
T T
80 Vem = 0 Vpc —
5 70
§ += +30voc
) vt = +30vpc
1 _—
g 50 %
O 40 vt = +15vpe
]
; b —
T
2 vt = +5vpc
10

0
—-55 -35 —15 5 25 45 65 B85 105 125
Ta = TEMPERATURE (°C)

VOLTAGE FOLLOWER
PULSE RESPONSE

o 4
>
w
R RLZ 2K V+ = 15Vdc
< :
3
Q 2
i \
2
[
R \W
0
g 3‘T
w
2
22
5
3
[N
a pd
z
20
0 10 20 30 40
TIME (us)

COMMON MODE REJECTION
RATIO

120

80

CMRR — COMMON-MODE REJECTION RATIO (dB)

100 1K 10k 100k ™
1 ~ FREQUENCY (Hz)

INPUT VOLTAGE RANGE

NEGATIVE /

+VjN — INPUT VOLTAGE ( + Vpc)
»
g
<
H

4

o 5 10 15
v+ OR V= ~ POWER SUPPLY VOLTAGE (=vpc)

VOLTAGE FOLLOWER PULSE
RESPONSE (SMALL SIGNAL)

500

— 450

: o

= o SOpF

§ oIN

5 400 =

g ad |

= = INPUT

2

o

§ 350

\ ouTPUT

o

P

300 DN

Ta = +25°C
vt = +30 v,
1 1 JDC

250
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t = TIME (us)

TYPICAL APPLICATIONS

SINGLE SUPPLY INVERTING AMPLIFIER

RiN
ViIN O—WWA

Vo

NON-INVERTING AMPLIFIER

V+

——O Vo

BLOCKS
oc

GAIN

INPUT BIASING VOLTAGE FOLLOWER

6-8




LINEAR LSI PRODUCTS

LOW POWER DUAL OPERATIONAL AMPLIFIERS  SA/SE/NE532/LM158/258/358

DESCRIPTION

The 532/358 consists of two independent,
high gain, internally frequency compensat-
ed operational amplifiers designed specifi-
cally to operate from a single power supply
over a wide range of voltages. Operation
from dual power supplies is also possible
and the low power supply current drain is
independent of the magnitude of the power

supply voltage.

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢ Internally freq y p ted for
unity gain

® Large dc voltage gain—(100dB)

[ ]

Wide bandwidth (unity gain)—1MHz
(temperature compensated)
* Wide power supply range
single supply—(3Vdc to 30vVdc)
or dual supplies—(+1.5Vdc to
*15Vdc)
® Very low supply current drain (400uA)—
tially independent of supply volt-
age (ImW/op amp at +5Vdc)
* Low input biasing current—(45nA dc
temperature compensated)
¢ Low input offset voltage—(2mVdc) and
offset current—(5nA dc)

o Differential input voltage range equal to
the power supply voltage

e Large output voltage—(0Vdc to V+—~
1.5Vdc swing)

® SES532 MIL-STD-883A,B,C available

UNIQUE FEATURES

In the linear mode the input common-mode
voltage range includes ground and the out-
put voltage can also swing to ground, even
though operated from only a single power
supply voltage. The unity gain cross fre-
quency is temperature compensated. The
input bias current is also temperature
compensated.

PIN CONFIGURATIONS

Q2 a3

INPUTS = =
+O

PARAMETER RATING UNIT

Supply voltage, V+ 32 or £16 Vde
Differential input voltage 32 vdc
Input vqltqge . -0.3 to +32 vdc
Power dissipation?

FE package 900 mwW

H package 680 mw

N package 500 mw
Output short-circuit to GNDS )

V+ < 15 Vdc and Ta = 25°C Continuous
Operating temperature range

NE532/LM358 0to +70 °C

LM258 -25 to +85 °C

SA532N —40 to +85 :C

SE532/LM158 -55 to +125 c
Storage temperature range -65 to +150 °C
Lead temperature 300 °C

(soldering, 10sec)

EQUIVALENT CIRCUIT
vz+ O -
CI) 6uA 100,.A g) gy"%‘

‘/Ls
a6
= ce 4
a7
Rsc
at

? OUTPUT
an

3
Kow Q12 (\ 5:1

D,FE,N PACKAGE

outeut A [1] (8] v+

INVERTING

2 A [7] output e
INPUT A "A

NON INVERTING 3 s INVERTING
INPUT A INPUT B

NON INVERTING
v-[4] R
TOP VIEW

ORDER NUMBERS
LM158N, FE NES532D, N, FE
LM258N, FE SAS532FE, N
LM358D, N,FE  SE532N, FE

H PACKAGE*

v+
[ ]

®
outputA /(D @\ outpPuT B
INVERTING A.. INVERTING
weuta D A ®) ™keurs

NON INVERTING ® (5)/ NON INVERTING
INPUT A ® INPUT

V-

ORDER NUMBERS
LM158/258/358H
NE/SE532H
*Metal cans (H) not recommended for new designs
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LINEAR LS| PRODUCTS

LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM458/258/358

DC ELECTRICAL CHARACTERISTICS T,=25°C, V+ = +5V unless otherwise specified.

SE532, LM158/258 NE/SA532/LM358
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vos Offset voltage' Rg =< 00 +2 +5 +2 +7 mv
Rg = 0Q, over temp. +7 +9 mV
Vos  Drift Rg = 0Q, over temp. 7 7 wVI°C
los  Offset current In(+)=Iin(=) +3 +30 x5 +50 | nA
Over temp. +100 + 150 nA
log  Drift Over temp. 10 10 pA/°C
lsias  Input current? hin(+) or (=) 45 150 45 250 nA
Over temp., lin(+) or liny(=) 40 300 40 500 nA
g Drift Over temp 50 50 pA/°C
Vew Common mode voltage V4 =30V 0 V+-15| 0 | V+-15| V
range® Over temp., V+ =30V 0 V+-20| 0 V+-20| V
CmRR Corr:trir;on mode rejection Ve 230V 70 85 65 70 dB
Vour Output voltage swing (Von) | R = 2kQ, V+ =30V, over temp. 26 26 \"
R_ = 10kQ, V+ =30V, over temp. 27 28 27 28 Vv
Vour Output voltage swing (Vo) R, < 10kQ, over temp. 5 20 5 20 mv
lcc  Supply current R =0, V+ =30V 1.0 20 1.0 20 mA
R, = oo on all amplifiers, .
over temp. 0.5 1.2 0.5 1.2 mA
AyoL Large signal voltage R = 2kQ, Voyr+ 10V, V+ =15V | 50 100 25 100 VimVv
gain (for large Vo swing) over temp. 25 15 VimV
PSRR Su&;::z voltage rejection Rs < 00 65 100 65 100 dB
Amplifier-to-amplifier f=1kHz to 20kHz _ _
coupling* (input referred) 120 120 dB
Output current Vin+ = +1Vdc, V|- =0Vdc,
Source V+ =15Vdc 20 40 20 40 mA
Vin+ = +1Vdc, Viy_ =0Vdc,
V+ =15Vdc, over temp. 10 20 10 20 mA
Sink Vin- = +1Vdc, V|, =0Vdc,
V4 = 15Vde 10 20 10 20 mA
Vin- = +1Vdgc, Vi, =0Vdc,
V + =15Vdc, over temp. 5 8 5 8 mA
Vin+ =0V, Viy- = +1Vdg,
Vo = 200mV 12 50 12 50 A
lsc  Short circuit current® 40 60 40 60 mA
Differential input voltage® V+ V+ v
GBW Unity gain bandwidth Ta=25°C 1 1 MHz
S.R. Slew rate Ta=25°C 0.3 0.3 Vius
Noise Input Noise Voltage Ta=25°C, f=1kHz 40 40 nVIVHz
NOTES
1. Vg = 1.4V, Rg =00 with V + from 5V to 30V; and over the full input common-mode range (OV to V + — 1.5V).
2. The direction of the input current is out of the IC due to the pnp input stage. This current is ially il of the state of the output 8o no loading change

exists on the input lines. .

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
V4 = 1.5V, but either or both inputs can go to + 32V without damage.

Due to proximity of external components, insure that pling is not or via stray these external parts. This typically can be detected as this type
of i pling | at higher f

Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is appre y 40mA independent of the

of V+. At values of supply voitage in excess of + 15Vdc, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction.

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, buteither or both Inputs can go to + 32Vdc without damage.

For operating at high temperatures, all devices must be derated based on a + 125°C r re and a thermal resistance of 175°C/W which applies for the
device soldered in a printed circult board, operating in a still air ambient.
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LINEAR LSI PRODUCTS

LOW POWER DUAL OPERATIONAL AMPLIFIERS  SA/SE/NE532/LM158/258/358

TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY CURRENT

SUPPLY CURRENT DRAIN (mApC)
»

TA

S —

0°C to +126°C r
—

Ta = —65°C |
| I

o 10 20 30 40
SUPPLY VOLTAGE (Vpc)

OPEN LOOP FREQUENCY

RESPONSE
140 T 7 T
vt !
120 4 o1om
0.1ut R
N . Vo
-1 v""év-*-/zl
! T + |
80 A T~
H Ny |
’§ 80 v+ = 30 Ipc AND —|
5 \—ss'c < Ta = +125C
) i
>« | t

| T
i ‘1\ 1
20 vt = 10to 15 vpc AND |

‘—ss&: <Ta=+125C N
| | \

0 L

1 10 100 1K 10K 100K 1M 1M

FREQUENCY (4z)

VOLTAGE FOLLOWER PULSE
RESPONSE (SMALL SIGNAL)

500
5 950 €0
E 50pF
LTIV
£ avo =
3 92 | T\
= = INPUT
2
2 |
5 %0 T
: ouTPUT ’
o
&
300 g
Ta = +25°C
vt = +3¢ vpc
250 Ll L
o 1t 2 =2 4 5 6 7 8
t = TIME (us)

Vo — OUTPUT SWING (Vp-p)

- OUTPUT VOLTAGE
REFERENCED TO V* (Vpc)

Vi

CURRENT LIMITING

0
-55 —35 ~15 5 25 45 65 85 105 126
TEMPERATURE (C)

LARGE SIGNAL FREQUENCY

AvoL — VOLTAGE GARi (48)
3

VOLTAGE GAIN

Ry = 20 kQ

]
3

»
13

o 10 20 30 40
SUPPLY VOLTAGE (Vpc)

VOLTAGE FOLLOWER PULSE

OUTPUT CHARACTERISTICS

CURRENT SOURCING
8 - T v
v+
71—
+vt/2
6 |— v2
51— -
lo

at— = =

1 1 H

INDEPENDENT OF v+
S Ta = +25°C /
’ /

J

1
0.001  0.01 0.1 1 10 100

10T - OUTPUT SOURCE CURRENT (mAnC)

RESPONSE RESPONSE
= T T ‘ T
T T . l
=t vsv?;:“ — .‘§’ 3 AL = 2k v+ = 15 vpe T
i 4 X _+ '8 2
T T . Vo ™ 4
mesUEACEARE / \
'oc
N T i E /
LN D o
| | |! \ s T 7
-t 3 2
1 >
|
et i
1 L ™~ o
1K 10K 100K ™ o 10 20 30 40
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OUTPUT CHARACTERISTICS

CURRENT SINKING
10 T T

v \ = +5V ~

vt = +15Vpc —
8 vt = +30 vpc —1
>
W o
]
2
3
K
5 vt/2
a
E [
? 0.1
£

Vo
=
/ T ta = +25°C
0.01 Ll L L

0.001 0.01 0.1 1 10 100
10 = OUTPUT SINK CURRENT (mApC)
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LINEAR LSI PRODUCTS

LOW POWER DUAL OPERATIONAL AMPLIFIERS  SA/SE/NE532/LM158/258/358

TYPICAL PERFORMANCE CHARACTERISTICS (Contd

INPUT VOLTAGE RANGE INPUT CURRENT COMMON MODE REJECTION
RATIO
15 % _ 120
T g
80 Veum = 0 Vpc — §
3 35 70 ! H o
+>-I g vt = +30 vy §
< 10 2 o0 0C £ 80
4 NEGATIVE / P 2
: P L,
> POSITIVE 3 a0 vt = +15vpe g
E 5 g 30 ! 1 § 40
E / ® 2 vH = +5voc §
¥ / E)
10
; §
0 5 10 15 —55 35 —15 5 25 45 65 85 105 125 100
v+ OR V= - POWER SUPPLY VOLTAGE ( * Vpc) Ta - TEMPERATURE (°C) t ~ FREQUENCY (H2)
TYPICAL APPLICATIONS
SINGLE SUPPLY INVERTING AMPLIFIER INPUT BIASING *VOLTAGE FOLLOWER
WA
V4
Rin 8
VIN O——AM—4

Vo
4 —“AAL— v+
2
e RL
v« "
2 —

NON-INVERTING AMPLIFIER
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oC.
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-
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LINEAR LSI PRODUCTS

GENERAL PURPOSE OPERATIONAL AMPLIFIER

DESCRIPTION FEATURES

The MC1458 is a high performance e Internal frequency compensation
operational amplifier with high open loop e Short circuit protection

gain, internal compensation, high common e Excellent temperature stability

mode range and exceptional temperature ¢ High input voltage range

stability. The MC1458 is short-circuit pro- e No latch-up

tected and allows for nulling of offset vol- e 1558/1458 are 2 “op amps” in space of

tage.

The MC1458/SA1458/MC1558 consists of a
pair of 741 cperational amptifiersonasingle

one 741 package
© MC1558 MIL-STD-88