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DEFINITION OF TERMS

Data Sheet Identification Product Status Definition
3 N This data sheet the design ifications for product i may change
Proview . ative or In Design 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.
This data sheet ins preli y data and y data will be i at a later date.
Preliminary First P i i the right to-make changes at any time without notice in order to improve design and

. supply the best possible product.

Product Specification FullP ction This data sheet final sp the right to make changes at any time

without notice in order to improve design and supply the best possible product.

Signetics reserves the right to make changes in the products contained in this book
in order to improve design or performance and to supply the best possible products,
Signetics also assumes no responsibility for the use of any circuits described
herein, conveys no license under any patent or other right, and makes no representa-
tions that the circuits are free from patent infringement. Applications for any inte-
grated circuits contained in this publication are for illustration purposes only and
Signetics makes no representation or warranty that such applications will be suit-
able for the use specified without further testing or modification. Reproduction of
any portion hereof without the prior written consent of Signetics is prohibited.
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Signetics

Linear Products

Preface

The Linear Division, one of five 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
Division is dedicated to providing high quality Linear products to our worldwide
customers. Our full product line addresses the needs of the EDP, Automotive,
Industrial, Consumer, and Communications markets.

The 1985 Linear Data and Applications Manual Volume Il provides complete
technical data on our full line of interface, communication, amplifier, power
conversion and control, and video products. Armong these you will find new entrants
such as the NE5205 high frequency amplifier, NE5170 and NE5180/5181 octal line
driver and receivers, the DAC800 12-Bit D/A Converter, TCA520 low voltage
amplifier, and the TDA1520 20 watt amplifier.

Extensive Applications, Telephony, and Video sections and selector guides are also
included in this volume.

Volume |l is intended to be a companion to Volume |, published in October 1984.
This present volume has a Table of Contents which contains a complete listing of all
products in both Volumes | and II.

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.
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Index to Applications

By Part Number
By Product Grouping

SO Package Avallability

Ordering Information

NOTE:
See Section 12 for Full Linear Product Line and Forthcoming New Products.

SECTION 2-QUALITY AND RELIABILITY

Quality and Reliability

SECTION 3 - MILITARY
Index

MilItary ProduCES.......ccuiuiiiiiiiie i et r b e e e e e ans

Military Process Levels
Military Errata
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Index
Data Converters
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C rter
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*For up-to-date cross reference information, contact your local sales office.

VoL |

4-1
4-17
4-23

VoL 1

4-10
4-12
4-19

4-37
4-45
4-51
4-10

office for a copy of Volume |I.

Listings in bold face will be found in Volume II. Listings in regular face will be found in Volume |. Please contact your local sales
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SECTION 10 - PACKAGE INFORMATION
Index 10-1
Package Outlines for products with prefixes: ADC, AM, CA, DAC, LF, LM, MC, NE, SA,

SE, SG, uA, ULN..... 10-1 10-3
Introduction .........oociiienivieiniiinc s 10-3 10-3
D SO Plastic Dual-in-Line 10-5 10-5
E Metal Can 10-7 10-7
F Hermetic Cerdip........cccoceereerimnnnininnnane 10-8 10-8
G Hermetic Leadless Chip Carrier............ccceerveeeressnneeescnne 10-10
H Metal Can 10-11 10-11
| Hermetic Side Braze 10-11 10-11
N Plastic Dual-In-Line.............. 10-12 10-12

Package Outlines for products with proﬂxos HEF, OM, MAB, MAF, MEA, PC, PN, SA, TA,

TB, TC, TD, TE, UAA .. .coiiiiiiiiiuiitnnnitneiirreneiiesiitaesttiesesmensiisisssstssesmssserssssstassrenssssssssesssssenessans 10-16
Soldering Notes 10-16 10-16
8-Lead Dual-In-Line; Plastic (SOT-97A)1 10-16 10-16
8-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-151A) ....cceuiirruriirrnrirennireenssteesimsasieeussmsnesionssnssnens 10-16 10-16
8-Lead Dual-In-Line;Metal Ceramic (CERDIL) (SOT-153B) ..... 10-17 10-17
9-Lead Single-In-Line; Plastic (SOT-110B).. 10-17 10-17
9-Lead Single-In-Line;Plastic Power (SOT-131A), B).. 10-18 10-18
9-Lead Single-In-Line; Plastic (SOT-142)........ 10-18 10-18
9-Lead Sil-Bent-To-Dil; Plastic Power (SOT-157B) 10-19 10-19
12-Lead Dual-In-Line; Plastic With Metal cbollng Fin (SOT-150) 10-19 10-19
13-Lead Sil-Bent-To-Dil; Plastic Power (SOT-141B) . 10-20 10-20
14-Lead Dual-In-Line; Plastic (SOT-27K, M, T) .....ccccivreriirieniirmmeniiissirensessneimasssesisisessnsasinsansnsnns 10-20 10-20
14-Lead Dual-Iin-Line; Ceramic (CERDIP) (SOT-73A, B, C) ......ccccvvimriiimniimnniirnnersacersnsiisessirsnsnnnees 10-21 10-21
14-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-83B) .........ccccivnnmumeenniiniisicnsinnnntenniensssiannnnns 10-21 10-21
16-Lead Dual-In-Line; Plastic (SOT-38) 10-22 10-22
16-Lead Dual-In-Line; Plastic (SOT-38A) ........ccecrrcnerrisinrssnnissiasssssssansnessnnsessssssessssnaesnsasssssannnnes 10-22 10-22
16-Lead Dual-In-Line; Plastic (SOT-38D, DE) .....c..cceeveermereerasranraseronsannes 10-23 10-23
16-Lead Dual-In-Line; Plastic (SOT-382) T 10-23 10-23
16-Lead Dual-In-Line; Plastic With Internal Heat Spreader (SOT-38 WE-2) 10-24 10-24
16-Lead Quadruple-In-Line; Plastic (SOT-58) 10-24 10-24
16-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-74A, B, C) ......ccccerurieritnniiniiuiienianiecisesnnannsniieneeee 10-25 10-25
16-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-84B) ......cc.ccrevrurenrencnransass 10-25 10-25
18-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-85B)..... 10-26 10-26
18-Lead Dual-In-Line; Plastic (SOT-102A).......cccetuiirerrnsieecrnisanisesrensnesreninasesesenss 10-26 10-26
18-Lead Dual-In-Line; Plastic (SOT-102C) 10-27 10-27
18-Lead Dual-In-Line; Plastic (SOT-102CS) 10-27 10-27
18-Lead Dual-In-Line; Plastic (SOT-102G).....ccceteimuirerestassivtessarassassssasrassrassassssssassnsssssssassasansases 10-28 10-28

18-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-133A, B).......cocvirimuiiruninmnaiirenainaenns 10-28 10-28
20-Lead Dual-In-Line; Plastic (SOT=146).......ccccceturiieiimiimincreniineiieniscitniisesieersssiressasssnernesassanes 10-29 10-29
20-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-152B, C) 10-29 10-29
20-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-154B) ........ 10-30 10-30
22-Lead Dual-In-Line; Plastic (SOT-116) 10-30 10-30
22-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-118B) ........ 10-31 10~ 31
22-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-134A) 10-31 10-31
24-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-86A) 10-32 10-32
24-Lead Dual-in-Line; Ceramic (CERDIP) (SOT=94) ........ccieeeeueuiiimnmnensiintensniinisesiseniecnsstnennnsnsnns 10-32 10-32
24-Lead Dual-In-Line; Plastic With Internal Heat Spreader (SOT-101A, B) 10-33 10-33
28-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-87A) .....c.ceucrenriirmnnreasirenncrenserensnsnnssisiinernsnes 10-33 10-33
28-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-87B) 10-34 10-34
28-Lead Dual-In-Line; Plastic (SOT-117) 10-34 10-34
28-Lead Dual-In-Line; Plastic (SOT-117D) 10-35 10-35
28-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-135A) .....ccceuiiimuuimrarirsnnsisnssimnecissniinesssecenieansas 10-35 10-35
40-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-88)......... 10-36 10-36
40-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-88B) 10-36 10-36
40-Lead Dual-In-Line; Plastic (SOT-129)1 ................ . 10-37 10-37
40-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-145).....cccccccireireairaiseniienianseecrecrecnsecsasisncssnssnncnnnes . 10-37 10-37

Microminiature Package Outlines
8-Lead Mini-Pack; Plastic (SO-8, SOT-96A)... 10-38 10-38
8-Lead Mini-Pack; Plastic (VSO-8, SOT-176) ......cc.cceruireeiimuireaiiecsrninnsraiissiasininisasssssasssnssiassanes 10-39 10-39
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14-Lead Mini-Pack; Plastic (SO-14, SOT-108A) 10-39 10-39
16-Lead Mini-Pack; Plastic (SO-16, SOT-109A) 10-39 10-39
16-Lead Mini-Pack; Plastic (SO-16L, SOT-162A) 10-40 10-40
20-Lead Mini-Pack; Plastic (SO-20, SOT-163A) 10-40 10-40
24-Lead Mini-Pack; Plastic (SO-24, SOT-137A) 10-41 10-41
28-Lead Mini-Pack; Plastic (SO-28, SOT-136A) 10-41 10-41
40-Lead Mini-Pack; Plastic (VSO-40, SOT-158A) 10-42 10-42
40-Lead !AInI-Paek; Plastic (Opposite Bent Leads) (VSO-40, SOT-158B) 10-42 10-42

SECTION 11-SALES OFFICES
SECTION 12-FULL LINEAR PRODUCT LINE AND FORTHCOMING NEW PRODUCTS

Please consult this section for a complete alpha-numeric listing of Signetics' Full Linear Product Line as well as a look at Forthcoming New

Products.
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SO Availability
Part Number SMD Package Description
*DACO8ED SO-16 8-Bit D/A Converter
*LF398D SO-14 Sample and Hold Amp
LM1870D SOL-20 Stereo Demodulator
LM2901D SO-14 Quad Volt Comparator
LM2903D S0-8 Dual Volt Comparator
LM311D SO-8 Voltage Comparator
LM319D SO-14 High Speed Dual Comparator
LM324AD SO-14 Quad Op Amp
LM324D SO-14 Quad Op Amp
LM339D SO-14 Quad Volt Comparator
LM358D SO-8 Dual Op Amp
LM393D So-8 Dual Comparator
*MC1408-8D SO-16 8-Bit D/A Converter
MC1458D SO-8 Dual Op Amp
MC1488D SO-14 Quad Line Driver
MC1489AD SO-14 Quad Line Receiver
MC1489D SO-14 Quad Line Receiver
MC3302D SO-14 Quad Volt Comparator
MC3403D SO-14 Quad Low Power Op Amp
NE4558D SO-8 Dual Op Amp
*NE5008D SO-16 8-Bit D/A Converter
*NE5018D SOL-24 8-Bit D/A Converter
*NES5019D SOL-24 8-Bit D/A Converter
*NE5036D SO-14 6-Bit A/D Converter
NE5037D SO-16 6-Bit A/D Converter
NE5044D SO-16 Programmable 7-Channel Encoder
NE5045D SO-16 7-Channel Decoder
NE5090D SOL-16 Address Relay Driver
NE5205D SO-8 High Frequency Amp
NE521D SO-14 High Speed Dual Comparator
NE522D SO-14 High Speed Dual Comparator
NE5230D SO-8 Low Voltage Op Amp
NE527D SO-14 High Speed Comparator
NE529D SO-14 High Speed Comparator
NE532D SO-8 Dual Op Amp
*NE544D SOL-16 Servo Amp
*NE5512D SO-8 Dual High Performance Op Amp
*NE5514D SOL-16 Quad High Performance Op Amp
NE5517D SO-16 Dual High Performance Amp
NE5520D SOL-16 LVDT Signal Conditioner Circuit
*NE5532D SOL-16 Dual Low Noise Op Amp
*NE5533D SOL-16 Low Noise Op Amp
NE5534AD SO-8 Low Noise Op Amp
NE5534D SO-8 Low Noise Op Amp
*NE5537D SO-14 Sample and Hold Amp
NE5539D SO-14 High Frequency Wideband Amp
NE555D SO-8 Single Timer
NE556D SO-14 Dual Timer
NE5560D SO-16 SMPS Control Circuit
NE5561D SO-8 SMPS Control Circuit
NE5562D SOL-20 SMPS Control Circuit
NE5568D SO-8 SMPS Control Circuit

*Non-standard pinout.

(Please check 1985 Linear Data Manual for additional pinout information.)

For information regarding additional SO prod

d since the p

your local Signetics sales office.
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Part Number SMD Package Description
NE558D SOL-16 Quad Timer
NE5592D SO-14 Dual Video Amp
NE564D SO-16 High Frequency Phase Locked Loop
*NES565D SO-14 Phase Locked Loop
NE566D SO-8 Function Generator
NE567D SO-8 Tone Decoder Phase Locked Loop
NE5S71D SOL-16 Compandor
NE572D SOL-16 Programmable Compandor
*NE587D SOL-20 7-Segment LED Driver (Anode)
*NE589D SOL-20 7-Segment LED Driver (Cathode)
NE592D14 SO-14 Video Amp
NE592D8 SO-8 Video Amp
NE592HD14 SO-14 High Gain Video Amp
NE592HD8 SO-8 High Gain Video Amp
*NE594D SOL-20 Vacuum Fluorescent Display Driver
NE602D SO-8 Double Balanced Mixer/Oscillator
NE604D SO-16 Low Power FM IF System
NE612D SO-8 Double Balanced Mixer/Oscillator
NE614D SO-16 Low Power FM IF System
PCAT122TD VS0-40 LCD Watch Circuit
*PCD3311TD SO-16 DTMF/Melody Generator
PCD3312TD VSO-8 DTMF/Melody Generator
PCD3315TD SO-28 Repertory Pulse Dialer
PCD3343TD SO-28 Repertory Pulse Dialer
PCD3360TD SO-16 Progressive Tone Ringer
PCD3361TD SO-8 Progressive Tone Ringer
*PCD5101TD S0-24 Static RAM
PCD5114TD S0-20 4K Static RAM
PCD8571TD SO-8 1K Serial RAM
PCF1171BTD VS0-40 4-Digit LCD Car Clock
PCF1172BTD VS0-40 312-Digit Car Clock
PCF1251TD SO-8 Micropower Voltage Detector
PCF2100TD SO-28 LCD Duplex Driver (40)
PCF2110TD VS0-40 LCD Duplex Driver (60)
PCF2111TD VS0-40 LCD Duplex Driver (60)
PCF2112TD VS0-40 LCD Duplex Driver (32)
PCF8570TD SO-8 Static RAM (256 x 8)
PCF8573TD SO-16 Clock/Timer
PCF8574TD SO-16 Remote |/0O Expander
PCF8576TD VSO-56 MUX/Static Driver
PCF8577TD VS0-40 32-/64-Segment LCD Driver
SA571D SOL-16 Compandor
SA572D SOL-16 Compandor
*SA594D SOL-20 Vacuum Fluorescent Display Driver
SA602D SO-8 Double Balanced Mixer/Oscillator
SA604D SO-16 Low Power FM IF System
SAA1062ATD SO-28 LCD Display Interface
SAA3004TD S0-20 R/C Transmitter
SG3524D SO-16 SMPS Control Circuit
TCA240DD SO-16 Double Symmetrical Modulator/
Demodulator
TCA520DD SO-8 Op Amp

*Non-standard pinout.

For information regarding additional SO products released since the publi

September 1985
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SO Availability

Part Number SMD Package Description
TCA770DD SO-14 FMIF
TDA0820TD SO-14 Demodulator/Mixer
TDA1001BTD S0-16 Noise Suppressor
TDA1005ATD SO-16 Stereo Decoder
TDAT7010TD SO-16 FM Radio Circuit
TDA7020TD SO-16 FM Radio Circuit
TDA7050TD SO-8 Mono/Stereo Amp
TDB1080TD SO-16 FMIF
TDD1742TD S0-28 Frequency Synthesizer
TEA0653TD S0-20 Dual Dolby B
TEA0665TD SO-28 Dolby B/C Noise Reduction
TEA1010TD SO-8 Touch Dimmer
TEA1058TD SO-8 Touch Dimmer
ULN2003D SO-16 Transistor Array
ULN2004D SO-16 Transistor Array
uA723CD SO-14 Voltage Regulator
uAT741CD S0-8 Single Op Amp
uA747CD SO-14 Dual Op Amp

*Non-standard pinout.

For information regarding additional SO prod I d since the publication of this d tact your local Signetics sales office.
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Ordering Information

FOR PREFIXES AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, A, 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 | NES537N LF398 LIN _Sample & Hold Amp
manual. T —_— [r—
Minimum Factory Order: —— Description of

Product Function
Commercial Product:

$1000 per order
$250 per line item per order

Military Product:
$250 per line item per order

LIN Analog Products

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 L——» Device Number
descriptions.

- Package Descriptions —See Table 2

e i ily and Tem, re Range Prefix—See Tables 3 & 4
As noted in Table 3, Signetics defines device Device Family and Temperatu 9

operating temperature range by the appropri-
ate prefix. It should be noted, however, that

RIPTIONS Table 3 SIGNETICS PREFIX AND
devices with a SE prefix (- 55°C to + 125°C) Table 2 PACKAGE DESC o DEVICE TEMPERATURE
indicates only its operating temperature PACKAGE
range and not its military qualification status. old | New DESCRIPTION PREFIX DEVICE ;inZEERATURE
The military qualification status of any Linear
LS| product can be determined by either | AAA | N 14-lead plastic DIL N 0°to +70°C
looking in the Military Section in this manual | A N-14 14-lead plastic DL ‘S?'°°'°d S -55°to +125°C
and/or contacting your local sales office. esa | N ':"" 0g products only NE 0°to +70°C

A 6-lead plastic DIL SE 55° to +125°C
- D Microminiature package (SO) - 40° t 8‘-5‘ c
F F 14, 16, 18, 22 and 24-lead SA —407to +
ceramic (Cerdip) DIL
1IK [ 14, 16, 18, 22, 28 and 4-lead
ceramic DIL Table 4 INDUSTRY STANDARD PREFIX
K H 10-lead TO-106
L H 10-lead high-profile TO-100 PREFIX DEVICE FAMILY
can AM Linear Industry Standard
NANX| N 24-lead plastic DIL ; | try St
QR Q 10, 14, 16 and 24-lead CA L!near ndustry Standard
ceramic flat DAC Linear Industry Standard
TTA | H 8-lead TO-99 JB Mil Rel—Jan Qualified—
U U EIL Plastic DOVS?L Old Designator
Y] N -lead plastic . et
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 M Linear Industry Standard
M Mil Rel—Jan Processed
MC Linear Industry Standard
NE Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
A Linear Industry Standard

ULN Linear Industry Standard
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Ordering Information

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, uAA
Table 1. PART NUMBER DESCRIPTION

ORDERING INFORMATION

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

Minimum Factory Order:
Commercial Product:

$1000 per order

$250 per line item per order

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

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

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

OPERATING TEMPERATURE:

The letters A to G give information about the
operating temperature:
A: Temperature range not specified.
See data sheet.
e.g.. TDA2541N
B: 0to +70°C
e.g.. PCB8573PN

C: -55t0 +125°C

e.g.: PCC2111PN
D: -25to +70°C

e.g.: PCD8571PN
E: -25to +85°C

e.g.. PCE2111PN
F: -40to +85°C

e.g.. PCF2111PN
G: -55to +85°C

e.g.. PCG2111PN

Part
Number

Product Product
Family Description

T

Device Number

L Video |.F. Amplifier
Description of
Product Function

Product Family Linear LS|

Package Description — See Table 2

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

Table 2. PACKAGE DESCRIPTION

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

Table 3. DEVICE PREFIX AND TEMPERATURE*

Prefix Device Family
OM Linear circuit
MAB,MAF Microcomputer

MEA Microcomputer peripheral
PCx CMOS Circuit

PNx NMOS Circuit

SAx Digital circuit

TAx Linear circuit

TBx Linear circuit

TCx Linear circuit

TDx Linear circuit

TEx Linear circuit

*NOTE:

The third letter of the prefix, in a three letter prefix, is the temperature designator.

1-7
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Quality and Reliability

SIGNETICS LINEAR QUALITY
Signetics has put together a winning
process for manufacturing linear circuits.
Our standard is zero defects, and cur-
rent customer quality statistics demon-
strate our commitment to this goal.

The circuits produced in the Linear Divi-
sion must meet rigid criteria as defined
by our design rules and as evaluated
with a thorough product characterization
and quality process. The capabilities of
our manufacturing process are mea-
sured and the results evaluated and
reported through our corporate-wide
QAO05 data base system. The SURE
(Systematic Uniform Reliability Evalua-
tion) program monitors the performance
of our product in a variety of accelerated
environmental stress conditions. All of
these programs and systems are intend-
ed to prevent product-related problems
and to inform our customers and em-
ployees of our progress in achieving
zero defects.

RELIABILITY BEGINS WITH THE
DESIGN

Quality and reliability must begin with
design. No amount of extra testing or
inspection will produce reliable ICs from
a design that is inherently unreliable.
Signetics follows very strict design and
layout practices with its circuits. To elimi-
nate the possibility of metal migration,
current density in any path cannot ex-
ceed 5 x 10(fifth) amps/cm(sq). Layout
rules are followed to minimize the possi-
bility of shorts, circuit anomalies, and
SCR type latch-up effects. Numerous
ground-to-substrate connections are re-
quired to ensure that the entire chip is at
the same ground potential, thereby pre-
cluding internal noise problems.

PRODUCT CHARACTERIZATION
Before a new design is released, the
characterization phase is completed to
insure that the distribution of parameters

resulting from lot-to-lot variations is well
within specified limits. Such extensive
characterization data also provides a
basis for identifying unique application-
related problems which are not part of
normal data sheet guarantees.

QUALIFICATION

Formal qualification procedures are re-
quired for all new or changed products,
processes and facilities. These proce-
dures ensure the high level of product
reliability our customers expect. New
facilities are qualified by corporate
groups as well as by the quality organi-
zations of specific units that will operate
in the facility. After qualification, prod-
ucts manufactured by the new facility
are subjected to highly accelerated envi-
ronmental stresses to ensure that they
can meet rigorous failure rate require-
ments. New or changed processes are
similarly qualified.

QAO05 - QUALITY DATA BASE
REPORTING SYSTEM

The QA05 data reporting system col-
lects the results of product assurance
testing on all finished lots and feeds this
data back to concerned organizations
where appropriate action can be taken.
The QAO05 reports EPQ (Estimated Pro-
cess Quality) and AOQ (Average Outgo-
ing Quality) results for electrical, visual/
mechanical, hermeticity, and documen-
tation audits. Data from this system is
available on request.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliabili-
ty Evaluation) program audits/monitors
products from all Signetics' divisions
under a variety of accelerated environ-
mental stress conditions. This program,
first introduced in 1964, has evolved to
suit changing product complexities and
performance requirements.
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The SURE program has two major func-
tions: Long-term accelerated stress per-
formance audit and a short-term accel-
erated stress monitor. Samples are se-
lected that represent all generic product
groups in all wafer fabrication and as-
sembly locations.

THE LONG-TERM AUDIT

One-hundred devices from each generic

family are subjected to each of the

following stresses every four weeks:

o High Temperature Operating Life:
Tj = 150°C, 1000 hours, static
biased operation.

o High Temperature Storage:
Tj = 150°C, 1000 hours

e Temperature Humidity Biased
Life: 85°C, 85% relative humidity,
1000 hours, static biased

THE SHORT-TERM MONITOR
Every other week a 50-piece sample
from each generic family is run to 72
hours of pressure pot (20psig, 127°C,
100% saturated steam) and 300 cycles
of thermal shock (-65°C to +150°C)

In addition, each Signetics assembly
plant performs SURE product monitor
stresses weekly on each generic family
and molded package by pin count and
frame type. Fifty-piece samples are run
on each stress, pressure pot to 96
hours, thermal shock to 300 cycles.

SURE REPORTS

The data from these test matrices pro-
vides a basic understanding of product
capability, an indication of major failure
mechanisms and an estimated failure
rate resulting from each stress. This data
is compiled periodically and is available
to customers upon request.

Many customers use this information in
lieu of running their own qualification
tests, thereby eliminating time-consum-
ing and costly additional testing.
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RELIABILITY ENGINEERING

In addition to the product performance moni-

tors encompassed in the Linear SURE pro-

gram, Signetics' Corporate and Division Reli-

ability Engineering departments sustain a

broad range of evaluation and qualification

activities.

Included in the engineering process are:

® Evaluation and qualification of new or
changed materials, assembly/wafer-fab
processes and equipment, product
designs, facilities and subcontractors.

® Device or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

The environmental stresses utilized in the
engineering programs are similar to those
utilized for the SURE monitor; however, more
highly-accelerated conditions and extended
durations typify these engineering projects.
Additional stress systems such as biased
pressure pot, power-temperature cycling, and
cycle-biased temperature-humidity, are also
included in some evaluation programs.

FAILURE ANALYSIS

The SURE Program and the Reliability Engi-
neering Program both include failure analysis
activities and are complemented by corpo-
rate, divisional and plant failure analysis de-
partments. These engineering units provide a
service to our customers who desire detailed
failure analysis support, who in turn provide
Signetics with the technical understanding of
the failure modes and mechanisms actually
experienced in service. This information is
essential in our ongoing effort to accelerate
and improve our understanding of product
failure mechanisms and their prevention.

ZERO DEFECTS PROGRAM

In recent years, United States industry has
increasingly demanded improved product
quality. We at Signetics believe that the
customer has every right to expect quality
products from a supplier. The benefits which
are derived from quality products can be
summed up in the words, lower cost of
ownership.

Those of you who invest in costly test equip-
ment and engineering to assure that incoming
products meet your specifications have a
special understanding of the cost of owner-
ship. And your cost does not end there; you
are also burdened with inflated inventories,
lengthened lead times and more rework.

September 1985

SIGNETICS UNDERSTANDS
CUSTOMERS' NEEDS

Signetics has long had an organization of
quality professionals, inside all operating un-
its, coordinated by a corporate quality depart-
ment. This broad decentralized organization
provides leadership, feedback, and direction
for achieving a high level of quality. Special
programs are targeted on specific quality
issues. For example, in 1978 a program to
reduce electrically defective units for a major
automotive manufacturer improved outgoing
quality levels by an order of magnitude.

In 1980 we recognized that in order to
achieve outgoing levels on the order of
100PPM (parts per million), down from an
industry practice of 10,000PPM, we needed
to supplement our traditional quality programs
with one that encompassed all activities and
all levels of the company. Such unprecedent-
ed low defect levels could only be achieved
by contributions from all employees, from the
R and D laboratory to the shipping dock. In
short, from a program that would effect a total
cultural change within Signetics in our attitude
toward quality.

QUALITY PAYS OFF FOR OUR
CUSTOMERS

Signetics' dedicated programs in product
quality improvement, supplemented by close
working relationships with many of our cus-
tomers, have improved outgoing product
quality more than twenty-fold since 1980.
Today, many major customers no longer test
Signetics circuits. Incoming product moves
directly from the receiving dock to the produc-
tion line, greatly accelerating throughput and
reducing inventories. Other customers have
pared significantly the amount of sampling
done on our products. Others are beginning
to adopt these cost-saving practices.

We closely monitor the electrical, visual, and
mechanical quality of all our products and
review each return to find and correct the
cause. Since 1981, over 90% of our custom-
ers report a significant improvement in overall
quality (see Figure 1).

At Signetics, quality means more than work-
ing circuits. It means on-time delivery of the
right product at the agreed upon price (see
Figure 2).

ONGOING QUALITY PROGRAM

The Signetics quality improvement program
steers its employees toward 'Doing it Right
the First Time." The intent of this innovative
program is to change the perception of
Signetics' employees that somehow quality is
solely a manufacturing issue where some
level of defects is inevitable. This attitude has
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been replaced by one of acceptance of the
fact that all errors and defects are prevent-
able, a point of view shared by all technical
and administrative functions equally.

This program extends into every area of the
company, and more than 40 quality improve-
ment teams throughout the organization drive
its ongoing refinement and progress.

Key components of the program are the
Quality College, the '"Make Certain' Pro-
gram, Corrective Action Teams, and the Error
Cause Removal System.

The core concepts of doing it right the first

time are embodied in the four absolutes of

quality:

1. The definition of quality is conformance
to requirements.

2. The system to achieve quality improve-
ment is prevention.

3. The performance standard is zero de-
fects.

4. The measurement system is the cost of
quality.

QUALITY COLLEGE

Almost continuously in session, Quality Col-
lege is a prerequisite for all employees. The
intensive curriculum is built around the four
absolutes of quality; colleges are conducted
at company facilities throughout the world.

""MAKING CERTAIN" -
ADMINISTRATIVE QUALITY
IMPROVEMENT

Signetics' experience has shown that the
largest source of errors affecting product and
service quality is found in paperwork and in
other administrative functions. The '‘Make
Certain'' program focuses the attention of
management and administrative personnel on
error prevention, beginning with each employ-
ee's own actions.

This program promotes defect prevention in
three ways: by educating employees as to the
impact and cost of administrative errors, by
changing attitudes from accepting occasional
errors to one of accepting a personal work
standard of zero defects, and by providing a
formal mechanism for the prevention of er-
rors.

CORRECTIVE ACTION TEAMS
Employees with the perspective, knowledge,
and necessary skills to solve a problem are
formed into ad hoc groups called Corrective
Action Teams. These teams, a major force
within the company for quality improvement,
resolve administrative, technical and manu-
facturing problems.
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ECR SYSTEM
(ERROR CAUSE REMOVAL)

The ECR System permits employees to re-
port to management any impediments to
doing the job right the first time. Once such
an impediment is reported, management is
obliged to respond promptly with a corrective
program. Doing it right the first time in all
company activities produces lower cost of
ownership through defect prevention.

PRODUCT QUALITY PROGRAM
To reduce defects in outgoing prodicts, we
created the Product Quality Program. This is
managed by the Product Engineering Council,
composed of the top product engineering and
test professionals in the company. This
group:

1. sets aggressive product quality improve-

ment goals;
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2. provides corporate-level visibility and fo-
cus on problem areas;

3. serves as a corporate resource for any
group requiring assistance in quality im-
provement; and

4. drives quality improvement projects.

As a result of this aggressive program, every
major customer who reports back to us on
product performance is reporting significant
progress.

VENDOR CERTIFICATION
PROGRAM

Our vendors are taking ownership of their
own product quality by establishing improved
process control and inspection systems. They
subscribe to the zero defects philosophy.
Progress has been excellent. Through inten-
sive work with vendors, we have improved
our lot acceptance rate on incoming materials
as shown in Figure 3. Simultaneously, waivers
of incoming material have been eliminated.

Higher incoming quality material to us en-
sures higher outgoing quality products.

QUALITY AND RELIABILITY
ORGANIZATION

Quality and reliability professionals at the
divisional level are involved with all aspects of
the product, from design through every step
in the manufacturing process, and provide
product assurance testing of outgoing prod-
uct. A separate corporate-level group pro-
vides direction and common facilities.

Quality and Reliability Functions

® Manufacturing quality control

® Product assurance testing

® Laboratory facilities - failure analysis,
chemical, metallurgy, thin film, oxides

® Environmental stress testing

® Quality and reliability engineering

©® Customer liaison

COMMUNICATING WITH EACH
OTHER

For information on Signetics' quality pro-
grams or for any question concerning product
quality, the field salesperson in your area will
provide you with the quickest access to
answers.

We are dedicated to preventing defects.

When product problems do occur, we want to

know about them so we can eliminate their

causes. Here are some ways we can help

each other:

® Provide us with one informed contact
within your organization. This will
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establish continuity and build confidence
levels.

® Periodic face-to-face exchanges of data
and quality improvement ideas between
your engineers and ours can help
prevent problems before they occur.

® Test correlation data is very useful.
Line-pull information and field failure
reports also help us improve product
performance.

® Provide us with as much specific data
on the problem as soon as possible to
speed analysis and enable us to take
corrective action.

September 1985

® An advance sample of the devices in
question can start us on the problem
resolution before physical return of
shipment.

This team work with you will allow us to
achieve our mutual goal of improved product
quality.

MANUFACTURING: DOING IT
RIGHT THE FIRST TIME

In dealing with the standard manufacturing
flows, it was recognized that significant im-
provement would be achieved by 'doing

MATERIAL WAIVERS
1985 - (0) (Goal)

1984- 0.
1983- 0
1982- 2
1981-134

every job right the first time,"" a key concept
of the quality improvement program. During
the development of the program many pro-
found changes were made. Figure 4, Linear
Flow, shows the results.

The achievements resulting from the im-
proved process flow have helped Signetics to
be recognized as the leading Quality supplier
of linear circuits. These achievements have
also led to our participation in many Ship-to-
Stock programs, which our customers use to
eliminate incoming inspection. Such pro-
grams reduce the user cost of ownership by
saving both time and money.
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WAFER
FABRICATION

o

SYMBOL

ELECTRON MICROSCOPE CONTROL

Wafers are sampled daily by the Quality Control L y from each ion area and
SEM analysis. This process control reveals mlnulacmrlng defects such as contact and oxide s«ep
coverage in the metalization process which may result in early failures.

DIE SORT VISUAL ACCEPTANCE

Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and
break operation. Defects such as scratches, smears and glassivated bonding pads are included in the lot
acceptance criteria.

PRE-SEAL VISUAL ACCEPTANCE

Product is inspected to detect any dnm-ge incurred at the die attach and wire bonding stations. Defects
such as ball bonds are included in the lot acceptance criteria.

SEAL TESTS
Hermetic package seal integrity is ensured by fine 100% gross leak testing.

SYMBOL

Devices are marked with the Signetics logo, device number and date code or custom symbol per individual
specification requirements.

100% P! ION ELE TESTING

I SHIPMENT |

Every.device is tested to all data sheet

BURN [N (SUPR Il LEVEL B OPTION)
Devices are burned in for 21 hours at 155°C maximum Junction Temperature.

100% PRODUCTION ELECTRICAL TESTING
Every device is tested to all data sheet

VISUAL

All products are 100% visually i per the requi in Signetics' or
documents.

FINAL QUALITY ASSURANCE GATE

The final QA the i and AQL's. Every shipment is
sealed and identified by QA personnel.

Figure 4. Linear Division Linear Process Flow
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Defective Parts per Million
In Thousands
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Figure 5. Linear AOQ Average Outgoing Quality
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Military Errata

Effective January 1, 1985, this section has been superseded by the 1985 Military Products Data Manual. Information regard-
ing this manual can be obtained from the Military Division in Sacramento. (916) 925-6700.

Electrical specification herein as described for products with the “SE” prefix do not necessarily describe the performance
characterization of military processed products.
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Selector Guide
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Section 4

Analog to Digital Converters

SE/NE5030

PCF8591
PNA7507
TDA1534

10-Bit High Speed Microprocessor-Compatible Analog to Digital
C ter o
8-Bit A/D and D/A Converter
7-Bit Analog to Digital Converter (ADC 7)
14-Bit Analog to Digital Converter, Serial Output

Digital to Analog Converters

DAC800 12-Bit D/A Converter.
SE/NE5018 8-Bit Microprocessor-Compatible D/A Converter
SE/NE5019 8-Bit Microprocessor-Compatible D/A C ter
NE5020 10-Bit Microprocessor-Compatible D/A C ter
NE5150 RGB Video D/A C ter
SAB3013 Six Function Analog Memory (6-Bit D/A C ter)
PCF8591 8-Bit A/D and D/A C: ter
PNA7518 8-Bit Multiplying DAC .
TDA1540P,D 14-Bit D/A Converter, Serial Output............cccociiiieiiienieiniiniiieinenieen.
Comparators
Selector Guide
PCF1251 Microp Voltage D
Drivers
Symbols and Definitions
MC1488 Quad Line Driver
MC1489/MC1489A Quad Line Receivers
NE5090 Addressable Relay Driver .
NE5170 Octal LIne DriVer ......cccccieiimreireinimniieteiresieraisetmeraiserssrainssisessssensssnanens
NE5180/NE5181 Octal Line RECOIVErS ........ccceeuuirerieniineimnnieeiianiieiiesieateinssieassninesreiens
NES587 LED DecOder/DIIVEr .......c.coeuirmnieneinersneiisessnsnmessasieeinesssssssssssssansnsnssnses
PCF1303T 18 Element LCD Bar Graph Display Driver
PCF8576 Universal LCD Driver for Low Multiplex Rates
PCF8577 32/64 Segment LCD Driver for Automotive
SAA1060 LED Display/Interface Circuit
SAA1061 16-Segment LED Driver
SAA1062A LCD Display/Interface Circuit
SAA1063 Fluorescent Display/Interface Circuit
Position Measurement
SE/NE5521 LVDT Signal Conditioner

Sample and Hold
Symbols And Definitions
TDA1535

High Performance Sample and Hold Amplifier...........ccccueienineceniinniinannnas

4-21

4-63

4-72

4-79
4-84
4-88
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4-99
4-101
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4-149
4-154
4-159
4-165

4-171
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Product Specification

D/A and A/D Converter— Symbols and Definitions

Absolute Accuracy Error

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

Absolute Maximum Ratings

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

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

Conversion Time

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

Differential Non-Linearity (DNL)

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

Differential Non-Linearity Tempco

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

Full Scale Tempco

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

Gain Error

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

Hysteresis Error

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

Integral Non-Linearity

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

Least Significant Bit (LSB)

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

Missing Code

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

Monotonicity

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

Most Significant Bit (MSB)

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

Offset Error

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

Output Voltage Compliance

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

Power Supply Sensitivity

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

Quantizing Error

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

Relative Accuracy

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

Resolution

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

Setting Time

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

Transfer Characteristic

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

NOTE:

Refer to Section 9 (Interface Circuits) for an in-depth explanation of
data converters and their applications.
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Converter Selector Guides
D/A CONVERTERS
CONV.
speep | OYTPUT | wr | Nt 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 02 | X X X X X X
SE5018 8 0.19 02 | X X X X X
NE5019 8 0.10 02 | Xx X X X X X
SE5019 8 0.10 02 [ X X X X
NE5118 8 0.19 23 X | x X X X X
SE5118 8 0.19 23 X | x X X X
NE5119 8 0.10 23 X | x X X X X
SE5119 8 0.10 2.3 X | x X X X
NE5020 10 0.10 50 | X X X X X X
NE5410 10 0.05 0.25 X X X +Y LSB DNL
SE5410 10 0.05 0.25 X X X +Y LSB DNL
MC3410 10 0.05 0.25 X X X +Y LSB DNL
MC3510 10 0.05 0.25 X X X +Y2 LSB DNL
AM6012 12 0.05 0.25 X X X +1 LSB DNL
TDA1540D | 14 0.012 05 X | x X X X Serial Input
+v2 LSB DNL
A/D CONVERTERS
CONV. INPUT THREE- PACKAGE TEM;ES&EURE
SPEED STATE INT. INT.
DEVICE BITS | ACC.% (us) V | I | ouTeut REF. | CLOCK | N| F | FE| com. mil
NE5034 8 0.19 17 X X X X X
NE5036 6 0.78 23 X X X X X
NE5037 6 0.78 9 X X X| x X
TDA1534 14 0.012 8.5 X X X X X
ADC0807%-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. Aut tive temperature range: -40 to +85°C
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Advance Information

10-Bit High Speed Microprocessor-Compatible
Analog to Digital Converter

SE/NES030

DESCRIPTION

The SE/NES030 is a monolithic 10-bit,
microprocessor ‘compatible Analog-to-
Digital Converter which is manufactured
on a high speed bipolar process using
thin film resistors. The conversion pro-
cess is a new multi-step technique which
combines parallel conversion and suc-
cessive approximation, allowing com-
plete 10-bit conversion in just 2.5 micro-
seconds at the maximum 3MHz clock
rate. The fast conversion rate makes the
SE/NES5030 excellent for a wide range
of applications where system throughput
sampling rates up to 360KHz are re-
quired.

FEATURES
e Microprocessor compatible

o Fast conversion (2.5usec)
o Relative accuracy 1/4 LSB typical
e 2.5 volt signal input range

e Accomodates either unipolar or
bipolar input

o TTL compatible digital inputs/
outputs

e No missing codes over temp
range

o Three state outputs

o High impedance analog input

e Low TC internal reference
(5ppm/°C typical)

APPLICATIONS

e Process control

o Test and measurement

e Machine tools

e Robotics

® Industrial monitoring

o High speed waveform digitizing

o High speed correlators

4-5

PIN CONFIGURATION

F PACKAGE
Vrer our [1] ~ [24] +Vee
Veer w [2] 73] D9 (MSB)
N 72 o
-Vee [4] [21] o7
v 5] [20] D6
ANA com [€] 19] D5
DIG COM E 18] D4
BIPOLAR [8] [17] D3
cLK IN [2] [16] D2
START [10] 18] 01
©s 1] [13] Do (LsB)
o [2] [13] E6C
TOP VIEW

CDO1281S
* Make no external connection

ORDER NUMBERS
NE5030F, SE5030F
P DESIG-
¥ NATION FUNCTION
1 VRer our 2.5V reference output voltage of the

]

reference.

2 Vgerin  Reference input for the converter.
(Connect pin 1 to pin 2 or connect an
external 2.500V reference voltage to pin

3 Make no external connection.

4 Vge -5V (£5%) negative supply pin.

5 Vin Analog input voitage.

Unipolar range OV to +Vger
Bipolar range  -VRer/2 to + VRer/2
ANA COM Analog common point to which all Analog
signals are to be referenced.
DIG COM Digital common point to which all digital
signals are to be referenced.
Logic input for selecting either unipolar or
bipolar mode of operation.
Logic high selects unipolar mode
Logic low selects bipolar mode
Single phase clock signal input
10 START  Start signal input. Low-going edge initiates
a conversion cycle.
1 T8 Chip Select. Must be low to enable
conversion or read output data.

Logic low causes normal operation
(enables operation)

Logic high inhibits conversion and
holds output data lines in high
impedance mode

12 OE Output enable.
Logic g)w when T3 is low enables output

Logic high puts outputs into the high
im, ce state

End of Conversion output signal. This
voltage goes low after the end of

a conversion. This output voltage is
reset to a logic high by a low level on the

pin.

Three-state buffer outputs (D9 is MSB, DO
is LSB). When OE is low, the converted
data word is available at these pins.

+5V (£5%) positive supply voltage pin.

® N o

13 EOC

14- DO-D9
23

24 Voo
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10-Bit High Speed Miéroprocessor-Compatible
Analog fo Digital Converter SE/NES030

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Positive supply voltage +8 v
Negative supply voltage -8 v
Analog input range +35 \'
Digital input voltage -0.5 to Vgo v
Analog common to digital common 1 Vv
VReF our short circuit to common Indefinite

VRer out short circuit to Voo 60 seconds
VRger IN applied voltage Oto5 \

Digital output pins applied voltage

to logic high outputs =05 10 Vo v
Digital output sink current 10 mA
Operating temperature range

NE5030 0 to +70 °C

SE5030 -55 to +125 °C
Storage temperature range -60 to +150 °C
Power dissipation 600 mwW

BLOCK DIAGRAM
S
<
N BANDGAP n‘; + 1 0D,
Vaer our VOLTAGE —
28v REFERENCE - v T 1
<
RS *eouv;mn
[ DECODER
r"V\/V-I Q -
toz R:: COWA:ATOR
Voer w2 10BITD/A ] 00:
truwe scace=Vaer/R lor v
wFOTAR o 1v
U awet
10| 5
L SR 9 LOGIC REGISTER (SAR)
T
o 12
A1
LI L
[ I |
OUTPUT BUFFERS
L M A I Y I I O
T T T O O I O I
e o o o o 1 T T T
23 [ 13 b2 &4 19 &7
09 D10 +5V -5V ANALOG  DIGITAL
(MsB) (LSB) (END GND
OF RSION) <7 =
BDO1030S
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10-Bit High Speed Mic¢roprocessor-Compatible

Analog to Digital Converter SE/NES030

DC ELECTRICAL CHARACTERISTICS Ve =5V, Veg=-5V, Ta=0 to 70°C for NE5030, Tp =-55 to +125°C for SE5030,
Folk < 3MHz, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 10 10 10 Bits
Relative accuracy error’ 2 +1/4 +1/2 LSB
DNL Differential linearity error® 10 bits
Code width error +1/4 £1/2 LSB
Ers Full scale gain error over ope.ll::t;: t-;:(r:np range i: ig tgg
Eyos Unipolar offset error over ope.[allti;g2 e_;:(r:np range i?g Il:gg
cacs ool fst o e oo o g | 2
Analog input range
Unipolar BIPOLAR = 2.0V 0 .+ Vger v
Bipolar BIPOLAR = 0.8V - VRer/2 + VRer/2 v
Is Analog input bias current 1 5 MA
ZiN Analog input impedance 1 3 Megohms
VRer Reference voltage output Ta =25°C 2.495 2.500 2.505 \
TCrer Reference voltage drift* over operating temp range "};52)5 éﬁ(‘;’) (ppm\//oc)
L (Rer)  Reference external load 2 25 mA
IRer IN Reference input current VRer IN = 2.5V 2 3 mA
Vece Pos supply operating range 4.75 5 5.25 \
Vee Neg supply operating range -4.75 -5 -5.26 v
Psh Power supply rejection® v:?:-:;g :g fszggv +0.25 LSB
Icc Positive supply current Vee = 5.25V, Vgg =-5.25V 36 45 mA
lge Negative supply current Vee = 5.26V, Vgg =-56.25V 50 60 mA
Logic inputs
Vi Logic 1 input voltage 2.0 Vv
Vi Logic O input voitage 0.8 v
ViH=2.4V, Ty =25°C 10 MA
hin Logic 1 input current Vin = 2.4V, over operating 20 MA
temp range
V||_ =0.4V, TA =25°C 200 MA
I Logic 0 input current V| = 0.4V, over operating 400 HA
temp range
Logic outputs
VoH Logic 1 output voltage lon =~400pA, CS =0E = 0.8V 2.4 3.2 v
VoL Logic 0 output voltage loL = 1.6mA, TS =0E = 0.8V 0.2 0.4 '
OE = 2.0V, VoL =0V or 5V,
loz Three-state leakage OE= 2.0\1A;o?_5:%v or 5V, 10 ; 12(30 ﬁ
over temp

NOTES:

1. Specifications given in LSB refer to the weight of the least significant bit at the 10-bit level, which is 0.1% of the full scale voltage.

2. Relative accuracy is defined as the deviation of the actual code transition points from a straight line drawn between the first code transition point and
the final code transition point.

3. Resolution for which the device is guaranteed to have no missing codes.

4. Deviation of the reference voltage output over the operating temperature range from its 25°C value.

5. Maximum change in the final code transition point. This will also result in a linear change in all lower order codes.
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Advance Information

10-Bit High Speed Microprocessor-Compatible

Analog to Digital Converter SE/NES030
AC ELECTRICAL CHARACTERISTICS Vo =5V, Vgg =-5V, Ta=25°C, Fok =5MHz
PARAMETER TO FROM EDGE MIN TYP MAX UNITS
Fok Max clock frequency 3.0 4.0 MHz
twep Pos clk pulse width 90 nS
twen Neg clk pulse width 90 nS
tcony Conversion time 7.5/Fcik 2 nS
tw START pulse width 100 ns
ts Set-up time CLK START | HI-LOW tod tod nS
tp oaTA) Access time oo | oE | HiLow tod tod ns
tp (3-sTaTE) Disable time hi-Z OE LOW-HI tbd tbd nS
tp gpc) Propagation delay EOC hi OE HI-LOW thd thd nS
NOTES:
1. N clock freq y. Subject to change before prod

2. Frequency in MHz.

TIMING DIAGRAM

Uy yyyyy

fe—re

et

RN |

N N |

NN Y |

Aty

[t om)

wox _[]
_.I |e—
= L
—
OF
—
START
‘D9 & D8 l
‘D7 & D6
‘D5 & D4
‘D3 & D2
*D1&0D0
|
brought to a logic low.

L

* Timing diagram shows internal logic operation for the sake of short cycle operation. Data outputs are in Hi-2 state until OE and TS are both

AF015808
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Advance Information

10-Bit High Speed Microprocessor-Compatible
Analog to Digital Converter

SE/NES030

CIRCUIT DESCRIPTION

The SE/NES5030 is a microprocessor compat-
ible, high speed, 10-bit Analog-to-Digital con-
verter. The device uses a new multi-step
parallel conversion scheme' which deter-
mines two bits of the digital word in each
conversion step, permitting a fast 2.5 micro-
second conversion time.

Refer to the block diagram. The fullscale
current of the DAC is Vrer/R. When conver-
sion is initiated, the successive approximation
register (SAR) directs the two MSB currents
of the DAC (19 and 18) tq To and the remaining
bit currents of the DAC (including the DAC R/
2R termination current) to lo1. This divides
the input signal range into four equal subrang-
es. The three latched comparators determine
into which of these subranges the input
voltage falls. The decoded outputs of these
comparators determine the two MSBs (D9
and D8), which are stored in the SAR.

In each subsequent step, the SAR controls
the DAC such that the complement of the
previously determined bits are directed
through 102; the bits currently being deter-
mined are directed through To, and the re-
mainder of the bits are directed through lo1.
In this manner the subrange containing the
analog input voltage in the previous step is
divided into four smaller subranges and two
bits of the digital output are determined. At
the end of five steps the SAR contains a 10-
bit binary code which accurately represents
the input signal to within £1/2 LSB.

FUNCTIONAL DESCRIPTION

With an external clock signal connected to
the CLOCK IN pin, CS at a logic low, and OE
at a logic high, a conversion cycle is initiated
with the application of an external start pulse
applied to the START pin. The SAR se-
quences through the conversion as described
above. At the end of the conversion, the end-
of-conversion flag (EOC) goes low. The EOC
flag can be used to interrupt a microproces-
sor or otherwise notify a processor or control-
ler that a conversion is completed. OE may
then be forced low (while holding CS low),
enabling the three-state output buffers so that
the converted word may be read. Bringing the
OE pin low while the TS pin is low also resets
the EOC flag to a logic high. It is recom-
mended that OE be brought to a logic high
prior to the application of another START
pulse. If OE were to remain low during a
conversion, the output buffers would be en-
abled and would switch states during the
conversion. This switching can couple into
the analog input through parasitic capaci-

tances, causing erroneous conversion re-
sults.

The application of another START pulse
while a conversion is in progress will halt the
conversion in progress and begin a new
conversion cycle. If a START pulse is re-
ceived while the TS input is at a logic high,
that START pulse is ignored. The outputs will
be in the high impedance state as long as
either CS or the OE input is at a logic high.

LOGIC INPUTS AND OUTPUTS
All the logic inputs (BIPOLAR, CLOCK IN,
START, CS, OE) respond to TTL level signals
and present one LS TTL load to the driving
source. The logic outputs are capable of
driving two TTL loads. If long digital lines or a
heavily loaded bus must be driven, external
logic buffers are recommended.

VOLTAGE REFERENCE

The internal voltage reference (2.5V *0.2%)
is of a second order-corrected design. The
output voltage is trimmed at the wafer level by
the ''Zener zap'' technique to have a temper-
ature coefficient of less than +10 ppm/°C
(average) over the operating temperature
range. Vrer out (pin 1) and Vrer our (pin 2)
are not internally connected and should be
connected together close to the device. The
voltage reference output (pin 1) can provide
up to 2mA to an external load for other
system applications. The current drawn by
any external load must remain constant dur-
ing a conversion.

ANALOG INPUT

The analog input voltage to ge digitized is
connected between V|y (pin 5) and Analog
Common (pin 6). The device operates in
either a unipolar mode (input range of 0 to
VRer) or in a bipolar mode (input range of
-VReg/2 to +VRer/2). The TTL compatible
BIPOLAR input is used to select the mode.

When the BIPOLAR input is high, the device
operates in the unipolar mode. The input
range is then 0 to + Vger (2.5V nominal). The
nominal value of the LSB is 2.44mV. The SE/
NE5030 is designed to have a 1/2 LSB offset
so that the analog input exactly correspond-
ing to a given code will fall in the center of
that code's input range. Thus, the ideal input
voltage to cause the first transition (from 00
0000 0000 to 00 0000 0001) will occur for an
input voltage of 1.22mV, and the final transi-
tion (from 11 1111 1110 to 11 1111 1111) will
ideally occur for an input voltage of

2496.34mV, or 1.5 LSB below the 2.5V refer-
ence.

For bipolar operation, the BIPOLAR input is
set to a logic low. This shifts the transfer
curve of the A/D by Vrer/2 so that the input
voltage range is now —(Vrer/2) to +(Vger/
2), or (-1.25V to +1.25V nominal). The ideal
transition of code from 00 0000 0000 to 00
0000 0001 occurs at an input of ~1248.78mV,
and the final code transition (11 1111 1110 to
11 1111 1111 occurs at 1246.34mV.

The high input impedance of the SE/NE5030
analog input simplifies the requirements of
the signal source driving the SE/NES030,
eliminating the need for specialized drive
circuitry.

POWER SUPPLY DECOUPLING
AND LAYOUT

CONSIDERATIONS

Since one LSB of the SE/NES030 input is just
2.44mV, good layout and grounding tech-
niques are crucial to attaining optimum perfor-
mance.

The power supplies should be filtered, well
regulated, and free of high frequency noise.
Use of noisy supplies will cause unstable
output codes to be generated. The power
supplies should be bypassed to Analog Com-
mon with tantalum or electrolytic capacitors in
parallel with a small, high frequency bypass.
Suitable bypasses would be 22uF electrolytic
capacitors with 0.1uF ceramic capacitors in
parallel with them. These capacitors should
be located close to the device.

Analog Common and Digital Common are not
connected internally and should be connect-
ed together as close to the device as possi-
ble. Low impedance analog and digital com-
mon returns are important for optimum perfor-
mance. The power supply returns should be
connected to the Digital Common of the
device. The Analog Common is the ground
reference point for the internal voltage and
should be connected directly to the Analog
Common reference point of the system.

Coupling between the digital lines and the
Analog Input should be minimized by careful
printed circuit board layout. The layout should
attempt to locate the analog circuitry and their
interconnections as far from the logic circuitry
as is possible. Use of wire wrap techniques or
plug-in type boards is not recommended.

NOTE:

1. M. Kolluri: A Multi-Step Parallel 10-Bit 1.5uSec
ADC," ISSCC Digest of Technical Papers , p
60-61; Feb 1984.
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8-Bit A/D and D/A Converter PCF8591
DESCRIPTION FEATURES PIN CONFIGURATION

The PCF8591 is a single chip, single
supply, low power 8-bit CMOS data ac-
quisition device. It contains an 8-bit suc-
cessive approximation analog to digital
converter, a four channel analog multi-
plexer and a digital to analog converter.
The four analog inputs can be pro-
grammed as two differential inputs or
four single-ended inputs. PCF8591 has a
serial 1°C interface which allows for a
maximum bus frequency of 100K bits per
second.

September 1985

© Single power supply

e Operating voltage 2.5V to 6V
e Low power consumption

e Serial I°C bus

o Four analog inputs programmable
as two differential or four single-
ended

e On-chip sample and hold

APPLICATIONS
o Control systems

o Low power converter for remote
data acquisition

o Automotive
e Audio and T.V.

N\
A1 [T] 8] Voo
Awz[2] [35] Acur
Ams[3] 3] Vaer
Ana[d] [13] Aano
Ao [5] [i2] Ts7
A [€] [11] osc
n[T] 0] sct
Vss [9]s0A
TOP VIEW
CDO01380S
SYMBOL FUNCTION

AN 1 Analog input (A/D
converter)

AN 2 Analog input (A/D
converter)

AN.3  Analog input (A/D
converter)

AN 4  Analog input (A/D
converter)

Ay Hardware address pin

A Hardware address pin

Az Hardware address pin

Vsg Negative supply

SDA  1°C Bus data line

SCL 12C Bus clock line

osc Oscillator

TST Testpin

Aanp  Analog ground (reference
ground)

VRer Reference voltage
Analog output (D/A
converter)

Voo Positive supply
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8-BIT A/D And D/A Converter PCF8591

BLOCK DIAGRAM

scL —>1
Ll

SOA ——>

12C BUS INTERFACE
A0 ——> 7
Al ——
A2 —>] STATUS REGISTER DAC DATA REGISTER ADC DATA REGISTER

4>
ST {
Voo —1
POWER ON

RESET

Vas —ﬂ CONTROL LOGIC

=t

Ant
As2 —>1  anaLoa |
MULTIPLEXER SUCCESSIVE APPROXIMATION
Ans —] o REGISTERAOGIC
Avt —]

LT

oac
Aour "m ¢
Aano

80011208

For additional information, consult the Applications Section.
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7-Bit Analog to Digital Converter (ADC 7) PNA7507

GENERAL DESCRIPTION

The PNA7507 is a monolithic NMOS 7-bit analogue-to-digital converter (ADC) designed for video
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a
sampling rate of 15 MHz.

The circuit comprises 129 comparators, a reference resistor chain, transcoder stages, and TTL output
buffers which are positive edge triggered. The digital output is selectable in two's complement or
binary coding.

The use of separate outputs for overflow and underflow detection facilitates full-scale driving.

Features

7-bit resolution

Digitizing rates up to 15 MHz

No external sample and hold required
High input impedance

Binary or two’s complement TTL outputs
Overflow and underflow outputs

Low reference current (200 uA typ.)
Positive supply voltages (+ 5 V/+ 12 V)
Low power consumption (350 mW typ.)
Standard 24 pin package

Applications

High-speed A/D conversion
Video signal digitizing

Radar pulse analysis
Transient signal analysis
High energy physics research

QUICK REFERENCE DATA

Supply voltage range (pins 3, 12, 23) Vpp 475t0 525 V
Supply voltage range (pin 24) Vpp 114t0 126 V
Supply current (pins 3, 12, 23) IpD typ. 40 mA
Supply current (pin 24) DD typ. 12 mA
Reference voltage LOW (pin 20) ViefL min. 24 V
Reference voltage HIGH (pin 4) ViefH Mmax. 52 V
Linearity (+ 0,4% full scale) + % LSB
Bandwidth (-3 dB) B min. 6 MHz
Clock frequency fcLk max. 15 MHz
Total power dissipation Ptot typ. 350 mW
PACKAGE OUTLINE

24-lead DIL; plastic (SOT-101A).
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Advance Information

7-Bit Analog to Digital Converter (ADC 7)

PNA7507

reference
voltage 15 MHz select
HIGH clock input two’s complement
(VretH) (fork) (8T0)
4 14 5
PNA7507 5
7jmsB
> T
9 »
| |
| |
ROM 10]
| 127 x7 LATCH >
:D— 1]
1g]LSB
I 7]
20 1 19 T24 ?z T3,12,23 L—ﬁs
oo Yo | I I I
reference analogue 100 VDD analogue  Vpp digital
voltage voltage to  (+12V) ground +5V) ground
LOW input 150nF
VrefL) (V) 4
Note

overflow )

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

underflow

digital

L voltage
outputs

Vo)

7280489

All three pins 3, 12 and 23 must be connected to positive supply voltage + 5 V.

Fig. 1 Block diagram.
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Advance Information

7-Bit Analog to Digital Converter (ADC 7)

PNA7507

vl Y OE
AGND [2] 23]
oo [T B
ViefH E [21]
stc [5] [20]
ovrL [6 [19]
oo E PNA7507 ]
bits [&] [17]
bit4 [9]] [16]
bit3 [10] [15]
bit2 [11] [14]

7280488

Vop
Voo
n.c.

n.c.

VrefL

n.c.
UNFL
bit 0
bit 1
fork
DGND

Fig. 2 Pinning diagram.

RATINGS

PINNING

1 V)|

2 AGND
3 VbD
4 VrefH
5 STC

6 OVFL
7 bit 6
8 bit 5
9 bit 4
10 bit 3
1 bit 2
12 Vpp
13 DGND
14 foLk
156 bit 1
16 bit 0
17 UNFL
18 n.c.
19 Vg
20 VrefL
21 n.c.
22 n.c.
23 Vpp
24 Vpp

analogue voltage input
analogue ground

positive supply voltage (+ 5 V)
reference voltage HIGH

select two’s complement
overflow

most-significant bit (MSB)

positive supply voltage (+ 5 V)
digital ground
15 MHz clock input

least-significant bit (LSB)
underflow

not connected

back bias output

reference voltage LOW

not connected

not connected

positive supply voltage (+ 5 V)
positive supply voltage (+ 12 V)

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Supply voltage range (pins 3, 12, 23)
Supply voltage range (pin 24)

Input voltage range

Output current

Total power dissipation

Storage temperature range

Operating ambient temperature range

HANDLING

Vpp -05bto +7 V
Vpp -05to +135 V
V| —-0,5to +7 V
o 5 mA
PtOt tbf mw
Tstg —65to + 150 ©C
Tamb —10to +80 °C

Inputs and output are protected against electrostatic charge in normal handling. However, to be totally
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘“Handling

MOS Devices'’).

September 1985



Signetics Linear Products Advance Information

7-Bit Analog to Digital Converter (ADC 7) PNA7507

CHARACTERISTICS

VpD5=V3, 12, 23-13=4.75t0 5,25 V; Vpp12 = V242 = 11,4 10 12,6 V; Cgg = 100 nF;
Tamb =0 to + 70 OC; unless otherwise specified

parameter symbol min, typ. max. unit
Supply

Supply voltage (pins 3, 12, 23) Vpp 4,75 5,0 5,25 \%
Supply voltage (pin 24) Vpp 1,4 12,0 12,6 Y
Supply current (pins 3, 12, 23) Ipp - 40 70 mA
Supply current (pin 24) Ipp - 12 20 mA
Reference voltages

Reference voltage LOW (pin 20) VrefL 2,4 25 2,6 \
Reference voltage HIGH (pin 4) VrefH 5,0 51 5,2 \
Reference current Iref 120 200 280 A
Inputs

Clock input (pin 14)

Input voltage LOW ViL -0,3 - 0,8 \%
Input voltage HIGH ViH 2,0 - 5,5 \%
Digital input levels (STC, pin 5)*

Input voltage LOW ViL 0 - 0,8 \%
Input voltage HIGH ViH 2,0 - 5,5 \
input leakage current (not STC) Iy - - 10 MA

Analogue input levels (pin 1)
at Vigfl =25 V; ViefH =51V

Input voltage amplitude

(peak-to-peak value) V|(pp) - 2,6 - \
Input voltage (underflow) vy - 2,5 - \
Input voltage (overflow) V) - 5,1 - \%
Offset input voltage (underflow) V|—VrefL - 10 - my
Offset input voltage (overfiow) Vi—=VriefH - -10 - mV
Input capacitance C12 tbf 40 thf pF
Outputs

Digital voltage outputs
(pins 6to 11 and 15 to 17)

Output voltage LOW

atlp=2mA VoL 0 - -0,4 \
Output voltage HIGH
at—Ig =0,2mA VoL 2,4 - VpDs \

When input voltage is LOW binary coding is selected; when input voltage is HIGH two’s complement
is selected; if pin 5 is open-circuit the input is HIGH. For output coding see Table 1.
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Signetics Linear Products Advance Information

7-Bit Analog to Digital Converter (ADC 7) PNA7507

Table 1 Output coding (Vyefl =2,6 V; ViefH = 5,08 V)

Vi.2 binary two’s complement
step (typ) | UNFL | OVFL | i _bito bit 6 — bit 0
underflow | <2,51 1 0 0000000|1000000O0
0 2,51 0 0 0000000 1000000O0
1 2,53 0 0 0000001 |1000001
. . . . ‘2_125
126 5,03 0 0 111111001111 10
127 5,05 0 0 1111111 0111111
overflow >5,07 0 1 1111111 10111111

CHARACTERISTICS (continued)

VpD5 = V3, 12,23-13=5.0 V; Vpp12=V24.2=12,0 V; Vief| =2,5V; Vgt =5,1V;
Cgp = 100 nF; Tamp = 0 to + 70 OC; unless otherwise specified

parameter symbol min. typ. max. unit

Timing (see also Fig. 3)
Clock input (pin 14)

Clock frequency foLk 1 - 15 MHz
Clock cycle time LOW tLow 22 - - ns
Clock cycle time HIGH tHIGH 22 - - ns
Input rise and fall times (note 1)

rise time ty - - 3 ns

fall time tf - - 3 ns
Analogue input (pin 1)
Bandwidth (—3 dB) B - 6 - MHz
Aperture time delay (note 2) tad - 8 - ns
Aperture jitter time 3 - 0,2 - ns
Digital outputs (note 3)
Output hold time tHOLD tbf 20 - ns
Output delay time t4 - 35 50 ns
Internal delay toy - 3 - clocks
Propagation delay time

at fo i = 13,6 MHz tpd tbf - 272 ns

Transfer function

Linearity, integral and differential
(£ 0,4% full scale) - - +% LSB

Notes see next page.
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Signetics Linear Products Advance Information

7-Bit Analog to Digital Converter (ADC 7) PNA7507

Notes to timing characteristics
1. Clock input rise and fall times are at the maximum clock frequency (15 MHz).

2. The aperture time delay is referenced to the peak-to-peak value of the analogue input voltage at
V|(p_p) =2,6 V (full scale); f =5 MHz.

3. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock
input reference level at 1,5 V.,

-» |4-t,
CLOCK INPUT clock input
(pin 14) 1 reference level
‘ (1.5V)
»>ltLow ¢
SAMPLE SAMPLE
N+1 N+5
SAMPLE SAMPLE
N /? N+2 v
|
|
/¢ " SAMPLE
ANALOGUE INPUT _’l « SAMPLE N+4
(oin 1) N+3 ¢
tad
< 3tcy >
— 2,0V
DIGITAL OUTPUTS
(pins 6 to 11 and 15 to 17)
— 08V
7280491
Fig. 3 Timing diagram.
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APPLICATION INFORMATION

clock input O———{1 2
45 o 8
INVERTER | OVFL /o 1808
74F04 8 v
FIXED +VE s
OUTPUT
+15V 0— VOLTAGE S 1802
_I_ Tl-. REGULATOR ,,l 1 10
78L12AC 4 6
12 13 UNFL
10;4Fl J’ loui | .|
l 7 7 4 T
Cas 2 14 6 17 11
100t0 150nF | MSB R
. i 19 7+—s g——o
8 (o " %
input \} I 24 8 13 12
+ " C,
c 22k 9 14 3-STATE 15 )
BINARY 10 ’ PNA7507 OCTAL digital
OUTPUT ADC , apcy (7 PIPE 6 ® [ outputs
1| INTERFACE kP
- SL5418 ‘. np—as 44 o o
15 }— | EE——— e 0]
1kQ 9109 5 18 19
offset oftse 5
adjustment J

—0 +5V
FIXED -VE
OUTPUT -
-15V VOLTAGE d:gﬁar:d
l | REGULATOR | 9
79L05AC 7280490 4

Iog .

analogue

ground *louF 1°"F+I N !
7 4 4 4 4 C¢R¢=amplifier compensation

=L -100nF

T (e9. Rg=1002; C,=68pF)

Fig. 4 Application circuit diagram.
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Signetics Linear Products

Product Specification

14-Bit Analog to Digital Converter (Serial Output)

TDA1534

DESCRIPTION FEATURES PIN CONFIGURATION
The TDA1534 is a monolithic 14-bit succes- @ Accurate reference
sive approximation Analog-to-Digital Con- e Internal clock
verter (ADC) with internal reference and e Vs LSB linearity at 25°C
clock. The high linearity makes it suitable for @ Y2 LSB linearity over temp START [T] N 28] DECOUP
Digital Signal Processing and the accurate, e Meets quality audio specifications sTaTUs [Z] [77] DECOUP
temperature stable reference makes it appli- ® TTL compatible outputs co
cableforinstrumentation purposes.Thecon- @ High signal-to-noise ratio (85 dB typ) o.our 3] 26 bEcoup
verter accepts either unipolar or bipolarinput STROBE [7]] [25] Iner
voltages. All digital outputs are TTL compat- V4 E-": [24] tesr
ible and the digital output is in serial form. APPLICATIONS v.- 5] ol
@ Instrumentation ! e
o DSP comp, [7] [22] bECOUP
e Correlators comp; [&] [21] DECOUP
o Digital audio Vo [2] [75] bac out
comp [10] [19] vin
REFERENCE DATA comp [11] [13] A GND
comp [12] [17] osc,
PARAMETER LIMIT UNITS comp [33] 78] osc,
comp [14] [15] 0. GND
Positive supply (pin 5) 5 \
Negative supply 1 (pin 6) -5 Vv TOP VIEW
Negative supply 2 (pin 9) -17 \" ORDER NUMBERS
Signal-to-noise ratio 84 dB TDA1534 (CERAMIC)
Linearity error % LSB TDA1534A (PLASTIC)
Resolution 14 bits
4-19 September 1985
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Product Specification

14-Bit Analog to Digital Converter (Serial Output)

TDA1534

BLOCK DIAGRAM
s| 6 9 1
T L) ¥
v+ V= V-
3
24
SUCCESSIVE LEVEL 4
APPROXIMATION CONVERTER
+ REGISTER
(SAR) 2
25 ) CONTROL
+ Loaic
_l-
) 28
23 |
‘VP
7
REFERENCE CLOCK
o D/A CONVERTER SOURCE '0sC
13| 14]15]16] 17| 21] 22 20| 19] 18 2| 27
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Signetics Linear Products Advance Information
12-Bit D/ A Converter DAC800
DESCRIPTION FEATURES PIN CONFIGURATIONS
The DACB00 is a single-chip converter e Maximum Nonlinearity =12 LSB
with 12-bit linearity, obtained without e Guaranteed Monotonicity Current Model
trimming. It is pin compatible with the 0°C to 70°C F Package
industry standard DAC80 (no external e Current or Voltage Output Models
reference can be used) and has a faster o |nternal Reference
fottlmg :ilmf This 'cctmverterl hast thin ° Unlpolar and Blpolﬂ[ Operation ::: : 5] 6:4Vges OUT
o s s, * Compatble Wi TLILSTLIGHOS | w2 | [ | 1mommnr
ies ! No Laser Trimming BIT3 3
and an output amplifier (V models). * a 22 Voo
P P v ) ¢ Excellent Power Supply Rejection BIT4 [ éé B Z1] COMMON
The DAC800 provides for both bipolar ams 514 52 SK___= b5 SCALING
and unipolar outputs. The V models al- f%':ﬂigﬁ“ﬁn and Control BiTe [§ %g GO gczﬁgi
low output ranges of +25V, x5V, Systems arr E% o= scatine:
+10V, 0 to +5V, or 0 to +10V. The —EL 83K [77] BIPOLAR
current models have an output range of  * ‘Analog-to-Digital Converter Systems 25 VYT OFFsEr
either £1mA or0to —2mA. * Automatic Test Equipment = - g REF INPUT
* Robotics BIT10 {10} 18] loyr
i1;he DA0800f hasﬁa n?-asxémum not?jlintialr; « Waveform Generation BIT1 [T [74] Vee
y error of +12 over the fu BIT42 [12] 73] Voo
temperature range, 0°C to 70°C. Addi- Ls8 (LoGIcsuPPLY)
tionally, the DAC800 offers maximum Top VIEW
total error over the full temperature
range of £0.15% of full-scale for unip-
olar operation and +0.12% of full-scale Order Number
for bipolar operation. The total error in- DACBOO0IF
cludes the effects of gain, offset, and
linearity drift with gain and offset errors
adjusted to zero at 25°C. Voltage Model
F Package
MSB
BIT1 [1] 24] 6.3Vqer OUT
BIT2 [2] 23] GAIN ADJUST
83 G H @ 22] Ve
BiTa [T] :é 1] COMMON
ors o} 52 ) Sy,
BiTs [E] EQ 78] 20V RANGE
BiT7 [T} §§ [18] 10V RANGE
G . ) BPOLR
Bie [7] -’-‘% [76] REF INPUT
z

4-21

BIT10 18] 1] Vour
BIT1 d (73] Vee
= Vop
BIT12 [12 - 3l (2aic suppLy)

LsB
TOP VIEW

Order Number
DACB00VF
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Signetics Linear Products

Advance Information

12-Bit D/ A Converter

DACS00

AC ELECTRICAL CHARACTERISTICS V. =15V, Vge = =15V, Vpp =5V, 0°C < T, < 70°C (Unless otherwise noted)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min - Max UNIT
V4 Logic Input High 2 16.5 \"
Vi Logic Input Low 0 0.8 \
™ Logic High Input Current Vin=24V 20 uA
e Logic Low Input Current Vin=04V -20 uA
Power Supply Sensitivity £0.0005| £0.001 | % of FSRI%V
Voo Vees Voo
Vcc, VEE +13.5 +15 +16.5 \
Vpp® 45 5 16.5 \
lcc n 14 mA
lee -20 -17 mA
IDD 6.5 8 mA
NOTES:
1. Adjustable to zero with external trim potentiometer.
2. To maintain drift specs internal resistors must be used on current output model.
3. FSR means full-scale range and is 20V for =10V range, 10V for +5V range, etc.
4. Includes the effects of gain, offset, and linearity drift. Gain and offset errors are adjusted to zero at 25°C.
5. Power dissipation is an additional 20mW when Vpp, is operated at +15V.
6. R_=2K, C| =200pF, Ty =25°C for V models only.
7. C=10pF, Ty =25°C for | models.
8. Typical operating conditions for Amplifier Duration Output Short Circuit to Ground is indefinite at this time.

September 1985

4-22



Signetics Linear Products

Advance Information

12-Bit D/ A Converter

DAC800

POWER SUPPLY CONNECTIONS
Any nolse present on the power supply pins
of the DAC800 creates additional error. For
optimum performance this noise should be
limited as much as possible. This can be ac-
complished by bypassing the power supply
pins with appropriate capacitors. Decoupling
capacitors on the order of 1uF are recom-
mended with the best types being tantalum
or electrolytic. Electrolytic capacitors have
poor high frequency characteristics and, if
used, should be paralleled with a 0.01uF
ceramic capacitor.

LOGIC INPUTS

The logic inputs of the DAC800 are compati-
ble with TTL, LSTTL, and CMOS over the op-
erating range of Vpp (5V to 15V) as well as
over temperature (0°C to 70°C). The input
switching threshold is TTL (about 1.4V) and is
independent of the supply voltage, Vpp.

Logic input coding for the DAC800 is comple-
mentary. The specific code will be comple-
mentary straight binary (CSB) for unipolar
output connections and complementary off-
set binary (COB) for bipolar output connec-
tions. For bipolar output connections,
complementary two's complement (CTC) can
be realized by Inverting the MSB with an ex-
ternal inverter. The relationship between the
digital input and analog output for the three
codes Is shown in Table 1.

VOLTAGE REFERENCE
The DACB800 has an internal 6.3V reference

with a +1% tolerance. The reference is con-
nected internally to the converter and to the
bipolar offset resistor and to pin 16 which
does not allow the use of an external refer-
ence. The reference is brought out on pin 24
for external use, if needed, and can typically
supply 2.5mA. If the external load varies, an
external buffer s recommended in order to
isolate the reference from load variations.

EXTERNAL GAIN/OFFSET
ADJUSTMENTS

The gain and offset of the DAC800 can be ad-
Justed with external potentiometers. The po-
tentiometer configuration required for gain
adjustment is shown in Figure 1. The 10MQ re-
sistor should have a tolerance of 20% or less
and the potentiometer and 10MQ resistor
should have a temperature coefficient of
200ppm/°C or less.

The potentiometer configuration required for
offset adjustment is shown in Figure 2and its
equivalent circuit in Figure 3. From the equiv-
alent circulit it can be seen that this configu-
ration adds/subtracts a current from the
converter output current. The 3.9MQ resistor
should have a tolerance of 20% or less and
the potentiometer and 3.8 MQ resistor should
have a temperature coefficient of 200 ppm/
°C or less. Both adjustment circuits should
be located close to the DAC800 to prevent
nolse pickup. If full-scale accuracy Is not re-
quired, then the gain adjust pin may be
grounded to minimize noise pick-up.

Table1. Coding Relationships
ANALOG OUTPUT
DIGITAL INPUT CSB CoB cTC
MSB LsSB
000000000000 +Full-Scale +Full-Scale -1LSB
-1LSB -1LSB
o11111111111 + 12 Full-Scale Zero — Full-Scale
100000000000 + 2 Full-Scale -1LSB +Full-Scale
-1LSB -1LSB
111111111111 Zero — Full-Scale Zero
4-23

The effects of gain and offset adjustment are
shown in Figures 4 and 5. Figure 4 shows that
gain adjustment rotates the transfer function
about the origin and has no Iimpact on the ori-
gin. Figure 5 shows that offset adjustment
translates the transfer function along the AN-
ALOG OUTPUT axis. Note that this changes
the output for full-scale. The objective of the
adjustment procedure is to fix the end points
of the transfer function at the ideal points.
For this reason the adjustment sequence
must be to first adjust the offset and then the
gain. Offset adjustment is accomplished by
setting all logic inputs to a logic high (“1”) and
adjusting the offset so that the output corres-
ponds to its most negative value (zero for un-
ipolar outputs and - full-scale for bipolar
outputs). Gain adjustment is accomplished
by setting all logic inputs to a logic low (“0")
and adjusting the gain such that the output
corresponds to its most positive value (full-
scale —1LSB).

VOLTAGE MODEL OUTPUT
CONNECTIONS

The DAC800 voltage models have internal
scaling resistors which provide output
ranges of 0 to +5V,0to +10V, £2.5V, £5V,
and +10V. The use of the internal resistors
minimizes gain and offset drift since excel-
lent thermal tracking with other on-chip
components limits this effect. Figures 6a, b
and ¢ show the different output configura-
tions.
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Advance Information

12-Bit D/ A Converter

DAC800

ABSOLUTE MAXIMUM RATINGS'

PARAMETER RATING UNIT

Temperature Range

Operating 0to 70 °C

Storage -65to +150 °C
Power Supply

Ve Vee +16.5 v

Voo +16.5 \"
Logic Levels

High +16.5 v

Low 0 \

NOTE:

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. These are stress ratings only. Functional operation of this device at these or any other condi-
tions above those indicated in the operational sections of this specification is not implied and expo-
sure to absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

Voo =15V, Vgg = ~15V, Vpp =5V, 0°C < T < 70°C (Unless otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS Min LI::I:‘S Max UNIT
Resolution 12 Bits
Monotonicity 12 Bits

NL Nonlinearity EY] LsB

DNL Differential Nonlinearity xRk +1 LSB
Gain Error’ Ta=25°C +0.1 +0.2 % of FSR
Gain Tempco +10 +30 ppm/°C
Offset Error! +0.05 | 015 % of FSR3
Offset Tempco? Unipolar Connection +1 +3 |ppmof FSR/°C
Offset Tempco? Bipolar Connection +7 +15 |ppm of FSR/°C
Bipolar Drift Full-Scale Drift for Bipolar Connection +10 +25 |ppmofFSR/°C
Total Error4 Unipolar Connection +0.06 | +0.15 % of FSR
Total Error4 Bipolar Connection +0.05 | +0.12 % of FSR

ts Settling Time to 0.01% of FSRé 20V Range 3 5 us

ts Settling Time to 0.01% of FSRé 10V Range 25 4 us

ts Settling Time to 0.01% of FSRé 1LSB Change, Major Carry 15 us

ts Settling Time to 0.01% of FSR? 10 to 100Q Load 300 ns

ts Settling Time to 0.01% of FSR? 1kQ Load 1 us
Full-Scale Current | Model Only 17 2 23 mA
Converter Output impedance | Model Only 10 MQ
Converter Output Compliance | Model Only -25 +25 \"
Amplifier Slew Rate® 10 15 ‘ Vius
Amplifier Output Current V Mode! Only +5 mA
Amplifier DC Output Impedance V Model Only 0.05 Q
s VModel iy

VRer Reference Voltage Output 6.23 6.30 6.37 v
Reference Voltage Tempco +10 +30 ppm/°C
Reference Output Source Current 15 25 mA
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Advance Information

12-Bit D/ A Converter

DAC800

Vee

0K oM o CONNECT

TO T0
e PIN 23

Vee

Figure 1. Gain Adjust Circuit

Vee
CONNECT TO
10K 39M PIN 20 FOR
TO &+—AM~—O VMODELS
100K ANDPIN 16
FOR|IMODELS
Vee

Figure 2. Offset Adjust Circuit

=
g
=

Figure 3. Offset Adjust Equivalent Circuit

FULL: GAIN ADJUST -
- SCALE RANGE
5 —_— 5
a
£ t g
o o
o
8 g
< <
z 3
SHH OFFSET ADJUST
A ) RANGE
L DIGmALNPUT T ?
BITS 4 BITS ‘0’
Figure 4. Gain Adjust Effects

DIGITAL INPUT *

to ground for 0 to 5V Range

a. Connections for 0 to 5V Range and
+2.5V Range (V model)

*Connect pin 17 to pin 20 for +2.5V Range and

*Connect pin 17 to pin 20 for +5V Range and to

ground for 0 to 10V Range

b. Connections for 0 to 10V Range and

+5V Range (V model)

Figure 6.

c. Connections for 10V Range (V model)
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Advance Information

12-Bit D/ A Converter DACS00
20 20 PRexr
— ————O— — ———o—-vw—l
< -
Ioac Ipac =
2k 19 2K 19
. 2£3K :: 3K
by ® Rea A 3
U7 ek owo o o 63K 1
6.3V—AM—OC 6.3V
b OVour == b ¢ 0 Vour
a. Connections for 0 to — 2V Range (I model) b. Connections for +1V Range (I model)
Figure 7.
CURRENT MODEL OUTPUT
CONNECTIONS
Internal resistors are provided for the current 20
models which can be used with an external -] 2K ?s
op amp or configured as a resistive load for loac VWA 0
output ranges of 0 to —2V or +1V. Use of )
these internal resistors is required to main- 33K ou-ro————j
tain gain and Dbipolar offset drift 5K 18
specifications. Wy -0
1T NES310R
Output ranges of 0 to —2V and +1V are ob- 63v b NE5539
tainable with the addition of a single external
resistor (excluding the gain and offset adjust- — Vour

ment components). Figures 7a and b show
the necessary connections for these output
ranges. The internal resistors of the DAC800
have wide tolerances and the external resis-
tor, Rey: Will have to be selected for each unit.
Nominal values will be 32Q for the unipolar
connection and 0Q for the bipolar connec-
tion.

The current output can also be used to drive
the summing junction of an external op amp
used as a voltage to current converter. This
has the advantage of faster settling time than
the voltage model. Figure 8 shows the gen-
eral configuration and Table 2 lists the availa-
ble output ranges and required connections.

Table 2. Current Model Connection for

Various Output Ranges
OUTPUT CONNECT
RANGE [outTO | 19TO | 17TO
10V 19 Out 15
x5V 18 NC 15
+25V 18 15 15
Oto +10V| 18 NC GND
Oto +5V 18 15 GND

September 1985
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Signetics Linear Products

Product Specification

8-Bit Microprocessor-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
bufter amplifier. The voltage reference may
be externally trimmed with a potentiometer
for easy adjustment of full scale, while main-
taining a low temperature co-efficient.

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

BLOCK DIAGRAM

FEATURES

8-bit resolution

Input latches

Low-loading data inputs

On-chip voltage reference

Output buffer amplifier

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

Amplifier and reference both short-
circuit protected

Compatible with 8085, 6800 and many
other xP’s

APPLICATIONS

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

® Programmable power supplies
o Test equipment
L]
L]

Measuring instruments
Analog-digital multiplication

(19)

Veer INT.
VREF VRer
(13) oyt O—
<
<
Vagr o aan]
(12)
ADJ. 5K ¢
(19
%; 5K E

SUM
O
0 NODE

(1)
DIGITAL
GND

(9 (8 (1) 6 (5 (4 (3) (2
DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO

STIIITIry™

LATCHES AND
SWITCH DRIVERS

BIPOLAR

%) “orrser

5K
vAv‘vf
+
(18) Vour O— _ DAC CURRENT
AL OUTPUT
@1 AW K | L
COMP. =
ANALOG
(22) GND. O
DAC SWITCHES
v 5K
REF
49 "

Figure 1

August 27, 1985
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PIN CONFIGURATION
F,N PACKAGE
oIGITAL GND [T ] e [22] anaLoG ano
080 (Ls8) (2] [21] ame. comp.
oe1 [3] [70] sum noDE
os2 [ [79) vee -
083 E Vout
o84 [_ﬂ [77) vee-
oes (7] [16] oac comp.
o086 3] [75] 81POLAR OFFSET R
oe7 (Mse) [9] [74] Vaer IN
ie E [13] vaer OUT
ne [17] [72] vaer ADY
ORDER NUMBERS
SE/NE5018F,N
D2 PACKAGE
DIGITAL GND E: i 23] ANALOG GND
DBO (LSB) [Z E AMP. COMP.
ost [3] [22] sum NoDE
oez [4] 21] < vee
083 E [20] vour
o84 [6] [19] ne
oes (7] 18] -vec
oes [8] [17] oac comp.
os7 [9] [16] eiPoLAR OFFSET
ne [10] [15] nc
E E E VRer IN
vaer A0u. [12] [13] VRer OUT
TOP VIEW
ORDER NUMBER
NE5018D?

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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Signetics Linear Products Product Specification
8-Bit Microprocessor-Compatible D/A Converter SE/NE5018
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 O to VREF 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 Voyr Continuous
Pp Power dissipation*
-N package 800 mwW
-F package 1000 mwW
TA Operating temperature range
SE5018 —55to +125 °C
NES018 Oto +70 °C
TsTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75°C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vcc+ = +15V, Voc— = —15V, SE5018. —=55°C < Tp < 125°C,
NE5018. 0°C < Ta =< 70°C unless otherwise specified!
Typical values are specified at 25°C
SE5018 NES018
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 Vv
V|N(1) Logic “1" input voltage Pin 1 = 0V 20 20 \
VIN(O) Logic “0" input voltage Pin 1 = OV 0.8 0.8 Vv
INC1) Logic “1" input current Pin 1 =0V, 2V<V|N< 18V 0.1 10 0.1 10 HA
IN(O) Logic “0" input current Pin 1 = 0V, —5V<V|N<0.8V -20 | —10 -2.0 -10 uA
VFs Full scale output voltage Unipolar operation 9.50 | 9.961 | 10.50 | 9.50 9.961 | 10.50 \"
VREF IN = 5.000V, Tp = 256°C
VES Full scale output voltage Bipolar operation 45 |+4961| 55 45 |+4961| 55 v
VREF IN = 5.000V, Tp = 25°C | -5.04 [—5.000|-4.960 | 5.04 |—5.000| 4.960
Vzs Zero scale voltage -30 5 +30 -30 5 +30 mv
los Output short circuit Ta = 25°C 15 40 15 40 mA
current VouTt =0V
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+ = 16V, —13.5V<V—<—16.5V, 001 | .01 001 | .01 | %Fs
rejection (—) external VReF |N = 5.000V %VS
TCfs Full scale temperature VREF IN = 5.000V 20 20 ppm/°C
coefficient
TCzs Zero scale temperature 5 5 ppm/°C
coefficient
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Product Specification

8-Bit Microprocessor-Compatible D/ A Converter

SE/NES018

NES5018. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 25°C

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voot = +15V, Voo~ = —15V, SE5018. —56°C < Tp < 125°C,

SE/5018 NES5018
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+ (RpgF) 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 = 25°C 49 5.0 5.25 49 5.0 5.25 v
TCREF Reference voltage IREF = 1.0mA AT 60 80 ppm/°C
temperature coefficient
ZIN DAC VREgF IN input IREF=1.0mA Tp=25°C 415 | 5.0 5.85 4.15 5.0 5.85 KQ
impedance
Icct+ Positive supply current Vet = 15V 7 14 7 14 mA
lcc— Negative supply current Vece— = —15V =10 —15 -10 —15 mA
Pp Power dissipation IREF = 1.0mA, Vgc = £ 15V 255 435 255 435 mw
NOTE
1. Refer to Figure 2.
AC ELECTRICAL CHARACTERISTICS 2 Vgg = + 15V, Tp = 25°C
SE/NES018
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
tpih Propagation delay Output Input All bits switched low to high3 300 ns
tphl Propagation delay Output Input All bits switched high to low4 150 ns
tpisb  Propagation delay Output Input 1 LSB change3.4 150 ns
tplh Propagation delay Output _L_§ low to high transition 300 ns
tohl Propagation delay Output LE high to low transition® 150 ns
tg Set-up time LE Input 2,7 100 ns
th Hold time Input LE 2,7 50 ns
tow Latch enable pulse width 2,7 160 ns
NOTES
2. Refer to Figure 3.
3. See Figure 6.
4. See Figure 7.
5. See Figure 8.
6. See Figure 9.
7. See Figure 10.
8. For reference currents > 3mA, use of an external buffer is required.
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Product Specification

8-Bit Microprocessor-Compatible D/A Converter

SE/NES018

DC PARAMETRIC TEST CONFIGURATION

iy

98765432 19
5.000v 10 DIG GND 1 ——o?
0] G ——
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13 VREF OUT =
o— 12 5018 ouTeuT
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DAC 2K
comp AMP 21
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vee T
Figure 2

AC PARAMETRIC TEST CONFIGUTATION

vee+
__ Mmss Lss
LE —_— I 0.47,F
98765432 19
10 DIG. GND 1 —o—/:}
14 ANA. GND 22 —01
- L
o—] 12 so18 ouTPUT
Vout 18
sum 20 f—o T2
DAC 2K
100pF = =

COMP. AMP 21
16 17 15 COMP. '_i

0.01,F T 0.1,F

vee

Figure 3

FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V)
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BIPOLAR OUTPUT OPERATION (-5 to +5V)
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8-Bit Microprocessor-Compatible D/ A Converter SE/NES018

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT
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Product Specification

8-Bit Microprocessor-Compatible D/ A Converter

SE/NES019

DESCRIPTION

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

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

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

BLOCK DIAGRAM

FEATURES

e 8-bit resolution

o Input latches

e Low-loading data inputs

e On-chip voltage reference

o Output butfer amplifier

e Accurateto + 1/4 LSB (.1%)

e Monotonic to 8 bits

e Amplifier and reference both short-
circuit protected

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

APPLICATIONS

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

Measuring instruments
Analog-digital muitiplication

PIN CONFIGURATION

F,N PACKAGE

DIGITAL GND [7] [22] anaLOG GND

080 (L8) [Z] 71] AMP. COMP.
os1 [3] 20] SUM NODE
oe2 [4] [79] vee+
083 [5 ] [18] vour
o84 G| [17] vee-

85 [7] [16] pac come.
086 ] [15] BipoLAR OFFSET R

087 (MsB) [9] [13] VRer N

e [0} 13] vRer OUT
ne [17] [12] VRer ADJ.
TOP VIEW
ORDER NUMBERS
NE5019F SE5019F
NES019N

(10)

© @ 0 ©® 6 @ & (@
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

JREREREEN

LATCHES AND

SWITCH DRIVERS

(1
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e SUM NODE (20)
5K

AAA
VWA

DAC CURRENT
j OUTPUT

o
(19)
Vee+
” INT.
v VREF
13 REF
() OUTC
>
S 15K
S
VREF * 1
(12) 0y O—VWA—
>
<
>
3«

DAC SWITCHES

VREF
a4 TN

BIPOLAR
0s) OFFSET

Figure 1

b————O Vour (18)

AMP.
5K come. (21

ANALOG
Gnp. (22
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Signetics Linear Products Product Specification
8-Bit Microprocessor-Compatible D/A Converter SE/NES019
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veot Positive supply voltage 18 \
Vee— Negative supply voltage -18 v
VIN Logic input voltage. Oto 18 v
VREfrIN Voltage at VRgF input 12 v
VREFADJ  Voitage at VRgfr adjust 0 to VREF v
Vsum Voitage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgr OUT Continuous
loutsc Short-circuit current to ground
or either supply at VoyT Continuous
Pp Power dissipation*
-N package 800 mwW
-F package 1000 mw
TA Operating temperature range
SES5019 —556 to +125 °C
NES019 Oto +70 °C
TsTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75° C/W above 75°C
DC ELECTRICAL CHARACTERISTICS voc+ = +15V, Vog—= —15V, SE5019. —65°C < Tp < 125°C,
NES019. 0°C =< Tp =<70°C unless otherwise specified.’
Typical values are specified at 25°C
SE5019 NE5019
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy +0.1 *0.1 %FS
Veet Positive supply voltage 11.4 15 11.4 15 v
Vee— Negative supply voltage -11.4 —15 —-11.4| =15 \"
VIN(1) Logic “1” input voltage Pin 1 = 0V 2.0 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = OV 0.8 0.8 v
N1 Logic “1” input current Pin 1 =0V, 2v<V|y<18V 0.1 10 0.1 10 HA
IIN(O) Logic “0" input current Pin 1 = OV, —5V<V|N<0.8V —-2.0 | —10 —-2.0 | —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 |+4.961] 55 45 |[+4.961} 55 v
VREF IN = 5.000V, Tp = 25°C | -5.040 | —5.000|-4.960 | -5.040 | —5.000| -4.960
Vzs Zero scale voltage -30 5 +30 -30 5 +30 mv
los Output short circuit Ta = 25°C 15 40 15 40 mA
current VouTt = 0V
PSR+ (out) Output power supply V- = =15V, 13.5V<V+=<16.5V, 001 | .01 001 | .01 | %FS/
rejection (+) external VRef |y = 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 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 Microprocessor-Compatible D/ A Converter SE/NES019

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voot = +15V, Voo— = — 15V, SE5019, —65°C < Tp =< 125°C,
NES5019. 0°C < Tp <70°C unless otherwise specified.’
Typical values are specified at 25°C

SES5019 NES5019 )
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+Rer Reference power supply | V— = —15V, 13.6V < V+ < 16.5V, .003 .01 .003 .01 | %VR/
rejection (+) IREF = 1.0mA %VS

PSR—Regr Reference power supply | V+ = 156V, —=13.6V < V— < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) %VS

VREF Reference voltage IREF = 1.0mA 25°C 49 5.0 5.25 4.9 5.0 5.25 v

TCREF Reference voltage IREF = 1.0mA A= 60 60 ppm/°C
temperature coefficient

ZIN DAC VREgFIN input IREF = 1.0MA 4.15 5.0 585 | 4.15 5.0 5.85 KQ
impedance Ta=25°C

Icct Positive supply current Vgct = 16V 7 14 7 14 mA

lcc— Negative supply current Vee— = —15V -10 | —-15 =10 | =15 mA

Pp Power dissipation IREF = 1.0mA, VoG = £ 16V 255 | 435 256 | 435 | mw

NOTE
1. Refer to Figure 2.

AC ELECTRICAL CHARACTERISTICS ® v¢g = 15V, Ta = 25°C

SE/NE5S019
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
tpih Propagation delay Output Input All bits switched low to high3 300 ns
tohi Propagation delay Output Input All bits switched high to low4 150 ns
tpisb  Propagation delay Output Input 1LSB change3.4 150 ns
tpih Propagation delay Output LE low to high transitionS 300 ns
tphi  Propagation delay Output LE high to low transition® 150 ns
tg Set-up time LE Input 2,7 100 ns
th Hold time Input LE 2,7 50 ns
tow Latch enable 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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8-Bit Microprocessor-Compatible D/ A Converter

SE/NES019

DC PARAMETRIC TEST CONFIGURATION

98765432 19

10 DIG.GND 1 '—O—;_,
1_

_——0—]14 VRerIN ANA. GND 22
L—-o— 13 VREF OUT
o—f 12 5018 ouTPuT
Vout 18

Figure 2

AC PARAMETRIC TEST CONFIGUTATION
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FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V)
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT
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Figure 8 Figure 9
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10-Bit Microprocessor-Compatible D/ A Converter SE/NES020

DESCRIPTION FEATURES PIN CONFIGURATION
The NE5020 is a microprocessor-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 6N [T [24] ANALOG GND
monotonicity guaranteed over full operating  ® Unipolar (OV to +10V) and 080 (.58) [Z] [73] me cowp
temperature range. Bipolar (+ 5V) output range
Low loading latches, adjustable logic * Logic bus compatible > 2] sou vooe
! ® 5 ttiing tii o82 [4 21] +V
thresholds and addressing capability allow u8ec setlling fime E g ¢
the NE5020 to directly interface with most 083 |5 20] vour
microprocessor and logic controlled sys- APPLICATIONS o84 [ | [79] —vee
tems. ©® Precision 10-bit D/A converters oas BPOLAR OFFSET R
¢ 10-bit Analog to Digital converters (2 [75]
The NE5020 contains internal voltage refer- * Programmable power supplies 86 [7] [17) +vrer weut
ence, DAC switches and resistor ladder. e Test equipment oe7 [5] [75] —vaee weuT
Also, the input buffer and output e Measur t instruments oes Vegs oUT
amplifier are included. In addition, the 10 [75] vrer
matched application resistors for scaling ei- oee [17] 73] veer ADY
ther unipolar or bipolar output values are & [iZ] E“’
included on a single monolithic chip.
The result is a near minimum component ORDER NUMBERS
count 10-bit resolution DAC system. :gzggg:
BLOCK DIAGRAM
(1 (10) ® ®) m ®) 5) 0] (L) @
0B D88 bB7 DB6 Das DB4 DB3 D82 b8t DBO
nss -] Ls8
(L1 1 PR S— ———————0 (&1 (12)
LATCHES AND SWITCH DRIVERS
SUM (22)
[ ] © nooe
(1) DIGITAL GND O- L™y
@1 +vee
| DAC OUTPUT CURRENT
. (18 Vper ouT O— -l d J I Vour (20}

NT VREF.
14) VReF ADY O AMP (23)
(14) Veer DAC SWITCHES R cour
PReF
(17) + Vher N O AN ANALOG GNo (24)
Rae =
(18) BIPOLAR ay
OFFSET

(18)—VRer N

—vee
9 ALL R VALUES EQUAL SkQ2 AND ARE THERMALLY MATCHED

Figure 1
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Signetics Linear Products Product Specification
10-Bit Microprocessor-Compatible D/ A Converter SE/NE5020
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
\olons Positive supply voltage 18 v
Vee— Negative supply voltage -18 v
VIN Logic input voltage Oto 18 v
VREF IN Voitage at +VRgF input 12 v
VREF ADJ Voltage at VReF adjust 0 to VR v
VsuMm Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
louTtsc Short-circuit current to ground
or either supply at VoyT Continuous
Pp Power dissipation*
-N package 800 mwW
F package 1000 mw
TA Operating temperature range
NE5020 Oto +70 °C
TsTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75°C/W above 75°C
DC ELECTRICAL CHARACTERISTICS v(gc+ = +15V, Vog— = —15V, 0°C =< Tp =<70°C unless otherwise specified.’
Typical values are specified at 26°C
NE5020
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
Resolution 10 Bits
Monotonicity 10 Bits
Relative accuracy +0.1 %FS
Veet Positive supply voitage 11.4 15 16.5 v
Vee— Negative supply voltage —11.4 -15 -16.5 v
VIN(1) Logic “1” input voltage Pin 1 =0V 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = 0V 0.8 v
INC1) Logic “1” input current Pin 1 =0V, 2v<Viy<18V 0.1 10 A
IN(0) Logic “0” input current Pin 1 = 0V, —6V<V|N<0.8V -2.0 -10 HA
VEs Full scale output voltage Unipolar operation 9.5 9.9902 | 10.5 v
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voltage Bipolar operation 45 4.9902 5.5 v
VREF IN = 5.000V, Tp = 25°C -5.040 | —5.000 | -4.960
Vzs Zero scale voltage Unipolar operation -30 5 +30 mv
los Output short circuit Ta = 25°C +15 +40 mA
current Vour = 0V
PSR+ (oyt) Output power supply V- = —15V, 13.6V<V+=<16.5V, .001 .01 %FS/
rejection (+) external VRgF IN = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V=V-=-16.5V, .001 .01 %FS/
rejection () external VREF |N = 5.000V %VS
TCrs Full scale temperature VREF IN = 5.000V 20 ppmFS
coefficient /1°C
TCzs Zero scale temperature 5 ppmFS
coefficient /°C

NOTE
1. Refer to Figure 2.
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Product Specification

10-Bit Microprocessor-Compatible D/ A Converter

SE/NE5020

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 OUT = OV
PSR+ReF Reference power supply V— = =158V, 13.6V < V+ < 16.5V, .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—RgF Reference power supply V+ = 18V, —13.6V < V- < 16.5V, .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA, Tp = 25°C 49 5.0 5.25 \
TCrer  Reference voltage IREF = 1.0mA 60 ppm/°C
temperature coefficient
ZIN DAC VRgFIN input IREF = 1.0mA 5.0 kQ
impedance
Icct Positive supply current Veet = 15V 7 14 mA
lcc— Negative supply current Vece— = —15V -10 —-15 mA
Pp Power dissipation IREF = 1.0mA, Ve = £ 15V 255 435 mw
NOTE
1. Refer to Figure 2.
2. For Iggp OUT greater than 3mA, an external buffer is required.
AC ELECTRICAL CHARACTERISTICS 3 vog = 15V, Tp = 25°C
NE5020
PARAMETER TO FROM TEST CONDITIONS Min | Typ | Max UNIT
TsLH Settling time + % LSB Input All bits low to high4 5 us
TgHL Settling time + % LSB Input All bits high to low5 5 us
tolh Propagation delay Output Input All bits switched low to high4 300 ns
tphl Propagation delay Output Input All bits switched high to low5 150 ns
tplsb  Propagation delay Output Input 1 LSB change4.5 150 ns
tpth Propagation delay Output LE low to high transition® 300 ns
tphl Propagation delay Output LE high to low transition” 150 ns
tg Set-up time LE Input 3,8 100 ns
th Hold time Input LE 3,8 50 ns
tow  Latch enable pulse width 3,8 150 ns
NOTES
3. Refer to Figure 3.
4. See Figure 6.
5. See Figure 7.
6. See Figure 8.
7. See Figure 9.
8. See Figure 10.
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Product Specification

10-Bit Microprocessor-Compatible D/ A Converter

SE/NES020

DC PARAMETRIC TEST CONFIGURATION

vee+
_ wmsB Lss
B2 L6y — T 0.47,F
i 11109876 5432 21
5,000V 12 DIG. GND 1
O—e 13 +
_—0—417 VRer v ANA. GND 24
15 VREF OUT ~VREF IN 16 =
o—J1a 30pF  OUTPUT
VouT 20
Sum 22 ”
AMP 23
19 18 COMP. m
100= =
1 I
T 0.14F
vee—
Figure 2

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

SETTLING TIME AND PROPAGATION DELAY,
HIGH TO LOW DATA
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Figure 7
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT
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CIRCUIT DESCRIPTION

The NE5S020 provides ten data latches, an
internal voltage reference, application resis-
tors, and a scaled output voltage, in addition
to the basic DAC components (see block
diagram, figure 1).

Latch Circuit

Digital interface with the NE5020 is readily
accomplished through the use of two latch
enable ports (LE¢ and LE2) 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
NES020 utilize a differential input logic sys-
tem with a threshold level of +1.4 volts with
respect to the voltage level on the digital
ground pin (Pin 1). Figure 11 details several
bias schemes used to provide the proper
threshold voltage levels for various logic
families.

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

The independent LE (LE and LEy) 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 fﬁg is activated
low and returned high according to the
NES5020 timing requirements. Then LE is
activated low and the remaining eight LSB's
of data are transferred into the DAC. With
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LE returning high the loading of ten bit data
word from an eight bit data bus is complete.

Occasionally the analog output must change
to its data value within one data address
operation. This is no problem using the
NES5020 on a 16 bit bus or any other data
bus with 10 or greater data bits.

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

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

NES5020 .P INTERFACE 8-BIT DATA BUS EXAMPLE

B8O l
]
. ]
DATA BUS I
]
]
86 1
87 1
-] 9 8 7 6 5 4 3 2 1 o
MSB LS8
E2 -{ LA\‘C“ES]
& 1 LATCHES 1
[ 1 | I I
pAC

Figure 12

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

8-BIT-DATA BUS

+5v

1 2
4

10 740874

13 12

3 " 5 9
TEpRE-LOAD “Do_l—l
INVERTER 1 |10
msB

TELoap &y
| 3
LE2

Ls8

NE5020

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

Reference Interface

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

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

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

Input Amplifier

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

Figure 1 details the input reference amplifier
and current ladder. The voltage to current
converter of the DAC amp will generate a
1mA reference current through QR with a 6
volt VRgF. This current sets the input bias to
the ladder network. Data bit 9 (DBg)(Qg),
when turned on, will mirror this current and
will contribute 1mA to the output. DBg (Qg)
will contribute ' of that value or 0.5mA and
so on. These current values act as current
sinks and will add at the sum node to
produce a DAC ladder to sum node function
of:

+

2VREF DB9 , DB8 , DB7
lout= R \"20t 723 T8

RREF 2 4

DB4 DB3
6 t 32 Tea ti28 *

DBO
+ 1024)
Becauseé of the fixed internal compensation
of the reference amp, the slew rate is limited
to typically 0.7V/usec and source

impedances at the VRgF INPUT greater than
5k should be avoided to maintain stability.

DB1

256 * 512

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

Output Amplifier and Interface

The NE5020 provides an on chip output op
amp to eliminate the need for additional ex-
ternal active circuits. Its two stage design
with feed forward compensation allows it to
slew at 15V/usec and settle to within
+ %LSB in 5usec. These times are typical
when driving the rated loads of R|_ = 5k and
CL = 50pF with recommended values of
Cgg = 1nF and Cpg = 30pF. Typical input
offset voltages of 5mV and 50k open loop
gain insure an accurate current to voltage
conversion is performed when using the on
chip Rgp resistor. REg is matched to RREF
and Rg|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 increase the settling time.

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

Bipolar Output Voltage

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

Zero Scale Adjustment

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

Full Scale Adjustment

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

<— CURRENT

BIPOLAR OUTPUT
5K
VREF IN . AAA
i VWA
IREF 5K To R-2R Ladder
l BIPOLAR

,’ OFFSET (18)

| JUMPER FOR

\  BIPOLAR OPERATION

\_ SuMm

NODE  (22)
~—(Ip ~ IREF)
5K

i DAC

FROM
CURRENT
SWITCHES

Figure 14

Vour

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

As resistors RRgF, Rep and Rg|p 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
R4=20K, 10T POTENTIOMETER
-Vee —AMW—— +Vce
R2 = 1M(2
sum _ (22)
'NODE
(OPTIONAL)
5K
AW :% =
DAC
~a— CURRENT OUTPUT
[ hckiskimtiisA e vour (20) CFF
@4 = cc
Figure 15
REFERENCE ADJUST CIRCUIT
+ INT
VREF Out REF
VRet o @ e e ——— o3
out 15) [
:: 15K
Ra= <
Pe 80K VREF ADJ
Ra= 10K S+—AM——
10T POT < 18
<>
L $*
1
Figure 16
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Triple 4-Bit RGB DAC

NES150/NES151

DESCRIPTION

The NE5150/5151 are triple 4-bit DAC’s
intended for use in graphic display sys-
tems. They are a high performance —
yet cost effective — means of interfacing
digital memory and a CRT. The NE5150
is a single integrated circuit chip con-
taining special input buffers, an ECL
static RAM, high-speed latches, and
three 4-bit DAC’s. The input buffers are
user selectable as either ECL or TTL
compatible. The RAM is organized as
16 x 12, so that 16 “color words” can be
down loaded from the pixel memory into
the chip memory. Each 12-bit word rep-
resents 4 bits of red, 4 bits of green and
4 bits of blue information. This system
gives 4096 possible colors. The RAM is
fast enough to completely reload during
the horizontal retrace time. The latches
resynchronize the digital data to the
DAC’s to prevent glitches. The DAC’s
include all the composite video func-
tions to make the output waveforms
meet RS170 and RS343 standards, and
produce 1VPP into 75 ohms. The com-
posite functions (reference white, bright,
blank, and sync) are latched to prevent
screen-edge distortions generally found
on ‘“video DAC’s.” External components
are kept to an absolute minimum
(bypass capacitors only as needed) by
including all reference generation cir-
cuitry and termination resistors on chip,
by building in high-frequency PSRR

(eliminating separate Vgg's and costly
power supplies and filtering), and by
using a single-ended clock. The guaran-
teed maximum operating frequency is
80MHz over the commercial tempera-
ture range. The device is housed in a
standard 24-pin package and consumes
less than 1W of power.

The NE5151 is a simplified version of the
NES5150, including all functions except
the memory. Maximum operating fre-
quency is 150MHz.

FEATURES

¢ Single chip

On-board ECL static RAM
4096 colors

ECL and TTL compatible
80MHz update rate (NE5150)
Low power and cost

Drives 75-ohm cable directly
Internal reference

40dB PSRR

No external components
necessary

® ® 0o 0 0 0 0 o o

APPLICATIONS
Bit-Map graphics
Super high-speed DAC
Home computers
Raster-Scan displays
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PIN CONFIGURATIONS

NE5150-F PACKAGE

Do (MsB) [1]
a3 [2] 23] 02
A2 [3] 22] D3
A1 [4] E WRITEG
Ao (MsB) [E] [20] WRITER
vee [€] NES5150 [15] WRITEs
WHITE 78] ne
BRIGHT [8 ] [17] sTROBE
BLANK [9] [76] Dano
sync [i9] [15] BLUE
GREEN [17] [74] vee
AGND F—ﬂ RED
TOP VIEW
Order Number
NE5150F

NE5151-F PACKAGE

Ro (MsB) [T} A 24] R1
a3 2] 23] R2
a2 3] [22] R3
61 [2] [21] Bo (MsB)
Go (wss) 5] [20] B1
vee [€] 79] 82
wHITE [7] nestst 18] B3
BRIGHT 8] [17] sTRoBE
BLANK [9] [76] Dono
sync [i0] [15] BLUE
GReeN [17] 73] Vee
Acno [12] 73] RED
TOP VIEW
Order Number
NE5151F
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BLOCK DIAGRAMS
NE5150 NE5151
AumA?z,?fae]go?ugfz? GO G1 G2 G3 ROR1 R2 R3
WRITE
WRITER O] sUFreRS Voo 0 [—o 8o
WRITEg O— AcNp O— INPUT —oB81
1l Danp O—] REFERENCE BUFFERS l_oB2
RIW Vee 0 —O B3
11 O T JTT
STROBE O— |
Voo Ol weod w F LATCHES
AGND O RAM SYNC O—{ LATCHES
Denp O— REFERENCEE 16x12 BLANK O— sy 'LLLH
Vee O— BRIGHT O— BL
DAC, pac) {pac
I 11 Y Y
swﬁ:: g: o - LATCHES GREEN  RED.  BLUE
SYNC O—] LATCHES
BLANK O— sy
BRIGHT O—} B 1 |
DAC, DAC, DAC,
GREEN RED  BLUE
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Temperature range
Operating 0to 70 °C
Storage - 65 to 150 °C
Power supply
Vee 7.0 v
Vee -7.0 v
Logic levels
TTL-high 5.5 \
TTL-low -05 \"
ECL-high 0.0 \
ECL-low 0to Vge \
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DC ELECTRICAL CHARACTERISTICS Vcc=5V (TTL), OV (ECL), Vge = -5V, 0°C<T,<70°C, unless otherwise noted.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Resolution 4 bits
Monotonicity 4 bits
NL Nonlinearity +116| +1/2 LSB
DNL Differential nonlinearity +1/8 +1 LSB
Offset error (25°C) [1111] (BRT = 1) +1/2 +1 LsSB
Gain error (25°C) [0000] (BRT = 1) +1/2 +1 LSB
Vee Positive power supply (TTL mode) 45 5.0 5.5 \
(ECL mode) -0.1 0.0 0.1 \
Vee Negative power supply (TTL or ECL mode) -475| -50 | -55 \
lee Positive supply current 15 25 mA
lge Negative supply current (NE5150) 175 210 mA
(NE5151) 145 175 mA
Analog voltage range (ZS to FS) 603 mV
Gain tracking (any two channels) +1/4 LSB
Least significant bit 40.2 mv
EWH Enhanced white level absolute (25°C) 0 mV
BS Bright shift (25°C) (0 to 1) 71.4 mv
EBL Enhanced blanking level absolute (25°C) -674 mV
ESY Enhanced sync level absolute (25°C) -960 mv
Ro Output resistance (25°C) 67.5 | 75.0 | 825 Q
Vi TTL logic input high 2.0 \
Vi TTL logic input low 0.8 )
I TTL logic high input current (Vy = 2.4V) 20 uA
I TTL logic low input current (V| = 0.4V) -1.6 mA
Vin ECL logic input high -1.13 \
Vi ECL logic input low -1.48 v
(™ ECL logic high input current (Vy = - 0.8V) -1.0 mA
I ECL logic low input current (Viy= - 1.8V) -1.0 mA
TEMPERATURE CHARACTERISTICS V=5V (TTL), OV (ECL), Vgg = -5V, 0°C<To<70°C
SYMBOL PARAMETER LIMITS UNIT
Min Typ Max
Offset TC' +100 | ppm/°C
Gain TC' +200 | ppm/°C
Gain tracking TC (any two channels) +50 | ppm/°C
Enhanced white level TC' +£100 | ppm/°C
Bright shift TC +200 | ppm/°C
Enhanced blanking level TC +300 | ppm/°C
Enhanced sync level TC +300 [ ppm/°C
Output resistance TC +1000| ppm/°C

NOTE:
1. Normalized to full scale (603mV).
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AC ELECTRICAL CHARACTERISTICS V=5V (TTL), OV (ECL), Vgg= -5V, 0°C<T4<70°C

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

fmax Maximum operating frequency (NE5150) 80 MHz
twas Write address setup (NE5150) 6 nsec
twan Write address hold (NE5150) 0 nsec
twos Write data setup (NE5150) 6 nsec
twoH Write data hold (NE5150) 0 nsec
twew Write enable pulse width (NE5150) 6 nsec
tres Read composite' setup (NE5150) 4 nsec
treH Read composite’ hold (NE5150) 2 nsec
tras Read address setup (NE5150) 8 nsec
tRAH Read address hold (NE5150) 0 nsec
trsw Read strobe pulse width (NE5150) 8 nsec
tRoD Read DAC delay (NE5150) 8 nsec
fumax Maximum operating frequency (NE5151) 150 MHz
tes Composite’ hold (NE5151) 4 nsec
tcH Composite' setup (NE5151) 2 nsec
tos Data-bits setup (NE5151) 4 nsec
ton Data-bits hold (NE5151) 2 nsec
tsw Strobe pulse width (NE5151) 4 nsec
top DAC delay (NE5151) 8 nsec
tr DAC rise time (10-90%) 3 nsec
ts DAC full-scale settling time® 10 nsec
Cout Output capacitance (each DAC) 10 pF
Sg Slew rate 200 Vliusec
Gg Glitch energy 30 pV-sec
PSRR Power supply rejection ratio (to red, green or blue outputs)

Vee at 1kHz 43 dB

Vee at 10MHz 28 dB

Vee at 50MHz 14 dB

Vg at 1kHz 80 dB

Vce at 10MHz 50 dB

Vcc at 50MHz 36 dB

NOTES:

1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals.
2. Settling to + 1/2 LSB, measured from STROBE 50% point (rising edge). This time includes the delay through the strobe input buffer and latch.
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PIN DESCRIPTION — NE5150

Write enable inputs use negative-true logic
while all other inputs are positive-true. All
inputs operate synchronously with the posi-
tive edge-triggered strobe input. When Vg is
taken high (5V), all inputs are TTL compati-
ble. When V¢ is grounded, all inputs are
ECL compatible. All DAC’s are complemen-
tary, so that all ones is the highest absolute
voltage and all zeroes is the lowest. All ones
is called zero scale (ZS) and all zeroes is
called fullscale (FS). The analog output volt-
age is approximately OV (ZS) to — 1V (SYNC).

Pins 1, 24, 23, 22: DATA bits DO (MSB)
through D3, used to input digital information
to the memory during the write phase. During
this phase, the data bits are presented to the
internal latches (noninverted) and the DAC's
will output the analog equivalent of the stored
word, unless overridden by WHITE, BLANK
or SYNC.

Pins 5, 4, 3, 2. ADDRESS lines A0 (MSB)
through A3, used for selecting a memory
address to write to or read from.

Pin 7: WHITE command. Presets the latches
to all ones [1111] and outputs OV absolute on
all DAC’s. Can be modified to — 71mV abso-
lute when BRIGHT is taken low. Will be over-
ridden by either a BLANK or SYNC
command.

Pin 8: BRIGHT command. A low input here
turns on an additional — 71mV (10 IRE unit)

NE5150 TIMING DIAGRAMS

switch, shifting all other levels downward. Not
overridden by any other input.

Pin 9: BLANK command. Presets the latches
to all zeroes [0000] and turns on an additional
—71mV (10 IRE unit) switch. Absolute output
is —671mV. Can be modified another
~71mV to - 742mV absolute when BRIGHT
is taken low. Will override WHITE, and will be
overridden by SYNC.

Pin 10: SYNC command. Presets the latches
to all zeroes [0000] and turns on the BLANK
switch. Additionally turns on a -286mV
(40 IRE unit) switch in the green channel only.
Absolute output is —671mV for the red and
blue channels, and -957mV for the green
channel. All levels can be shifted — 71mV by
taking BRIGHT low. Overrides WHITE and
BLANK.

Pins 11, 13, 15: GREEN, RED, BLUE. Analog
outputs with 75-ohm internal termination
resistors. Can directly drive 75-ohm cable and
should be terminated at the display end of the
line with 75 ohms. Output voltage range is
approximately OV to -1V independent of
whether the digital inputs are ECL or TTL
compatible. All outputs are simultaneously
affected by the WHITE, BLANK, or BRIGHT
commands. Only the GREEN channel carries
SYNC information.

NOTE:

There are 100 IRE units from WHITE to BLANK.
One IRE unit is approximately 7.1mV. Full scale is
90 IRE units and 10 IRE units is 1/9 of fullscale (e.g.,
BRIGHT function).

Pins 19, 20, 21: WRITEg, WRITER, WRITE.
Write enable commands for each of the three
16 x 4 memories. When all write commands
are high, then the READ operation is
selected. This is the normal display mode. To
write data into memory, the write enable pin is
taken low. Data DO-D3 will be written into
address A0-A3 of each memory when its
corresponding write enable pin goes low.

Pin 17: STROBE. The strobe signal is the
main system clock and is used for resyn-
chronizing digital signals to the DAC'’s. Pre-
venting data skew eliminates glitches which
would otherwise become visible color-
distortions on a CRT display. The strobe com-
mand has no special drive requirements and
is TTL or ECL compatible.

Pins 12, 16: Agnp, Dgnp- Both Analog and
Digital ground carry a maximum of approxi-
mately 100mA of DC current. For proper oper-
ation, the difference voltage between Agnp
and Dgyp should be no greater than 50mV,
preferably less.

Pin 14: Vgg. The negative power supply is the
main chip power source. V¢ is only used for
the TTL input buffers. As is usual, good
bypassing techniques should be used. The
chip itself has a good deal of power supply
rejection — well up into the VHF frequency
range — so no elaborate power supply filter-
ing is necessary.

Pin 18: N/C. This unused pin should be tied
high or low.

NE5150 READ CYCLE NES5150 WRITE CYCLE
COMPOSITE 4X ADDRESS
tRCH N twas twan
srose ¥ Sk 4[ DATA
/ w )
tRAH —= tRaS Ftwos —t twon
ADDRESS WRITE ENABLE N‘ 7¢
DAC-OUTPUT
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NE5151 PIN DESCRIPTIONS AND TIMING
TIMING DIAGRAM NES151
The eleven digital inputs DO-D3, AO-A3, X
WRITE G/R/B, and the unused pin 18 of the COMPOSITE
NE5150 are replaced in the NE5151 with the le— ten—s| s
three 4-bit DAC digital inputs GO-G3, R0-R3,
and BO-B3. All other pin functions (e.g., com- STROBE Y . Sk ?l
posite functions, power supplies, strobe, etc.) _] v e
are identical to the NE5150. | top ] S
DATA BITS )(
DAC-OUTPUT
|«— toD
NES5150/NE5151 LOGIC TABLE
SYNC BLANK WHITE BRIGHT DATA ADDRESS OUTPUT CONDITION

1 X X 0 X X - 1031mV SYNC'

1 X X 1 X X — 960mV Enhanced SYNC'

0 1 X 0 X X - 746mV BLANK

0 1 X 1 X X - 674mV Enhanced BLANK

0 0 1 0 X X - 7imV WHITE

0 0 1 1 X X - OmV Enhanced WHITE

0 0 0 0 [0000} Note 2 - 674mV BLACK (FS)

0 0 0 1 [0000] Note 2 - 603mV Enhanced BLACK (EFS)

0 0 0 0 [1111] Note 2 - 71imV WHITE (ZS)

0 0 0 1 [1111] Note 2 - 0omv Enhanced WHITE (EZS)
NOTES

1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these conditions.
2. For the NE5150 the DATA column represents the memory data accessed by the specific address. For the NE5151, the DATA is the direct digital inputs.

COMPOSITE VIDEO WAVEFORM

BRIGHT

BLANK BLACK (0000)

SYNC
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Product Specification

Six Function Analog Memory;
Microcomputer Controlled

SAB3013

The SAB3013 is a MOS N-channel integrated circuit which provides 6 analogue memories controlled

by a microcomputer.

Features

® B-function analogue memory; D/A converter with 6-bit resolution.
® The output of the analogue values is pulse-width modulated with adjustable repetition rate

(max. 21,8 kHz).

® Microcomputer-adapted asynchronous serial interface for data input (CBUS).
® Parallel operation of up to four SAB3013 circuits is possible.

QUICK REFERENCE DATA

Supply voltage Vpbp typ. 5V
Operating ambient temperature range Tamb Oto +70 °C
Clock frequency feLk < 1,4 MHz
Supply current; Vpp=5V; Ig=0; Tagmp = 25 oC DD typ. 15 mA
SAB3013 J\L
—| DATA LATCH COMPARATOR |—| OUTPUT 16
DLEN L { ~ 1 7 — 1 —ANAL1
BIT
a COUNTER RS2 ﬁ 15
CcLB —1: DATA 2LATCH N COMPAZRATOR —> OUTZPUT Lot ANAL2
ycB 2
DATA —}2 | bata suFFeR % kY 4 “
o L
a +»{ DATA LATCH COMPARATOR [—-b ouUTPUT H_ ANAL3
< 1 3 3 — 3
I reset 9 T} ﬁ
INPUT F 13
O |—t++| DATA LATCH COMPARATOR p—t+| OUTPUT
SAA 7 CONTROL 5 - 4 4 - 4 -’—1—ANAL4
8 & e}
SAB LOAD I Z s
"
reset —  CONTROL I+| paTa LaTCH || comMPaRATOR L] oureur 21 anaLs
3 — 5 5 — 5
K —
S T Ze3
0OSC —f—< OSCILLATOR |—» CL/CLN 1"
10 —++| DATA LATCH COMPARATOR [t OUTPUT |
CLO —— 6 6 L e [T ANALS
t
POWER -ON REFERENCE reset
RESET | "' | COUNTER :Z;’::;;f:
+ 1
49 1 reset
' l 7279614.2
Vpop  Vss
Fig. 1 Block diagram.
PACKAGE OUTLINE

16-lead DIL; plastic (SOT-38).
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Six Function Analog Memory;

Microcomputer Controlied SAB3013
U PINNING
1 Vss ground (0 V)
1
Vss E E ANAL1 9 Vpp positive supply
0sC | 2 E] ANAL2 4 CLB asynchronous clock pulse
5 DATA data input } CBUS
CLK |3 E ANAL3 6 DLEN data line enable input
ce 4] 13] ANAL4 7  SAA } .
address inputs
SAB3013 8 SAB P
DATA | 5 12| ANALS
|: :I 2 0OsC oscillator output
oLen 6 _1‘__1] ANALG 3 CLK oscillator input (Schmitt-trigger)
16 ANAL1
SAA LT 10] cLo 15 ANAL2 l
14 ANAL3 - analogue outputs
SAB | 8 9| VoD 13 ANAL4
12 ANALS
7279611.1 11 ANAL6
Fig.2 Pinning diagram. 10 CLO buffered oscillator output

GENERAL DESCRIPTION

The SAB3013 is designed to deliver analogue values in microcomputer-controlled television receivers
and radio receivers. The circuit comprises an analogue memory and D/A converter for 6 analogue
functions with a 6-bit resolution for each. The information for the analogue memory is transfered by
the microcomputer via an asynchronous serial data bus.

The SAB3013 accomplishes a word format recognition, so it is able to operate one common data bus
together with circuits having different word formats.

The data word of the microcomputer used for the SAB3013 consists of information for addressing the
appropriate SAB3013 circuit (2-bits), for addressing the analogue memories concerned (3-bits) and
processing of the wanted analogue value (6-bits). The address of the circuit is externally programmable
via two inputs. It is possible to address up to four SAB3013 circuits via one common bus.

The built-in oscillator can be used for a frequency between 30 kHz and 1,4 MHz. The analogue values
are generated as a pulse pattern with a repetition rate of fo| /64 (max. 21,8 kHz at fg| ik = 1,4 MHz),
and the analogue values are determined by the ratio of the HIGH-time and the cycle time. A d.c.
voltage proportional to the analogue value is obtained by means of an external integration network
(low-pass filter).

HANDLING

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling
MQOS Devices').
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Product Specification

Six Function Analog Memory;

Microcomputer Controlled SAB3013
RATINGS
Limiting values in accordance to the Absolute Maximum System (IEC 134)
Supply voltage range Vpp -03t0o+7,5 V
Input voltage range V| —03to+15 V
Input current 1 max. 100 nA
Output voltage (open drain outputs) Vo Vggto 15 V
Output current (open drain/push-pull outputs) tlp max. 10 mA
Power dissipation per output Po max. 25 mw
Total power dissipation per package Ptot max. 250 mw
Operating ambient temperature range Tamb O0to+70 ©C
Storage temperature range Tstg —20to+125 OC
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Six Function Analog Memory;
Microcomputer Controlled SAB30I3

CHARACTERISTICS
Vgs=0; Tamb =010 +700°C; Vpp = 4,5 to 5,5 V; unless otherwise specified

symbol min.  typ. max. conditions

Supply voltage Vpp 4,5 5 55V
Supply current Ipp - - 35 mA | Vpp=55V
Inputs DATA, CLB,

DLEN, SAA, SAB
Input voltage LOW ViL -0,3 - 08 V
Input voltage HIGH VIH 2,0 - 12v
Input leakage current R - - 1uA | Vi=-03t0+12V
Outputs ANAL1 to

ANAL6

(open drain)
Output voltage LOW VoL - - 07V lo=6mA
Output leakage current IoR - - 20 uA | VOH=15V
Load capacitance CL - - 1000 pF
Input CLK
Input voltage LOW ViL -0,3 - 08 v
Input voltage HIGH ViH 3,5 - 12V
Input leakage current IR - - 1uA | VI=-03t012V
Pulse duration HIGH twH 355 - - ns
Pulse duration LOW twL 355 - - ns
Output CLO
Output voltage LOW VoL - - 08V lo 500uA
Output voltage HIGH VOH 36 - -V —lg =100 pA
Inputs DATA, CLB
Pulse duration HIGH twH 450 - - ns }-see Fig. 3
Pulse duration LOW twi 450 - - ns
Input frequency CLB foLs 0 - 1 MHz
Internal oscillator

CLK/OsC

External resistor R 27 — 1000 kQ
External capacitor Cc 27 — 1000 pF
Clock frequency feLk 0,7 1,0 1,4 MHz | R=27kQ;C=27pF
Frequency for

external oscillator foLk 0,03 - 1,4 MHz
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Six Function Analog Memory; SAB3013
Microcomputer Controlled

CHARACTERISTICS (continued)

Vgg =0; Tamb =010 +70 ©C; Vpp = 4,5 to 5,5 V; unless otherwise specified

symbol min. typ. max. conditions
Timing (see Fig. 3)
Data set-up time
DATA —» CLB tSUDA 800 - - ns
Data hold time
DATA —» CLB tHDDA 300 - - ns measured with a
Enable set-up time voltage swing of
DLEN —= CLB tSUEN | 400 -  — ns || M ViH-ViL
Disable set-up time
CLB —= DLEN tsuD!I 400 - - ns
Set-up time
DLEN —» CLB (load pulse)| tsyp 1000 - - ns
\Y
IH f90% 190%
DLEN
110%
ViL
\ -
IH 90 % Yo0%
cLB
Vv 10% (10% 10 % 10%
IL -==
—_— <—tr —_— | -— If
\Y —_—
H 90%
DATA
10 %
ViL ===
J— - <T — - - —>
tSUEN SUDA | |«—tHDDA tsupl  tsuLD
-— tWH ——>I -—— tWL —_—

ENABLE DATA DATA

Fig. 3 CBUS timing.
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Six Function Analog Memory;
Microcomputer Controlled _ SAB3013

OPERATION DESCRIPTION

The data input is achieved serially via the inputs DATA, DLEN and CLB. Clock pulses have to be

applied at input CLB for data processing at input DATA. Data processing is only possible when

DLEN = HIGH. The data from the data buffer is loaded directly into the output latch on receipt of

a load pulse at input CLB (DLEN = LOW), provided the following conditions are met:

® 12 clock pulses must be received at input CLB (word format control) during transmission (DLEN =
HIGH).

® The start-bit must be LOW.

® The system address bits must be A = SAA and B = SAB.

® The analogue address must be valid.

The data word for the SAB3013 consists of the following bits (see Fig. 4):

1 start-bit

2 system address bits (A and B)

3 address bits for selection of the required analogue memory
6 data bits for processing the analogue value

DLEN H
L
load pulse
»~
ew ¢ _ ML
L —
- |<- t>0 — |<— t>0
H start- )
PaTA 77 ot KX XX XX XX XX KK 7
A B |LSB MSB|LSB MSB
system memory | |
address address analogue value 72796131

Fig. 4 Waveforms showing a CBUS transmission.

ADDRESS inputs (SAA, SAB)

The address of the SAB3013 is programmed at the inputs SAA and SAB. These inputs must be
defined and not left open-circuit.

Reset

The circuit generates internally a reset-cycle with a duration of one clock cycle after switching on the
supply. If a spike on the supply is likely to destroy data, a reset signal will be generated. All analogue
memories are set to 50% (analogue value 32/64) after the reset cycle. The supply voltage rise dVpp/dt
must be max. 0,56 V/us and min. 0,2 V/us.
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Six Function Analog Memory;

Microcomputer Controlled SAB3013

Oscillator inputs (CLK, OSC)

The oscillator frequency is determined by the external circuitry connected to the terminals CLK and
OSC as shown in Fig. 5. Instead of this circuitry an externally generated oscillator signal can be con-
nected to input CLK.

10
SAB3013 cLo ’ At output CLO a buffered oscillator signal is
CLK 0sc available for control of other circuits.

3 2

For fcLk = 0,7 to 1,4 MHz;

R R = 27 kS2; C = 27 pF.

5
d 72796121

Fig. 5 Application advice for the oscillator.

Analogue outputs (ANAL1 to ANALG)

The analogue values are generated as a pulse pattern with a repetition rate of fc| /64 at the outputs
ANAL1 to ANALB. The analogue value is determined by the ratio of the HIGH-time and the cycle
time (values between 1/64 and 64/64 can be obtained).

Table 1 Addressing of the analogue data registers

ESAB Rg ISSCB addressing

0 0 0 not valid
1 0 0 ANAL1

0 1 0 ANAL2

1 1 0 ANAL3
0 0 1 ANAL4
1 0 1 ANALS
0 1 1 ANALSG
1 1 1 not valid

Table 2 Correlation of analogue value to analogue output signal

binary input data duty cycle
analogue value LSB MSB | ‘low’ “high’
| + val 0O 0 0 0O O O 63/64 1/64
owest value 1 00 0 0 0 62/64 2/64
power-on reset value 11T 1 1 1 0 32/64 32/64
. 0 1 1 1 1 1 1/64 63/64
highest value 1 1 1 1 1 1 0 64/64
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8-Bit Multiplying DAC PNA7518

GENERAL DESCRIPTION

The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (DAC) designed for video
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a
sampling rate of 30 MHz.

The input signal is latched, then fed to a decoder which switches a transfer gate array (1 out of 256) to
select the appropriate analogue signal from a resistor chain. Two external reference voltages supply the
resistor chain.

The input latches are positive-edge triggered. The output impedance is approximately 0,5 k€2 depending
on the applied digital code. An additional operational amplifier is required for the full bandwidth.
Two’s complement is selected when STC (pin 11) is HIGH or is not connected.

Features

® TTL input levels

® Positive-edge triggered

® Analogue voltage output at 30 MHz sampling rate

® Binary or two’s complement input

® Qutput voltage accuracy to within = % of the input LSB

QUICK REFERENCE DATA

Supply voltage range (pin 16) VDD 451055 V
Supply current (pin 16) IpD typ. 50 mA
Reference voltage LOW (pin 2) Viefl min. oV
Reference voltage HIGH (pin 9) VigfH max. 2V
Linearity

at R =200 k&2; Vg = 2 V (peak-to-peak value) t% LSB
Bandwidth (—3 dB)

at C_ =6 pF B min. 12 MHz
Clock frequency focLk  max. 30 MHz
Total power dissipation Ptot typ. 300 mw
Applications

® Video data conversion

® CRT displays

® Waveform/test signal generation
® Colour/black-and-white graphics

PACKAGE OUTLINE
16-lead DIL; plastic (SOT-38WE-1).
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8-Bit Multiplying DAC PNA7518
ialg'(: digital voltage input (V)
complement * 4 (+5V)
(STC) bit 0 bit 1 bit 2 bit 3 bit 4 bit5 bit6bit7 Vpp
LsB wss |
11 6 |5 |4 [3 [15 [14 |13 [12 l1e
v 3 A \ A \ A 4
clock input 10 > INPUT BUFFER/LATCH x 8
(feik)

&

DECODER
L 256
-1 PNA7518
( 9 — :l
VrefH S Q — O
ﬁ ﬁjc
| analogue
reference | 1 voltage
voltage g output
inputs ! Vao)
% :i’c
L VrefL 2 —{—F 3}1"

~

7280546 100 to 150nF

Ts
|
SS

VBB (oV)

HH

Fig. 1 Block diagram.
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Advance Information

8-Bit Multiplying DAC PNA7518
PINNING
U v 1 Va0 analogue output voltage
Vao [1] [16] Voo 2 VryefL reference voltage LOW
VretL [ 2] [15] bit4 3 bit 3 _
bit3 [3 [14] bit5 ; g::f digital voltage inputs (V)
bit 2 E l_3_| bit 6 6 bit 0 least-significant bit (LSB)
‘ PNA7518 ) 7 VBB back bias
bit 1[5 | [12] bit 7 8 Vss ground
bit 0 6 | 1] sTC 9 VrefH reference voltage HIGH
10 foLk clock input
VeB E E feLk 11 STC select two’s complement
Vss E _T_] VyefH 12 bit 7 most-significant bit (MSB)
13 bit 6 - | .
780547 14 bit 5 digital voltage inputs (V)
\ 15 bit 4
Fig. 2 Pinning diagram. 16 VpD positive supply voltage

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage range (pin 16)

Input voltage range (pins 3, 4, 5, 6,

11,12, 13, 14 and 15)
Output voltage range (pin 1)
Total power dissipation
Storage temperature range

Qperating ambient temperature range

HANDLING

Tamb

—-056to+7 V

—-05t0+7 V
~ —=05t0+7 V
max. 400 mwW
—65to + 150 °C
Oto +70 ©C

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see

“Handling MOS Devices").

September 1985
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8-Bit Multiplying DAC PNA7518

CHARACTERISTICS
Vpp = 4,510 5,5; Vgg =0 V; Cgg = 100 nF; Tymp = 0 to + 70 OC; unless otherwise specified.

parameter symbol [min. typ. max. unit

Supply (pin 16)
Supply voltage VpD 45 5 5,6 \%
Supply current IpD - 50 80 mA

Reference voltages

Reference voltage LOW (pin 2) ViefL -0,1 - +2,1 \%
Reference voltage HIGH (pin 9) ViefH |01 - +2,1 \
Reference ladder Rref 150 230 300 Q
Inputs
Digital input levels (TTL) (note 1)
input voltage LOW ViL 0 - 0,8 \%
input voltage HIGH ViH 2,0 - 5,25 \Y
input leakage current TR - - 10 HA
Clock input (pin 10)
input voltage LOW ViL 0 — 0,8 \
input voltage HIGH ViH 2,0 - 5,25 \%
input leakage current Iy —_ — 10 MA
frequency foLk 1 - 30 MHz
pulse width HIGH tPWH 10 - - ns
pulse width LOW tpwiL 10 — - ns
input rise time at fo K = 30 MHz ty - - 3 ns
input fall time at fo K =30 MHz tf - - 3 ns
Output
Analogue voltage output (pin 1)
at R =200 k&) Vao 0 - 2 \%
Bandwidth (-3 dB) at C|_ =6 pF B - 12 - MHz

Switching characteristics (Fig. 3)

Data set-up time tSU;DAT |3 - - ns
Data hold time tHD:DAT |4 - - ns
Propagation delay time, input to output tpp tocLk + 15 | tek +22 | toLk +30 | ns
Settling time: 10 to 90% full-scale change;

CL =6 pF; R =200k g1 - 13 20 ns
Settling time to + 1 LSB;

CL=6pF; R =200k tg2 — 40 - ns
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8-Bit Multiplying DAC PNA7518
parameter symbol min. typ. max. unit
Output transients (glitches)
(note 2 and Fig. 3)
Glitch occurring at step 7F-80 (HEX):
maximum amplitude for 1 LSB change area Vg - 3 - LSB
- 23 - LSB.ns
Glitch accurring at step 00-AA (HEX):
maximum amplitude for 1 LSB change area Vg - 5 - LSB
- 41 - LSB.ns
Influence of clock frequency (note 2)
Cross-talk at 2 x fo g
amplitude - 2 — LSB
area - 8 - LSB.ns

Notes to the characteristics

1. Inputs bit O to bit 7 are positive-edge triggered and STC.
2. Measured at ViefH-VyefL = 2,0 V; 1 x LSB = 7,8 mV. The energy equivalent of output transients is
given as the area contained by the graph of output amplitude (LSB) against time (ns). The glitch
area is independent of the value of Vqf. Glitch amplitudes and clock cross-talk can be reduced by

using a shielded printe

d circuit board. -

CLOCK 15V

tsu; DAT
\
—

DATA %(

ANALOGUE
OUTPUT

toLk |

™
20v
\— 08v
:_y;nm t I‘—tF'WL—’I tr
"_ 20V

175 LSB

'
|
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Signetics Linear Products Product Specification

14-Bit DAC (Serial Output) TDA1540D, P

GENERAL DESCRIPTION

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

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

QUICK REFERENCE DATA

Supply voltages

pin 4 Vp1 typ. 5V

pin7 VN1 typ. -5V

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

at analogue output (pin 22) S/N typ. 85 dB
Non-linearity at Tamp = —20 to + 70 °C typ. %2 LSB
Current settling time tes typ. 0.5 us
Maximum input bit rate

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

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

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

PACKAGE OUTLINES

TDA1540D:28-lead DIL; ceramic (cerdip) (SOT-135A).
TDA1540P: 28-lead DIL; plastic (SOT-117BE).
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14-Bit DAC (Serial Output) TDA1540D, P

FUNCTIONAL DESCRIPTION

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

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

The outputs of the dividers are combined to obtain the output currents | (I1), 1 (i2) and 2I (i3)
(see Fig. 1b). The current of the most significant bit is generated by an on-chip reference source.
A binary weighted current network is formed by cascading the current division stages (see Fig. 2).

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

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

Product Specification

1 2 3 Ih A1'l | 421 l
R B TR
e R S S S As't 4al
REGISTER ) ? o
il LA ST AL
- —_———t-———F - — — —
cLocK 1|+A1| l|+A2I l|+A3| l|+A4I l e
Aq1+47
I3
i SR e R SR R
A3I+A4I1
l4|
— 4 —
7Z89039
Fig. 1a Circuit diagram of one divider stage. Fig. 1b Waveforms showing output

currents |1, I and 13 of Fig. 1a.
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Product Specification

14-Bit DAC (Serial Output)

TDA1540D, P

DATA —
cr—o

SHIFT REGISTER

P+ ¥ ¢t 1 1 1

LATCH

I

I
022

analogue
output

o | <] |-

AA,

>
>
>

<
b3

- o,
|-
O-

| ==|=

\4
AA
\4
AA
\ 4

Al |-

VVv

|

|

|
(x)
<

>
b3

WA—¢
“.4./\_0:__ -

—AA

—AAA,

AAA
\ A4

| — =] =

<< |

$ L

1

|

1 2

-————-—|1:1:
|

OSCILLATOR &

l'ref =

amplifier

4—-BIT
SHIFT REGISTER

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

LE

>40ns
. —>l -
I S S0 O B 08 B W &
> 15ns >10ns
-— —_— -—
b de el e
S35ns >35ns >5ns}____{> 0ns
——>I |<—
>40ns
7289038.1

Fig. 3 Format of input signals.
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14-Bit DAC (Serial Outpuf) TDA1540D, P

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltages
with respect to GND (pin 6)

at pin 4 Vpq max. 12V
at pin 7 VN1 max. =12V
at pin 11 VN2 max. =20 V
at pin 4 with respect to pin 11 Vp1—VN2 max. 32V
at pin 7 with respect to pin 11 VN1—-VN2 —1to+20 V
Total power dissipation Ptot max. 600 mW
Storage temperature range Tstg —55to+ 125 °C
Operating ambient temperature range Tamb —25t0+80 O°C

CHARACTERISTICS (see application circuit Fig. 4)
Tamb = 25 OC; at typical supply voltages; unless otherwise specified

parameter symbol min. typ. max. unit
Supply voltages
with respect to GND (pin 6)
at pin 4 Vpq 3 5 7 \
at pin 7 VN1 —-4.7 -5 -7 \
atpin 11 VN2 —16.5 -17 -18 \%
Supply currents
at pin 4* Ipq - 12 14 mA
at pin 7 IN1 - -20 —24 mA
at pin 11 IN2 - -1 -13 mA
Power dissipation
Total power dissipation Ptot - 350 410 mwW
Temperature
Operating ambient temperature range | Tamp -20 - +70 oc

* When the output current is %Igg (% full scale output current).
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14-Bit DAC (Serial Output) TDA1540D, P
parameter symbol min. typ. max. | unit
Data input DATA (pin 1)

Input voltage HIGH ViH 2.0 - 7.0 \Y
Input voltage LOW ViL 0 — 0.8 \
Input current HIGH at V| lH - - 50 MA
Input current LOW at V| - - - 0.2 mA
Maximum input bit rate BRmax 12 - - Mbits/s
Latch enable input LE (pin 2)
Clock input CP (pin 28)
Input voltage HIGH VIH 2.0 - 7.0 \%
Input voltage LOW ViL 0 - 0.8 \
Input current HIGH at V liH - - 50 A
Input current LOW at V| —hL - - 0.2 mA
Maximum clock frequency fCcPmax 12 - - MHz
Oscillator (pins 8 and 9)
Oscillator frequency

at Cgg =820 pF fosc 100 160 200 kHz
Analogue output 1oyt (pin 22)
Output voltage compliance Voc -10 - +10 | mV
Full scale current IFs 3.8 4.0 4.2 mA
Zero scale current tlzg - - 100 nA
Full scale temperature coefficient

Tamb = —20 to + 70 °C TCgs - +30x10-6 | — K1
Settling time to + %LSB

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

* Signal-to-noise ratio within 20 Hz and 20 kHz of a 1 kHz full scale sinewave, generated at a sample
rate of 44 kHz.,
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Product Specification

14-Bit DAC (Serial Output)

TDA1540D, P

+5V -5V -17V
o
10nF 820pF
. 278 P
-_— K :»
- (1%)
4 6 3 7 1 10 8 ) |
DATA —{ 1 22 |out
cP —28 15 lren
3 =
LE— 2 17 bre =
TDA1540 82 | NE5534
(05%$ $620
21(05%)
Iref2 metgl-film
12 1314 1819 20 21 e resistors
nF;E

PINNING
1 DATA
2 LE
3 Vref1
4 Vpy
5 ic.*
6 GND
7 VN1
8 0scC1
9 0sc2
10 Vyefz
11 VN2
12 C
13 C2
14 c3
15 lrefq
16 lref2
17 Iref3
18 c4
19 C5
20 C6
21 C7
22 oyt
23 c8
24 C9
25 C10
26 ic*
27 ic*
28 TP

» s
1.
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Fig. 4 Application circuit.

data input

latch enable input

voltage reference
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on-chip operational amplifier
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decoupling binary

} weighted current
sources

} current reference sources

decoupling binary weighted
current sources

analogue output
decoupling binary

} weighted current
sources

voltage reference

voltage reference

clock pulse input

c.: internally connected.

DATA [1 ]
Le [2]
Vret1 [3]
Vo1 [4]
ic.
oo 6]
1 [7]

x

20kHz

—o
output

9t_order
Cauer-type
filter

7289082.2A

(]

P

71 i.c.

26] ic.
[25] c10
24] co
23] c8

3] 3]

osci[ 8] TOAISA0 Y er
osc2[9]] 20]ce
Vref2[10] [19] c5
Wn2[11] 18] c4
1[12 [17] tret3
c2[13 [16] Iref2
c3[1a] [15] treft
7286851.A

Fig. 5 Pinning diagram.
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Selector Guide

COMPARATORS
MAX. INP.
MAX. INP. COMMON VOLTAGE MAX. DIFF.
OFFSET CURRENT SUPPLY RESPONSE| MODE OUTPUT VOLTAGE GAIN INPUT
COM- TEMP. voLT BIAS OFFSET VOLTAGE TIME VOLTAGE | Vg Max. Vg, Min.| OUTPUT (Typ.) TTL VOLTAGE
DEVICE | PLEXITY |RANGE* | (mv) wA)  (:A) ) (Typ.) (ns) |RANGE (V)| (V) (V) |sTRUCTURE| v/imv [FANOUT )

Lmi1t? 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 0.4 o.C. 200 5 +30
LM31 Single [ 10.0 0.30 0.07 +5 and GND 200 +14 0.4 0.C. 200 5 +30
NE5272 Single Cc 10.0 4.00 1.0 +5to +10 16 5 05 27 TTL 5 +5
SE527 Single M 6.00 4.00 1.00 and GND 16 5 0.5 25 TTL 5 +5
NE529° Single [ 10.0 500  15.0 +510 £10 12 +5 05 27 TTL 5 +5
SES529 Single M 6.00 36.0 9.00 and GND 12 +5 05 2.5 TTL 5 5
LM1193 Dual M 7.00 1.00 0.10 +15 80 +13 0.4 o.C 40 2 +5
LM219 Dual | 7.00 1.00 0.10 to 80 +13 0.4 o.C 40 2 +5
LM319 Dual C 10.0 1.20 0.30 +5 and GND 80 +13 04 o.cC 40 2 +5
LM193% Dual M 9.00 030 010 110 £18 1300 |OtoVg-2| 07 oc. 200 2 36
LM293 Dual ] 9.00 0.40 0.15 or 1300 OtoVg-2 0.7 ocC. 200 2 36
LM393 Dual o] 9.00 0.40 0.15 +21to +36 GND 1300 0toVg-2 0.7 o.C. 200 2 36
LM2903 Dual | 15.0 0.50 0.20 1300 0toVg-2 07 o.C. 100 2 36
SE/NE5214 Dual Mm/IC 15/10.0 40.0 12.0 +5, -5, GND 8 +3 05 27 TTL 12 +6
SEINES22 Dual M/C 15/10.0 40.0 12.0 +5, -5, GND 10 +3 0.5 o.C. 12 +6
LM1393 Quad M 9.00 030 010 1800 [OtoVg-2| 07 [eXe 200 2 36
LM239 Quad | 9.00 0.40 0.15 t1to +180r 1300 0toVg-2 0.7 o.cC 200 2 36
LM339 Quad Cc 9.00 0.40 0.15 +210 +36 1300 OtoVg-2 07 o.C. 200 2 36
LM2901 Quad ! 15.0 050 020 1300 |OtoVg-2| 07 oC. 100 2 36
MC3302% Quad 1 40.0 1.00 0.30 +21to +28 GND 2000 0to Vg -2 0.7 o.C. 100 2 28
Notes:

1. With strobe, will work from singie supply. *Temperature Range

2. Complementary output gates with individ:'al strobes. I = Industrial

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

4. Ultra-high speed. M = Military
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Micropower Voltage Detector

PCF1251

8-LEAD DUAL IN LINE; PLASTIC (SOT-97A)

<+—— 10 max

(']
[
[=]
- T
o R |
k= 4,2
] ! max
@ 5 4 0,51
H —T1 min l
'Y ) i _ N 12)
343 0,76
) 053
3,05 | | GX ! 038 ! m
| A ¢ ") <{®]0,254 )]
' [2.54) |
115
max
1,12max® 1,73 max

top view

Dimensions in mm

SOLDERING

1. By hand

<+—— 8,25 max ——»|

JEE|

[/} 0,32 i

® D

(2)

(3)

I: max ”

/1 | \

¢ :
|<—————>l

95
8,3

— TV ——————

7273585.5

Positional accuracy.
Maximum Material Condition.

Centre-lines of all leads are

within 0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.

Only for devices with
asymmetrical end-leads.

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 ©C it must not be in contact for more than 10 seconds; if between
300 OC and 400 ©C, for not more than 5 seconds.

2. By dip or wave

The maximum permissible temperature of the solder is 260 OC; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves

must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-

sible limit.

3. Repairing soldered joints

The same precautions and limits apply as in (1) above.
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Micropower Voltage Detector PCF1251

DEVELOPMENT SAMPLE DATA

8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A)

- 5,0 - - 5.2 N
4.8 b | L6 >
8° 1,25
MG ™| 085
¥
08 | 145 ! l
08 ] ] 125 175 ge
¢ B35 5o
= iﬁ | IR 2 |~*
- 0,49 v .
> e 0,36 | 0,25 .
07 mex - 079 6 O3mn
-l [1,27] = - 5,8 7268260.6
'T ] -
F 1 0 O
4 3 2 1 top view

Dimensions in mm

@ Positional accuracy.

M Maximum Material Condition.

SOLDERING

1.

Soldering iron or pulse heated solder tool

Apply the heating tool to the flat part of the pin only.

Limit the contact time to maximum 10 seconds up to 300 ©C, or 5 seconds up to maximum 400 ©C.
When using the proper tools, up to 20 pins (at one side of the device) can be soldered in one
operation with 2 to 5 seconds and 270 to 320 °C.

. By dip or wave

The maximum permissible temperature of the solder is 260 ©C. The permissible total time of
immersing the whole package in the bath is 10 seconds, if it is allowed to cool down to less than
150 ©C within 6 seconds.

. Repairing soldered joints

The same precautions and limits apply as in (1) above.
If the vertical part of the pin needs heating, reduce the soldering iron temperature to 260 °C.
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Symbols and Definitions

Absolute Maximum Rating

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

BCD

Binary Coded Decimal.

BiIRBO v

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.

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

lec (=lco)

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

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

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

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

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

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

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

Isea

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

September 1985

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 current 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.

tenL

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.

teLn

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.

trsc

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.

's

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

DISPLAY DRIVER DEFINITIONS (Cont'd)

Truth Tables

0 is logic level low

1is logic level high

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

Typical Value

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

Ver

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

Vee (= Veo)

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

Ve

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

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

4-73

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

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

Vou

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

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

Vour

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

Vs

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

XX

Negate Bar — when it appears over a function indicates that the

“true” or valid condition of that function is a logic low level.

i.e. LE — would require a logic high level to cause a latch enable
CE — would require a logic low level to cause a latch enable.
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Quad Line Driver

MC1488

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: Z10mA Typ

e Power-off source impedance: 3002 Min

o 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
e Slew rate control

e TTL/DTL to MOS translation

PIN CONFIGURATION

D,F,N PACKAGE
Vee [T 3] Vee
INPUT 1 |: E INPUT 4B
OUTPUT 1 [: E INPUT 4A
INPUT 2A [2 [11] ouTPUTA
INPUT 2B :3 0] INPUT 3B
outpuT2 [6] @:l INPUT 3A
GND [7] [5] outpuTa
TOP VIEW
ORDER NUMBERS
MC1488D MC1488F, MC1488N

PARAMETER RATING UNIT
Supply voltage V+ +15 v
V- -15 \Y
Input voltage (ViN) -15<VINET0 \"
Output voltage *15 "
Power dissipation:
F package 1000 mwW
N package 800 mwW
Operating temperature range 0to +75 °C
Storage temperature range -85 to +150 °C
Lead temperature (soldering, 10sec) 300 °C
CIRCUIT SCHEMATIC
—O V+
INPUT
INPUT
ouTPUT
SRS $ e SRY
$ 10k $ K $ 100
—O V-
114 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 pA
V+=9.0vV 6.0 70 v
. RL = 3.0k V- =-9.0V - g
High level output voltage Vin = 0.8V V4 =13.2V 0.0 105
V-=-13.2V
VA 6.0 6.8 v
RL = 3.0kQ V-=-9.0V -0 ~0.
Low level output voltage ViN = 1.9V V+ = 13.2V 90 105 v
V-=-13.2V
High level output Vout =0V
Short-circuit current Vin = 0.8V -6.0 -10.0 -12.0 mA
Low level output Vout =0V
Short-circuit current Vin = 1.9V 5.0 100 120 mA
. V+ = V- =0V 300 Q
Output resistance Vour = 2V
V+ = 9.0V, V- = -9.0V 15.0 20.0 mA
VIN = 1.9V V+ =12V, V- = -12V 19.0 25.0 mA
Positive supply current V+ =15V, v-=-15v 250 34.0 mA
(output open) V+=9.0V, V- =-9.0V 45 6.0 mA
ViN = 0.8V V+ =12V, V- = -12V 55 7.0 mA
V+ =158V, 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+=9.0V, V-=-9.0V -1 -15 uA
Vin = 0.8V V+ =12V, V- = -12V -1 -15 uA
V+ =15V, V- = -15V -.01 -2.5 mA
T V+=9.0V, V- = -9.0V 252 333 mw
Power dissipation V4 =12V, V- = -12V as | 576 | mw
Propagation delay to “1" (tpq1) RL = 3.0k}, CL = 15pF, Ta=25°C 275 560 ns
Propagation delay to “0” (tpdo) RL = 3.0k}, CL = 15pF, Ta =25°C 70 175 ns
Rise time (ty) RL = 3.0k}, CL = 15pF, Ta = 25°C 75 100 ns
Fall time (tf), RL = 3.0k}, CL = 15pF, TA=25°C 40 75 ns

NOTE

*Voltage values shown are with respect to network ground terminal. Positive current is
defined as current into the referenced pin.
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Quad Line Driver

MC1488

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE AND
CURRENT-LIMITING
CHARACTERISTICS

RS232C DATA TRANSMISSION

ViN Vour

3K

ROTE
*CL includ

probe and jig

SWITCHING WAVEFORMS

—n - == 3.0V

15V
v tpd 0
N —~| ‘-— tpd 1

Vour

NOTE

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

September 1985

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 arequired capacitor of
400pF connected to each output.
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2 14 MC1489 2
= T _:D:. 114 MC1488 MC1489A _:_ Lot
: - - -
z 12 Vi =12V i P -
£ ° A ——— ~ = = 12v -
AN Y NS INTERCONNECTING T
- 114 MC1489/ CABLE =
g 3 A\ v +_~_';’v\‘ \ T2uoTL enasen T2UDTL
o o \ il == "ﬂ——
5 .3 AN —d—— G ———
E \ \ \ . SIGNAL GROUND 114 MC1488
© e INTERNALDATA |
R TERMINAL = = S
° }DHM—;_ \ EQUIPMENT
-16 -12 -8 -4 0 4 8 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

1/4MC1488

10K

-12v

-12v

oTL
TTL
INPUT

DTL/TTL-TO-HTL TRANSLATOR

+12v
1/4MC1488 HTL
OUTPUT
Z07VTO
+10V
v

oTu
T
INPUT

DTL/TTL-TO-RTL TRANSLATOR

+12v
1/4 MC1488 RTL
ouTPUT
~07VTO
+3.7V
12V +30V
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Product Specification

Quad Line Receivers

MC1489/MC1489A

DESCRIPTION

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

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Four totally separate receivers per pack-
age

Programmable threshold

Built-in input threshold hysteresis

“Fail safe” operating mode

Inputs withstand =30V

APPLICATIONS

e Computer port inputs

* Modems

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

PINC

ONFIGURATION

INPUT 1

RESPONSE
CONTROL 1

OUTPUT 1

INPUT 2

RESPONSE
CONTROL 2

ouTPUT 2

D, F, N PACKAGE

1

=T
=P

TOP VIEW
ORDER NUMBERS
MC1489D, MC1489AD

L ET L] L T

MC1489F, MC1489AF, MC1489N, MC1489AN

G LB G E G

Vee

3 | INPUT 4

RESPONSE
CONTROL 4

2
1 | outPuT 4

INPUT 3

RESPONSE

° | controL 3

8 | ouTPUT 3

VOLTAGE WAVEFORMS

PARAMETER RATING UNIT

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

F package 1 W

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

INPUT

QUTPUT

EQUIVALENT SCHEMATIC

AC TEST CIRCUIT

(1 4 OF UNIT SHOWN)

9K
R
RESPONSE A
contaoL O M
aK
INPUT O AAA K
<
> 10K
2
b

Vee
5K 2K
RESPONSE
ouTPUT CONTROL
= OPEN ouTpPuT Vee
[e] o
<R
>
gL
PULSE
GENERATOR
15pF
INCLUDING
JIG AND PROBE
O GND - -

MC1489: Rr = 10k
MC1489A: RF = 2k
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Quad Line Receivers

MC1489/ MCA1489A

DC ELECTRICAL CHARACTERISTICS Vcc =5.0V + 1%, 0°C < Ta < +75°C unless otherwise specified.12

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

NOTES

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

defined as current into the referenced pin.

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

TYPICAL APPLICATIONS
RS232C DATA TRANSMISSION MOS TO TTL/DTL TRANSLATOR
1/4MC 1489/
TTLOTL 1/4MC 1488 MC1489A  TTL/DTL sv
—— ————
=1 -1 e i == 0D
INTERCONNECTING I
1/4MC1489/ CABLE -r—— TTLDTL
TTLOTL MC1489A l TTLOTL | = E
———— ;-q.... MOS LOGIC —y—
= oo L—— [: b=
SIGNAL GROUND 1/aMC1488 vamc s | E \
mrsasncs DATA I _L e rasea r -
TERMIN. = = =
EQUIPMENT MODEM S
“Optional for noise filtering
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Addressable Relay Driver

NES090

DESCRIPTION

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

BLOCK DIAGRAM

FEATURES

8 high current outputs

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

Allows random (addressed) data entry
Easily expandable

Pin compatible with 9334

APPLICATIONS

¢ Relay driver
 Indicator lamp driver

¢ Triac trigger

¢ LED display digit driver
o Stepper motor driver

1-OF-8

oa,
Q2

—*)coumm
/| GATE

o_>=u>°_
ot >t |
g —

INPUT STAGE

vee

OUTPUT STAGE

:
00
Oas

00

Q7

ABSOLUTE MAXIMUM RATINGS

Ta=25°C unless otherwise specified.

PARAMETER RATING UNIT
Vee Supply voltage -05to+7 \"
Vin Input voltage -05to+ 15 \
Vour Output voltage 0to+30 v
lgnp Ground current 500 mA
loyr  Output current 200 mA
Each output
Pp Power dissipation’ 1 W
Ambient temperature range °C
Ta NE5090 Oto+70
T, Junction 150
Tste  Storage —-65to+ 150
Tsoiw  Lead soldering temperature 300 °C
(10 sec max)
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PIN CONFIGURATION

D',F,N PACKAGE

EVCC
[15] CLR
[13] CE
[13] D
E°1
) o,
0] 0,
6] o,

TOP VIEW

ORDER NUMBERS
NES5090N
NES090F
NE5090D?

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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Addressable Relay Driver

NES090

PIN DESIGNATION

X = Don’t care condition

Qn-1 = Previous output state

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

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 Qo0-Q7 The 8 device outputs.
13 D The data input. When the chip is enabled, this data bit is transferred to the defined output such that:
“1” turns output switch “ON”
“0” turns output switch “OFF”
14 CE The chip enable. When this input is low, the output latches will accept data. When CE goes high, all
outputs will retain their existing state, regardless of address of data input conditions.
15 CLR The clear input. When CLR goes low all output switches are turned “OFF”. The high data input will
override the clear function on the addressed latch.
TRUTH TABLE
INPUTS OUTPUTS MODE
CLR CE D Ao A1 A2 | Qp Q1 Q2 Q3 Q4 Q5 Qg Q7
L H X X X X H H H H H H H H | Clear
L L L L L L H H HH H H H H
L L H L L L L H HH HHHH
L L L H L L H H H H H H H H | Demultiplex
L L H H L L H L HH H H H H
L L L H H H H H HH HH 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 aQN-t——————
H L H L L L L aN-t— >
H L L H L L Qn-1 H Nt/
H L H H L L QNn-1 L QN-t Addressable
H L L H H H QN-1 H | Latch
H L H H H H QN-1 > L

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

LIMITS
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
Input voltage
Vin High 2.0 v
ViL Low 0.8
Output voltage
VoL Low loL =150mA, T,=25°C 1.05 1.30 v
Over temperature 1.50
Input current
iy High Vin=Veo <1.0 10 WA
I Low ViN=0V -3.0 - 250
lon Leakage current Vout =28V, 5 250 rA
Supply current
locL All outputs low Vge=5.25V NE5090 35 60 mA
lcoH All outputs high 22 50
NOTES
1. Derate power dissipation as i d above ambient p

NES5090 N at 9.3mW/°C above 85°C
NE5090 F at 7.5mW/°C above 65°C

N
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. All typical values are at Voo =5V and Tp =25°C
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Signetics Linear Products

Product Specification

Addressable Relay Driver

NES090

SWITCHING CHARACTERISTICS V=5V, To=25°C, Vour= 5V, lgyr= 100mA, V, = 0.8V, V;,;= 2.0V

PARAMETER TO0 FROM Min Typ Max UNIT
Propagation delay time
tpLH Low to high! == 900 1800
tor High to low’ Output CE 130 260 ns
teLH Low to high? 920 1850
tonL High to low? Output Data 130 260 ns
tpn Low to high? 900 1800
tore High to low? Output Address 130 260 ns
teLH Low to high* == 920 1850
tont High to low? Output CLR ns
SWITCHING SETUP REQUIREMENTS
toy® Chip enable High data 5 20 ns
tsw)’ Chip enable Low data 10 30
tsa® Chip enable Address 0 20 ns
they? Chip enable High data +10 0 ns
t® Chip enable Low data +10 0
towg' | Chip enable pulse width' 0 20 ns
NOTES

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

2. See Turn-On and Turn-Off Delays, Data to Output timing diagram.

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

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

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

TIMING DIAGRAMS

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

Other Inputs: CLR = H,

A = Stable,

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

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

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

A

tPHL tPLH

Q

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

TURN-OFF DELAY, CLEAR TO OUTPUT

o)
e
ol

tPLH

Other Inputs: CE=H,

4-81
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Signetics Linear Products Product Specification

Addressable Relay Driver NE5090

TIMING DIAGRAMS (Cont'd)

SETUP AND HOLD TIME, DATA TO ENABLE

SETUP TIME, ADDRESS TO ENABLE

Other Inputs: CLR = H,

Other Inputs: CLR=H, A = Stable,

TYPICAL APPLICATIONS

DRIVING SIMPLE LOADS
INTERFACING WITH A

MICROPROCESSOR SYSTEM +5v T
4
DATA
s [
4 N
+5V +5V
L
D D -
L Q Q
= P == 3 g
0 Q3 0 83
5080 §§ 5090 gg
Qs —a$ OPERATING IN DEMULTIPLEX MODE
E o I._. S o
o
CONTROL . O+sv T*sv
i ——O0 0,
——{ o ——0 a,
CLEAR ——O0a,

3-BIT Ao

Ay 5080
COUNTER a L Oa,

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

M——t
|
o

W
al'——
cll——
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Signetics Linear Products

Product Specification

Addressable Relay Driver

NES090

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE VS LOAD CURRENT

i
///
A

OUTPUT VOLTAGE (V)
°
@

o 50 100 150 200
OUTPUT LOAD CURRENT (mA)
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Signetics Linear Products Advance Information
Ocital Line Driver NES170
DESCRIPTION FEATURES PIN CONFIGURATION
The NE5170 is an octal line driver which ¢ Meets EIA RS232C/423A and N Package
is designed for digital communications CCITT V.10/X.26 9
with data rates up to 100Kb/s. This e Simple slew rate programming with
device meets all the requirements of EIA a single external resistor ne [T \J ] Ho
standards RS232C/RS423A and CCITT e 0.1 to 10V/us slew rate range %o 2] )
recommendations V.10/X.26. Three pro- ¢ High/low programmable voltage !
grammable features, (1) output slew rate output modes A 5] 26] G
(2) output voltage level, and (3) three- ¢ TTL compatible inputs B 4] 28] Go
state control (high impedance) are pro- Bo [5] 2] Fo
vided so that output characteristics may co [E] 73] F,
be modified to meet the requirements of  APPLICATIONS o E’: 7] &
specific applications.
pectlic appiic * High speed modems o [3] 1] Eo
* High speed paraliel Do [9] 20] Vec
gommu:“c?/t(l)onsn ENABLE [1] 9] +MODE
e Computer orts
. Logit': level trazslation Ve [11] 6] ano
Rs [12] [17] - MODE
FUNCTION TABLE e [@] 78] NC
OUTPUT VOLTAGE (V) ne [} [75] ne
ENABLE | LOSIC RS232C
INPUT | Rs423A! 1 ; 3 TOP VIEW
Low Output Mode' | High Output Mode Order Number
L L 5 t0 6V 5 10 6V > oV Heston
L H -5t0 -6V -5t0 -6V = -9V
H X High Z High Z High Z G Package
NOTES:
1. Vgg= +10V and Vge = - 10V; R = 3KQ
2. Vgo= +12V and Veg = - 12V; R_ = 3K RN R
8o [ | 25]Go
Co Iz 24 |Fo
a[7] 23]
o8] 22]E
ENABLE [0 [20] vee
vee [11 [— 19 |+ MODE
B1E|EE @)
RsL NC NC NC NC | GND
~MODE
TOP VIEW
Order Number
NE5170G
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Signetics Linear Products Advance Information
Octal Line Driver NES170
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNITS
Supply Voltage V¢c 15 Vv
Supply Voltage Ve -15 Vv
Output Current’ +150 mA
Input Voltage (Enable, Data) -15t0 +7 \
Output Voltage? +15 v
Minimum Slew Resistor® 1K Q
Power Dissipation 800 mw
DC ELECTRICAL CHARACTERISTICS Vv (see notes 4, 5), 0°C<T,<70°C
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min Max
Vin=0.8V
v Output high volt Ry = aka* ° ° v
utput high voltage
o put g 9 R, =4500* 45 6
R, =3KQ5, C_=2500pF Vee -3
Vin=2.4V _ _
R, = 3KQ* 6 5
VoL Output low voltage R, = 4500* _6 _45 \
R, =3KQ5, C =2500pF Veg+3
Output unbalance voltage Veo = [Veel, Ry = 4500* 0.4 Y
lcex Output leakage current |Vol = 6V, ENABLE =2V or V¢ = Vgg = 0V -100 100 A
Viy Input high voltage 20 \
Vi Input low voltage 0.8 \
e Logic “0” input current Vin=0.4V - 400 0 uA
™ Logic “1” input current Vin=2.4V 0 40 pA
los Output short circuit current Vo=0V - 150 150 rA
Veo Input clamp voltage In= —15mA -15 \
lcc Supply current NO LOAD 40 mA
lee NO LOAD —-40 mA
NOTES:
1. Maximum current per driver. Do not exceed maximum power dissipation if more than one output is on.
2. High impedance mode.
3. Minimum value of the resistor used to set the slew rate.
4. Vou, Vo at R = 4500 will be =90% of Vg, Vo at R = .
5. High Output Mode; +MODE pin = Vg; — MODE pin=Vgg; 9V < Voo < 13V; -9V = Vg = - 13V,
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Signetics Linear Products

Advance Information

Ocital Line Driver

NES170

AC ELECTRICAL CHARACTERISTICS V= +10V; Vge= - 10V; Mode = GND, 0°C < T, < 70°C

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
' Min Max
Propagation delay output high to high Ry =450, G =50pF
terz impedance or s "
R, = 3K, C_=2500pF
¢ Propagation delay output low to high RL= 450’°?L =50pF 5
PLZ impedance ks
R, = 3K, C, = 2500pF
RgL = 200K
t Propagation delay high impedance to R, =450, C_=50pF 150
PZH high output or s
Ry = 3K, G, = 2500pF
RgL = 200K
t Propagation delay high impedance to R_ =450, C, =50pF 150
PzL low output or s
R, = 3K, C_ = 2500pF
ReL=2K+ 1% 8 12
SR Ouput slew rate’ Rg. =20K + 1% 0.8 1.2 Vius
Rg. = 200K + 1% 0.073 0.127
NOTE:

1. SR: Load condition. (A) For Rg <4KQ use R =450Q; C, = 50pF; (B) For Rg_ >4KQ use either R_=4500, C_=50pF or R, =3KQ, C, = 2500pF.

SLEW RATE PROGRAMMING

Slew rate for the NE5170 is set using a single
external resistor connected between the Rg
pin and ground. Adjustment is made accord-
ing to the formula:

20

Rg (in kilohms) = Siow Rate
where the slew rate is in V/us. The slew resis-
tor can vary between 2 and 200 kilohms which
gives a slew rate range of 10 to 0.1V/us. This
adjustment of the slew rate allows tailoring
output characteristics - to recommendations
for cable length and data rate found in EIA

APPLICATIONS

standard RS423A. Approximations for cable
length and data rate are given by:
Max. data rate (in Kb/s) = 300/t

Cable length (in feet) = 100 x t

where t is the rise time in microseconds. The
absolute maximum data rate is 100Kb/s and
the absolute maximum cable length is
4000 feet.

OUTPUT MODE PROGRAMMING

The NE5170 has two programmable output
modes which provide different output voltage

levels. The low output mode meets the speci-
fications of EIA standards RS423A and
RS232C. The high output mode meets the
specifications of RS232C only since higher
output voltages result from programming this
mode. The high output mode provides: the
greater output voltages where higher attenua-
tion levels must be tolerated. Programming
the high output mode is accomplished by con-
necting the +MODE pin to Vg and the
—MODE pin to Vge. The low output mode
results when both of ‘these pins are con-
nected to ground.

*MODE PINS CONNECTED FOR
PROPER OUTPUT LEVEL

RS232C/RS423A Data Transmission

T

|

: *TIE TO GROUND FOR
J_ Rs232C
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Signetics Linear Products

Advance Information

Octal Line Driver

NE5170

AC PARAMETER TEST CIRCUIT AND WAVEFORMS

i
VIN Oj

+10V
Vee
ENABLE
Vout
DIN
-MODE GND +MODE Ve RsL
RsL

1l
T

-[- O OUTPUT
3R Cu

]

NOTES: 1) See AC electrical characteristics table for values of Rsy, R_ and C.
2) VN pulse: Frequency = 1kHz, duty cycle = 50%, Zoyt =502, tr=ty=<10ns.

4-87
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Signetics Linear Products

Advance Information

Octal Line Receivers

NES180/NES181

DESCRIPTION

The NE5180 and NE5181 are octal line
receivers designed to interface data ter-
minal equipment with data communica-
tions equipment. These devices meet
the requirements of EIA standards
RS232C, RS423A, RS422A, and CCITT
V.10, V.11, V.28, X.26 and X.27. The
NE5180 is intended for use where the
data transmission rate is up to 200 Kb/s.
The NE5181 covers the entire range of
data rates up to 10 Mb/s. The difference
in data rates for the two devices results
from the input filtering of the NE5180.
These devices also provide a failsafe
feature which protects against certain
input fault conditions.

FUNCTION TABLE

FEATURES

¢ Meets EIA RS232C/423A/422A and
CCITT V.10, V.11, V.28

¢ Single +5V supply — TTL

compatible outputs

Differential inputs withstand 25V

Failsafe feature

Input noise filter (NE5180 only)

Internal hysteresis

APPLICATIONS

¢ High speed modems

¢ High speed parallel
communications

e Computer I/0 ports

* Logic level translation

PIN CONFIGURATION

FAILSAFE LOGIC

INPUT INPUT OUTPUT
Vip > 200 mv? X H
Vip < - 200mV" X L

NOTE:

1. V)p is defined as the non-inverting terminal input voltage minus the inverting terminal

input voltage.

September 1985
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N Package
A- 1 > E Vee
A+ EE‘ [27] Ho
A
5- 1] 2] H-
8o [6] 23] G+
s [7] 2] G-
c- [&] 7] Fs,
c+ =] [20] Fo
Co [i0] 8] F+
p- [ g 18] F-
3 o
ok
anp [14 (18] E-

TOP VIEW
Order Numbers

NE5180N NE5181N

G Package

B~ Ao A+ A- Vcc Ho H+

ainlnlnlzizlz

- e el el
Fsi [T -—E%m

c- NE5180 |

o E@‘ NES5181 r——'L =] ess
co [0 1 [20] Fo
o- [1] a [?—I 9] F+

T

D+ Do GND E- E+ Eo F-

TOP VIEW
Order Numbers

NE5180G NE5181G




Signetics Linear Products

Advance Information

Octal Line Receivers

NES180/NES181

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNITS
Power Dissipation 800 mw
Supply Voltage (Vcc) 7 \"
Common Mode Range +15 "
Differential Input Voltage (V|p) +25 '
Output Sink Current 50 mA
Failsafe Voltage -0.3t0 Vge \Y
Output Short Circuit Time 1 sec

DC ELECTRICAL CHARACTERISTICS V=5V + 5%, 0°C < T, < 70°C, input common mode range +7V

NE5180 NE5181
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min | Max | Min | Max
Ry DC input resistance 3V =< |V| = 25V 3K | 7K | 3K | 7K Q
) Inputs open or 0 = loyr = 8MA, Vigjigare =0V 0.45 0.45
v, Failsafe output voltage v
OFs P 9 shorted together | 0 > Ioyr = - 4004A, Vigisare=Vee | 2.7 27
Vin Differential input high* Vour=2.7V, Rg=0' 0.2 0.2 v
threshold lout = — 440pA Rg =500 0.4 0.4
Vu Differential input low* Vour = 0.45V, Rs=0' -02 -02 v
threshold loyT=8mA Rg = 500" —04 ~0.4
Vy Hysteresis* Fs =0V or V¢ (See Figure 1) 60 140 60 140 mV
Vioc Open circuit input voltage 2 2 \
C Input capacitance 100 100 pF
VoH High level output voltage Vip=1V, loyr = — 4404A 2.7 27 Vv
— 2
VoL Low level output voltage Vp= -1V loyr = 4mA 04 04 v
lour = 8mA2 0.45 0.45
los Short circuit output current Note 3 20 100 20 100 | mA
lce Supply current 4.75V = V¢ =< 5.25V 125 1256 | mA
Vin= + 10V 3.25 3.25
In Input current Other inputs grounded N A
rinputs grou Vin= — 10V 325 325 m
NOTES:
1. Rg is a resistor in series with each input.
2. Measured after 100ms warm up (at 0°C). Vour
3. Only 1 output may be shorted at a time and then only for a maximum of 1 sec. FS=Vec | FS=GND
4. See Figure 1 for threshold and hysteresis definitions.
Vi, —} le— | —] Vi,
Vii; Vin, Vi, Vih, ViN
Figure 1. Vy, Vi, Vy Definition
AC ELECTRICAL CHARACTERISTICS Vcc=5V + 5%, 0°C < T, < 70°C
NE5180 NE5181
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min Max Min Max
teLH Propagation delay — low to high C_=50pF, Viy= £ 1V 300 70 ns
teHL Propagation delay — high to low C_ =50pF, Viy= 1+ 1V 300 70 ns
fa Acceptable input frequency Unused input grounded, Vjy= +200mV 0.1 5.0 MHz
f, Rejectable input frequency Unused input grounded, Viy = +500mV 5.5 NA MHz

4-89
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Advance Information

Octal Line Receivers

NES5180/NE5S181

FAILSAFE OPERATION

These devices provide a failsafe operating
mode to guard against input fault conditions
as defined in RS422A and RS423A stan-
dards. These fault conditions are (1) driver in
power-off condition, (2) receiver not intercon-
nected with driver, (3) open-circuited intercon-
necting cable, and (4) short-circuited inter-
connecting cable. If one of these four fault
conditions occurs at the inputs of a receiver,
then the output of that receiver is driven to a

APPLICATIONS

known logic level. The receiver is pro-
grammed by connecting the failsafe input to
V¢ Or ground. A connection to V¢ provides
a logic “1” output under fault conditions,
while a connection to ground provides a logic
“0”. There are two failsafe pins (Fg; and Fgy)
on the NE5180 or NE5181 where each pro-
vides common failsafe control for four
receivers.

INPUT FILTERING (NE5180)

The NE5180 has input filtering for additional
noise rejection. This filtering is a function of
both signal level and frequency. For the speci-
fied input (5.5MHz at +500mV) the input
stage filter attenuates the signal such that the
output stage threshold levels are not
exceeded and no change of state occurs at
the output. As the signal amplitude decreases
(increases) the rejected frequency decreases
(increases).

WJL
Vi

1/sNES180/

Vi
W LT

NE5181

4

——t — e —— —— —

RS232C/RS423C Data Transmission

| *TIE TO GROUND
FOR RS232C

|

| VFAILSAFE
[ I

T

| I
| I
+V
R | “
VH -V .
VL —I L > : \+ Q : N Neser v n
< | - | >
Rls::ék I v -L_l/ U | VFAILSAFE
DRIVER | v |
| | <
I RS422A Data Transmission l
AC TEST CIRCUIT VOLTAGE WAVEFORMS
INPUT
+1V (VIN*-VINT)
tPHL tPLH
OUTPUT
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Signetics Linear Products

Product Specification

LED Decoder/Driver

NES87

DESCRIPTION

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

FEATURES

® Latched BCD inputs

e Low loading bus-compatible inputs

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

APPLICATIONS

® Digital panel meters

® Measuring instruments
* Test equipment

* Digital clocks

* Digital bus monitoring

ABSOLUTE MAXIMUM RATINGS T = 25°C unless otherwise specified

PARAMETER RATING UNIT
Vce Supply voltage =0.5to +7 v
VIN Input voltage —=0.5t0 +15 \
(Do - D3, LE, RBI)
Vourt Output voltage —=0.5to +7 v
(a-g, RBO)
Pp Power dissipation (25°C)’ 1000 mwW
TA Ambient temperature range 0to 70 °C
Ty Junction temperature 150 °C
TsTG Storage temperature range —65 to +150 °C
TsoLb 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
Tt T 1
I : © REO/BI (4)
! I
vee (18) 0-——:— . |
|
' |
' [
! |
781 (5) O- ' |
! |
0o (7) o—:— :
D1 (1) O—— BCD TO
D2 (2) o————:——- LATCHES :> el }
03 (6) o—l— |
I j |
E(3) :
| 0 a(15)
: | O b(14)
| ———————0 ¢ (13)
i8) o ' REFERENCE pr | | cam
1 DRVER —l______o e(11)
: ._____ol 1(17)
GND (9) O—I—i . —__—o: 9 (16)
b i____J
POWER GND (10)
4-91

PIN CONFIGURATIONS
F,N PACKAGE
o4 [1] 78] vee
02 2] [17] ¢
& 3] [16] o
8i7R80 [ | [75] a
rEi [5] [14] v
D3 E E c
%] af
w [8] mp
oiG GNo [9] 10] FONER
TOP VIEW
ORDER NUMBERS
NES87F  NES587N
D2 PACKAGE
oy [T} ~ [20] Vee
D, [2] 9]
e 3] [18] ¢
sireo. [4] 7] a
Bl [5] 6] b
Ne [E] 5] N
D3 [7] E c
Do [E] 73] o
b [E] 2] e
DIG GND  [10] [11] PW GND
TOP VIEW
NE587D2

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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Signetics Linear Products Product Specification

NES587

LED Decoder/Driver

DC ELECTRICAL CHARACTERISTICS V(g = 4.75 t0 5.25V, 0°C < Tp < 70°C.
Typical values are at Vcc = 5V, TA = 25°C, Rp = 1kQ (+ 1%) unless otherwise stated.

NE587
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
vVece Operating supply voltage 4.75 6.00 5.25 v
VIH Input high voltage All Inputs except BI 2.0 15 v
Bl 2.0 5.5
ViL input low voltage 0.8
Vic Input clamp voltage IIN = —12mA, Tp = 25°C -1.5 v
IH Input high current Inputs Dg —Dg, LE, RBI A
VIN = 2.4V 1.0 10
ViN = 18V 15 15
Input BI (pin 4) 10 100 uA
RBi=H
VIN = V¢ = 5.26V
e Input low current VIN = 0.4V, Inputs Dg — D3 =5 KA
LE, RBI —200
Input BI -0.7
__Vgo =528V
Bl = H, VN = 0.4V mA
VoL Output low voltage Output RBO
loyt = 3.0mA 2 5 )
VoH Output high voltage Output RBO
lout = —50uA 3.5 4.5 \
RBI = H
i lout Output segment Outputs “a” thru “g” 20 25 30 mA
“ON” current Vourt = 2.0V
Alout Output current ratio With reference to “b” segment 0.90 1.00 1.10
(all outputs ON) VouT = 2.0V
lOFF Output segment Outputs “a” thru “g” 20 250 uA
“OFF” current Vourt = 5.0V
Icco Supply current Vce = 5.25V 33 55 mA
All outputs “ON”"
Vourt > tvV
Iccl Supply current Vge = 5.25V 50 70 mA
All outputs blanked
NOTE
NE587 PROGRAMMING
The NES87 output current can be pi d, p! resistor, Rp, be

connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant

o
(=~1.3V). Thus, a current through Rp is Ip ~ Rp + 28 shown in Figure 5. E is 20in the

15 to 50mA output current range.
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Product Specification

LED Decoder/Driver

NES87

AC ELECTRICAL CHARACTERISTICS

Voo =5V Ta = 25°C. R = 130Q, C_ = 30pF including probe capacity.

NES587
PARAMETER TEST CONDITIONS Min Typ Max UNIT
'Dav Propagation delay From data to output 135 ns
: Figure 2
tDgy Propagation delay From LE to output 135 ns
’ Figure 3
tw Latch enable pulse width 30 ns
Figure 4
ts Latch enable setup time From data to LE 20 ns
Figure 4
tH Latch enable hold time From LE to data (o} ns
Figure 4
NOTE
tpg, = % (hL + )
TRUTH TABLE
BINARY INPUTS OUTPUTS
INPUT TE [RBI | D3 [ D2 [Dy Do | a b |c|d|e |t |q |RBO DISPLAY
- H * X X X X STABLE b STABLE
0 L L L L L L H H H H H H H L BLANK
0 L H L L L L L L L L L L H H o
1 L X L L L H H L L H H H H H 1
2 L X L L H L L L H L L H L H 2
3 L X L L H H L L L L H H L H 3
4 L X L H L L H L L H H L L H 4
5 L X L H L H L H L L H L L H 5
6 L X L H H L L H L L L L L H 6
7 L X L H H H L L L H H H H H 7
8 L X H L L L L L L L L L L H 8
9 L X H L L H L L L L H L L H 9
10 L X H L H L H H H H H H L H -
11 L X H L H H L H H L L L L H E
12 L X H H L L H L L H L L L H H
13 L X H H L H H H H L L L H H L
14 L X H H H L L L H H L L L H P
15 L X H H H H H H H H H H H H blank
**Bl X X X X X X H H H H H H H |L*® blank
NOTES
H = HIGH voltage level, output is “OFF"
L = LOW voltage level, output is “ON"
X = Don’t care
* The RBI will blank the display only if a binary zero is stored in the latches.
*+* RBO/BI used as an input overrides all other input conditions.
SEGMENT IDENTIFICATION
a
N —
f b
9
o)
Vam—
d
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NE587 PROGRAMMING

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

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

?Vﬂ

re————
1
1

BAND GAP
REFERENCE

1
1
)
]
L}
1
1
1
1
1
]
4

T .

P P e e T

Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

0o03

X

X

L_ PLH —

OUTPUT

L—— tPHL —)

|

Figure 2

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

X

OuTPUT

—

|

Figure 3
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POWER DISSIPATION
CONSIDERATIONS

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

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

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

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
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 2.2 to 3.5V
Green 2.5 t0. 3.5V
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TIMING DIAGRAMS (Cont'd)

Figure 4

.s*l« .n_.‘

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=Vee Xlcc + (Vg — VE) X 7 X Iseg X Kpc
mw

Assuming Vg = Vg = 5.25V
VE =20V
Kpc = 100%
P4 max =5.25 X 50 + 3.25 X 7 X 30 mW
= 945 mW

SUPPLY CURRENT VS SUPPLY VOLTAGE = OUTPUT CURRENT VS OUTPUT VOLTAGE NORMALIZED OUTPUT CURRENT
NE587 NE587 VS TEMPERATURE
Rp = 1Kohms Vee=5.0V
40.0 : I 40.0 1100
o, Wt
ALL OUTPUTS “ON 28%¢ %/
35.0 30.0 4 105.0
oo // f NES87
(25°C) ;/V lg\“:)'r (Rp = 1K)
:,c‘,, A L' - f 20.0 o 100.0 — it
LT lout I —t—
4/ // (Ma)
% ' (70°C)
25.0 100 95.0
200 90.0
40 44 48 52 56 60 6.4 0 10 20 30 40 50 10 20 30 40 50 60 70 80
Vee (VOLTS) — VouT (VOLTS) —» TEMP (°C) ————
NORMALIZED OUTPUT CURRENT MAXIMUM POWER DISSIPATION OUTPUT CURRENT
VS SUPPLY VOLTAGE VS TEMPERATURE VS PROGRAM RESISTOR
Vo=2V
Tpo=25°C
105 50.0
1000 40.0 ¥:§‘;55.%v u—
Vour=2V
102 T a0
NES87
lout r\ (Rp 7 1K) 5 30.0 \
(%) 100 £ 600
~ : 1.
o 400 (Ma) \
200 100 \\
o5 ° 0.0
40 45 50 55 60 o 25 s0 75 ° 20 40 6.0 2.0 100
Ve (VOLTS) —— TA () —» Rp (Kohms) ——p-
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TYPICAL APPLICATIONS
DRIVING A SINGLE DIGIT
vee
I 0.01x
D3 Ot a
b2 O b
0y O——m—qy c
0p O NESB7 d
E O———— [ ________J
Ip O] 9
- o T _L l
NOTE =

Decoupling capacitor on Ve should be 0.01 uF ceramic

Figure 6

O RBO

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

Pg av = 5.0 X 30 + 3.00 X 5 X 25 mW
= 525 mW

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

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

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

September 1985

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

2.0
7 X lgeg

Rg = =~ 10Q (%2 W rating)

assuming worst case Iggg of 30 mA

Hence now Pqmax = Veoc Xloc + (Vg = Vy —
Rx X7 X lggg) X 7 X Xlggg
X Kpc
=525X50+1.26X7X30
mw
= 525 mW

and Py ay =5.0X 30+ 1.25 X 6 X 25

= 306 mW

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

Vg = VE —nVq,Vp =~ 0.8V

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

4-96

In a multiplexed display system, the voltage
drop across the digit driver must also be
considered in computing device power dissi-
pation. It may even be an advantage to use a
digit driver which drops an appreciable volt-
age, rather than the saturating PNP transis-
tors shown in figure 9. For example a dar-
lington PNP or NPN emitter follower may be
preferable. Figure 8 shows the NE591 as
the digit driver in a multiplexed display sys-
tem. The NES91 output drops about 1.8V
which means that the power dissipation is
evenly distributed between the two integrat-
ed circuits.

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

YAVAVA

=0 S ] L

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

With
Vg = 4.9V pk.
VE = 2.0V

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

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

vee O

Bl | |B] | |8 |6
o] | [l | I | Tl

NE587

i
H
H

'II—] iH
"

ey
.|!—

T
i
ST
I

NES87 NES87

b3 O
D2 O
D1 O
Do O

A 4 A 4

Ao 0—] piGT
ay O— oECoDE

LEO—l

CONTROL O

Figure 7 un

C=.01uF

INTERFACING 8-DIGIT LED DISPLAY WITH uP BUS

DATA BUS

ADDRESS BUS

ADDRESS 3

DECODE

NE591

Do D1 D2 D3 Da Ds Dg b7

________________ []
¥ E a b ¢ d e t 9 D
Em,‘

NES87

||'——

Figure 8
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TYPICAL APPLICATIONS (Cont'd)

4-DIGIT MULTIPLEXED LED DISPLAY

vs O

DIGIT 1 O- Do_w,_{
DiGIT 2 O bo—Wv—K
DIGIT3 O Do—ww—K

R
gl |4d| |d| |4

03 O———————————
D2 O 01u
o1 NES87 ]_:
Dy O] l -

S— %"” =

Figure 9

For additional information, refer to the Applications Section.
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18-Element LCD BarGraph Display Driver PCF1303T
DESCRIPTION FEATURES PIN CONFIGURATION
The PCF1303T is an LCD driver which e 18-element bar graph capability
drives 18 LCD segments in linear rela- e 2 modes: thermometer and
tion to a control voltage. The PCF1303T pointer mode Vosc[3 N Voo
has 2 modes, one producing a continu- ti It 6.0V - 10.0V 7] 27] VREF. MAx.
ous bar (thermometer mode), the other | gpera"ng :o age t. " 'to & [55] V. .
activating one LCD element (pointer +';§:Z ng temperature =40 to nE] v
mode). Maximum and minimum refer- °
ence voltage is set via external circuitry. ® 28 pin SO package Vas ] 24] on
o[E o
APPLICATIONS o'g i O
* Gauges 2[7 [22) 017
© Volume/level indicators :’g g:“
© Thermometers ‘ 20
05 [10} [19] 014
FUNCTION TABLE Os[11] 18] 013
I Mode orliz) 7] 0ve
L Pointer Ol13 elon
H Thermometer 0olag [Elow
H=HIGH state (the more positive voltage) TOP VIEW oS

L = LOW state (the less positive voltage) PIN SYMBOL FUNCTION
1 Vosc Oscillator terminal
. Connect to Vgg

2

3 . Connect to Vgg

4 Iy Thermometer/pointer

(Choice select input)

5 Vss Positive power supply
6 [} Bar output

7 (o2 Bar output

8 Bar output

9 O4 Bar output

10 Os Bar output
" Og Bar output

12 Oy Bar output

13 Og Bar output
14 Og Bar output

15 O10 Bar output

16 011 Bar output

17 Oq2 Bar output

18 O43 Bar output

19 14 Bar output
20 15 Bar output
21 16 Bar output
22 047 Bar output
23 Oqg Bar output
24 Or Back plate output
25 Ve Control voltage input
26 Vret. min  Reference voltage input
27 Viet. max Reference voitage input

28 Vop Negative power supply
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18-Element LCD BarGraph Display Driver PCF1303T

TYPICAL SET-UP CONFIGURATION

50K —
VWA~
3 soox o [ S—
<
L [ —
[ —
Voo g 50K |
INPUT
| —
Voo Vrer Vaer Vo Op Oy Oz O Oi5s Oy4 O13 Oz Oy Oy  E—
3 MAX - MIN —/
0IMZ
$
I
Vosc I3 2 4 Vss Oy O O3 O O Oy O; Oy O r—
| L | —
= 3%0pF —
I — ]
oo —| —
— I
]
|
TC00810S
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Universal LCD Driver for Low Multiplex Rates PCF8576

GENERAL DESCRIPTION

The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having
low multiplex rates. |t generates the drive signals for any static or multiplexed LCD containing up to
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The
PCF8576 is compatible with most microprocessors and communicates via a two-line bidiréctional bus
(12C). Communication overheads are minimized by a display RAM with auto-incremented addressing,
by hardware subaddressing and by display memory switching (static and duplex drive modes).

Features

® Single-chip LCD controller/driver

® Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing

® Selectable display bias configuration: static, 1/2 or 1/3

® 40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric
characters; or any graphics of up to 160 elements

40 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and
high-threshold (automobile) twisted nematic LCDs

Low power consumption

Power-saving mode for extremely low power consumption in battery-operated and telephone
applications

12C bus interface

TTL/CMOS compatible

Compatible with any 4-bit, 8-bit or 16-bit microprocessors

May be cascaded for large LCD applications (up to 2560 segments possible)

Optimized pinning for single plane wiring in both single and multiple PCF8576 applications
Space-saving 56-lead plastic mini-pack (VSO-56)

Very low external component count (at most one resistor, even in multiple device applications)
Compatible with Philips/Videlec chip-on-glass technology

Manufactured in silicon gate CMOS process

PACKAGE OUTLINES

PCF8576T: 56-lead mini-pack; plastic (VSO-56; SOT-190).
PCF8576U: uncased chip in tray
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Universal LCD Driver for Low Multiplex Rates PCF8576
BPO BP2 BP1 BP3 SO —— e — S39
113 £14 15 16 17 ———————— 564
Vpp | 5
BACKPLANE >
) OUTPUTS DISPLAY SEGMENT OUTPUTS
LCD >
R VOLTAGE DISPLAY LATCH
SELECTOR |
A e it
BIAS
Vien |12 GENERATOR SHIFT REGISTER
PCF8576
CLK |4 |
SYNC|3 | TIMING [+ BLINKER INPUT DISPLAY OUTPUT
+ BANK [ “RAM [T BANK
SELECTOR 40x 4 BITS SELECTOR
t 4 .| DispLAY <:>
CONTROLLER
0sC |6 {}
> OscILLATOR
POWER- i DATA
ON  |»4 POINTER
Rosc RESET COMMAND <:
DECODER 4
Vss |11 {
A
SUB-
scL |2 I
> — ADDRESS
> INPUT > 12c Bus > COUNTER
SDA |1, | FILTERS »| CONTROLLER E
- 3 4
10 7 |8 |9
SA0 AD A1 A2

72914751

Fig. 1 Block diagram.
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Universal LCD Driver for Low Multiplex Rates PCF8576
DA !I U '5__6| s30 PINNING .
1 SDA 12C bus data input/output
st 2] 5] s38 2 SCL 12C bus clock input/output
SvNC [3] 54] 537 3 SYNC  cascade synchronization input/output

CLK |z 53] s36 4 CLK external clock input/output
Vob E E s35 5 VpD positive supply voltage
osc E 7] s34 6 osc oscillator input

A0 E 5——01 $33 ; ﬁ? I2C bus subaddress inputs

a1 8] [49] s32 9 A2

a2[3] 8] sa1 10 SA0 12C bus slave address bit O input
sAb E E s30 1 Vss logic ground

12 Vicd LCD supply voltage
Vss [11] 46] 520 13 BPO
Vieo [12] E—‘ s28 :‘5‘ g:f LCD backplane outputs

BP0 [13] [44] 527 16 BP3
or2 [14] PCF8576 23] 526 17 S0 [

8P1 [15 | 42] s25 :_,% gg . J LCD segment outputs
BP3 E 41] 524

so [17 [40] 523

s1 [18] [39] 522

s2 [19 [38] s21

53 [20] [37] s20
sa [21] 36] s19
S5 @ 35] s18
s6 [23 [34] s17
57 [24] 33] st6
s8 [25] 32] s15
s9 [26] [31] s14

510 [27 [30] s13
s11[28 29] 512
7291476.1

Fig. 2 Pinning diagram.
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PCF8576

FUNCTIONAL DESCRIPTION

The PCF8576 is a versatile peripheral device designed to interface any microprocessor to a wide variety
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up to
40 segments. The display configurations possible with the PCF8576 depend on the number of active
backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

active back- no. of 7-segment 14-segment dot matrix
plane outputs segmenets numeric alphanumeric

20 digits + 10 characters + 160 dots
4 160 20 indicator 20 indicator (4 x 40)

symbols symbols

15 digits + 8 characters + 120 dots
3 120 15 indicator 8 indicator (3 x 40)

symbols symbols

10 digits + 5 characters + 80 dots
2 80 10 indicator 10 indicator (2 x 40)

symbols symbols

5 digits + 2 characters + 40 dots
1 40 5 indicator 12 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shown in
Fig. 3. The host microprocessor maintains the 2-line 12C bus communication channel with the PCF8576.
A resistor connected between OSC (pin 6) and Vgg (pin 11) controls the device clock frequency. The
appropriate biasing voltages for the multiplexed LCD waveforms are generated internally. The only
other connections required to complete the system are to the power supplies (Vpp, Vgg and V| cp)
and to the LCD panel chosen for the application.

Vbp H]
trise
R<
~ 2Chus Voo |Vico
o soa|, 5 12
HOST —_— scL 2 17-56| 40 segment drives )i
MICRO - PCF8576
PROCESSOR
- 4 backplanes
osc . 13-16 P >
7 8 9 10 11
Rosc A0 |A1 [A2 |SAO|Vsg
Vss 7291464.1

September 1985

Fig. 3 Typical system configuration.
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Universal LCD Driver for Low Multiplex Rates PCF8576

Power-on reset

At power-on the PCF8576 resets to a defined starting condition as follows:
1. All backplane outputs are set to Vpp.

2. All segment outputs are set to Vpp.

3. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected.

4. Blinking is switched off.

5. Input and output bank selectors are reset (as defined in Table 5).

6. The IC bus interface is initialized.

7. The data pointer and the subaddress counter are cleared.

Data transfers on the I12C bus should be avoided for 1 ms following power-on to allow completion of the
reset action.

LCD bias generator

The full-scale LCD voltage (Vop) is obtained from Vpp — V| cp. The LCD voltage may be temperature
compensated externally through the V| cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration.

LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vo, = Vpp — V| ¢cp and the resulting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCD bias Voff(rms) Von (rms) . Von(rms)
configuration Vop Vop Voff(rms)
static (1 BP) static (2 levels) 0 1 o
1:2MUX (28BP) 1/2 (3 levels) \/7/4 =0,354 | /10/4=0,791 \/3 =2,236
1:2MUX (2BP) 1/3 (4 levels) 1/3=10,333 \/573 =0,745 \/§= 2,236
1:3MUX (3 BP) 1/3 (4 levels) 1/3=0,333 \/33/9=0638 | \/33/3=1,915
1:4 MUX (4 BP) 1/3 (4 levels) 1/3=0,333 \/5/3 =0,577 \/§= 1,732
4-105 September 1985




Signetics Linear Products Product Specification

Universal LCD Driver for Low Multiplex Rates PCF8576

LCD voltage selector (continued)

A practical value for Vg, is determined by equating Voff(rms) With a defined LCD threshold voltage
(VihLcD). typically when the LCD exhibits approximately 10% contrast. In the static drive mode a
suitable choice is Vop 2 3VinCD-

Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the
contrast ratios are smaller (\/§= 1,732 for 1 : 3 multiplex or\/51/3 = 1,528 for 1 : 4 multiplex).

The advantage of these modes is a reduction of the LCD full scale voltage Vop as follows:

1: 3 multiplex (1/2 bias) : Vop =+/8 Vofi(rms) = 2:449 Voff(rms)
1: 4 multiplex (1/2 bias) : Vop = 4\/5/3 Voff(rms) = 2,309 Voff(rms)
These compare with Vgp = 3 Vo ff(rms) When 1/3 bias is used.

LCD drive mode waveforms

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and
segment drive waveforms for this mode are shown in Fig. 4.

«Tf'ame-ﬂ LCD segments
Vpp —
BPO
Viep L
\Hoh) —
Sn
Vico
Vpp — —
Sn+1
Viep L
(a) WAVEFORMS AT DRIVER
Vop .
state1 0 —— At any instant (t):
Vstate 1(t) = Vs, (t) - Vpo(t)
“Vop —— Von(rms) = Vop
Vop —
Vstate 2(t) =Vs 4 (t) - Vgpo(t)
state2 0 ————— Voff(rms) =0V
"VOD —

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig. 4 Static drive mode waveforms: Vo, = Vpp — V| cp.
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PCF8576

When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

BPO

BP1

Sn

Sn+1

state 1

state 2

VbD

(Vpp+Vicpl)/2—

v [ L

L 7

Ttrame

Viep
VbD

(Vpp+Vicp)/2—

Viep

VbD

Vieo

LCD segments

state 1
state 2

VbD

Viep

(a) WAVEFORMS AT DRIVER

Vop

Vop/2
0

“Vop/2

~Vop
Vop

LI

Vop/2
0
~Vop/2

~Vop

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

At any instant (t):
Vstate 1(t) = Vg (t) — Vgpo(t)

Vop
Von(rms) = 3 Vv 10=0,791Vgp

Vstate 2(t) = Vs, (t) = Vgp1 (1)

. Vop
- _r__li Voff(rms) = —7-v/2=0,354Vp

7291477

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vop = Vpp — VL CD-
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PCF8576

LCD drive mode waveforms (continued)

Vop —
VDD~ Vop/3 —

BP0 vpp—2Vgp/3 —

Ttrame

B e T

Vieb
Vpp —
VDD—Vop/3 —_—
VDD—2Vop/3 —
Viep

BP1

—|_|_|_—|__|_mfez

Vbb
VDD—Vop/3 —_—
VbD=2Vpp/3 —
Vicp

Vbp

Sn

— L [_

=

LCD segments

state 1

S

VDD“Vop/3 [—

s
™1 Vpp—2Vep/3—

Viep

Vop

(a) WAVEFORMS AT DR

2Vgp/3

state 1 0
~Vop/3
—2Vgp/3

_Vop

Vop
2Vgp/3

IVER

_|

Vop/3
state2 0

~Vop/3
—2Vop/3
~Vop

L]
7291466

(b) RESULTANT WAVEFORMS

AT LCD SEGMENT

At any instant (t):
Vstate 1(t) =

Vstate 2(t) = Vg (t)

V
Voff(rms) =

— Vapolt)
Vop

Von(rms) = —5 /5 = 0,745V p

—Vpp1(t)

=0,333Vp

Fig. 8 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = Vpp — VLCD-

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.
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BPO

BP1

BP2

Sn

Sn+1

Sn+2

state 1

state 2

Vbb

Vbp—Vop/3 —
VDD—2V0p’3 — —
Viep

Vpp —
Vbp—Vop/3 —
Vpp— 2V°p/3 —_

VLCD
Vp

Vbb

<«——  Tirame ——-——"

state

VpD—Vop/3 —
VDpp—2Vop/3 —

Viep

VDD—2Vop/3 —
Vicp ——

VoD ]

Vpp— Vop/3 _—
VbD—2Vgp/3 —
Vico

|
f

Voo
VDD—Vop/3 _—
Vpp—2Vgp/3 —

Vicp -
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Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vo = Vpp — VLCD-
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LCD drive mode waveforms (continued)
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(b) RESULTANT WAVEFORMS

AT LCD SEGMENT

At any instant (t):

Vstate 1(t) =
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Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Vop =Vpp — VLCcD-
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Oscillator
Internal clock

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator
or from an external clock. When the internal oscillator is used, frequency control is performed by a
single resistor connected between OSC (pin 6) and Vgg (pin 11) as shown in Fig. 9. In this case, the
output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system.

7291467
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Fig. 9 Oscillator frequency
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External clock

The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the
external clock input.

The clock frequency (fg_k) determines the LCD frame frequency and the maximum rate for data
reception from the 12C bus. To allow 12C bus transmissions at their maximum data rate of 100 kHz,
fcLk should be chosen to be above 125 kHz.

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in ad.c.
state.

Timing

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer
of display data from the display RAM to the display segment outputs. In cascaded applications, the
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of
the clock frequency (Table 3). The frame frequency is set by the choice of value for Ry when
internal clock is used, or by the frequency applied to pin 4 when external clock is used.

Table 3 LCD frame frequencies

PCF8576 mode recommended Rqggc (kS2) fframe nominal fframe (Hz)
normal mode 200 fcLk/2880 64
power-saving mode 1200 foLk/480 64
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Timing (continued)

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which

the device is operating. In the normal mode, Rggc = 200 k2 will result in the nominal frame frequency.
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be
reduced by a factor of six and for the same frame frequency Rggc will be 1,2 M. The reduced clock
frequency and the increased value of Rqge together contribute to a significant reduction in power
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large
amounts of display data are transmitted on the 12C bus. When a device is unable to ‘digest’ a display

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored.
This slows down the transmission rate of the 12C bus but no data loss occurs.

Display latch

The display latch holds the display data while the corresponding multiplex signals are generated. There
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one
column of the display RAM.

Shift register

The shift register serves to transfer display information from the display RAM to the display latch while
previous data are displayed.

Segment outputs

The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back-
plane signals and with the data resident in the display latch. When less than 40 segment outputs are
required the unused segment outputs should be left open.

Backplane outputs

"The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi-
plex drive mode BP3 carries the same signal as BP 1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BPO and BP2, BP1 and
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
40 segments operated with respect to backplane BPO (Fig. 10). In multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with

BP1, BP2 and BP3 respectively.
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display RAM addresses (rows) / segment outputs (S)

0 1 2 3 4 o 35 36 37 38 39
display RAM bits 0
(columns) / —_—
backplane outputs 1 —_
(BP) 2
3
7291468

Fig. 10 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.

When display data are transmitted to the PCF8576 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig. 11; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig. 11, in the static drive mode the eight transmitted data bits are placed in bit O of
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the

1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc-
cessive display RAM addresses.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading
of an individual display data byte, or a series of display data bytes, into any location of the display

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER
command. Following this, an arriving data byte is stored starting at the display RAM address indicated

by the data pointer thereby observing the filling order shown in Fig. 11. The data pointer is automati-
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode).

Subaddress counter

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied
to AO, A1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress
counter is also incremented when the data pointer overflows.
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Subaddress counter (continued)

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode).

Output bank selector

This selects one of the four bits per display RAM address for transfer to the display latch. The actual
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit O contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

The input bank selector loads display data into the display RAM according to the selected LCD drive
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive
mode by using the BANK SELECT command. The input bank selector functions independently of the
output bank selector.

Blinker

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the device is operating, as shown in Table 4.

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks
at the blinking frequency. This mode can also be specified by the BLINK command.

In the 1: 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD
segments can be blinked by selectively changing the display RAM data at fixed time intervals.

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can
be effectively performed by resetting and setting the display enable bit E at the required rate using the
MODE SET command.

4-115 September 1985



Signetics Linear Products Product Specification

Universal LCD Driver for Low Multiplex Rates : PCF8576

Blinker (continued)
Table 4 Blinking frequencies

blinking mode normal operating power-saving nominal blinking frequency
mode ratio mode ratio folink (Hz)

off - — blinking off

2 Hz fcLk/92160 foLk/15360 2

1 Hz fcLk/184320 fcLk/30720 1

0,5 Hz fcLk /368640 foLk/61440 0,5

CHARACTERISTICS OF THE I°C BUS

The I2C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

A I 1
soa /| CX
l L L
| | |
| i [ -
SCLW \
i i
|
|

|

| data line | change

| stable_: | of data

| data valid | allowed 7287019

Fig. 12 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

AN —

start condition stop condition

7287005

Fig. 13 Definition of start and stop conditions.
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System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is a ‘‘receiver’’. The
device that controls the message is the ““master’’ and the devices which are controlled by the master
are the “slaves”’.

SDA
] 1 1 1 1
MASTER SLAVE MASTER
TRANSMITTER/ RES('Z_:I\\//iR TRANSMITTER/ T M::SS;IETRTER TRANSMITTER/
RECEIVER RECEIVER RA RECEIVER
7287004
Fig. 14 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH
level put on the bus by the transmitter whereas the master generates an extra acknowledge related
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

SCLFROM 1
DATA OUTPUT  \ /
BY TRANSMITTER ) L

DATA OUTPUT
BY RECEIVER

7287007

Fig. 15 Acknowledgement on the 12C bus.

Note

The general characteristics and detailed specification of the 1°C bus are described in a separate data
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment.
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PCF8576 I°C bus controller

The PCF8576 acts as an I°C slave receiver. It does not initiate I12C bus transfers or transmit data to an
12C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected
devices. Device selection depends on the IC bus slave address, on the transferred command data and on
the hardware subaddress.

In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally tied to Vgg
which defines the hardware subaddress 0. In multiple device applications AO, A1 and A2 are tied to Vgg
or Vpp according to a binary coding scheme such that no two devices with a common I1°C slave address
have the same hardware subaddress.

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the 12C bus and serves to slow down fast transmitters. Data loss does not
occur.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.

I2C bus protocol

Two I2C bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12C bus which allows:

(a) up to 16 PCF8576s on the same I2C bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same 12C bus.

The 12C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the
I2C bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s
with the corresponding SAO level acknowledge in parallel the slave address but all PCF8576s with the
alternative SAO level ignore the whole I2C bus transfer, After acknowledgement, one or more command
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PEF8576s on the bus.

After the last command byte, a series of display data bytes (n) may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8576 device. The acknowledgement after each byte is made only by the (A0, A1, A2)
addressed PCF8576. After the last display byte, the I2C bus master issues a stop condition (P).
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update data pointer
7291470.1 and, if necessary,

Fig. 16 12C bus protocol.

Command decoder

subaddress counter

The command decoder identifies command bytes that arrive on the 12C bus. All available commands
carry a continuation bit C in their most-significant bit position (Fig. 17). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates

the last command byte of the transfer. Further bytes will be regard

0 = last command
1= commands continue

T T T T 1T
C | REST OF OPCODE
B N T T T Y |
msb Isb
7291471

ed as display data.

Fig. 17 General format of command byte.

The five commands available to the PCF8576 are defined in Table
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Command decoder (continued)
Table 5 Definition of PCF8576 commands
command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET
static (1 BP) o 1
1:2MUX (2BP) 1 0
C|1 O|LP|E|B|M1|MO 1:3MUX (3BP) 1 1
1:4 MUX (4 BP) 0 O
Defines LCD bias configuration
LCD bias bit B
1/3 bias 0
1/2 bias 1
Defines display status
display status bit E The possibility to disable the
display allows implementation
disabled (blank) of blinking under external
enabled 1 control
Defines power dissipation mode
mode bit LP
normal mode 0
power-saving mode 1
LOAD DATA POINTER Six bits of immediate data,
bits P5 P4 P3 P2 P1 PO |bitsP5 to PO, are transferred

| c|o|Ps P4 P3 P2 P1 POl

6-bit binary value of 0 to 39

to the data pointer to define
one of forty display RAM
addresses

DEVICE SELECT

lc|1 1 00[a2 A1 Aq|

bits A0 A1

A2

3-bit binary value of 0 to 7

Three bits of immediate data,
bits AO to A2, are transferred
to the subaddress counter to
define one of eight hardware
subaddresses
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command/opcode options description
BANK SELECT Defines input bank selection
static 1:2MUX bit | |(storage of arriving display data)

lc[1 111 0[]0

RAM bit 0 | RAM bits0, 1| O
RAM bit 2 | RAM bits 2, 3| 1

Defines output bank selection
static 1:2MUX bit O |(retrieval of LCD display data)

RAM bit 0 | RAM bits0, 1| O
RAM bit 2 | RAM bits 2, 3 | 1

The BANK SELECT command has
no effectin 1 : 3and 1 : 4 multi-
plex drive modes

BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO
[c[1 11 0[a]BF1 BFO
off 0 0
2 Hz 0 1
1 Hz 1 0
0,6 Hz 1 1
blink mode bit A |Selects the blinking mode;
normal operation with frequency
normal blinking 0 |set by bits BF1, BFO, or
alternation blinking 1 blinking by alternation of

display RAM banks. Alternation
blinking does not apply in 1: 3
and 1 : 4 multiplex drive modes

Display controller

The display controller executes the commands identified by the command decoder. It contains the
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for loading
display data into the display RAM as required by the filling order.
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Cascaded operation

In large display configurations, up to 16 PCF8576s can be distinguished on the same I°C bus by using
the 3-bit hardware subaddress (A0, A1, A2) and the programmable 12C slave address (SAQ). It is also
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute
additional segment outputs but their backplane outputs are left open (Fig. 18).

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by
the definition of a multiplex mode when PCF8576s with differing SAO levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 19.

September 1985
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Fig. 18 Cascaded PCF8576 configuration.
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Fig. 19 Synchronization of the cascade for the various PCF8576 drive modes.
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For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see application information.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range Vbbp -05t0o+11 V
LCD supply voltage range Vieb Vpp—11to Vpp V
Input voltage range (SCL;_SBA_;

A0 to A2; OSC; CLK; SYNC; SA0) \ Vgs —-0,6to Vpp +0,6 V
Output voltage range (SO to S39; ;

BPO to BP3) Vo Viecp—-05toVpp+05 V
D.C. input current 11 max. 20 mA
D.C. output current tlg max. 25 mA
Vpp. Vss or V| cp current tlpp, tlgs, tlLcD max. 50 mA
Power dissipation per package Piot max. 400 mw
Power dissipation per output Po max. 100 mwW
Storage temperature range Tstq —65 to + 150 °C

D.C. CHARACTERISTICS
Vgg=0V;Vpp=2to9V;V| cp=Vpp—2toVpp—9V;
Tamb = —40 to + 85 OC; unless otherwise specified

parameter symbol ‘ min. typ. max