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n s one of the world’s largest manufacturers of integrated circuits,
Signetics designs, develops, manufactures, and sells over 1600 differ-
ent types of integrated circuits. Signetics produces integrated circuits
utilizing both bipolar and metal-oxide semiconductor (MOS) manufac-
turing processes for Memory, Microprocessor, Digital, and Analog
applications.

The Analog division, one of eight divisions, is a major broad line suppli-
er of Analog circuits consisting of Signetics’ original designs, industry
standard devices, and custom circuits for EDP, Automotive, Military,
Communications, Industrial, and Consumer markets. The family of 5§65
Timers, the NE5534 High Performance Operational Amplifier, the
NE5018 and NE5020 microprocessor compatible DAC’s and the
NE5560 Switched Mode Power Supply Regulator are a few examples
of Signetics’ original products. The breadth of the Analog product line
offers the designer, the component engineer, and the purchasing
agent a broad Analog circuit product line backed by Signetics’ industry
image as a quality manufacturer to whom the servicing of the custom-
ers’ needs is paramount.

The 1981 Analog Data Manual is intended to serve as a single refer-
ence for Analog circuits by presenting information necessary to select
Signetics’ Analog products properly. The data manual is updated and
rewritten to reflect data on new products issued in the past 2 years, as
well as new package configurations such as the new microminiature
packages which have recently been released for volume production.
Designated the SO package (SO = Small Outline), this new package
offers advantages to the hybrid as well as the P.C. board assembler in
the purchasing of fully DC- and AC-tested circuits for substrate assem-
bly. Complete details on this new package are available in the
Packaging section at the end of this manual.

Additions and errata will be generated at periodic intervals as appro-
priate.

Your inputs to improve this or any of our publications would be greatly
appreciated.

Lou Johnson
Marketing Manager, Analog Division

sinotics






Ordering Information

ORDERING INFORMATION

Signetics’ Analog integrated circuit prod-

ucts may be ordered by contacting either

the local Signetics sales office, Signetics

representatives and/or Signetics authorized

distributors. A complete listing is located in
- the back of this manual.

Minimum Factory Order:

Commercial Product:
$1000 per order
$50 per line item per order

Military Product:
$250 per line item per order

Table 1 provides part number information
concerning for both Signetics originated
products and industry standard products.

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

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

PART CROSS REF PRODUCT PRODUCT

NUMBER PART NO. FAMILY DESCRIPTION

NES5008N DAC-08E ANA 8-Bit High Speed D/A Converter
uA741C LM741CJ ANA General Purpose OP-AMP

———» Device Number and Temperature Range Suffix

———— Device Family and Temperature Range Prefix for

Description of
Product Function

ECL Emitter Coupled Logic
DTL Diode Transistor Logic
ANA Analog Products
»Product Family / MOS Metal Oxide Silicon

BIM Bipolar Memory Products
MIL Military Products

TTL Transistor Logic

ML2 Military Products

—» Package Type—See Table 1

Industry Standard and Signetics Originated Products—See Table 2.

Table 1 PART NUMBER DESCRIPTION

SUFFIX PACKAGE PREFIX | DEVICE TEMPERATURE RANGE
Old New DESCRIPTION2 N- i 0° to +70°C
AAA | N 14-lead plastic DIL S- -55° to +125°C
A N-14 | 14-lead plastic DIL (Selected NE- 0° to +70°C
Analog products only) SE- -55° to +125°C
B,BA N 16-lead plastic DIL SA -40° to +85°C
- D Microminiature package suU -25° to +85°C
DB HB 3-lead TO-39
DC EC | 4-lead TO-46 Table 3 DEVICE TEMPERATURE
DE EE 4-lead TO-72
F F 14, 16, 18, 22 and 24-lead
ceramic (Cerdip) DIL PREFIX DEVICE FAMILY
LK | 14, 16, 18, 22, 28 and 4-lead
ceramic DIL CA Linear Industry Standard
K H 10-lead TO-100 DS Linear Industry Standard
L H 10-lead high-profile TO-100 JB Mil Rel—Jan Qualified—
can Old Designator
NANX| N 24-lead plastic DIL JM Mil Rel—Jan Qualified—
QR Q 10, 14, 16 and 24-lead New Designator
ceramic flat LH Linear Industry Standard
SK SK Microprocessor kit LM Linear Industry Standard
TTA {H 8-lead T(?-gg M Mil Rel—Jan Processed
u u SIL Plastic power e Linear Industry Standard
\ N 8-lead plastic DIL X
wWwd | w | 10,14, 16 and 24-lead Sb Linear DMOS
ceramic (Cerpac) flat uA Linear Industry Standard
XA N 18-lead plastic DIL . ULN Linear Industry Standard
XC N 20-lead plastic DIL
XC N 22-lead plastic DIL Table 4 FAMILY PREFIX
XUXF| N 28-lead plastic DIL
Table 2 PACKAGE DESCRIPTIONS

Sifnotics 1



Quality Reliability and Assurance

QUALITY AND RELIABILITY

Quality and reliability are two important
measures of a product’s merit. Quality is a
measure of an integrated circuit’s confor-
mance to agreed-upon criteria at a given
time, while Reliability is a measure of the
circuit’s ability to continue to conform over a
period of time. The Signetics SUPR Il Pro-
gram has.been designed to upgrade the ba-
sic product quality through the use of more
rigorous screening criteria at the critical
process steps. These additional screens
constitute the Level A portion of the Pro-
gram. A burn-in option is available for those
users requiring enhanced reliability perfor-
mance, and this option is designated as
Level B.

Quality

The quality of an integrated circuit is ap-
praised by the user based on the ability of
the circuit to meet the specified electrical
criteria and external visual appearance. The
SUPR Il Program focuses on supplying to the
user a product that has a high probability of
meeting the user’s needs through the sam-
pling plans defined in MIL-STD- 105D and the
quality levels (AQL’s) stated in Table II.
Many of the inspection methods at critical
process steps are now based on MIL-STD-
883 criteria in order to build, rather than
test, quality into the product.

Reliability

System performance over a period of time is
the user’s measure of an integrated circuit's
reliability. The SUPR |l Program improves
system reliability by building quality into the
product via additional manufacturing inspec-
tions and the offering of a burn-in screen. In
addition to the SUPR Il Program, Signetics
performs periodic reliability testing via the
SURE 1I/883A Program to assure continuing
uniformity and long-term reliability of all
product lines. This data base is available
upon request as is the ten-year reliability
summary, Signetics Product Reliability Re-
port, R-363.

How Do Integrated Circuit

Failures Occur?

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

12

tomer. The device failure models are cate-
gorized as:

Half of the devices analyzed were found to
be electrically good. They are attributed to
being “false pulls” that occur during normal
troubleshooting at the board and system
levels.

Devices damaged by electrical over-stress
account for 25% of the failures. Typical
causes for electrical over-stress are incor-
rect board insertion, board shorts between
device pins, power supply transients, and
poor handling techniques.

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

SIGNETICS SUPR Il LEVEL A

Improved Quality Benefits

From the user’s point of view, improved inte-
grated circuit quality from the supplier
means a lower cost of ownership. This cost
saving can be effected through the reduc-
tion or elimination of involved .incoming in-
spection testing, reduced PC board rework,
simplified system checkout, reduced in-line
inventories, and less complicated part
tracking by Purchasing Management.

The SUPR Il Program is Corporate in scope
and covers Logic (Standard TTL, Schottky
TTL, Low Power Schottky TTL, ECL, 8T In-
terface), Analog (Industrial, Consumer, In-
terface), Bipolar Memories (RAM’s, ROM's,
PROM’s), and MOS Memories (RAM'’s,
ROM'’s, Shift Registers), All package op-
tions are also available.

The SUPR Il flow is detailed in Figure 5, in-
cluding the test methods and Quality accep-
tance levels (Table 2 provides the
electrical/mechanical finished product
AQL’s). Highlights of the flow are visual in-

FAILURE ANALYSIS
DATA SUMMARY

TEST
RELATED
DEFECTS

FABRICATION
RELATED
DEFECTS

ASSEMBLY
RELATED
DEFECTS

ELECTRICAL
OVERSTRESS
25%

Figure 1

spections, thermal shock preconditioning,
hermeticity, and burn-in, all based on MIL-
STD-883 criteria.

A good example of the savings which can be
achieved by purchasing tighter inspection
levels is given in Figure 2. Here we are com-
paring the various levels of inspection
(AQL's) available for device functionality
and its impact on the number of PC boards
which must be reworked during system man-
ufacturing. Using the standard commercial
AQL in functionality of 1.0%, at 120 integrat-
ed circuit packages per board, typically
more than 90% of boards will require rework.
At 0.15% AQL, rework is reduced to 25%,
and at 0.1%, typically only 12% rework is
required.

SIGNETICS SUPR Il LEVEL B

Infant Mortality Failures

Failure rates are most severe during the first
few months of operating life. This is known
as the “infant mortality” phase. A system

FAILURE SUPR I
MECHANISMS CAUSES CONTROL
Die Metalization SEM Monitor
Fabrication Oxide Defects Visual
Related Mechanical Stabilization Bake
Scratches Burn-in
Contamination
Assembly Bonding, Wire, Preseal Visual
Related Package and Thermal Shock
Seal Defects Stabilization Bake
Hermeticity
Hot-Rail Testing
Test Test Escapes Tightened AQL Guarantees
Related High Temperature
Testing

Table 1

Sinotics




Quality Reliability and Assurance

AQL LEVELS ON FUNCTIONALITY
VERSUS BOARD REWORK RATES

90
80
@ //
2 70
& / 1.0% AQL
S 7/ INDUSTRY STANDARD
2 e0
H /
€ s
3 /
@
a0
g "28% AQL
g o
& 20 e 15%
10 —
L — 9% AQL
1)
20 40 60 80 100 120

DEVICES BOARD

Figure 2

manufacturer has various options to solve
problems arising from infant failures. He can
ship his system to the end customer and
repair field failures as they occur. He can
operate the system in-house for this period
and repair failures. Or he can purchase de-
vices which have already been precon-

1

SUPR Il
VEL B

RELATIVE FAILURE RATE

RELATIVE FAILURE RATE VERSUS TIME

1.0 - ««———— STANDARD COMMERCIAL

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

INHERENT RELIABILITY

..... weRn
INFANT ouT
MORTALITY PHASE
PHASE
TIME \I\
Figure 3

tive method for his particular business. A
considerable number of the reliabilty de-
fects which cause early failures are elimi-

ditioned to eliminate the early failures. Each ANALOG
customer must choose the most cost-effec-
Plastic Ceramic
Metal Can
HOT OPENS 100°C .015% -
FUNCTIONALITY 25°C 0.10 0.10
(NOTE 1)
HIGH 0.15 0.15
D.C. 25°C 0.15 0.15
PARAMETRIC OVER 0.40 0.40
TEMPERATURE .
A.C. °
PARAMETRIC 25°C 0.65 0.65
MECHANICAL MAJOR 0.25 0.25
MINOR 1.0 1.0
SEAL TEST FINE LEAK
(CERAMIC 1x 107cc/s N/A 10
METAL GROSS LEAK
CAN ONLY) 1x 10-5cc/s N/A 065
NOTE

1. To insure AQL levels tighter than 0.65% on D.C. p

s usually requi

| correlation of test equipment

between customer and vendor to avoid test interpretation problems. If the objective is to reduce system rework costs,
functional operation of a device (does it switch or toggle in the system) is often more critical than the absolute value of a

parameter. For this reason SUPR Il f on

igh d AQL’s on ionality.

For analog devices, D.C. parameters, such as input current and offset voltages, tend to be more critical to system
operation than for logic devices. A 0.25% AQL is therefore offered on analog D.C. parameters, with the realization that
careful attention must be paid to establishing correlation at the customer’s incoming inspection.

Table 2 SUPRA Il AQL GUARANTEE

Sifnotics

nated by the manufacturing control and pre-
conditioning steps of SUPR Il Level A
proc ing. More persistent defects can be
removed by the use of “burn-in” techniques.
The “burn-in” processing of SUPR Il Level B
effectively allows the system manufacturer
to ship his equipment at Point 3 on the fail-
ure rate curve in Figure 3.

Burn-In Conditions

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

Integrated Burn-in Flow

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

13



Quality Reliability and Assurance

BURN-IN FLOW

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

SUPR Il PROCESS FLOW

WAFER
FABRICATION.

A4

AND TEST

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

O

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

DIE ATTACH
WIRE BOND

RV

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

Figure 4

Q-

HERMETIC
SEAL

|

PLASTIC
ENCAPSULATION

Marking Format

Product processed to the SUPR |l manufac-
turing flow can be identified by an SA for
Level A, and an SB for the Level B burn-in
option.

T400N  xxxx 7400N  xxxx
SUPR It SUPR N
LEVEL A LEVEL B

NOTE
Marking for Level A in process of being implemented.

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

N SCANNING ELECTRON MICROSCOPE CONTROL (SEM)
Waers are sampled daily by the Quality Control Laboratory from each
fabrication area and subjected to SEM analysis. This process control

DIE SORT VISUAL ACCEPTANCE

Criteria based on MIL-STD-883, Method 2010, Condition B, are employed
to detect defects caused during fabrication, wafer testing, or the me-
chanical scribe and break operation. Critical defects such as scratches,
smears, and glassivated bonding pads are inspected to a 1% AQL. Lot
acceptance for noncritical defects is to a 4% AQL.

PRE-SEAL VISUAL ACCEPTANCE
Criteria based on MIL-STD-883, Method 2010, Condition B, are employed

to detect any damage incurred at the die attach and wire bonding sta-
tions. Critical defects such as scratches, contamination and smeared
ball bonds are inspected to a 0.65% AQL. Lot acceptance is to 2.5%
AQL.

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

eliminate marginal devices. It also ensures an optimum plastic seal to
enhance moisture resistance.

THERMAL SHOCK PRECONDITIONING
MIL-STD-883, Method 1011, Condition A. Devices are cycled from cold
to hot temperatures imposing a very severe stress which weakens loose

~4——————————————— bonds and package seals without degrading good devices. A loosened

> BURN-

N
OPTION

100%
ELECTRICAL

bond is later detected during high temperature "HOT-RAIL" testing. This
preconditioning is especially effective in eliminating intermittent or
“HOT-OPENS" problems in plastic devices.

SEAL TESTS

Package seal integrity is ensured by 100% gross leak testing per MiL-
STD-883, Method 1014, Condition C and fine leak sampling per Condi-
tion A or B.

BURN-IN (LEVEL B OPTION)
Devices are burned in for the equivalent of 168 hours at 125°C in accor-
dance with MIL-STD-883A, Method 1015, Condition F.

TEST \ 100% PRODUCTION ELECTRICAL TESTING

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

HOT RAIL, HIGH TEMPERATURE TESTING
Al plastic devices are subjected to testing at 100°C. In plastic devices

‘OUTGOING QUALITY

Figure 5 shows the generalized process
flow for all Signetics integrated circuits pur-
chased to the SUPR Il program. Each prod-
uct group (Analog, Bipolar Memory, Logic,
and MOS) may follow slightly different pro-
cedures dictated by the specific device
characteristics.

14

this eliminates "HOT-OPENS" and shorts resulting from temperature sen-
sitive intermittent bonds. In addition, logic circuits are tested 100% to a

CONTROL functional pattern that simulates usage in a system environment.
QA GUARANTEES
A final QA i i

step the and electrical
AQL'’s of Table Il. Every shipment is sealed and identified by QA person-
nel.
Figure 5

SiNOtics




Quality Reliability and Assurance

SURE 11/883B

RELIABILITY PROGRAM

Definition

Signetics is recognized as a manufacturer of
reliable integrated circuts. Signetics real-
ized long ago the need for a comprehensive
reliability program to provide timely data re-
presentative of the entire Signetics product
line. Thus the establishment of a Systematic
and Uniform Reliability Evaluation program,
known as SURE, which provides this data in
a manner unique to the industry. Further-
more, this program is provided at no cost to
customers.

The SURE Program is a Signetics in-house
Qualification Test Program which has been
in existence since 1963. The SURE Program
is designed to monitor the continuing uni-
formity of all Signetics products and to dem-
onstrate via periodic qualifications that
Signetics products meet or exceed the strin-
gent long-term reliability requirements of
their intended applications.

The SURE Program is reviewed and modi-
fied annually to incorporate appropriate
changes in military microelectronic test pro-
grams, products and demonstrated product
capabilities, and market requirements. The

Sifnntics

1978 SURE II/883B Reliability Program con-
tains minor changes to the 1975 SURE
11/883A Program, most significant of which
is the inclusion of recent changes in military
microelectronic test programs (i.e., inclu-
sion of MIL-SD-883B, Method 5005.4 and
MIL-M-38510D). The SURE I1/883B Pro-
gram continues to incorporate additional en-
vironmental tests to fulfill the need for spe-
cial reliability assurance of plastic products.

For more detailed information regarding the

SURE Il program, refer to Section 11 of the
1979 Signetics Analog Applications Manual.
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ANALOG CROSS REFERENCE .
[ Manufacturer —’SIGNETICSI AMD TFAlRCHILDf INTEL Lmoronou T NATIONAL J TL j

TEMPERATURE RANGE CROSS REFERENCE

Commercial NE (o} C — 14, 34, 86 3, 86, 88 72,74, 75
Military SE M M M 15, 35, 96 1, 96, 78 52, 54, 565
PACKAGE CROSS REFERENCE

Hermetic DIP F-FE D D C,D L D J

Molded DIP N P P P P2 N N

Mini-molded DIP N T T — P4 N P

Metal can : H H H —_ G, R H L

PART NUMBER CROSS REFERENCES

TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT
AD741CN uA741CN CAS555F SE555F DS8880J DS8880F
AD559JD MC 1408-8F CAS555T SE555H DS8880N DS8880N
AD559K MC 1408-8F CA723CE uA723CN LM111D LM111F
AD559KD MC 1408-8F CA723CT uA723CH LM111H LM111H
ADS559S MC1508-8F CA723E ) uA723N LM111J LM111F
AD559SD MC 1508-8F CA723T uA723H LM111L LM111H
AM555DC NE555F CA741CE uA741CN LM119D LM119F
AM555DM SES555F CA741CF uA741CFE LM119H LM119H
AMS555HC NE555H CA741F uwA741FE LM119J LM119F
AM555HM SE555H CA747CF uA747CF LM124D LM124F
AMS555TC NE5S55N CA747CT uA747CH LM124J LM124F
AM723DC uA723CF CA747F uAT4TF LM139D LM139F
AM723DM uA723F CA747T uA747H LM139J LM139F
AM723HC uA723CH CA748CE uA748CN LM158H LM158H
AM723HM uA723H CAT748CF uA748CF LM158JG LM158FE
AM741DC uA741CFE CA748F uA748F LM158L LM158H
AM741DM uA741FE CA1458E MC1458N LM161D SE529F
AM747DC ’ uA747CF CA1458F MC 1458FE LM161H SE529H
AM747DM uATATF CA1458T MC1458H LM161J SE529F
AM747HC uA747CH CA1558T MC1558H LM193L LM193H
AM747HM uA7T4TH CA3081E CA3081N 1LM211D LM211F
AM748DC uA748CF CA3082E CA3082N LM211H LM211H
AM748DM uA748F CA3183E CA3183N LM211J LM211F
AMLM111H LM111H DM7820AJ DS7820AF LM2189D LM219F
AMLM211D LM211F DM7820J DS7820F LM219H LM219H
AMLM211H LM211H DM7830J DS7830F LM219J LM219F
AMLM311D LM311F DM7880J DS7880F LM224D LM224F
AMLM311H LM311H DM8820AJ DS8820AF LM224J LM224F
CA111F LM111F DM8820AN DS8820AN LM224N LM224N
CA111T LM111H Dm8s20J DS8820F LM239D LM239F
CA124F LM124F DM8820N DS8820N LM239J LM239F
CA139AF LM139AF DM8830J ) DS8830F LM239N LM239N
CA139F LM139F DMB8830N DS8830N LM258H LM238H
CA211F LM211F DM8s880J DS8880F LM2584G LM258FE
CA211T LM211H DM888ON DS8880N LM258L LM258H
CA224F LM224F DS1488J MC1488F LM258P LM258N
CA239AF LM239F DS 1489AJ MC1489AF LM293L LM293H
CA239F LM239F DS1489J MC 1489F LM293P LM293N
CA301AF LM301AFE DS7820AJ DS7820AF LM301AJG LM301AFE
CA311F LM311F DS7820J DS7820F LM311D LM311F
CA311T LM311H DS7830J DS7830F LM311H LM311H
CA324E LM324N DS7880J DS7880F LM311J LM311F
CA324F LM324F DS8820J DS8820F LM311J-14 LM311F
CA339E LM339N ~ DS8820AJ DS8820AF LM311JG LM311FE
CA339F LM339F DS8820AN DS8820AN LM311L LM311H
CA555CE NESS55N DS8820N DS8820N LM311N LM311N
CA555CF NE555F DS8830J DS8830F LM311P LM311N
CAS555CT NE555H DS8830N DS8830N LM319D LM319F
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PART NUMBER CROSS REFERENCES (Cont'd)

TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS - TYPE TO BE SIGNETICS
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT
LM318H LM319H LM748J uATA4BF MC1723G MAT23H
LM319J LM319F LM1458H MC1458H MC1723L uAT23F
LM319N LM319N LM1458J MC1458FE MC1733CG HAT33CH
LM324J LM324F LM1458N MC1458N MC1733CL rA733CF
LM324N LM324N LM1496H MC1496H MC1733CP nA733CN
LM339J LMB339F LM1496J MC1496F MC1733G MAT33H
LM339N LM339N LM1496N MC1496N MC1733L UMAT33F
LM358H LM358H LM1558H MC1558H MC1741CP1 uA741CN
LM358JG LM3S58FE LM1558J MC1558FE MC1741CU uA7T41CFE
LM358L LM358H LM1596H MC1596H MC1741SCG NE535H
LM358N LM358N LM1696J MC1596F MC1741SCP1 NES535N
LM358P LM358N LM2901J LM29801F MC1741SCU NES35FE
LM361D NES29F LM2901N LM2901N MC1741SG SE535H
LM361H NES529H LM2902J LM2902F MC1741SU SE535FE
LM361J NES529F LM2g02N LM2902N MC1741U SES35FE
LM361N NES29N LM2903L LM2903H MC1747CG uA747CH
LM381N LM381N LM2903N LM2903N MC1747CL uA747CF
LM382N LM382N LM2903P LM2903N MC1747CP2 HAT47CN
LM387N LM387N MC1408L6 MC1408-6F MC1747G uATATH
LM393H . LM393H MC1408L7 MC1408-7F MC1747L HATATF
LM393L LM393H MC1408L8 MC1408-8F MC1748CP1 uAT48CN
LM393N LM393N MC1408P6 MC1408-6N MC1748G uAT48H
LM393P LM393N MC1408P7 MC1408-7N MC3302L MC3302F
LM555CH NESS55H MC1408P8 MC1408-8N MC3302P MC3302N
LMS&55CN NESS55N MC1411P ULN2001N MC3456L NES556F
LM555H SE555H MC1416P ULN2004N MC3456P NE556N
LM556CD NESS56F MC1455G NE555H MC3556L SE556F
LM556CJ NE556F MC1455P1 NE5S55N MC75107L 75S107F
LM556CN NES56N MC1455U NESS5FE MC75107P 75S107N
LM556D SE556F MC1456CP1 MC1456N MC75108L 755108F
LM556J SE556F MC1456CU MC1456FE MC75108P 75S108N
LM565CH NE5S65H MC1456P1 MC1456N MLM111G LM111H
LMS65CN NES65N MC1456U MC1456FE MLM111L LM111F
LM565H SE565H MC1458CG MC1458H MLM111U LM111FE
LM566CH NES66H MC1458CL MC1458F MLM124L LM124F
LM566CN NES66N MC1458CP1 MC1458N MLM139AL LM139AF
LM566H SE566H MC1458CU MC1458FE MLM139L LM139F
LM567H SE567H MC1458G MC1458H MLM 168G LM158H
LMSB7CN NES67N MC1458JG MC1458FE MLM158U LM158FE
LMS567H SES567H MC1458P MC1458N MLM211G LM211H
LM723CD uA723CF MC1458P1 MC1458N MLM211L LM211F
LM723CH uA723CH MC1458SG NES535H MLM211U LM211FE
LM723CJ uA723CF MC1458SL NES535F MLM224L LM224F
LM723CN uA723CN MC1458SP1 NES535N MLM224P LM224N
LM723D uA723F MC1458U MC 1458FE MLM239AL LM239AF
LM723H uA723H MC1488L MC1488F MLM239AP LM239AN
LM723J HAT23F MC1489AL MC1489AF MLM239L LM23gF
LM723N rA723N MC1489L MC 1489F MLM239P LM239N
LM733CD uA733CF MC1496G MC1496H MLM258G LM258H
LM733CH MAT33CH MC1496L MC 1496F MLM258P 1 LM258N
LM733CJ uA733CF MC1496P MC1496N MLM2568U LM258FE
LM733CN HAT33CN MC1508L8 MC1508-8F MLMB3O01AP1 LM301AN
LM733D MAT33F MC1565G SE555H MLMB3O01AU LM301AFE
LM733H uA733H MC1555U SES55FE MLM311G LM311H
LM733T uAT33F MC1556U MC 1556FE MLM311L LM311F
LM741CJ uA741CFE MC1558G MC1558H MLM311P1 LM311N
LM741CN #A7T41CN MC1558JG MC 1558FE MLM311U LM311FE
LM747CD uAT47CF MC1558SG SE5535H MLM324L LM324F
LM747CH HAT747CH MC1558SL SES535F MLM324P LM324N
LM747CJ uA747CF MC1558U MC 1658FE MLMB339AL LM339AF
LM747D HATATF MC1596G MC1596H MLM339AP LM339AN
LM747H uA747H MC1596L MC1596F MLM339L LM339F
LM747J MATATF MC1723CF uA723CH MLMB339P LM339N
LM748CJ uA748CF MC1723CL uA723CF MLM358G LM358H
LM748CN uA748CN MC1723CP rA723CN MLM358P1 LM358N

SifjnpLics
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PART NUMBER CROSS REFERENCES (Cont'd).

TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT
MLM358U LM358FE uA0802DM- 1 MC1508-8F SN72747J MAT4TCF
MLM565CP NE565N #A0802PC-1 MC1408-8N SN72747L MAT4TCH
MLM2901P LM2901N uA0802PC-2 MC1408-7N SN72747N MAT4TCN
MLM2902P LM2902N uA0802PC-3 MC1408-6N SN72748J uAT748CF
pA111HM LM111H uA1458HC MC1458H SN72748P wA748CN
uA124DM LM124F uA1458TC MC1458N SN72771N MC1456N
nA224DM LM224F uA1558HM MC1568H SN75107AT 75S107F
#A301ANC LM301AN uA2901PC LM2801N SN75107AN 756S107N
uA311HC LM311H uA2902PC LM2902N SN75108AT 75S108F
uA311TC LM311N NE5S55JG NESS5FE SN75108AN 75S108N
uA324DC LM324F NE5565L NES555H SN75182J DS8820F
uA324PC LM324N NE555P NES55N SN75182N DS8820N
HA339ADC LM339AF NE592G NES92H SN75183J DS8830F
uA339DC LM339F NE592L NES92F SN75183N DS8830N
#A339PC LM339N RC723D uA723CF SN75188J MC1488F
uAS55HC NES55H RC723T pA723CH SN75188N MC1488N
pA555HM SE555H RC733D wA733CF SN75189AT MC 1489AF
uAS55TC NESS5N RC733T uA733CH SN75189AN MC1489AN
uA556DC NES56F RC741DN uA741CN SN75189J MC1489F
uA556DM SES556F RC747D uAT47CF SN75189N MC1489N
nA556PC NES556N RC747T HAT47CH SN75207J 758207F
uA723CJ uA723CF RC1458DN MC1458N SN75207N 75S207N
uA723CL uAT23CH RC1458T MC1458H SN75208J 75S208F
uAT23CN uA723CN RC1488DC MC1488F SN75208N 75S208N
uA723DC uAT23CF RC1489ADC MC1489AF TBB0747 uAT47CH
uA723DM WAT23F RC1489DC MC1489F TBB0748B uAT48CN
uA723HC uAT23CH SE555JG SES55FE TBB1458 MC1458H
HAT23HM wA723H SES555L SES55H TBB1458B MC1458N
uAT23MJ uAT723F SE592G SES92H TBCO747 uAT4TH
uA723ML uA723H SE592L SE592F TBC1458 MC1558H
uA723PC uA723CN SFC2111M - LM111H TDBO555 NESSSH
#AT33CJ uA733CF SFC2211 LM211H TDB0555B NE555N
uA733CL uA733CH SFC2301ADC LM301AN TDBOS56A NES556N
uA733CN uA733CN SFC2311 LM311H TDB0723 uAT23CH
uA733DC uA733CF SFC2741DC uA741CN TDBO723A uA723CN
uA733DM uAT733F SFC2741EC uA741CN TDCO0555 SE555H
uAT33HC uA733CH SFC2741EM MA741N TDC0723 uAT23H
uA733HM MAT33H SFC2748DC uAT48CN ULN2001A ULN2001N
HA733MJ wAT733F SN52565L SES65H ULN2003A ULN2003N
MAT33ML uA733H SN52558L MC1558H ULN2004A ULN2004N
wA740HC uA740CH SN52723J uA723F 556CJ NES56CN
uA741CJG uA741CFE SN52723L uA723H 723BE uA723H
uA741CP uA741CN SN52733J uA733F 723CE uA723CH
BA741MJG uA741FE SN52733L uA733H 723CT uAT23CN
MATA1TC HAT41CN SN52747J UATATF 723CL wAT723CF
uA747CJ HAT4TCF SN52747L MATATH 733BE MAT33H
uAT47CL uA747CH SN52748J uA748F 733CE #A733CH
BAT47CN HAT4TCN SN55182J DS7820F 733CJ A733CN
wA747DC uAT4TCF SN55182N DS7820N 747BE uATATH
uA747DM UATATF SN55183J DS7830F 747BL uATATF
MATATHC uAT4TCH SN55183N DS7830N 747CE #AT47CH
BA74THM MAT4TH SN72301AP LM301AN 747CJ pAT47CN
HATATMI HATATF SN72311J LM311F 747CL uAT47CF
HATATML HATATH SN72311L LM311H 748BL uA74BF

- uA747PC uA747CN SN72311P LM311N 748CL uA748CF
HAT48CJ uA748CF SN72555L NES56H - 1458CE MC1458H
uA748CP uAT48CN SN72565P NES55N 1458CP MC1458N
uA748DC uA748CF SN72558L MC1458H 1458E MC1458H
uA748DM HAT48F SN72558P MC1458N 1458P - MC1458N
uA748MJ uAT48F SN72723L uA723CH 1658E MC1558H
pAT748TC uAT748CN SN72723N uA723CN 2740CE wA740CH
uA796HC MC1496H SN72733J wA733CF 9665DC ULN2001F
uA0802DC-1 MC 1408-8F SN72733L uA733CH 0665PC ULN2001N
uA0802DC-2 MC1408-7F SN72733N #A733CN UAS089N .CA3089N
#A0802DC-3 MC1408-6F SN72741P uA741CN UA3089 CA3089N

18
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PART NUMBER CROSS REFERENCES (Cont'd)
TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT
UA760HM NES27H UA758PC UA768N SN7512N NA733N
UA760DC NES27N UA798HM LM158H SN76689N CA3089N
UA798TC NES532N UA739PC LM387N ULN2210A UA758N
UA740HM NE536N UA739PC LM382N ULN2244 wA758N
UAS56PC NESS6N UA796PC MC1496N UA740HC " uA740CH
UA0801 DAC-08N UA760HC NES29N
UAO8O1A DAC-08AN SN7512L NA733CH

SijnotiEs
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Section 1—OPERATIONAL AMPLIFIERS

LF355/356
LM124/224/324
LM158/258/358
LM301A

LM 13600/ 13600A
MC 1456/ 1556
MC1458/1558
NE/SE530/5530
NE/SE531
NE/SE/SA532
NE/SE535/56535
NE/SE538/5538
NE/SE5512
NE/SE5514
NE5517/6517A
NE/SE5532/5532A
NE/SE5533/5533A
NE/SE5534/5534A
NE/SE5539
SA534
uA741/741C/SA741C
uA747/747C/SA747C
uA748/748C

22
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General Purpose Operational Amplifier . ...... ... . ... . ... .. ... . ... . i i 51
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OPERATIONAL AMPLIFIERS DEFINITIONS

Ta

Ambient temperature range. Range of the surrounding environment
of the operating device.

Ty

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

TstG
Storage temperature range. Temperature range that the device can
be stored in a non-operating condition.

TsoLb

Soldering Temperature. The temperature which can be applied to
the lead frame of the device for short periods of time (normally
specified for a duration of 10 sec).

Absolute Maximum Rating

Operating safe zones exceeding these limits could cause perma-
nent damage to the device and are not meant to imply that devices
can operate at these limits.

Power Dissipation

The power that the device can safely handle at 25°C. The dissipa-
tion must be derated as indicated for the individual package type.
Package Type Designation

See full package designations in Appendix.

Vee (-Vee)

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

Acquisition Time

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

Aperture Delay Time

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

Aperture Jitter

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

Aperture Time

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

The frequency at which the gain is down 3dB from its dc value. It's
measured in sample (track) mode with a small-signal sine wave that
doesn’t exceed the slew rate limit.

Effective Aperture Delay

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

Figure Of Merit

The ratio of the available charging current during sampie mode to
the leakage current during hold mode.

Hold-Mode Droop

The output voltage change per unit of time while in hold. Commonly
specified in V/s, uV/us or other convenient units.

Hold-Mode Feed Through

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

Hold Settling Time

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

Sample-To-Hold Offset Error

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

Slew Rate

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

Hold Step

The voltage step at the output of the sample and hold when switch-
ing from sample mode to hold mode with a steady (dc) analog input
voltage. Logic swing is §V.

Dynamic Sampling Error

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

Gain Error

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

Threshold

Level shall be defined as that level which causes the switch control
to change state.

Average Input Offset Current TO coeff.

The change in input offset current divided by the change to ambient
temperature producing it.

Average Input Offset Voltage TO coeff.

The change in input offset voltage divided by the change in ambient
temperature producing it.

Common Mode Input Resistance

The resistance looking into both inputs, with inputs tied together.
Common Mode Rejection Ratio (CMRR)

The ratio of the change of input offset voltage to the input common
mode voltage change producing it.

Full Power Bandwidth

The maximum frequency at which the full sinewave output might be
obtained.

Input Bias Current

The average of the two input currents at zero output voltage. In
some cases, the input current is measured for either input indepen-
dently.
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OPERATIONAL AMPLIFIERS DEFINITIONS (Cont'd)

Input Capacitance

The capacitance looking into either input terminal with the other
grounded.

Input Current

The current into an input terminal.

Input Noise Voltage

The square root of the mean square narrow-band noise voltage
referred to the input.

Input Offset Current

The difference in the currents into the two input terminals with the
output at zero volts.

Input Offset Volitage

That voltage which must be applied between the input terminals to
obtain zero output voltage. The input offset voltage may also be
defined for the case where two equal resistances are inserted in
series with the input leads.

Input Resistance

The resistance looking into either input terminal with the other
grounded.

Input Voltage Range

The range of voltages on the input terminals for which the amplifier
operates within specifications. In some cases, the input offset
specifications apply over the input voltage range.

Large-Signal Voltage Gain

The ratio of the maximum output voltage swing to the change in
input voltage required to drive the output to this voltage.

Output Resistance

The resistance seen looking into the output terminal with the output
at null. This parameter is defined only under smail signal conditions

at frequencies above a few hundred cycles to eliminate the influ-
ence of drift and thermal feedback.

Output Short-Circuit Current

The maximum output current available from the amplifier with the
output shorted to ground or to either supply.

Output Voitage Swing

The peak output swing, referred to zero, that can be obtained.
Power Consumption

The dc power required to operate the amplifier with the output at
zero and with the output at zero and with no load current.

Power Supply Rejection Ratio

The ratio of the change in input offset voltage to the change in
supply voltages producing it.

Rise Time

The time required for an output voltage step to change from 10% to
90% of its final value.

Slew Rate

The maximum rate of change of output voltage under large signal
condition.

Supply Current

The current required from the power supply to operate the amplifier
with no load and the output at zero.

Temperature Stability of Voltage Gain

The maximum variation of the voltage gain over the specified tem-
perature range.
NOTE

Refer to Section 3 of the 1979 Analog Applications Manual for an in depth explanation of
Operational Amplifiers and their applications
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sanaubis

°14

(]
o - P A R - R - B I I A 2
Com- Temp. Oftset Drift Offset Bias AVOL Ay=1 Rate Volt. Ratio Range PSRR Min. Max. Curr. Curr. Voit. pensa- Volt. b
Device # plexity Range mv uv/oc nA nA v/mv MHz V/us v dB v dB v v mA mA Swing V tion Nz Packages >
NE536 Sing. Ind. 30e 30e 5pAm 0.1a 25 1.0 6.0 +30 80 11 80 +6 +20 5.0 8.0a +12 yes H :.
SuU536 Sing. Ext 30 200 SpAm 3.0 50 1.0 6.0 +30 80 11 86 +6 +18 5.0 55a +12 yes H g
NE530 Sing. Ind. 6.0 6e 80 200 25 3.0 35 +30 90 +13 70 +15 +18 25a 3.0 *12 yes H.N.FE >
SES530 Sing. Ind. 3.0 15 20 100 25 3.0 35 +30 80 +13 70 +15 +18 25a 3.0 +12 yes H,N,FE ';
SES38 Sing. Mil. 3.0 15 20 100 25 6.0 60 +30 90 +13 70 *15 +22 25a 3.6 12 yes H,N,FE :
NES538 Sing. Ind. 6.0 6e 80 200 25 6.0 60 +30 90 +13 70 +15 +18 25a 22e +12 yes HN.FE ;!
NE5534/A Sing. Ext. 4.0a 3004 15004 30a 10.0 13 *5 100 +13 100 +3 +22 38m 654 +12 yes 4.5 H.N.FE ﬁ
SE5534/A Sing. Mil. 3.0 500 1500 25 10.0 13 +5 100 +13 100 +3 +22 38m 9.0 *12 yes 4.5 H.N.FE ﬁ
uA740C Sing. Ind. 30e 0.06@ 10.0 500e 1.0 6.0 +30 80 *+12 80 *5 *+22 5.0 8.0a +12 yes H P
uA741 Sing. Mil. 6.0 500 1500 25 1.0 0.5 +30 90 13 100 +3 +22 5.0 25 +12 yes N.FE »
uA741C Sing. Ind. 75 300 800 i5 1.0 0.5 +30 90 +13 100 +3 +18 5.0 2.8a +12 yes N,FE p
uA748 Sing. Mil. 6.0 500 1500 25 1.0 0.5 +30 90 . +13 90 +3 *+22 5.0 2.8 *12 no N,F m
uA748C Sing. Ind. 7.5 300 800 25 1.0 0.5 +30 90 +13 90 *3 *+18 5.0 2.8 +12 no N,F 2
LM158 Dual Mil 7.0 70 100 300 25 1.0 32 70 Vg—1.5 100 3 30 40 20 Vg—2 yes H 6
LM258 Dual Ext. 9.0 70 150 500 15 1.0 32 85 Vg—1.5 100 3 30 40 20 Vg—2 yes H,N,FE z
LM358 Dual Ind. 9.0 7@ 150 500 15 1.0 32 65 Vg—1.5 100 3 30 40 2.0 Vg—2 yes H,N,FE Q
MC 1458 Dual Ind 75 300 800 15 1.0 0.8 *+30 90 +13 90 +3 +18 5.0 5.6a +12 yes HN.FE %
MC 1558 Dual Mil 6.0 500 1500 25 1.0 0.5 +30 90 +13 90 *3 +22 5.0 50a +12 yes H.N,FE m
SA1458 Dual Ext. 7.5 500 1500 15 1.0 0.8 +30 90 +13 90 +3 +18 5.0 50s *+12 yes N
NES532 Dual Ind. 7.5 7@ 150 500 15 1.0 32 70 Vg—1.5 100 3 30 40 1.2 Vg—2 yes H,N,FE
SA532 Dual Ext. 7.5 75e 150 500 15 1.0 32 70 Vg—1.5 100 3 30 40 1.2 Vg—2 yes N
SES532 Dual Mil. 7.0 7e 100 300 25 1.0 32 70 Vg—1.5 100 3 30 40 1.2 Vg—2 yes H,FE
uA747 Dual Mil. 6.0 500 1500 25 1.0 .05 +30 30 +13 S0 +3 +22 5.0 3.3 +12 yes FHN
uA747C Dual Ind. 7.5 300 800 15 1.0 0.5 +30 80 +13 90 *3 +18 5.0 3.3 *12 yes F.HN
SE5535 Dual Mil. 3.0 15 20 100 25 * 1.0 15 +30 80 *+13 70 +3 +22 5.0 33 *+12 yes HN
NE5535 Dual Ind 6.0 6e 80 200 25 1.0 15 +30 90 +13 70 +3 +18 5.0 2.0e +12 yes HN
LM124 Quad Mil. 7.0 70 100 300 25 1.0 32 85 Vg—1.5 100 3 30 40 2.0 Vg—2 yes F
LM224 Quad Ext. 9.0 70 150 500 15 1.0 32 85 Vg—1.5 100 3 30 40 20 Vg—2 yes F.N
LM324 Quad ind. 9.0 70 150 500 15 1.0 32 85 Vg—1.5 100 3 30 40 2.0 Vg—2 yes F.N
SA534 Quad Ext. 9.0 70 150 500 15 1.0 32 85 Vg—1.5 100 3 30 40 20 Vg—2 yes N.F
LM2902 - Quad Ext. 15.0 70 200 1000 15 1.0 26 85 Vg—1.5 100 3 26 40 2.0 Vg—2 yes N
SE5538 Dual Mil. 3.0 15 20 100 25 6.0 60 +30 90 +13 70 *15 +22 25a 3.6 *+12 yes HN
NE5538 Dual Ind. 6.0 6o 80 200 25 6.0 60 *+30 90 *+13 70 *15 +18 25a 22e +12 yes HN
SE5530 Dual Mil. 3.0 15 20 100 25 3.0 35 +30 g0om 70 +3 *+22 36 +13 yes HN
NES530 Dual ind 6.0 6e 80 200 25 3.0 35 +30 90m 70 +3 +18 2.2 +13 yes HN
NE5532/A Dual Ind. 5.0 200 1000 10 10 9 +5 100 80 +5 *+22 16 +15 yes 6 H,FEN
NES5533/A Dual Ind. 5.0 400 2000 15 10 13 +5 100 80 +5 *22 8 +15 yes 45 N,F

NOTES

Military —55°C-+125°C

Extended —25°C-+85°C

Industrial 0°C-+70°C

2. Specifications guaranteed over full temperature range unless otherwise indicated by following marks:
® Typical over full temperature range  a Guaranteed at 25°C  ® Typical at 25°C




SIGNETICS REPLACEMENT STANDARDS

MC 1458 DUAL OPERATIONAL AMPLIFIER

INDUSTRY SIGNETICS SIGNETICS QR&A
COMPETITION VALUE KEY PARAMETER AVAILABLE ORIGINATED COMMENTS
VALUE DEVICES SURE Il | SUPR I
MOTOROLA NE/SE 5530 Yes
5538 Yes
FAIRCHILD
.8 Slew Rate 10 to 60 .
RAYTHEON 5532 Yes
V/u sec NE 5532A Yes
N.S.C. 56533 Yes
5533A Yes
TL
NE/SE { 5530 Yes
14 Full power out 30 to 300 5538 Yes
5532 Yes
5532A Yes
kHz NE 5533 :
5633A
. 5532
45 Noise 4,5 NE 5532A
5533 Yes
5533A Yes
nv/\/Hz
5532
56532A
6 Offset voltage 4 NE 5533 - Yes
5533A Yes
mv
. > 55630 Yes
500 Bias current 60 to 160 NE/SE { 5538 Yes
na
5530 Yes
1.6 NE/SE { 5538 Yes
1 Gain bandwidth }
15 5533 Yes
5533A Yes
NE 5532
MHz 5532A
5533
i . 56533A Yes
2,000 Maximum loading 600 NE 5532 Yes
5532A
OHM
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SIGNETICS REPLACEMENT STANDARDS

pa741 SINGLE OPERATIONAL AMPLIFIER

INDUSTRY SIGNETICS SIGNETICS QR&A
COMPETITION VALUE KEY PARAMETER AVAILABLE ORIGINATED COMMENTS
VALUE DEVICES SURE Il [ SUPRII
MOTOROLA
530 Yes
FAIRCHILD 0.5 Slew rate 10to 600 | NE/SE 538 | Yes
5534 Yes Yes
RAYTHEON 5534A Yes Yes *Not pin for pin
V/u sec replacement.
N.S.C. NE 5539
Tl 630 Yes
300 to 538 Yes
NE/SE
10 Full power out 350,000 5534 | Yes Yes
5534A Yes Yes *Not pin for pin
replacement.
kHz
NE 5539*
. 5534 Yes Yes
45 Noise > 4,5 NE/SE { 5534A Yes Yes
nv//Hz
5534 Yes Yes
5 Offset voltage /
9 4 NE/SE { 5534A Yes Yes
] mv
" 5630 Yes
500 Bias current >| 60to 150 NE/SE { 538 Yos
na
15 530 Yes
H 538 Yes
1 . .
Gain bandwidth 1200 NE/SE 5534 Yes Yes
5534A Yes Yes *Not pin for pin
replacement.
MHz
NE 5539*
: : 5534 Yes Yes
2,000 Maximum loadin
9 600 NE/SE { 5534A Yes Yes
OHM

Sinotics
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3557356

DESCRIPTION

The LF355 and LF356 operational amplifiers
employ well matched, high voltage JFET
input structures on the same monolithic
chip as bipolar devices. These amplifiers
feature low input bias and offset currents,
low offset voltage and offset voltage drift,
coupled with offset adjust which does not
degrade drift or common mode rejection.
The devices are also designed for high slew
rate, wide bandwidth, extremely fast settling
time and low noise.

EQUIVALENT SCHEMATIC

COMMON FEATURES
(TYPICAL)

® Low input bias current 50pA

Low input offset current 10pA

High input impedance 1012()

Low input offset voltage 3mV }
Low V os temperature drift 5.V/°C
Low input noise current 0.01pA/VHz

APPLICATIONS

® Precision high speed integrators

Fast A/D, D/A converters

High impedance buffers

Wideband, low noise, low drift amplifier

LF355/356-H,N

PIN CONFIGURATION

14

BALANCE
~
)

a (O]
@ @

L

) { .I«’)wcc

g
10pF fl (6)
'—t 25 |out

A4

) 50

)

H PACKAGE*

BALANCE v+

INVERTING
INPUT

NONINVERTING
INPUT

OUTPUT

BALANCE

ORDER PART NO.

LF355H LF356H
*Metal cans (H) not recc jed for new igl

N PACKAGE
BaLaNce [1] 8] nc
e o
oG [ 5] ourur
v- [4] (5] sALANCE

ORDER PART NO.
LF355N  LF356N

—4=0"Vee
ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Supply voltage +18 \
Power dissipation 500 mwW
Operating temperature range 0 to +70 °C
Tj (Max) 100 °C
Input voltage range!? +20 Vv
Output short circuit duration Continuous
Storage temperature range —65 to +150 °C
Lead temperature (soldering 10 sec.) 300 °C

NOTE

1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative

power supply voltage.

28
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AC ELECTRICAL CHARACTERISTICS

LF355/356-H,N

Ta = 25°C, Vs = + 15V unless otherwise specified.1

TEST LF355 LF356
PARAMETER CONDITIONS . UNIT
Min | Typ | Max | Min | Typ | Max
SR  Slew rate Ay =1 5 12 V/us
GBW Gain bandwidth 25 5 MHz
product
ts Settling time?
to 0.01% 4 15 us
en Equiv. input
noise volt. Rs = 1000
f = 100Hz 25 15 nV/VHz
f = 1000Hz 20 12 nV/VHz
in Equiv. input
noise current f = 100Hz 0.01 0.01 pA/VHz
f = 1000Hz 0.01 0.01 pA/VHz
Cin  Input capacitance 3 3 pF
NOTE
1. Settling time is defined here, for a unity gain inverter connection using 2kQ resistors for the LF355/6. It
is the time required for the error voltage (the voitage at the inverting input pin on the amplifier) to settle
to within 0.01% of its final value from the time a 10V step input is applied to the inverter.
TYPICAL DC PERFORMANCE CHARACTERISTICS
INPUT BIAS CURRENT INPUT BIAS CURRENT INPUT BIAS CURRENT
100k 100k 8 —
Yoo i
< 10k g 0k 7o a‘,‘_;;nis €
c c F) 5
é 1k 74 g ® .2_3 7
5 £20Vg / £ 20V~ | g so
3 / 3 15V g £ wrass | A
2 100 2 w0 3 40|—FREE AR =
5 ; § 30 WITH HEAT SINK /
z " E f1ovg g 2 FREE AIR »
1 1 Vs B 1 ] __.——)
LFass LF3s6 a ::'v?rsusnsn SINK
11 . VITH HI
D—ss -2 5 35 65 95 125 o—‘ss -25 5 35 65 95 125 -ow -5 [ 5 10
CASE TEMPERATURE (°C) CASE TEMPERATURE (°C) COMMON-MODE VOLTAGE (V)
VOLTAGE SWING SUPPLY CURRENT SUPPLY CURRENT
4 T 4 7
Ry =2k
§ - :: 25°¢C . Tep -5°C
£ % - 1
: & A T
H To=-58°C 5 5
"
5 4 g | L/ Py
x 3
Q A g // Tc;rﬁec g A /'/ 1=t 12
v )4 s ] £ A
3 / — To= +125°C ® L~ |
~u
LF385 ‘ LF356
] 5 10 15 20 ! 0 5 10 5 20 25 Io s 10 15 20 25
SUPPLY VOLTAGE ( £V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
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DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.

LF355/356-H,N

NOTES

1. These specifications apply for Vs=+15V and 0° C<Ta< +70°C. Vos, Igand lpsare
measured atVem= 0.

2. The Temperature Coefficient of the adjusted input offset voltage changes only a smalil
amount (0.5uV/°C typically) for each mV. of adjustment from its original unadjusted
value. Common mode rejection and open loop voltage gain are also unaffected by

offset adjustment.

30

LF355/356
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Input offset voltage Rs = 500 3 10 mV
13 mV
AVos/AT  Avg. TC of input offset Rs = 500 5 uV/°C
voltage
ATC/AVos Change in average TC2 Rs = 500 0.5 uVv/°C
with Vs adjust per mV
los Input offset current1,3 Ty=25°C" 3 50 pA
Ty < Thigh 2 nA
IB Input bias current1.3 Ty =25°C 30 200 pA
Ty < Thigh 8 nA
RN Input resistance Ty=25°C 0
AvoL Large signal voltage gain Vs =+ 15V 25 1012 V/mV
Vo =% 10V, RL = 2k} 200
Over temp. 15 V/mvV
Vo Output voltage swing Vs =+ 15V, RL =10k} +12 +13 Vv
Vs =+ 15V, RL = 2k} +10 +12 v
Vcm Input common mode +15.1 "
Voltage range Vs ==+ 15V *10 "
-12 \
CMRR Common-mode rejection ratio 80 100 dB
PSRR Supply volt. rej. ratio4 80 100 dB
DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = +15V unless otherwise specified.
LF355 LF356
PARAMETER UNIT
Min Typ Max Min Typ Max
Supply current 2 4 5 10 mA

3. Theinput bias currents are junction leakage currents which approximately double for

every 10°C increase in the junction temperature, Ty. Due to limited production test

time, the input bias currents measured are correlated to junction temperature. in
normal operation the junction temperature rises above the ambient temperature as a
result of internal power dissipation, Pd. Tj = Ta + 6ja Pd where 6ja is the thermal

resistance from junction to ambient. Use of a heat sink is recommended if input bias
current is to be kept to.a minimum.
4. Supply Voltage Rejection is measured for both supply magnitudes increasing or

decreasing simultaneously, in accordance with common practice.

S{lnotics



LF355/356-H,N

TYPICAL DC PERFORMANCE CHARACTERISTICS (Contd)

NEGATIVE CURRENT LIMIT POSITIVE CURRENT LIMIT POSITIVE COMMON-MODE INPUT
VOLTAGE LIMIT
-15
T T 15 T T 20 T T T
- ‘ Vg =115V - % Vg= 115V -55°C 2T, = +125°%C
3 >
] N \> o -~
z NN z N
H NS : \ us
wo_ N N w Or p.
g -10 6 10 2z B
g -ss°c = -s5°C zZ3 /
o 3 sw
> 9 29 A
5 +25°C < 3K
g 3 +258°C wd
3 -5 +125°C ::5) 5 E; 10
0
B w +125°C g% /
> E
< =
8 8 \
F3 a
5
[} 5 10 15 2 25 30 35 [} 5 1 15 2 25 30 35 40 5 10 15 20
OUTPUT SINK CURRENT (mA) OUTPUT SOURCE CURRENT (mA) POSITIVE SUPPLY VOLTS (V)
NEGATIVE COMMON-MODE INPUT OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING
VOLTAGE LIMIT
-20 10M 28 v
=R :Izkn ¥5 F sy L1
N :R;= 504! A=2C /
z Taz-55C $ " 4
Bs s z AZ ¢ ,/
£ T,= -55°C 3 m 5 20
zZ2 { w » '
g: = 5 )
oY Tp = t25°C > 1 2 ,
wo a 1 x /
>5 + Q <
gé T, = t12sC S 100k E=T,= 125¢C W o /
gz -s i e /
<] X 3
i g /
0 10k s
-5 -10 -15 -20 5 10 15 20 1] 1.0 10
NEGATIVE SUPPLY VOLTS (V) SUPPLY VOLTAGE ( +V) OUTPUT LOAD R (k12)
TYPICAL AC PERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH UNITY GAIN BANDWIDTH NORMALIZED SLEW RATE
5 18 | I
8 - 16 N\ 1
LF355 5 Vg = £15V
= 4 é \ \ b LF356
] 7 1.2
e 8 \\ NN
£ vg|= t1ov z -
5 S| H \ LF356 1.0 |-LF355
z: 3 zZ 6
8 Vs = T1sv E \Y 0.8
:
z Vg = 220V ] : 06
3 ° g ° © +20v4 s1v7] 04
— z t1sv_f -
4 0.2
RS
1 [
-55 -35 <15 5 25 45 65 8 105 125 -55 -35 ~15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125
CASE TEMPERATURE (° C) CASE TEMPERATURE (°C) TEMPERATURE (°C)
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Contd)

LF356/356-H,N

OUTPUT VOLTAGE SWING (5V/DIV) OUTPUT VOLTAGE SWING (50mV/DIV)

OPEN LOOP VOLTAGE GAIN (dB)

LF355 SMALL SIGNAL
PULSE RESPONSE, Ay = +1

TIME (0.5us/DIV)

LF356 LARGE SIGNAL
PULSE RESPONSE, Ay = +1

TIME (1us/DIV)

OPEN LOOP FREQUENCY

RESPONSE
10
“ =
w0 \\\ Vg= £15V
0 \
\\
A,  Lrase
% LF355 N\
® A\
N\
AN

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

oM

GAIN (dB)

OUTPUT SWING (V) FROM 0V

OUTPUT VOLTAGE SWING (50mV/DIV)

PULSE RESPONSE, Ay = +1

LF356 SMALL SIGNAL

INVERTER SETTLING TIME

TIME (0.5us/DIV)

GRS
st m im
/ /
('
Q~ N
\\
nv\\\l mV
\\\
0 0.5 1.0

SETTLING TIME (us)

BODE PLOT
10
sk LITTI aests T
FHASE Vg= 15V
N
GAIN TN

2K

I AR AT

10
FREQUENCY (MHz)

PHASE (DEGREES)

GAIN (dB)

OUTPUT VOLTAGE SWING FROM 0V (V)

OUTPUT VOLTAGE SWING (5V/DIV)

LF355 LARGE SIGNAL

PULSE RESPONSE, Ay, = +1

TIME (1us/DIV)

INVERTER SETTLING TIME

FREQUENCY (MHz)

10 IRBAL
Vg = *1
7: ©
5
i
1omv P #1mv
0 Il I LFas6, Ay = 11
IomV\ Imv
-5
-10
01 1 1
SETTLING TIME (us)
BODE PLOT
T e
I LF356 100
-~ SE—tVg= 15V 11 75
GAIN e
G N
L
2
° 8
—25 w
2k ]
F 20 T M S0 &
5 75
L -100
L= L 125
LT _150
1 10 100
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LF355/356—

TYPICAL AC PERFORMANCE CHARACTERISTICS (Contd)

LF355/356-H,N

COMMON-MODE REJECTION RATIO (dB)

P—P OUTPUT VOLTAGE SWING (V)

COMMON-MODE REJECTION

RATIO RATIO RATIO
100 100 120 T
\ Vg= 115V ';:3:525% o Azae |
Ry =2 g \ \ Vg = 15V < w0 N\ vs* !tisv
. \ Th=25°C — o o \ N £ M\ rosiTve suppLY __|
E LF3s8
N\ : O\ S AN B AN
60 3 e £ N
=
LF355/6\ 9 NEG TI\R 5 e N\
\ E SUPPLY N\ & N N\
a0 40
\ e} é' 40 \
g 5 LF3ss N\ N\
20 \ 2 % N 3 NEGATIVE SUPPL N
\ & z N
3 o
N 2 *
[} [ [}
10 100 1k 10k 100k 1M 10M 0 100 1K 10k 100k ™ 100 1« 1k 100k 1M 10M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
UNDISTORTED OUTPUT EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE
VOLTAGE SWING VOLTAGE (EXPANDED SCALE)
28 & T o= 100 T
Vg= 15V 140 = — N Ta=25°C
24 \ af= 2% — s $;= zfjscv— e Vg= 15V
\ Tp=25°C E 120 T 8
20 el & 8
\ <1%DIST | E 100 E
16 2 w0 g 60
w
\ LF35 2 \ g
12 z o \ 2
LF355 \ \ 5 \ o c a0
. g ., S\ g \
\ \ 3 LF356 \ \ E 4 D . LF355
4 A\ 2 2 AN y N
NN H N —— g
5 e 3 LF356
0 S o g 0
10k 100k ™ 10M 1 10 100 * 10k Yo 1® 100k
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
OUTPUT IMPEDANCE OUTPUT IMPEDANCE
1000 100 T |
Ta= 25°C Ta=
< 100 |- - ]
A ) ey
o N
£ /] : |
£ Ay=100 L7 _ a y T
= Ay=) H /
2
g 5
2 a
3 Vi —— 5 o // L A
Cay -
/ /\ LFass LFass = é
01 e’ 0.01 1 L =
1« 10k 100k ™ 10M & 10k 100k ™ 10M
FREQUENCY (Hz) FREQUENCY (Hz)

POWER SUPPLY REJECTION

POWER SUPPLY REJECTION
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd)

LF356/356-H,N

SETTLING TIME TEST CIRCUIT

® Settling time is tested with the LF355/6 connected
as unity gain inverter,

® FET used to isolate the probe capacitance

e Output = 10V step

M
100pF
<
o
c
]

SUMMING NODE |

OSCILLOSCOPE sy

2N4416

2k

LARGE SIGNAL INVERTER OUTPUT, VoyT (FROM SETTLING TIME CIRCUIT)

LF355 LF356
2 y 2
2 1A \

2us/DIV us/DIV
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APPLICATIONS

The LF355 and LF356 are op amps with
JFET input devices. These JFETs have large
reverse breakdown voltages from gate to
source and drain eliminating the need for
clamps across the inputs. Therefore large
differential input voltages can easily be
accommodated without a large increase in
input current. The maximum differential
input voltage is independent of the supply
voltages. However, neither of the input vol-
tages should be allowed to exceed the nega-
tive supply as this will cause large currents
to flow which can result in a destroyed unit.
Exceeding the negative common-mode lim-
it on either input will cause a reversal of the
phase to the output and force the amplifier
output to the corresponding high or low
state. Exceeding the negative common-
mode limit on 'both inputs will force the
amplifier output to a high state. In neither
case does a latch occur since raising the
input back within the common-mode range
again puts the input stage and thus the
amplifier in a normal operating mode.

Exceeding the positive common-mode limit
on a single input will not change the phase
of the output; however, if both inputs ex-

TYPICAL CIRCUIT CONNECTIONS

ceed the limit, the output of the amplifier will
be forced to a high state.

These amplifiers will operate with the
common-mode input voltage equal to the
positive supply. In fact, the common-mode
voltage can exceed the positive supply by
approximately 100mV independent of sup-
ply voltage and over the full operating
temperature range. The positive supply can
therefore be used as a reference on an input
as, for example, in a supply current monitor
and/or limiter.

Precautions should be taken to ensure that
the power supply for the integrated circuit
never becomes reversed in polarity or that
the unit is not inadvertently installed back-
wards in a socket as an uniimited current
surge through the resulting forward diode
within the IC could cause fusing of the
internal conductors and result in a de-
stroyed unit.

Because these amplifiers are JFET rather
than MOSFET input op amps they do not
require special handling.

All of the bias currents in these amplifiers
are set by FET current sources. The drain
currents for the amplifiers are therefore

LF355/356-H,N

essentially independent of supply volitage.

As with most amplifiers, care should be
taken with lead dress, component place-
ment and supply decoupling in order to
ensure stability. For example, resistors from
the output to an input should be placed with
the body close to the input to minimize
“pickup” and maximize the frequency of the
feedback pole by minimizing the capaci-
tance from the input to ground.

A feedback pole is created when the feed-
back around any amplifier is resistive. The
parallel resistance and capacitance from
the input of the device (usually the inverting
input) to ac ground set the frequency of the
pole. In many instances the frequency of
this pole is much greater than the expected
3dB frequency of the closed ioop gain and
consequently there is negligible effect on
stability margin. However, if the feedback
pole is less than approximately six times the
expected 3dB frequency a lead capacitor
should be placed from the output to the
input of the op amp. The value of the added
capacitor should be such that the RC time
constant of this capacitor and the resistance
it parallels is greater than or equal to the
original feedback pole time constant.

TYPICAL APPLICATIONS

Vs ADJUSTMENT

e Vos is adjusted with a 25k potentiometer

e The potentiometer wiper is connected to V+

® For potentiometers with temperature
coefficient of 100ppm/°C or less the
additional drift with adjust is = 0.5uV/
°C/mV of adjustment

e Typical overall drift: 5uV/°C * (0.5uV/
°C/mV of adj.)

DRIVING CAPACITIVE LOADS

*LF355/6 R =5k

_E'\/W—‘

1A
ik

Due to a unique output stage design these amplifiers
have the ability to drive large capacitive loads and still
maintain stability. CL. max < 0.01uF.

Overshoot < 20%

Setting time (ts) = 5us

WIDE BW LOW NOISE,
LOW DRIFT AMPLIFIER

Sr
® Power BW: fuax = ——— = 240kHz
2n/p

e Parasitic input capacitance C1 = (3pF for LF355and
LF356, plus any additional layout capacitance)
interacts with feedback elements and creates un-
desirable high frequency pole. To compensate add
C2 such that: R2C2 = R1C1.

Sifnotics
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E355/356=

TYPICAL APPLICATIONS (Contd)

LF355/356-H,N

HIGH IMPEDANCE, LOW DRIFT
INSTRUMENTATION AMPLIFIER

+15V

=15V

R3 | 2R2
* Vour= N +1 | AV, V- +2V < Vin Common-Mode < V+

e System Vos adjusted via A2 Vos adjust
e Trim R3 to boost up CMRR to 120dB.

HIGH Q NOTCH FILTER

VIN O—y

i

c c

* 2R1=R=10MQ
2C = C1 =300pF
® Capacitors should be matched to obtain high Q
e fnoTcH = 120Hz, notch = 55dB, Q > 180
® Use LF355 for
Alowls
A Low supply current

HIGH ACCURACY SAMPLE AND HOLD

JgreT |
SWITCHES

| sw1

—O Vout

® By closing the loop through A2 the VouT accuracy will be determined uniquely by
A1. No Vos adjust required for A2.

® Ta can be estimated by same considerations as previously but, because of the
added on propagation delay in the feedback loop (A2) the overshoot is not
negligible.

e Overall system slower than fast sample and hold.

* Ri1, C¢: additional compensation

® Use LF356 for
A Fast settling time
A Low Vos

FAST LOGARITHMIC CONVERTER

Rp
50k
VY VO VRer~ 5

2
300pF

| | R2 |kT
V, =1+ — |—
out R a

R2 =15.71, R1 = 1k, 0.3%°C (for temperature compensation)

Dynamic range: 100pA < | < 1mA (5 decades, |Vo| = 1V/decades)
Transient response: 3us for A, = decades

C1, C2, R2, R3: added dynamic compensation

Vos adjust the LF356 to minimize quiescent error

Rt: Tel Labs type Q81 + 0.3%/°C.

e o0 o o
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DESCRIPTION

The LM124/SA534 series consists of four
independent, high gain, internally frequen-
cy compensated operational amplifiers de-
signed specifically to operate from a single
power supply over a wide range of volt-
ages.

UNIQUE FEATURES

In the linear mode the input common-mode
voltage range includes ground and the out-
put voltage can also swing to ground, even
though operated from only a single power
supply voltage.

The unity gain cross frequency is tempera-
ture compensated.

The input bias current is also temperature
compensated.

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢ [nternally frequency compensated for
unity gain

e Large dc voltage gain—(100dB)

* Wide bandwidth (unity gain)—1MHz
(temperature compensated)

e Wide power supply range

Single supply—(3Vdc to 30Vdc) or
dual supplies—(+1.5Vdc to +15Vdc)

e Very low supply current drain—
essentially independent of supply volt-
age (1mW/op amp at +5Vdc)

e Low input biasing current—(45nAdc
temperature compensated)

e Low input offset voltage—(2mVdc) and
offset current—(5nAdc)

e Differential input voltage range equal to
the power supply voltage

® Large output voltage—(0Vdc to V+—
1.5Vdc swing)

o LM124 Mil std 883A,B,C available

PARAMETER RATING UNIT
V+ Supply voltage 32 or £16 Vdc
Differential input voltage 32 Vdc
Input voltage -0.3 to +32 Vdc
Power dissipation?
N package 570 mw
F package 900 mw
Output short-circuit to GND
1 amplifier2 Continuous
V+ < 15Vdc and Ta = 25°C
Input current (VN < -0.3V)3 50 mA
Operating temperature range
LM324 0 to +70 °C
LM224 -25 to +85 °C
SA534 -40 to +85 °C
LM124 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 10sec) 300 °C
NOTES

1. For operating at high temperatures, all devices must be derated based on a +125°C
maximum junction temperature and a thermal resistance of 175°C/W which applies
for the device soldered in a printed circuit board, operating in a still air ambient.
LM 124/224 can be derated based on a +150°C maximum junction temperature.

2. Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short-
circuits can exceed the power dissipation ratings and cause eventual destruction.

3. The direction of the input current is out of the IC due to the PNP input stage. This
current is essentially constant, independent of the state of the output, so no loading

change exists on the input lines.

sinotics

LM124/224/324/SA534-F N
LM324-D

PIN CONFIGURATION

D,F,N PACKAGE

outeut 1 [T]
-INPUT 1 E
+INPUT 1 E

v+ [4]

+INPUT 2 E
-INPUT 2 [ 6|

OUTPUT 2 E

ORDER PART NO.

LM124N LM224N LM324N
LM124F LM224F LM324F
SA534N SA534F LM324D
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LM124/224/324/SA534-FN

LM324-D
DC ELECTRICAL CHARACTERISTICS v+ = 5V, Tp = 25°C unless otherwise specified.
LM124/LM224 LM324/SA534
PARAMETER TEST CONDITIONS Min | Typ Max Min | Typ Max UNIT
Vos Offset voltage' Rg = 0 +2 *5 +2 +7 mV
Rg = 0Q, over temp. *7 +9 mV
Vos Drift Rg = 00 7 7 wv/°C
IBIAS Input current? IN(H) or iN(=) 45 150 45 250 nA
N(+) or [iN(=), over temp. 40 300 40 500 nA
los Offset current IN(H) = IN(=) +3 +30 +5 +50 nA
IN(+) = IN(=), over temp. +100 + 150 nA
los Drift 10 10 pA/°C
Vem Common mode voltage V+ = 30V 0 V+-15| 0 V+-15| V
ranged V+ = 30V, over temp. o] V+-2 0 V+-2 v
CMRR Common mode rejection 70 85 65 70 dB
ratio
Vourt Output voltage swing RL =2kQ, V+ = +30V, 26 26 v
over temp.
VOH RL =< 10kQ, over temp. 27 28 27 28 "
VoL RL = 10kQ, V+ =5V, over temp. 5 20 5 20 mV:
Icc Supply current R = o0, Vgc = 30V, over temp. 1.5 3 1.5 3 mA
RL = oo, on all op amps, 0.7 1.2 0.7 1.2
over temp.
AvoL Large signal voltage gain V+ = +156V (for large Vo swing),| 50 100 25 100 V/mV
RL = 2kQ
V+ = +15V (for large Vo swing),| 25 15 V/mV
RL = 2kQ, over temp.
Amplifier-to-amplifier f = 1kHz to 20kHz, —120 —-120 dB
coupling® input referred
PSRR Rg =< 09 65 100 65 100 dB
Output current
Source VIN+ = +1Vdc, VjN— = 0Vdec, 20 40 20 40 mA
V+ = 16Vdc
ViN+ = +1Vdc, V|N+ = 0Vdg, 10 20 10 20 mA
V+ = 15Vdc, over temp.
Sink VIN— = +1Vdc, V|N+ = 0Vdc, 10 20 10 20 mA
V+ = 16Vdc
VIN— = +1Vdc, ViN+ = 0Vdc, 5 8 5 8 mA
V+ = 15Vdc, over temp.
VIN+ = OVdc, V|N— = +1Vdc, 12 50 12 50 uA
Vo = 200mV
Isc Short circuit current? 40 60 40 60 mA
Ditferential input voltage® v+ v+ \")
NOTES

1.

2.

38

Vo = 1.4Vdc, Rs = 0} with V+ from 5V to 30V and over full input common mode range
(OVdc+ to V+ -1.5V).

The direction of the input current is out of the IC due to the pnp input stage. This
current is essentially constant, independent of the state of the output so no loading
change exists on the input lines.

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

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5, but either or both inputs can go to +32V without damage.

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

destruction. The maximum output current is approximately 40mA independent of the

magnitude of V+. At values of supply voltage in excess of +15Vdc continous short-
circuits can exceed the power dissipation ratings and cause eventual destruction.
Destructive dissipation can result from simultaneous shorts on all amplifiers.

. Due to proximity of external components, insure that coupling is not originating via

stray capacitance between these external parts. This typically can be detected as this
type of capacitive increases at higher frequencies.

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

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage.
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EQUIVALENT SCHEMATIC

INPUTS

+ O
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2

Q6

Rsc

ouTPUT

TYPICAL PERFORMANCE CHARACTERISTICS

LM124/224/324/SA534-F.N
LM324-D

SUPPLY CURRENT

OUTPUT CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

LM124/224/324/SA534-F.N
LM324-D
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DESCRIPTION

The LM301A is a high performance opera-
tional amplifier featuring high gain, short
circuit protection, simplified compensation
and excellent temperature stability.

FEATURES

e Short circuit protection

e Offset voltage null capability

e Large common-mode and differential
voltage ranges

* Low power consumption

¢ No latch up

e LM101, LM101A, LH2101, LH2101A
Mil std 883A,B,C available

e LM101A, LH2101A Mil std 38510 (JAN)
available

LM301A-N,FE,D

PIN CONFIGURATIONS

D,N,FE PACKAGE

e [ 3] FrE. COMP.
weme i N [
NoN-NVERNe = 6] outpur
v- 4] [5] oFFsET NULL

ORDER PART NO.

LM301AN
ABSOLUTE MAXIMUM RATINGS LMs01AFE
PARAMETER RATING UNIT
Supply Voltage
LM301A +18 \"
Power dissipation 500 mwW
Differential input voltage +30 v
Input voltage? *+15 \
Output short circuit duration Indefinite
Operating temperature range
LM301A 0to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 60sec) 300 °C
NOTES
1. For supply voltages less then £15V, the absolute maximum input voltage is equal to the
supply voltage.
EQUIVALENT SCHEMATIC
COMP. NULL Q comp.
- Y * —O v+
Q17 J
Q1e
INPUT O— a2 ™
NOW INVERTING INPUT O——— [ 14 R11 250
Q15
OUTPUT
Q3 Q4
> >
; 3 som 3 e
4 <
) g 1 Q3
——d
< Qa7 < Qg ]\012
Q¢ Qs
Qs Qo qr—ﬁo"
<>
4229 4220 ;: sonZn
<
Sud
O v-
OFFSET NULL
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LM301A-N,FE,D

DC ELECTRICAL CHARACTERISTICS 0°C<Ta<70°C, 5V, < Vs < +15V and C1 = 30pF

PARAMETER CONDITIONS MIN TYP MAX UNIT
Vos Input Offset Voltage Ta=25°C, Rs < 50KQ 20 75 mv
los Input Offset Current Ta=25°C 3 50 nA
Igias  Input Bias Current Ta=25°C 70 250 nA
los Input Resistance Ta=25°C 05 2 MQ
lcc  Supply Current Ta =25°C, Vs = 15V 1.8 30 mA
AvoL Large Signal Voltage Ta=25°C, Vs = +15V
Gain Vout = £10V; RL > 2k 25 160 V/mv
Vos Input Offset Voltage Rs < 50k} 10 mvV
Vos Average Temperature
Coefficient of Input Drift 6.0 30 uv/°C
Offset Voltage
los  Input Offset Current 70 nA
los Average Temperature 25°C <Ta<70°C 0.01 03 nA/°C
Coefficient of Input 0°C <Ta<25°C 0.02 0.6 nA/°C
Offset Current
Isias Input Bias Current 300 nA
AvoL Large Signal Voltage Vs = +15V, Vout =10V 15 V/mvV
Gain R > 2k
. Vs = 15V, RL = 10k} +12 +14 \
Vout Output Voltage Swing RL = 2k0 10 13 v
ViNn  Input Voltage Range Vs = 15V +12 v
CmrrR Common Mode Rs < 50k} 70 90 dB
Rejection Ratio
Psrr Supply Voltage Rs < 50k} 70 96 dB
Rejection Ratio
*NOTE

Unless otherwise specified, all specifications for LM301A are +5V < Vg < +15V.

TYPICAL PERFORMANCE CHARACTERISTICS

OPEN LOOP FREQUENCY
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1 10 100 1k 10k 100k m™m oM
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2 8
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a
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=25C N |
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o L 0 — I~
1k 10k 100k m
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

LM301A-N,FE,D
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COMPENSATION CIRCUITS

LM301A-N,FE,D

SINGLE POLE
COMPENSATION

R1C,
C1>FTrRE

Cg = 30pF

TWO POLE
COMPENSATION
R2
R1
-Vin 2p 6
R3 —O Vour
+VIN O__.W\,.__i +
1 c1 c2
R4
_Rics 10K
C1>Ri+R2
Cg = 30pF
c2=10C1 =

FEED FORWARD
COMPENSATION

R1
Vin O—AMW

R3

1
€2=211,R2
fo=3MHz

TYPICAL APPLICATIONS

INVERTING AMPLIFIER WITH
BALANCING CIRCUIT

Ry Rz

INPUT O

Ry 5.1M<

R3
5MQ

C1
30pF

tMay be zero or equal to parallel combination
of Ry and Rj for minimum offset.

LOW DRIFT SAMPLE

AND HOLD
[oy]
2N3456 .
OUTPUTO v
INPUT
c2*
0.14F

C1
30pF

*Polycarbonate Dielectric Capacitor
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DESCRIPTION

The LM 13600 series consists of two current
controlled transconductance amplifiers
each with differential inputs and a push pull
output. The two amplifiers share common
supplies but otherwise operate indepen-
dently. Linearizing diodes are provided at
the inputs to reduce distortion and allow
higher input levels. The result is a 10 dB
signal-to-noise improvement referenced to
0.5 percent THD. Controlled impedance
buffers are provided which are specifically
designed to complement the dynamic range
of the amplifiers.

ABSOLUTE MAXIMUM RATINGS

FEATURES

® gm adjustable over 6 decades

e Excellent gm linearity

o Excellent matching between amplifiers

e Linearizing diodes

e Controlled impedance buffers

* High output signal to noise ratio

e Wide supply range +2V to +22V.

o See Signetics NES517 for typical circuit
applications information

APPLICATIONS

e Current controlied amplifiers

e Current controlied impedances
e Current controlled filters

e Current controlled oscillators
® Multiplexers

® Timers

o Sample and hold circuits

LM 13600/ 13600A-D,N

PIN DESCRIPTION
D,N PACKAGE
la8Ca [1] ’_h—gl 1ABCp
oa [Z] [75] o,
+1Ng [T ] 2]+
~INa E BES
voa [5] [72] vop
v— 5] 1] v+
INBUFFER a [ 7 ] [10] NeuFFER b
VOBUFFER a E 9] Vogyrrenb

ORDER PART NO.

LM13600N LM13600D
LM13600AN LM13600AD

PARAMETER RATING UNIT
Supply voltage1
LM 13600 36 Vpgor 18 v
LM13600A 44 Vpg or £22 v
Power dissipation2 Tp = 25°C
LM 13600N, LM13600AN 570 mw
Differential input voltage +5 v
Diode bias current (Ip) 2 mA
Amplifier bias current (IABc) 2 mA
Output short circuit duration Indefinite
Buffer output current3 20 mA
Operating temperature range
LM13600N, LM 13600AN 0°C to +70 °C
DC input voltage +Vg to —Vg
Storage temperature range —65°C to +150 °C
Lead temperature (Soldering, 10 Seconds) 300 °C
BLOCK DIAGRAM
v+
i Ne)
D4 '
Q14 Q12
Qe 10 7,10 Q13
8,9
a7 arq
2,15 O
Voutput
+——o0
—INPUT +INPUT 5,12
4,13 3,14
Vo
AMP BIAS 1'0‘6 "Lis o Q3
INPUT —_ P
J _K [ 7
Ry Q
< Da
Oa}—-
¥~
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ELECTRICAL CHARACTERISTICS

LM 13600/ 13600A-D,N

LM13600 LM13600A
PARAMETER TEST CONDITIONS Min Typ | Max | Min Typ | Max UNIT
Input offset voitage (Vog) 0.4 5 0.4 2 mvV
Over specified temperature range 5 mV
IABC 5uA 0.3 0.3 2 mV
Vos including diodes Diode Bias Current (Ip) = 600 A 0.5 0.5 2 u\"
Input offset change 5 pA < IaBC = 500 uA 0.1 0.1 3 mV
Input offset current 0.1 0.6 0.1 0.6 uA
Input bias current 0.4 5 0.4 5 uA
Over specified temperature range 1 8 1 7 HA
Forward
Transconductance (gm) 6700 | 9600 | 13000 | 7700 | 9600 | 12000 | umho
Over specified temperature range | 5400 4000 umho
gm tracking 0.3 0.3 dB
Peak output current RL =0, IlaBc = 5¢A 5 3 5 7 uA
RL =0, IaABc = 500 A 350 | 500 | 650 350 500 | 650 nA
RL = 0, Over specified temp range | 300 300 uA
Peak output voltage
positive RL =00, 5pA < IpBCc <500 pA | +12 | +14.2 +12 |[+14.2 \"
negative RL =00, 5pA < IpoBC <500pA | —12 (—14.4 —-12 |—-14.4 v
Supply current IABC = 500 A, Both channels 2.6 2.6 mA
Vos sensitivity
positive AVps/AV+ 20 150 20 150 uv/v
negative AVos/A V- 20 150 20 1560 uVv/v
CMRR 80 110 80 110 dB
Common mode range +12 [+13.5 +12 | +13.5 v
Crosstalk Referred to inputd
20 Hz < f < 20 KHz 100 100 dB
Diff. input current IaBC = 0, Input = =4V 0.02 100 0.02 10 nA
Leakage current IABC = O (Refer to test circuit) 0.2 100 0.2 5 nA
Input resistance 10 26 10 26 KQ
Open loop bandwith 2 2 MHz
Slew rate Unity gain compensated 50 V/uSec
Buff. input current 5 0.4 5 0.4 5 nA
Peak buffer output voltage 5 10 10 v

NOTES

1. For selections to a supply voltage above + 22V, contact factory.
2. For operating at high temperatures, the device must be derated based on a 150°C

anda

of 1756° C/W which applies for

the device soldered in a printed circuit board, operating in still air.

w

. Buffer output current should be limited so as to not

d " digsi
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. These specifications apply for Vg = + 15V, Tp = 26°C, amplifier bias current (Ixgc) =
500uA, pins 2 and 15 open unless otherwise specified. The inputs to the buffers are
grounded and outputs are open.

. These specifications apply for Vg = + 15V, Iagc = 500 1A, Royt = 50 connected
from the buffer output to —Vg and the input of the buffer is connected to the
transconductance amplifier output.
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CONNECTION DIAGRAM
B
B 8 B 8
;::g mgoe INPUT INPUT B BUFFER BUFFER
INPUT BIAS (+) (=) outputr v+ INPUT OUTPUT
16 15 14 13 12 " 10 [
B
A
1 2 3 4 5 6 ] 7 8
AMP DIODE INPUT INPUT  OUTPUT v— BUFFER BUFFER
BIAS BIAS +) (=) A INPUT OUTPUT
INPUT A A A A A
A
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MC1456/1556—

DESCRIPTION

The MC1456/1556 is an internally compen-
sated precision monolithic operational am-
plifier featuring extremely low offset and
bias currents and offset null capability. The
MC1456/1556 is short circuit protected and
its high common mode and differential in-
put voltage range provides exceptional per-
formance when used as an integrator, sum-
ming amplifier, and voltage follower.

FEATURES

OFFSET ADJUST CIRCUIT

MC1456/1556-N

PIN CONFIGURATION

1 [3] FrE. COMP.
e [ 7] v
NORIVERTING EZ’_——D_"—EW

v ]

N PACKAGE

5 | OFFSET NULL

ORDER PART NO.

e Low input bias current—15nA maximum mg:“:g:
* Low input offset current—2.0nA maxi- 5
mum
® Low input offset voltage—4.0mV maxi- ABSOLUTE MAXIMUM RATINGS
mum
e High slew rate—2.5V/us typical
¢ |arge power bandwidth—40kHz typical PARAMETER RATING UNIT
e Low power consumption—45mW maxi- Power supply voltage MC1556 +22 Vv
mum o MC1456 +18 v
¢ Offset voltage null capability Differential input voltage + Vco v
® Output short circuit protection Common mode input voltage + Vce Vv
* |nput over-voltage protection Load current 20 mA
¢ Mil std 883A,B,C, available Output short circuit duration Continuous
Power dissipation 680 mwW
Derate above Ta = 25°C 46 mwW/°C
Operating temperature range
MC1556 -55 to +125 °C
MC1456 0 to +70 °C
Storage temperature range -65 to +150 °C
EQUIVALENT SCHEMATIC
7
< —OV+
{L "( "( |
4K <
{ :; 340
3
O
500 500
2 3
IN 15K :; 56K
T N < 35pF
N
Vel
77K ‘t 39K ‘L
8 1K 3 1K :: 7.7K ¥
6 . ‘ Cg 5
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DC ELECTRICAL CHARACTERISTICS T1a=25°C, Vs =+ 15V unless otherwise specified

MC1456/1556-N

PARAMETE MC1556 MC1456 UNIT
AMETER
TEST CONDITIONS Min | Typ Max | Min Typ | Max
Vos Offset voltage 20 4.0 5.0 10.0 | mVdc
Over temperature 6.0 14.0 mVdc
los Offset current 1.0 2.0 5.0 10.0 nA
0°C=<Tas70°C 14 nA
25°C =Ta<125°C 3.0 nA
-55°C < Ta<25°C 5.0 nA
IBIAS Input current 8.0 15 15.0 | 30.0 nA
Over temperature 30 40 nA
Vecm  Common mode voltage range +12 | +13 +11 +12 Vv
CMRR Common mode rejection Rs <10k}, Ta = 25°C, f = 100Hz 80 110 70 110 dB
ratio
ZIN  Common mode input f =20Hz 250 250 MO
impedance
Vout Output voltage swing RL = 2k} +12 ] *+13 +11 +12 \Y
lcc  Supply current 1.0 1.5 1.3 3.0 mA
Po  DC quiescent power 30 45 40 90 mw
dissipation (Vo = 0)
Psrr Supply voltage rejection Rs < 10k() 50 100 75 200 uV/V
ratio
Large signal voltage gain RL < 2k, VouTr =x10V, TA=25°C| 100 200 70 100 V/mV
Over temperature 40 40 V/mV
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = * 15V unless otherwise specified.
MC1556 MC1456
PARAMETER TEST CONDITIONS
Min | Typ | Max | Min | Typ | Max| CON'T
Differential input impedance
Cp Parallel input capacitance Open loop f = 20Hz 6.0 6.0 pF
fp Parallel input resistance 5 3 MQ
en Equivalent input noise Av =100, Rs = 10k, f = 1.0kHz,
voltage BW = 1.0kHz 45 45 nVA/Hz
BW;p Power bandwidth Av =1, RL = 2k}, THD < 5%
Vout = =10V 40 40 kHz
Phase margin (open loop, 70 70 degrees
unity gain)
Gain margin 18 18 dB
SR Slew rate (unity gain) ) 25 25 V/usec
Zout Output impedance f =20Hz 1.0 2.0 1.0 25 kQ
BW  Unity gain crossover 1.0 1.0 MHz
frequency (open loop)
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TYPICAL PERFORMANCE CHARACTERISTICS

MC1456/1556-N

POWER DISSIPATION vs
POWER SUPPLY VOLTAGE
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DESCRIPTION

The MC1458 is a high performance
operational amplifier with high open loop
gain, internal compensation, high common
mode range and exceptional temperature
stability. The MC1458 is short-circuit pro-
tected and allows for nulling of offset vol-
tage.

The MC1458/SA1458/MC1558 consists of a
pair of 741 operational amplifiers on a single
chip.

EQUIVALENT SCHEMATIC

FEATURES

Internal frequency compensation
Short circuit protection

Excellent temperature stability

High input voltage range

No latch-up

1558/1458 are 2 “op amps” in space of
one 741 package

MC1558 Mil std 883A,B,C available

MC1458/1558-N,H,FE,F

ONE AMPLIFIER OF MC1458, SA1458, MC1558

O V+
7
Qg Q9 Ay Qi3 Q4

:NVERT, a
NPUT R 15
NONmXS: TING 2 Q) Q 2 AZr»ku Rg
1 a 25Q
93 % K, R Ta * |
¢ 3;k(2 7.?51((! [0 ouTPUT
R1o
Q, |— 015 5082
—k Q.
Qs _KQB Q10 Q1 °
OFFSET Q7
NULL
OFFSET NULL 0—— t—o 5 Q2
Ry ¢ Ry R3 Ra R12 e Ryq
1kQ 50kQ 1kQ 5k( 50kL * 500 a
v
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage
MC1458 +18 Y
SA1458 +18 Vv
MC1558 +22 )
Internal power dissipation
N package 500 mwW
H package? 800 mw
F,FE package 1000 mw
Differential input voltage +30 \
Input voltage2 *15 \
Output short-circuit duration Continuous
Operating temperature range
MC1458 0to +70 °C
SA1458 -40 to +85 °C
MC1558 -55t0+125 °C
Storage temperature range -65to+150 °C
Lead temperature (soldering 60sec) 300 °C

SA1458-N
MC1458-D
PIN CONFIGURATIONS
F PACKAGE
ne [1] [14] *Vee
outpuT 1 [Z7] 73] nC
oFFseT 1 [3] [1Z] outeut 2
oFFseT 1 [4] [77] oFrseT 2
-inpUT 1 5] [10] oFFseT 2
+inpuT 1 [6 | [5] -iNpUT 2
-vee [7] [8] +INpUT 2

ORDER PART NO.

MC1458F
MC1558F

H PACKAGE*

v+

®
outruta/ @ @ \outeure
INVERTING | @) A‘ ,A ® |inverting
iNPUT A\ A INPUT B
NON-INVERTING \ ® (® /NON-INVERTING
INPUT A ® INPUT B

V-

ORDER PART NO.
MC1458H
MC1558H

*Metal cans (H) not recommended for new designs

D,N,FE PACKAGE

NOTES

1. Ratings based on thermal resistances, junction to ambient, of 240°C/W,
150°C/W, 110°C/W for N, H, F and FE packages respectively, and a maximum

junction temperature of 150°C.

supply voltage.

. Forsupply voltages less than 215V, the absolute maximum input voltage is equal to the

sifnetics

outpuT A [1] (8] v+
INVERTING
euT A [2] A 7] outeuta
NON-INVERTING L___ INVERTING
INPUT A L2 g INPUT B
NON-INVERTING
v-[4] 51 inpuT B
ORDER PART NO.
MC1458N MC1458FE
MC1558N MC1558FE
SA1458N MC1458D
51




MC1458/1558-N,H,FE,F

SA1458-N
. MC1458-D
DC ELECTRICAL CHARACTERISTICS T4 =25°C, Vs = +15V, unless otherwise specified.
MC1558
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voltage Rs = 10k} 1.0 5.0 mV
Rs = 10k(}, over temp. 6.0 mV
los Offset current 20 200 nA
Over temp. 500 nA
IBIAS Input bias current 80 500 nA
Over temp. 1500 nA
Vour  Output voltage swing RL = 10kQ, over temp. +12 +14 \
RL = 2kQ), over temp. +10 +13 "
AvoL Large signal voltage gain RL = 2k}, Vo = £10V 50 100 V/mV
RL =2k, Vo =10V, over temp. 25 V/mv
Offset voltage adjustment +30 mVv
range
PsRR Supply voltage rejection ratio Rs < 10kQ 30 150 uV/V
CMRR Common mode rejection ratio 70 90 dB
Icc Supply current 2.3 5.0 mA
VIN Input voltage range +12 +13 Vv
] Power consumption 70 150 mW
Channel separation 120 dB
Rourt Output resistance 75 0
Isc Output short-circuit current 25 mA
DC ELECTRICAL CHARACTERISTICS (Contd Ta=25°C, Vs = £15V, unless otherwise specified.
MC1458 SA1458
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Vos Offset voltage Rs = 10k 20 | 60 2.0 6.0 | mV
Rs = 10k}, over temp. 75 75 mV
los Offset current 20 200 20 200 nA
Over temp. 300 500 nA
IBlAS Input bias current 80 | 500 80 500 nA
Over temp. 800 1500 nA
Vourt Output voltage swing RL = 10kQ +12 +14 +12 +14 \
RL = 2k}, over temp. 10 | +13 +10 | %13 v
AvoL  Large signal voltage gain RL = 2k}, Vo = £10V 25 200 20 200 V/mv
RL =2k, Vo =*10V, over temp. 15 15 V/mV
Offset voitage adjustment +30 +30 mV
range
Psrr Supply voltage rejection ratio Rs < 10k} 30 150 30 150 | uV/V
CMRR Common mode rejection ratio
70 90 70 90 dB
Icc Supply current 23 5.6 23 5.6 mA
VIN Input voltage range +12 +13 +12 +13 v
RN Input resistance MQ
Pg Power consumption 70 170 70 170 | mwW
Channel separation 120 120 dB
Isc Output short-circuit current 25 25 mA
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MC1458/1558-N,H,FE,F

SA1458-N
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = 15V, unless otherwise specified. MC1458-D
MC1458
PARAMETER TEST CONDITIONS SA1458, MC1558 UNIT
Min Typ | Max
Parallel input resistance Open loop, f = 20Hz 0.3 MQ
Common mode input impedance f =20Hz 200 MQ
Equivalent input noise voltage Av = 100, Rs = 10kQ, Bw = 1.0kHz 45 nVVHz
f = 1.0kHz
Power bandwidth Av =1, RL = 2.0k}, THD < 5% 14 kHz
Vout = 20Vp-p
Phase margin 65 degrees|
Gain margin 11 dB
Unity gain crossover frequency Open loop 1.0 MHz
Transient response unity gain Vin = 20mV, RL = 2k(), CL < 100pf
Rise time 03 us
Overshoot 5.0 %
Slew rate C < 100pf, RL = 2k, ViN = £10V 08 V/us

TYPICAL PERFORMANCE CHARACTERISTICS

Sifneties

OUTPUT VOLTAGE SWING INPUT COMMON MODE VOLTAGE POWER CONSUMPTION
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Ol sscataerizse Jod <Tp<+25°C e [
36 R > 2Q o Ta=2°C
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S / z 4/ g "
g N / g ¢ 20
4 2y
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

MC1458/1558-N,H,FE,F
SA1458-N
MC1458-D

INPUT OFFSET CURRENT
AS A FUNCTION OF

AMBIENT TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

—

MC1458/1558-N,H,FE,F
SA1458-N
MC1458-D

VOUT OUTPUT VOLTAGE (Vp-p)

PEAK TO PEAK OUTPUT SWING-V
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DESCRIPTION

The 530/5530 are new generation opera-
tional amplifiers featuring high slew rates
combined with improved input charac-
teristics. Internally compensated, the
SES530/5530 guarantee slew rates of 25V/us
with 2mV maximum offset voltage. Industry
standard pinout and internal compensation
allow the user to upgrade system perform-
ance by directly replacing general purpose
amplifiers such as the 741, 747, 1458, 4558
and LF356 types.

FEATURES

Short circuit protection
Offset null capability

voltage ranges

EQUIVALENT SCHEMATIC EACH AMPLIFIER

Gain bandwidth product—3MHz
35V/us slew rate (Gain = -1)
Internal frequency compensation
Low input offset voltage 2mV max
Low input bias current-60nA max

Large common mode and differential

NE/SE530-FE,N,H ® NE/SE5530-H,N

PIN CONFIGURATIONS

FE,N PACKAGE

il ) e
N N o
NON~INVE'RJ'I":‘$ 3 E OUTPUT

G 7 o

ORDER PART NO.
NES30FE, NE530N
SES30FE, SE530N

H PACKAGE®

OFFSET

ADJUST v+

INVERTING

INPUT ouTPuT

OFFSET
ADJUST

NON - INVERTING
INPUT

v-
ORDER PART NO.

NES530H SE530H
*Metal cans (H) not recommended for new designs.

VEE
-O4
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage
SE530/5530 +22 Vv
NE530/5530 +18 \
Internal power dissipation
N Package 500 mwW
H Package 800 mw
FE Package 1000 mWwW
Differential input voltage +30 \
Input voltage +15 \
Operating temperature range
SE530/5530 -55 to +125 °C
NE530/5530 0to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature range 300 °C
(Solder, 60sec)
Output short circuit Indefinite

N PACKAGE

outpuT A [T]

o
INVERTING
INPUT A

2 [7]outrur B
NON- INVERTING —INVERTING
INPUT A INPUT B

NON- INVERTING
v-[2] 5 JinpuT B

ORDER PART NO.
NES530N
SE5530N

H PACKAGE"*

NC

OUTPUT A OUTPUT B

INVERTING
INPUT A

INVERTING
INPUT B

NON INVERTING
INPUT A

NON - INVERTING
INPUT B

ORDER PART NO.
NES530H
SES5530H

*Metal cans (H) not recommended for new designs.
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DC ELECTRICAL CHARACTERISTICS

NE/SES30-FE,N,H e NE/SE5530-H,N

Ta = 25°C, Vcc = £15V unless otherwise specified.t

SE530/5530 NE530/5530
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ Max
Input offset voltage Rs < 10k() 0.7 4.0 2.0 6.0 mV
Over temperature 5.0 7.0 mV
Temperature coefficient of 3 6 uV/eC
input offset voltage
Input offset current 5 20 15 40 nA
Over temperature 40 80 nA
Input bias current 45 80 65 150 nA
Over temperature 200 200 nA
Input resistance 3 10 1 6 MQ
Input voltage range +12 +13 +12 +13 Vv
Large signal voltage gain RL = 2k}, Vo = £10V 50 200 50 200 V/mV
Over temperature 25 25 V/mV
Output voltage swing RL = 10k() +12 +14 +12 +14 Vv
RL = 2k() +10 +13 +10 +13 \
\
QOutput short circuit current 25 25 mA
Output resistance 100 100 0
Supply current Each amplifier 2.0 3.0 2.0 3.0 mA
Over temperature 2.2 3.6 2.2 mA
Common mode rejection ratio Rs < 10k () 70 90 70 90 dB
Over temperature
Power supply rejection ratio Rs < 10k{) 30 150 30 150 uV/v
Over temperature
AC ELECTRICAL CHARACTERISTICS Ta =25°C, Vcc = +15V unless otherwise specified.
SE530/5530 NE530/5530
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Transient response
Small signal rise time .06 .06 us
Small signal overshoot 13 13 %
Settling time TO 0.1% (10V step) 0.9 0.9 us
Slew rate +15V supply, Vo = £10V,RL = 2k}
Unity gain inverting 25 35 20 35 V/us
Unity gain non-inverting 18 25 12 25 V/us
Power bandwidth 5% THD, Vo = =10V, 360 500 280 500 kHz
RL = 2k()
Small signal bandwidth Open loop 3 3 MHz
Channel separation 120 120 dB
NOTE
1. Operating temperature range for the SE530/5530 is ~55°C to +125°C.
Operating temperature range for the NE530/5530 is 0°C to +70°C.
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TYPICAL PERFORMANCE CHARACTERISTICS

NE/SES530-FE,N,H e NE/SE5530-H,N

PEAK-TO-PEAK OUTPUT SWING ( tV)

8 8 8 8

-
>

-
~

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
SUPPLY VOLTAGE

-55°C< TpS +125°C
AL > 2k,
L
2 /7
/
20 2
P

8
4
0s 10 15 20

SUPPLY VOLTAGE (:V)

INPUT NOISE VOLTAGE
AS A FUNCTION OF

COMMON MODE VOLTAGE RANGE (:V)

-
&

-
3

-
>

INPUT COMMON MODE
VOLTAGE RANGE AS A

FUNCTION OF SUPPLY VOLTAGE

T55°C4 TS +125°C //
//
/
/'
[
5 10 15 20

SUPPLY VOLTAGE (:V)

INPUT NOISE CURRENT
AS A FUNCTION OF

OUTPUT SHORT-CIRCUIT CURRENT

AS A FUNCTION OF

AMBIENT TEMPERATURE

35
g » \\
£
&
ts <
[
3 .
£n S
-
8
51

10

-60  -20 20 60 100 140

TEMPERATURE (°C)

POWER CONSUMPTION
AS A FUNCTION OF

FREQUENCY FREQUENCY SUPPLY VOLTAGE
(EACH AMPLIFIER)
100 1 100
- ™ TA = 25°C
3 g
T 80
3 i z vd
z ] o
¢ g fw e
9 o -] /]
4 & < -
g ¢ ] vd
5 5 g LA
2 Vg =215V g 20
H Tp=25°C z ~
Vg =15V
Tp =25°C
' 01 [
10 100 1000 10 100 K 10K 100K 5 10 15 20
FREQUENCY (Hz) FREQUENCY (Hz) SUPPLY VOLTAGE ( V)
INPUT BIAS CURRENT POWER CONSUMPTION OUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE
(EACH AMPLIFIER)
100 Vg =215V
% 70 _ 2 -Ti=25°c P
_ Vg = £15V I 2
g £ ~ g
£ z® z 22
¥ 8 -t £
& 60 ~g N 2
E s0 e 2 5 - 5 18
2 - 2 -] 5]
@ 4 P, <] R
- o w
2 =~ « a
g w2 y % 5
g : g /
20 a 5 12
10 £ Rl
[ : 0 /
_60 - -20 20 60 100 140 -60  -20 20 60 100 140 160 01 02 05 10 20 60 10
TEMPERATURE (°C) TEMPERATURE ( C) LOAD RESISTANCE (k!(})
58

Sifnntics




TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

NE/SE530-FE,N,H e NE/SE5530-H,N

NE530 OPEN-LOOP GAIN
AND PHASE vs FREQUENCY

GAIN
100 _
g N 5
2 8 o <
3 N ]
o 60 N N PHASE sz
" < 100
20 \\ \g 150
0 N 200
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SETTLING TIME TO 10mV

STEP (V)

5.0 ’I

0.1 10 10.0
SETTLING TIME (us)

PHASE MARGIN

50

40

30

20

10

GAIN-BANDWIDTH PRODUCT
AND PHASE MARGIN vs
LOAD CAPACITANCE

—\ .

\ - OBV

CL(pF)

SLEW RATE—VOLTAGE FOLLOWER
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TEST LOAD CIRCUITS

NE/SES530-FE,N,H e NE/SE5530-H,N

SMALL SIGNAL TRANSIENT RESPONSE

ouTPUT
ZAN

N/

Pins not shown are not connected.
All resistor values are typical and in ohms.

SLEW RATE—VOLTAGE FOLLOWER

SLEW RATE—INVERTING AMPLIFIER

SLEW RATE AND SETTLING TIME

10K

+10v Vee 18V

-10v R +10v
~ 2.2uF A~ 0.01uF|
Irgur 10K 1oV
( ) —AAA,
- e
- b - OUTPUT
NES530 _L ’
Ry == 100pF
2K
* *Z 10K

VEE
Q-15v

SR0.01uF =R 2.24F

1

* %

10K
A~

= FALSE

= SUMMING IN916 IN916
NODE OREQUIV.| OR EQUIV.

OUTPUT 50% 50% FALL TIME Vourt

OVERSHOOT Vos

RISE TIME

Pins not shown are not connected. = “Match to within 0.01%.
All resistor values are typical and in ohms. "*Open for slew rate.
VOLTAGE WAVEFORMS
SMALL SIGNAL TRANSIENT SLEW RATE—VOLTAGE FOLLOWER SLEW RATE—INVERTING AMPLIFIER
RESPONSE DEFINITIONS
50mvV
INPUT e - +10 r———
50% -+ 50%
ViN
OVERSHOOT Vin
GND
0 -10
90% 90% +10

TYP 60V/us

TYP -25V/us
BETWEEN -5V
AND +5V

+10

TYP 35Vius SLEW RATE

MEASURED
_5 BETWEEN
-5V AND +5V
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DESCRIPTION

The 531 is a fast slewing high performance
operational amplifier which retains dc
performance equal to the best general pur-
pose types while providing far superior
large signal ac performance. A unique
input stage design allows the amplifier to
have alarge signal response nearly identical
to its small signal response. The amplifier is
compensated for truly negligible overshoot
with a single capacitor. In applications
where fast settling and superior large signal
bandwidths are required, the amplifier out
performs conventional designs which have
much better small signal response. Also,
because the small signal response is not
extended, no special precautions need be
taken with circuit board layout to achieve
stability. The high gain, simple compensa-
tion and excellent stability of this amplifier
allow its use in a wide variety of instrument-
ation applications.

FEATURES

35V/usec slew rate at unity gain

Pin for pin replacement for uA709, uA748

or LM101

Compensated with a single capacitor

Same low drift offset null circuitry as

uA741

Small signal bandwidth TMHz
Large signal bandwidth 500KHz

True op amp dc characteristics make the
531 the ideal answer to all slew rate lim-
ited operational amplifier applications.

NE/SES531-N,H,FE

PIN CONFIGURATIONS

oreser oL
INVERTING INPUT
NN INvERTING inpuT N ®

ORDER PART NO.
NE531H/SE531H

*Metal cans (H) not recommended for new designs

FREQ. COMP.

SO

H PACKAGE*

N,FE PACKAGE

;
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NoN NV RTING 3
et ]
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o
off
Foureur

[TJoresernute

v g

ORDER PART NO.
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage +22 Vv
Internal power dissipation? 300 mw
Differential input voltage *15 v
Common mode input voltage2 +15 Vv
Voltage between offset null

and V- +0.5 Vv
Operating temperature range

NE531 0to +70 °C

SE531 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature

(soldering, 60 sec) 300 °C
Output short circuit duration3 indefinite

NOTES

1. Rating applies for case temperature to 125°C, derate linearly at 6.5mW/° C for ambient

temperatures above +75°C.

2. Forsupply voltages less than £15V, the absolute maximum input voltage is equal to the

supply voltage.

3. Short circuit may be to ground or either supply. Rating applies to +125°C case

temperature or to +75°C ambient temperature.

DC ELECTRICAL CHARACTERISTICS Vs = +15V unless otherwise specified.

NE/SE531-N,H,FE

SE531" NE531
PARAMETER TEST CONDITIONS - UNIT
Min | Typ | Max | Min | Typ | Max
Vos Offset voltage Rs < 10kQ}, Ta = 25°C 2.0 5.0 2.0 6.0 mV
Rs < 10kQ}, over temp 6.0 7.5 mV
los Offset current Ta=25°C 30 200 50 200 nA
Ta =HIGH 200 200 nA
Ta=LOW 500 300 nA
IBIAS Input current Ta=25°C 300 500 400 1500 nA
Ta=HIGH 500 1500 nA
Ta =LOW 1500 2000 nA
Ve Common mode voltage range Ta=25°C +10 +10 "
CMRR Common mode rejection ratio Ta = 25°C, Rs < 10kQ 70 100 dB
Over temp Rs < 10kQ) 70 90 dB
RIN Input resistance Ta =25°C 20 20 MQ
Vour Output voltage swing RL= 10k(), over temp +10 +13 +10 +13 \'
Icc Supply current Ta=25°C 7.0 10 mA
TmAX 7.0 10 mA
Pp Power consumption Ta =25°C 210 300 mwW
PSRR Power supply rejection ratio Rs < 10k}, Ta = 25°C 10 150 prV/V
: Rs < 10kQ, over temp 10 150 uV/V
Rour  Output resistance Ta=25°C 75 75 0
AvoL Large signal voltage gain TA=25°C, RL=10kQ,VouT=%10V| 50 100 20 60 V/mV
RL=10kQ,VouTr=%10V,0overtemp | 25 15 V/mV
NOTE

1. Temperature range:
SE531-56°C < Ta < 125°C
NE531 0°C < Ta< 70°C
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NE/SE531-N,H,FE

AC ELECTRICAL CHARACTERISTICS T1a=25°C, Vs = +15V unless otherwise specified.

NE531 SE531 UNIT
PARAMETER TEST CONDITIONS Min | Typ | Max |Min | Typ Max

Full power bandwidth 500 500 kHz
Settling time (1%) Av = +1, VIN = £10V 15 1.5 us
(.01%) 2.5 2.5 S
Large signal overshoot Av = +1, Vin = 210V 2 2 %
Small signal overshoot Av = +1, V|N = 400mV 5 5 %
Small signal risetime Av = +1, Vin = 400mV 300 300 ns

Slew rate Av =100 35 35 V/us

Av =10 35 35 V/us

Av = 1 (noninverting) 30 20 30 V/us

Av'= 1 (inverting) 35 25 35 V/us

NOTE
1. All AC testing is performed in the transient response test circuit.

TEST LOAD CIRCUITS
OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS (Vs =15V, Ta = +25°C, unless otherwise specified.)

INPUT OFFSET INPUT BIAS CURRENT INPUT BIAS CURRENT AS A
CURRENT AS A FUNCTION AS A FUNCTION FUNCTION OF SUPPLY VOLTAGE
OF AMBIENT TEMPERATURE OF AMBIENT TEMPERATURE

a0 [\ v

//

g

g

g
7

INPUT BIAS CURRENT — nA

INPUT OFFSET CURRENT — nA
8
INPUT OFFSET CURRENT — nA

/
3
/

20 60 100 140 5 10 15 20 25

ée
8

-60 -20 20 60 100 140
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE — :V
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

NE/SES31-N,H,FE

VOLTAGE DRAIN -dB

POWER CONSUMPTION — mW

COMMON MODE RANGE — V

CLOSED LOOP NON-INVERTING
VOLTAGE GAIN AS A
FUNCTION OF FREQUENCY

veo N Av= 1000, Ri=s00,] [ T T
Cc = 2pF Ce
+50 ourt
v
+40 \;\ g;n,
Av =100, Ri = 5000 \ Ri
Cc=2pF |
+30 = E
1] AN
20 Av=10, Ri= 5.5KQ2, Cc = 10pF \
+10 \
o RAYS 1L RIZ 00, Cc - 1000F
LTINS
10K 100K ™ 10M
FREQUENCY-Hz
POWER CONSUMPTION

AS A FUNCTION
OF AMBIENT TEMPERATURE

250
200
\
150
100
50
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INPUT VOLTAGE RANGE AS A
FUNCTION OF SUPPLY VOLTAGE
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5
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-10
™~
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SUPPLY VOLTAGE — +V

PHASE IN DEGREES

OPEN LOOP PHASE RESPONSE
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FUNCTION OF FREQUENCY
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VL VOLTAGE GAIN — dB
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NE/SE531-N,H,FE

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

VOLTAGE FOLLOWER UNITY GAIN INVERTING
TRANSIENT RESPONSE AMPLIFIER LARGE SIGNAL
RESPONSE
500 +15
400 +10
. wdl .
| 300 : | +5 - +
w ' ] 0K
§2oo i "o &; o OUT govf INIOKOT
z / I c \
£ 10 | - E sl 8K
3 | <] 4 +
10% !
v : : ) ) T“[ ; “«l»
| 1
| l
° : 200 w0 500 800 1000 1200 1400 ¢ o5 10 15 20 25 30 35 40
TIME — nsec ) TIME -— usec
TYPICAL APPLICATIONS »
HIGH SPEED INVERTER PULSE RESPONSE
(10MHz BANDWIDTH) HIGH SPEED INVERTER
2pF
10K
IN O—AAA—9
our
fo
>
3
|
2N3819
200nsec/DIV
FAST SETTLING VOLTAGE FOLLOWER LARGE SIGNAL RESPONSE
VOLTAGE FOLLOWER
/]
oot \ JAA /
—
———O ouT H
we NV
\\4
0.5u8/DIV = 500KHz
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NE/SE531-N,H,FE

TYPICAL APPLICATIONS (Contd)

POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE*

RESPONSE OF 3-POLE ACTIVE
BUTTERWORTH
MAXIMALLY FLAT FILTER

°
fg = 1KHz 5
O @ \1’
1 \
| 10
5 \
£
s \
=
2
-20
“Reference—EDN Dec. 15, 1970 100 300 x 3K 10K
Simplify 3-Pole Active Filter Design FREQUENCY — Hz
A. Paul Brokow
PRECISION RECTIFIERS
(a) HALF WAVE (b) FULL WAVE
10K 1%
VWA—
\/
100pF

10K >
INO—

AC MILLIVOLTMETER SAMPLE AND HOLD

+15

IN Q2
0——| IN128
100K 's'l‘cnm. o E
0047
DE# <L30
cD19- SK
04725
/_%(R :
LOGIC IN O———
1 T 4
- - 3 300K 10K
-1
= 15 O-18

OUTPUT
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DESCRIPTION

The 532/358 consists of two independent,
high gain, internally frequency compensat-
ed operational amplifiers designed specifi-
cally to operate from a single power supply
over a wide range of voltages. Operation
from dual power supplies is also possible
and the low power supply current drain is
independent of the magnitude of the power
supply voltage.

FEATURES

¢ [nternally frequency compensated for
unity gain
* Large dc voitage gain—(100dB)
® Wide bandwidth (unity gain)—1MHz
(temperature compensated)
* Wide power supply range
single supply—(3Vdc to 30vdc)
or dual supplies—(*+1.5Vdc to
*15Vdc)
® Very low supply current drain (400uA)—
essentially independent of supply volt-
age (1mW/op amp at +5Vdc)
® Low input biasing current—(45nA dc
temperature compensated)
* Low input offset voltage—(2mVdc) and
offset current—(5nA dc)
* Differential input voltage range equal to
the power supply voltage
e Large output voltage—(0Vdc to V+—-
1.5Vdc swing)
e SE532 Mil std 883A,B,C available

UNIQUE FEATURES

In the linear mode the input common-mode
voltage range includes ground and the out-
put voltage can also swing to ground, even
though operated from only a single power
supply voltage. The unity gain cross fre-
quency is temperature compensated. The
input bias current is also temperature
compensated.

PIN CONFIGURATIONS

NE/SE532-N,H,FE/SA532-N
LM158/258/358-N,H,FE

H PACKAGE*

OUTPUT A OUTPUT B

INVERTING

(®)] 'NVERTING
INPUT A

INPUT B

® L2\

outpuT A [T]
INVERTING
INPUT A

NON INVERTING
INPUT A

N,FE PACKAGE

572\

5w
[7] ourpuT B

INVERTING

S INPUT B

||lr
I
i

NON INVERTING
v-[3 5
NON INVERTING NON INVERTING L] =1 NeuT e
INPUT A INPUT B
v- ORDER PART NO.
ORDER PART NO. LM158/258/358N,FE
LM158/258/358H SA532N
NE/SE532H NE/SE532N,FE
*Metal cans (H) not recommended for new designs
EQUIVALENT CIRCUIT
vtOr
6:A 100. A :E :E 6.A
é b‘ ‘\
as
Q6
=c
a7
Q2 a3 Rsc
_ - @ ouTPUT
INPUTS
- - an Q13
+O— »
50. A
Q10 a1z
e Q)
s 4K_L
€L

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage, V+ 32 or £16 Vdc
Differential input voltage 32 Vdc
Input voltage -0.3 to +32 Vdc
Power dissipation?

FE package 900 mwW

H package 680 mw

N package 500 mw
Output short-circuit to GND5

V+ < 15 Vdc and Ta = 25°C Continuous
Operating temperature range

NE532/LM358 0 to +70 °C

LM258 -25 to +85 °C

SA532N —40 to +85 °C

SE532/LM158 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C

(soldering, 10sec)

Sifnotics
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NE/SE532-N,H,FE/SA532-N
LM158/258/358-N,H,FE

DC ELECTRICAL CHARACTERISTICS Ta =25°C, V+ =45V unless otherwise specified.

SE532,LM158/258 NE/SA532/LM358
PARAMETER TEST CONDITIONS . - UNIT
Min Typ Max Min Typ Max
Vos Offset voltagel Rs <00 +2 +5 +2 +7 mV
Rs < 00, over temp. +7 +9 mV
Vos Drift Rs = 0Q, over temp. 7 7 uV/eC
los Offset current NG = NG +3 +30 +5 +50 nA
Over temp. +100 +150 nA
los Drift 10 10 pA/°C
Isias Input current2 hin(H) or IIN(=) 45 150 45 250 nA
Over temp., lin(+) or (=) 40 300 40 500 nA
Vcm Common mode voltage range3| V+ = 30V 0 V+-1.5 0 V+-15] V
Over temp., V+ = 30V 0 V+-2.0 0 V+-2.0| V
CmrrCommon mode rejection ratio 70 85 65 70 dB
Vour Output voltage swing (Vor) RL = 2kQ, V+ = 30V, over temp 26 26 \
RL = 10kQ, V+ = 30V, over temp 27 28 27 28 \
Vour Output voltage swing (Vor) RL < 10k(}, over temp. 5 20 5 20 mV
lcc  Supply current RL = », V+ =30V 1.0 2.0 1.0 20 mA
RL=~on allamplifiers, over temp 0.5 1.2 0.5 1.2 mA
AvolL Large signal voltage RL = 2kQ, Vout * 10V, V+ = 15V 50 100 25 100 V/mV
Gain (for large Vo swing) Over temp. 25 15 V/mvV
Psrr Supply voltage Rs <00 65 100 65 100 dB
rejection ratio
Amplifier-to-amplifier f =1kHz to 20kHz (input referred) -120 -120 dB
coupling4
Output current ViN+ = +1Vdc, VIN- = 0Vdc,
Source V+ =15Vdc 20 40 20 40 mA
Vint = +1Vdc, ViN— = 0Vdc,
V+ = 15Vdc, over temp. 10 20 10 20 mA
Sink ViN— = +1Vdc, Vin+ = 0Vdc,
V+ = 15Vdc 10 20 10 20 mA
ViN— = +1Vdc, Vint = 0Vdc,
V+ = 15Vdc, over temp. 5 8 5 8 mA
ViNt = 0V, ViN— = +1Vdc, Vo = 200mV 12 50 12 50 uA
Isc Short circuit currents 40 60 40 60 mA
Differential input voltage6 V+ V+ \

NOTES

1.

2.

68

Vo = 1.4V, Rs = 0Q with V+ from 5V to 30V; and over the full input common-mode
range (OV to V+ -1.5V).

The direction of the input current is out of the IC due to the pnp input stage. This
current is essentially constant, independent of the state of the output so no loading
change exists on the input lines.

The input common-mode voltage or either input signal voltage should not be allowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ —1.5V, but either or both inputs can go to +32V without damage.

Due to proximity of external components, insure that coupling is not originating via
stray capacitance between these external parts. This typically can be detected as this
type of capacitance coupling increases at higher frequencies.

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

destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc, continuous short-
circuits can exceed the power dissipation ratings and case eventual destruction.

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

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ ~1.5V, but either or both inputs can go to +32Vdc without damage.

. For operating at high temperatures, all devices must be derated based on a +125°C

maximum junction temperature and a thermal resistance of 175° C/W which applies
for the device soldered in a printed circuit board, operating in a still air ambient.
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TYPICAL PERFORMANCE CHARACTERISTICS

NE/SE532-N,H,FE/SA532-N
LM158/258/358-N,H,FE

SUPPLY CURRENT DRAIN (mApC)

EQ - OUTPUT VOLTAGE (mV)

SUPPLY CURRENT

TA = 0°C to +125°C

=

———

Ta < ~85C
|

0 10 20 30
SUPPLY VOLTAGE (Vpc)

OPEN LOOP FREQUENCY

40

RESPONSE
140
1T
120 oM |
0.1ut
N, v Vo
s 100 \ 'm{v.‘./z —
z 80 N 1 |
<
- AN
60 v+ = 30 vpc AND—|
§ N\sse = Ta < +125°C
>

a0 \
2 v+ = 1010 15 Vpc AND

I—wcls Ta [5 +12Tc ‘\

1 10 100 1K 10K

FREQUENCY (Hz)

100K 1M

VOLTAGE FOLLOWER PULSE
RESPONSE (SMALL SIGNAL)

10M

500
450 £o
50pF
gadiN
400 _?_ = \
= INPUT
350
ouTPUT
300 \v T
Ta = +25°C
v+ = +30vpc
250 L1 1
o 1 2 3 4 5 6 71 8

t = TIME (us)

Vo — OUTPUT SWING (Vp-p)

— OUTPUT VOLTAGE

va

CURRENT LIMITING

90

80

70

TEMPERATURE (°C)

LARGE SIGNAL FREQUENCY

-

8

T 60

e

=

£ W — ‘

5 ™~

g 30

3 s
20 ‘
10 . _T__
)
—55 —35 —15 5 25 45 65 85 105 125

RESPONSE
) WA
15 Vpc 1
100K
1K
15 - Vo —
?VIN +7 2K
voc | | —
10
5
0 [~
1K 10K 100K ™
FREQUENCY (Hz)
OUTPUT CHARACTERISTICS
CURRENT SOURCING
8 — T T
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7h—
+vt/2
Q8 e}— v2
Z
L os|— -
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g a— = =
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A TaA = +25°C ]
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’ /

1
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100
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VOLTAGE GAIN

160
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+
80
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s \
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OUTPUT CHARACTERISTICS
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1
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O
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/ —I'_‘ Vo
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10 = OUTPUT SINK CURRENT (mApc)
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

NE/SE532-N,H,FE/SA532-N
LM158/258/358-N,H,FE

INPUT VOLTAGE RANGE INPUT CURRENT COMMON MODE REJECTION
RATIO
120
* % T 1 O
80 Vvem = 0 Vpe —| §
- 1
8 / = 70 JI— E ®
>
AT g 60 vt = +3ovoc § 80
g NEGATIVE / £ — 8
5 E o §
z /osmvs 0 vt = +15vpc
£ pos===
f / £ 2 vt =+5vpe
/| v :
o 3
o 5 10 15 —~556 —35 —15 5 25 45 65 85 105 125 100 1k 10k 100k ™
v+ OR V= —POWER SUPPLY VOLTAGE ( + Vpc) Ta - TEMPERATURE (°C) 1 = FREQUENCY (Hz)
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DESCRIPTION

The 535 and 5535 are new generation opera-
tional amplifiers featuring high slew rates
combined with improved input characteris-
tics. The 535 is a single device while the
5535 is a dual configuration. Internally
compensated for unity gain, the SE535 and
SE5535 feature a guaranteed unity gain
slew rate of 10V/us with 2mV maximum
offset voltage. Industry standard pin outand
internal compensation allow the user to
upgrade system performance by directly
replacing general purpose amplifiers, such
as 741, 747 and 1558.

PIN CONFIGURATIONS

S

NE/SE535N,H,FE ® NE/SE5535-H,N

H PACKAGE*

OUTPUT B
v+

INVERTING
INPUT B
NONINVERTING
INPUT B

ORDER PART NO.

FE, N PACKAGE

o 5

e -

v, Gl > v
= g

ORDER PART NO.
SE535N, FE NES35N, FE

SE5535H NE5535H H PACKAGE*
FEATURES N PACKAGE ne
* 15V/us unity gain slew rate [ ]
¢ Internal frequency compensation ®
¢ Low input offset voitage—2mV ourputa [1] (5] v+ orrser apwst / @ @\ v
¢ Low input bias current 80nA max INVERTING INVERTING
e Short circuit protected mumv‘:::,"‘“; 2 lé 7] ::;::::G weur | @ F,—-’ ® | ournur
o Offset null capability weuT A L3 5] wputB NONNVERTING \\ @ ® ® // orrseT apdusT
e Large common mode and differential v-[3 5 :;‘;ﬁ';“;"‘“"“
voltage ranges v-
535 5535 ORDER PART NO.
® Pin out 741  747,1558 SE535H  NE535H
o Configuration Single  Dual ORDER PART NO. .
SE5535N NE5535N *Metal cans (H) not recc ded for new d
EQUIVALENT SCHEMATIC (One Ampilifier)
7
¢
“AMA—O 6
3
MW 11 »
L '\
\ i S
$
r ( ,_K
“VL
N
Vel
OFFSE'I;' O:FD?'ET P ‘>
ADJ. :: 5 :: ‘:
Oa
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ABSOLUTE MAXIMUM RATINGS

SE535/ NES535/
PARAMETER SE5535 NE5535 UNIT

Supply voltage +22 *18 v
Internal power dissipation?

N Package 500 500 mw

H Package 800 800 mwW

F Package 1000 1000 mw
Differential input voltage +30 +30 Vv
Input voltage2 +15 *15 \"
Operating temperature range -55 to +125 0 to +70 °C
Storage temperature range -65 to +150 -65 to +150 °C
Lead temperature (solder, 60sec) 300 300 °C
Output short circuit3 Indefinite Indefinite

NOTES

1. Rating applies for thermal resistances junction to ambient of 240°C/W and 150° C/W
for N and H packages, respectively. Maximum chip temperature is 150°C.
2. Forsupply voltages less than 15V, the absolute maximum input voltage is equal to the

supply voltage. -

3. Short circuit may be to ground or either supply. Rating applies to 125°C. case

temperature or 75°C ambient temperature.

DC ELECTRICAL CHARACTERISTICS

NE/SE535N,H,FE © NE/SE5535-H,N

Ta = 25°C, Vs = £15V unless otherwise specified.*

SE535/SE5535 NES35/NE5535
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Input offset voltage Rs < 10kQ 0.7 | 40 20 | 6.0 mV
Rs < 10kQ), over temp. 5.0 7.0 mV
AVos Input offset voltage drift Rs =01, over temp. 4.0 6.0 uVv/°C
los Input offset current 5 20 15 40 nA
Over temp. 40 80 VnA
Is Input current 45 80 65 | 150 nA
Over temp. 200 200 nA
Vem Common mode voltage range +12 ] £13 +12 | +13 v
CMRR Common mode rejection ratio Rs < 10kQ, over temp. 70 | 90 70 | 90 dB
PsrR Power supply rejection Rs < 10k}, over temp. 30 | 150 30 | 150 | uV/V
Rin Input resistance 3 10 1 6 MQ
AvoL Large signal voltage gain RL = 2kQ, Vout = £10V 50 | 500 50 | 500 V/mV
RL = 2k}, VouT = £10V, over temp. | 25 25 V/mV
Vout Output voltage RL = 2k(}, over temp. +10 | +13 +10 | £13 \
RL = 10k(), over temp. +12 | +14 +12 | +14 v
Icc Supply current Per amplifier 18 | 28 18 | 2.8 mA
Per amplifier, over temp. 2 33 2 mA
Pp Power dissipation Per amplifier 54 84 54 | 84 mwW
Per amplifier, over temp. 60 99 60 mwW
Isc Output short circuit current 25 25 mA
Rourt Output resistance 100 100 Q
*NOTE

Temperature range
SE types -55°C < Ta < 125°C
NE types 0°C < TA < 70°C
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NE/SE535N,H,FE ¢ NE/SE5535-H,N

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

SES535/SE5535 NE535/NE5535
PARAMETER TEST CONDITIONS - UNIT
Min Typ Max | Min Typ Max
Gain/bandwidth product 1 1 MHz
Transient response
Small signal rise time 0.25 0.25 us
Small signal overshoot 6 6 %
Settling time To 0.1% 3 3 us
Slew rate Ta = 25C, RL = 10k}, unity gain, 10 15 10 15 V/us
non-inverting
TYPICAL PERFORMANCE CHARACTERISTICS
OUTPUT VOLTAGE SWING OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF AS A FUNCTION OF
FREQUENCY FREQUENCY
had Vg 15V
Ta 25°C 10¢ T -20
36 AL 10kS Vg =15V
t B GAIN Ta=25°C
S 32 4
: \
Z 28
B 10 60
]
524 Z .0 80
g \ g
<16 gl 100
; \ : \
g2 10 120
<
a8
4 1 \ 140
] -160
100 1k 10k 100k ™ 1 10 100 1k 10k 100k ™M 10M
FREQUENCY (Hz) FREQUENCY (Hz)
OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF
SUPPLY VOLTAGE LOAD RESISTANCE
Y —
26 | TA=25°C
s s "
§ 32 v 2 2
Z 28 z
g ?- 20
320 y 3 18 /
3 Ppd g
; 12 / E 14
4 10 / 1
NV L
Os 10 15 20 01 02 05 10 20 60 10
SUPPLY VOLTAGE {:V) LOAD RESISTIANCE (kQ)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

NE/SE535N,H,FE e NE/SE5535-H,N

OUTPUT SHORT-CIRCUIT CURRENT
AS A FUNCTION OF

INPUT NOISE VOLTAGE
AS A FUNCTION OF

TEMPERATURE (°C)

BROADBAND NOISE FOR
VARIOUS BANDWIDTHS

AMBIENT TEMPERATURE FREQUENCY
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£ 20 \\ w
o 8
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£ H
v
% 15 2 Vg = 15V
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10 1
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FREQUENCY (Hz)

INPUT COMMON MODE
VOLTAGE RANGE AS A
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POWER CONSUMPTION
AS A FUNCTION OF
SUPPLY VOLTAGE
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= / I~
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3 w14 £
2 ] 7 z
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VOLTAGE WAVEFORMS

NE/SE535N,H,FE  NE/SE5535-H,N

TEST CIRCUITS

SETTLING TIME MEASUREMENT

INpuT  50%
10V

ALLOWABLE
ERROR
BAND
OUTPUT

10%

— — — —omv

SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE

SLEW RATE MEASUREMENT

SLEW RATE SLEW RATE
V(-) TO V(+) V(+) TO V(-)
(MEASUREMENT (MEASUREMENT
PERIOD) PERIOD)

SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS

50mv

INPUT

OVERSHOOT

ouTPUT
50% FALL TIME:

OVERSHOOT Vos

RISE TIME

¢ ’ 1\0) OUTPUT
. 10k
INPUT (c,‘ AN
Rs
100pF

50 RL I
NOTE
Pins not shown are not connected.
All r values are typical and in ohms.

SETTLING TIME
10k
A‘AVA‘
Ve =15V
+10V
A< 0.014F
-10v
+10V
10k* —_
INPUT ( C) AAA- = -10v
J- ouTPUT
::R L 100pF
QO -15v T
S
10k
SR0.01uF 2R 2.2uF h
- =+ =
10k*
AMA-
FALSE
SUMMING IN916 IN916
NODE OR EQUIV.| OR EQUIV.

*Match to within 0.01%.

NOTE

Pins not shown are not connected.
All resistors values are typical and in ohms.

SiNOtiEs
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DESCRIPTION

The NE/SE538/5538 are new generation
operational amplifiers featuring high slew
rates combined with improved input char-

acteristics.

Internally compensated for

gains of 5 or larger, the SE538/5538 offers
guaranteed minimum slew rates of 40V/us
or larger. Featuring 2mV max input offset
voltage, the 538 is a single amplifier while
the 5538 is a dual amplifier. Industry stand-
ard pin outand internal compensation allow
the user to upgrade system performance by
directly replacing general purpose amplifi-
ers, such as 748, 101A, 741, 747 and 1458.

FEATURES

* 2mV input offset voltage

80nA max input offset current

Short circuit protected

Offset null capability

Large common mode and differential

voltage ranges

60V/us slew rate (gain of +5, -4 min)

e 6MHz gain bandwidth product
(gain +5, -4 minimum)

[ ]

Internal frequency compensation

(gain of +5, 4 minimum)

Pin out: 538 same as 741 (single)

5538 same as 747, 1458 (dual)

PIN CONFIGURATIONS

NE/SE538-N,H,FE  NE/SE5538-H,N

N

PACKAGE

v- []

outputa [7]
INVERTING —
INPUT A
NONINVERTING —
INPUT A

ORDER PART NO.
SE5538N,

6

5

8| v+

(7] outeuts

INVERTING
INPUT B
NONINVERTING
INPUT B

NE5538N

FE, N PACKAGE

OFFSET
NULL
INVERTING
INPUT
NONINVERT-
ING INPUT

2

-

5

v- [

ORDER PART NO.
SE538N, FE NES538N, FE

8] NC
7] v

tﬂ OUTPUT

OFFSET
NULL

ABSOLUTE MAXIMUM RATINGS1.23

H PACKAGE*

NC

®
oFrseT ADWST /' D ®

@\
INVERTING
= oo
NON-INVERTING OFFSET ADJUST
INPUT © ®

v—

ORDER PART NO.
SE538H NE538H

H PACKAGE*

OUTPUT A OUTPUT B
v+ v+
INVERTING INVERTING
INPUT A INPUT B

NONINVERTING
INPUT A

NONINVERTING
INPUT B

ORDER PART NO.
SES5538H NE5538H

*Metal cans (H) not recommended for new designs

PARAMETER RATING UNIT
Vce Supply voltage
SE military grade +22 Vv
NE commercial grade +18 \"
Pp Internal power dissipation 1000 mW
FE package
Pp Internal power dissipation? 500 mwW
N package
Pp Internal power dissipationt 800 mwW
H package
Differential input voltage +30 Vv
Input voltage2 *+15 Vv
Operating temperature range
SE military grade -55 to +125 °C
NE commercial grade 0to 70 °C
Output short circuit3 indefinite
Storage temperature range -65 to +150 °C
Lead temperature (solder, 60sec.) 300 °C
NOTES

1. Rating applies for thermal resistances of 240°C/W and 150°C/W junction to
ambient for N and H packages. Maximum chip temperature is 150°C.
2. Forsupply voltages less than +15V, the absolute maximum input voltage is equal to the

supply voltage.

3. Short circuit may be to ground or either supply. Rating applies to 125°C case
temperature or 75°C ambient temperature.
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EQUIVALENT SCHEMATIC (EACH AMPLIFIER)

vee

VEE

NE/SE538-N,H,FE ® NE/SE5538-H,N

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =+ 15V unless otherwise specified.

SE538/SE5538 NES538/NE5538
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Vos Input offset voltage Rs < 10kQ 0.7 4.0 20 6.0 mV
Rs < 10k(}, over temp. 5.0 7.0 mV
AVos Input offset voltage drift Rs = 0Q}, over temp. 4.0 6.0 uVv/eC
los Input offset current 5 20 15 40 nA
Over temp. 40 80 nA
iB Input current 45 80 65 150 nA
Over temp. 200 200 nA
Veum Input common mode voitage range +12 | +13 *12 | =13 \
Cmrr  Common mode rejection ratio Rs < 10k{, over temp. 70 90 70 90 dB
PsRrr Power supply rejection Rs < 10k(}, over temp. 30 150 30 150 uV/V
RiN Input resistance 3 10 1 6 MQ
AvoL Large signal voltage gain RL = 2k}, Vour = =10V 50 200 50 200 V/mV
Over temp., 25 25 v/mV
RL = 2kQ, Vout = =10V
Vout Output voltage Over temp., RL = 2k +10 | +13 +10 | +13 \"
Over temp., RL = 10k() +12 | 14 +12 | +14 \Y
Icc Supply current Per amplifier 2 3 2 3 mA
Over temp., per amplifier 2.2 3.6 2.2 mA
Pp Power dissipation Per amplifier 60 90 - 60 90 mwW
Over temp., per amplifier 66 108 66 mw
Isc Output short circuit current 25 25 mA
Rourt Output resistance 100 100 (o]
NOTE
Temperature Range
SE Types -55°C < Ta < 125°C
NE Types 0°C < Ta < 70°C
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AC ELECTRICAL CHARACTERISTICS Ta =25°C unless otherwise specified.

NE/SE538-N,H,FE » NE/SE5538-H,N

SE538/SE5538 SE538/NE5538
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Gain bandwidth product
(Gain +5, -4 minimum) 6 6 MHz
Transient response
Small signal rise time 0.25 0.25 us
Small signal overshoot 6 6 %
Settling time To 0.1% 1.2 1.2 us
Slew rate Minimum gain=5
Noninverting RL = 2k} 40 e 60 Vius
TYPICAL PERFORMANCE CHARACTERISTICS
OUTPUT VOLTAGE SWING OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
FREQUENCY FREQUENCY SUPPLY VOLTAGE
“ Vg = 115V R Joan vs o] W [Cescitg- rizc
= g0 = -2k
% ;:=1205Kﬁ- 105 \\ Ta 525°C o > 36 JRL-
é 32 \ \ ) o 2
S 21 N 60 Z» L
> 3 N\ N H /]
5 2 G 03 -80 e 2
g \ w N PHASE 2 //
3™ ; AN g 7
% 16 g N \ 1o ; 16 /’
E 12 10 \\ -120 g 12 S
3 3
8 : ©
g, 1 -140 § .
o ~160 0
100 1k 10k 100k ™ 1 10 100 1K 10k 100k 1M 10M 5 10 15 20
FREQUENCY - Hz FREQUENCY - Hz SUPPLY VOLTAGE ~ tV
OUTPUT VOLTAGE SWING OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
LOAD RESISTANCE AMBIENT TEMPERATURE FREQUENCY
Byg=tisv 35 100
> 26Ty =25°C
[} N
o ® ? 30 N 'i
z — 2
32 £ % \
v g 5 N w
2 3 S g
'é . £ 310
§ 16 % 20 NG g
S 14 1 g
o / <} -
X g2 5 15 2 Vg =15V
g / 2 Tp=25°C
10
0 / 10 1
01 02 05 1.0 20 60 10 -60 -20 20 60 100 140 10 100 1000
LOAD RESISTANCE - k() TEMPERATURE - °C FREQUENCY - Hz
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

NE/SE538-N,H,FE e NE/SE5538-H,N

INPUT NOISE CURRENT
AS A FUNCTION OF

FREQUENCY
1
:
£,
3]
]
z
5
g
Vs = ﬂfv
o Tp =25°C
10 100 1k 10k 100k
FREQUENCY - Hz
POWER CONSUMPTION
AS A FUNCTION OF
SUPPLY VOLTAGE
100
Ta =25°C

8

3
N

N

POWER CONSUMPTION - mW

//,

\e

5 10 15 20
SUPPLY VOLTAGE - tV

COMMON MODE REJECTION
RATIO AS A FUNCTION OF

FREQUENCY

100 T
@ Vg = £15V
2 90 Ta=25°C4
,
L 80
«
z
3 70
G 60
W
I
e S0
8
o 40
=
2 30
$
= 20
8

10

1 10 100 1 10k 100k 1M

FREQUENCY - Hz

BROADBAND NOISE FOR
VARIOUS BANDWIDTHS

100

- Vg =15V
E Tp=25°C
>
£
e
2
g /
Z 10 7
2
a 10-100kHz /
w
@
@
w
& 10-10k Hz /
o1
] 10-1kHz
°
z
-
<
5
-

0.1

100 *® 10k 100k

SOURCE RESISTANCE - (0

POWER CONSUMPTION
AS A FUNCTION OF
AMBIENT TEMPERATURE

70
z
E -
o
4] 1
E .
2 50
2
z
]
o
g a0
H
4
o
30
-60 -20 20 60 100 140

TEMPERATURE - °C

SETTLING TIME MEASUREMENT
WAVEFORMS

160

+2.5v
iNpuT  50%
-25v

ALLOWABLE g0%
ERROR

SETTLING
[ TIME

INPUT COMMON MODE
VOLTAGE RANGE AS A
FUNCTION OF SUPPLY VOLTAGE

.
-55°C- Ty +125°C //

COMMON MODE VOLTAGE RANGE - tV

5 10 15 20
SUPPLY VOLTAGE - tV

INPUT BIAS CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

100 ;

90

Vg = +15V

< w0
-
R
&
£ 60
=3
2 ‘1\\
@ 50
< .
@ 4
2 ™~
2w

20

10

[)

-60  -20 20 60 100 140

TEMPERATURE - °C

SLEW RATE MEASUREMENT
VCC = t20v

SLEW RATE SLEW RATE
V(-) TO V(+) V(+) TO V(-)
T L T
PERIOD) PERIOD)

sifantics
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TYPICAL PERFORMANCE
CHARACTERISTICS (Contd)

SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS

I~ 50%

OVERSHOOT

50%

OUTPUT 50%: FALL TIME
|t

OVERSHOOT Vog

RISE TIME

NE/SE538-N,H,FE © NE/SE5538-H,N

TEST LOAD CIRCUITS

SLEW RATE AND SMALL SIGNAL
TRANSIENT RESPONSE TEST CIRCUIT

€0 ouTPUT

.
INPUT (O
\S/

100pF
Ry P

A

NOTE
Pins not shown are not connected.
All resistors values are typical and in ohms.
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TEST LOAD CIRCUITS (Cont'd

SETTLING TIME TEST CIRCUIT

10k*

AAA
VW\V—

Ve 15V

<220 S0.0MF

-10v

ik
it

’ J_ O) OUTPUT
vee %nL 100pF
O-15v W L
210k
L >
= 0.01uF AN 2.2uF <

= L L
o = =
L—*V‘v‘v
FALSE
SUMMING IN916 IN916
NODE OREQUIV] OR EQUIV.
*Match to within 0.01%.
NOTE

Pins not shown are not connected.
All resistors values are typical and in ohms.
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DESCRIPTION

The 5512 series of high performance oper-
ational amplifier ‘provides very good input
characteristics. These amplifiers feature
low input bias and voltage characteristics
such as a 108 op amp with improved CMRR
and a high differential input voltage limit
achieved through the use of a bias cancella-
tion and PNP input circuits with collector to
emitter clamping. The output characteristics
are like those of a 741 op amp with improved
slew rate and drive capability yet have low
supply quiescent current.

APPLICATIONS

o AC amplifiers

e RC active filters

o Transducer amplifiers
e DC gain block

FEATURES

e Low input bias < +3nA

o Low input offset current < +3nA

e Low input offset voltage < 1mV

® Low Vqgg temperature drift 4.V/°C

e Low input bias temperature drift
30pA/°C

o Low input voltage noise 25nV/ \/Hz

e Low supply current 1.5mA/amp

o High slew rate 1.0V/us

e High CMRR 100dB

o High input impedance 100MQ

o High PSRR 110dB

o High differential input voitage limit

e No cross-over distortion

o Indefinite output short circuit
protection

o internally compensated for unity gain

NE/SE5512-D,N,FE

PIN CONFIGURATIONS

D,N,FE PACKAGE

outpuT 2 [T

8] v+
~vput 1 [2] % [ 7] output 2
+inpuT 1 [3] g (6] ~npuT 2
-
ORDER PART NO.
NE/SE5512N

NE/SES512FE
NES5512D

5] +inpuT 2

o Battery operation ABSOLUTE MAXIMUM RATINGS
e Instrumentation applications Parameter Rating Unit
vVce Supply Voitage +16 v
Vp Power dissipation 500 mwW
TA Operating temperature range
NES512 0to 70 °C
SES512 —55 to +125 °C
TsTG Storage temperature range —65 to +150 °C
TsoLD Lead temperature soldering 300 °C
EQUIVALENT SCHEMATIC
(ONE OP AMP)
. ° % -0 v+
~Vin +Vin
[ OuTPUT
) ﬁ@)‘( )
r 0 -v
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NE/SE5512-D,N,FE

ELECTRICAL PERFORMANCE CHARACTERISTICS vcg = +15V, F.R. = —55°C to +125°C (SE), 0°C to +70°C (NE)

SE5512 NES5512
PARAMETER TEST CONDITIONS Min | Typ Max Min | Typ Max UNIT
Vos Input offset voltage Rg = 100Q
Ta = +25°C 0.7 1.5 1 3 mv
Ta =FR. 1 2.5 1.5 4
los Input offset current Rg = 100kQ
TA = +25°C 3 10 6 20 nA
Ta =FR. 4 20 8 30
B Input bias current Rg = 100k
Ta = +25°C 3 10 6 20 nA
Ta =FR. 4 20 8 30
Input resistance — opo
RN Differential Ta = 25°C 100 100 MQ
v Input common TA = 25°C +13.5|+13.7 +13.5|+13.7 v '
™ mode range Ta=FA. +13 [+13.2 £13 |213.2
Veg = =15V
CMRR Input common-mode VIN = £13.5V (RM)
rejection ratio Ta = 25°C 70 100 70 100 dB
VIN = £13V (FR.)
Ta =FR.
AvoL Large-signal Ry = 2kQ Ta = 25°C 50 50
GAN  voltage gain Vo=*10v Ta=FR | 25 | 2% 25 | 20 vimy
S.R. Slew rate Ta =25°C 0.6 1 1 V/us
Small-signal
GBW unity gain Ta = 25°C 1 1 MHz
bandwidth
om Phase margin TA = 256°C 45 45 Degree
v Output voltage RL = 2kQ
OUT  swing Tp = 25°C +13 [+135 +£13 |+135 v
Ta =F.R. *+125| +13 +125| £18
v Output voltage Ry = 600Q*
OUT  gwing Tp = 25°C +£10 [£115 +10 [+11.5 v
Ta =FR. +8 | *9 +8 | 9
I Power supply RL = Open
cc current Ta = 25°C 3.4 5 3.4 5 A
Ta =F.R. 3.6 55 3.6 6.5
Power supply Ta = 25°C 80 110 80 110
PsRR rejection ratio Ta=FR. 80 100 80 100 8
AA Amplifier to f = 1kHz to 20kHz
amplifier coupling Ta = 26°C -=120 -120 dB
f = 10kHz
HD Total harmonic Ta =25°C 0.01 0.01 %
distortion Vo = 7VRMS
v Input noise = 1kHz nV/
INN voltage Tp =25°C 30 30 VHz
1 Input noise f = 1kHz pA/
INN current Ta = 25°C .2 .2 VHz
NOTE
* For operation at el d p ,Np must be d based on a thermal
resistance of 120°/W j ion to ambi Thermal of the FE pach is
125°/W.
82
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BRIDGE TRANSDUCER AMPLIFIER

In applications involving strain gauges,
accelerometers and thermal sensors a
bridge transducer is often used. Frequently
the sensor elements are high resistance
units requiring equally high bridge resis-
tance for good sensitivity. This type of cir-
cuit then demands an amplifier with high in-
put impedance, low bias current and low
drift. The circuit shown represents a possi-
ble solution to these general requirements
(Figure 1).

For Vg = 10 volts, the common mode volt-
age is approximately +5 volts, well within
the common mode limits of the NE5512.

The sensitivity of the input stage is approxi-
mately
RF - Vs
2R

to a change in transducer resistance AR.
This gives a gain factor of ~50 for Vg = 10V
and R = 25kQ. The second stage gain is
X100 giving a total gain of ~5000.

Noise is minimized by shielding the
transducer leads and taking special care to
determine a good signal ground. Common
mode noise rejection is particularly impor-
tant making matched differential impedance
critical. The NE5512 typically provides
100dB of common mode rejection and will
considerably reduce this undesirable effect.

The following are sensitivity figures for the
transducer circuits.

AR AEqout
leg 1 10Q —-2.6V
5Q -1.3V
leg 2 10Q +2.4
5Q +1.2

Temperature compensation of the bridge
element is accomplished by using low drift
metal film resistors and also by providing a
complimentary non-active sensor element to
thermally track the offset in the active
element.

High frequency roll-off provides attenuation
of unwanted noise above the pass band of
the transducer. The shunt capacitors across
both stage feedback resistors are for this
purpose.

CURRENT TO VOLTAGE
CONVERTER

Taking advantage of the very low bias cur-
rent and offset of the NE5512 is demon-
strated in its adaptation to a current to voit-
age converter as shown below (Figure 2).

The lower limit of measuring accuracy is de-
termined by Ig (inverting) which is typically
6nA. In order to attain a measurement accu-

NE/SE5512-D,N,FE

NE/SE5512 BRIDGE TRANSDUCER AMPLIFIER

100k

MW
O1uF

Transducer/Preamp
Gain
RE A Vs
® = R*TF+2° 2F 1/ + 2 FR/AFA
a= i
*NOTE

Thermal compensation transducer (non-active)

Figure 1

A
E’V‘v \4 -
1kQ

‘%I&{ ®L

100k

1kQ

ll'——-l

JApF

I——il'
O WwF
—=15 +15

Example:
AR =50 Aeg ~ 1.2V
vs = +10v

100pF (POLYSTYRENE)
-

1
LA

AAA,
YV

1MEG .01%
METAL FILM

®

Rs @
®

NE/SE5512 CURRENT TO VOLTAGE CONVERTER WITH 1% ACCURACY
[SENSITIVITY: 1 VOLT PER MICROAMP]

—AAA
\AAS

10kQ

10k

= L ® = L
- JApF AuF -
fc = 160Hz - O -
—15v +15v
Figure 2
racy of 1% the following inequality must RE +Rg
hold, Rs

Ig < (.01) Ismin

Where Ig = input bias current, Igmin = mini-
mum measured current. For Ig = 6nA and
Ismin = 1uA,

6nA = (.01) 1pA = 10nA
and the inequality hold.

DC offset and current noise gain is deter-
mined by

sifnetics

which ~ 1 for Rg > Rf.

The measured results for this circuit appear
below (Vg = % 15 volts).

INPUT CURRENT | DUTPUT VOLTAGE
1uA 1.008 Volts
S5uA 5.00 Volts
10.00uA 10.00 Volts
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NE5512 OPERATIONAL

DIFFERENTIATOR

By utilizing the very high input impedance
characteristic of the NE6512, an excellent
active differentiator can be realized. Using
the circuit shown (Figure 3), good resuits
were obtained as shown by the wave forms
in figures 4, 5 and 6. One of the primary
problems with such circuits is the tendency
toward instability and distortion either due
to loading caused by input bias currents or
amplifier non-linearity. In addition, gain in-
creases with frequency requiring low input
noise in the amplifier.

The relative stability is shown by the output
signal wave forms mentioned above. Adding
R4 provides added compensation in the
form of a zero near the amplifier unity gain
frequency. Frequency range is 100Hz to
10kHz.

In order to obtain good differentiation, the
network time constant, RC, must be small
relative to the period of the highest frequen-
cy present at the input. Since the
differentiator will attenuate the signal by a
factor of wRC which may be 100:1 in the
operating region, the second amplifier stage
is used to compensate for this loss. Various
circuits are easily interfaced with the
differentiator block due to the inherently low
output impedance of the NE§512.

NE/SE5512-D,N,FE

NE/SE5512 ACTIVE DIFFERENTIATOR WITH INVERTING X10 BUFFER

RF

AAA
\AA S

10kQ

m

k2  .001.F

DIFFERENTIATOR WAVEFORMS

IN
TRIANGLE WAVE 200mV/cm
INPUT
ouT
500mV/cm
SQUARE WAVE
OUTPUT H = 20us/in
Figure 4
20mVv/
SQUARE WAVE musem
INPUT
2V/cm
IMPULSE =
OUTPUT H = 20us/cm

Figure 5
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THE OPERATIONAL INTEGRATOR

The operational compliment of the active
differentiator is the active integrator. The
NE5512 is easily adapted to this function as
shown in the circuit below (Figure 7). To
obtain satisfactory integration the time con-
stant must fulfill the following requirement:

RC = 15T

Where T is the period of the input wave form.
For the ideal integrator
€out = ﬁlc-fein dt

The factor 1/RC represents an attenuation
of the input signal. The low signal level is
increased by using the second half of the
NE5512 as a gain stage following the oper-
ational integration. The wave forms in Fig-
ures 8 and 9 show the input-output relation-
ship for both a sine wave and a square wave
function. A good integrator must exhibit a
phase shift of =89° for sine wave input over
the active frequency range. For a square
wave the resultant output must be a linear
ramp. The circuit shown fulfills this require-
ment (see Figure 7). No external compensa-
tion is required since the amplifier is unity
gain stable.

NE/SE5512-D,N,FE

DIFFERENTIATOR WAVEFORMS

Vin = sin ot 200mV/cm

Vo~ cos ot
1V/cm

H = 20us/cm

Figure 6

NE/SE5512 ACTIVE INTEGRATOR WITH INVERTING BUFFER

'}".‘ Joke
L1} YVV¥
1MEG @
oin = sin wt I
eout = co8 wt
fin > 200Hz @ b @
@ @ e
= O =
= -WF ~1MIF—]T‘
—15 +5
Figure 7
INTEGRATOR WAVEFORMS

SQUARE WAVE IN
INPUT 10V/cm
ouT
1V/cm
TRIANGLE WAVE
OUTPUT

H=1ms/cm

Figure 8

sinetics
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INTEGRATOR WAVEFORMS

SINE WAVE IN
INPUT 5V/cm
ouT
0.5V/cm
COSINE WAVE
OUTPUT
H=1ms/cm

Figure 9

86

Sinnetics

NE/SES512-D,N,FE



DESCRIPTION

The NE/SE5514 family of Quad Operational
Amplifiers sets new standards in Bipolar
Quad Amplifier Performance. The amplifiers
feature low input bias current and low offset
voltages. Pin-out is identical to
LM324/LM348 which tacilitates direct
product substitution for improved system
performance. Output characteristics are
similar to a uA741 with improved slew and
drive capability.

FEATURES

® Low input bias current: < +3nA

® Low input offset current: <+3nA

* Low input offset voitage: <1mV

® Low supply current: 1.5mA/Amp

® 1V/usec slew rate

® High input impedance: 100MQ

® High common mode impedance: 10GQ
® Internal compensation for unity gain

APPLICATIONS

o AC amplifiers

® RC active filters

® Transducer amplifiers
® DC gain block

NE/SE5514-F\N

PIN CONFIGURATION

F,N PACKAGE

* Instrumentation amplifier OR':‘EE:;‘:?TNM'
SE5514F,N
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vce Supply voltage +16 v
VDIFF Differential input voltage 32 v
VIN Input voltage 0to 32 v
Output short to ground Continuous
TS Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature 300 °C
TA Operating temperature range
NES5514 Oto70 °C
SE5514 —55 to +125 °C
EQUIVALENT SCHEMATIC
(ONE OP AMP) ° O v+
VvV
LA
~VIN VN
T [ ouTPUT
~ N
—0 ~v

SinoLics
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ELECTRICAL CHARACTERISTICS

Vo= 15V, FR. = —=55°C to +125°C (SE) 0°C to 70°C (NE)

NE/SE5514-F.N

SE5514 NE5514
PARAMETER TEST CONDITIONS Min | Typ Max Min | Typ Max UNIT
Vos Input offset voltage Rg = 100%}, Tp = +25°C, 0.7 2 1 5 mv
Ta =FR. 1 3 1.5 6
los Input offset current Rg = 100kQ, Tp = +25°C, 3 10 6 20 nA
Ta=FR. 4 20 8 30
B Input bias current Rg = 100kQ, TpA = +25°C, 3 10 6 20 nA
Ta=F.R. 4 20 8 30
RIN Input resistance differential Tp = 25°C 100 100 MQ
vem Input common mode range Ta = 25°C, Tpo = FR. +13.6|+13.7 +13.65|+13.7 v
+13.6]+13.2 +13 | £13.2
CMRR Input common-mode Vge = =18V,
rejection ratio VIN = £ 13.5V (RM), 70 100 70 100 dB
TaA = 25°C,
VIN = =13V (FR),
Ta =FR.
AVOL Large-signal voltage gain RL = 2kQ, Tp = 26°C 50 50
GAIN VG = +10V, Tp = FR. 25 | 200 25 v/mv
S.R. Slew rate Ta =25°C 0.6 1 0.6 1 V/us
GBW Small-signal unity Ta =25°C 1 1 MHz
gain bandwidth
Om Phase margin Ta = 25°C 45 45 Degr
Vourt Output voltage swing RL = 2kQ, Tp = 25°C *+13 [+135 +13 [+13.5 v
Ta=F.R. +125| +13 +125| *13
Vourt Output voltage swing RL = 600Q*, Tp = 25°C +10 |£1156 +10 |£115 v
Tao=F.R. +8 *9 +8 *9
Icc Power supply current Ry = Open, Tp = 25°C 6 10 6 10 mA
Ta =FR. 7 12 7 12
PSRR Power supply rejection ratio Ta = 25°C, Tao =FR. 80 110 80 110 dB
80 100 80 100
AA Amplifier to amplifier coupling | f = 1kHz to 20kHz, Tp = 25°C ) —-120 -120 dB
HD Total harmonic distortion f = 10kHz, Tp = 26°C 0.01 0.01 %
Vo = 7vRMs
VINN Input-noise voltage = 1kHz, Tp = 256°C 30 30 nV/\/Hz

NOTE

*For operation at elevated temperature, N package must be derated based on a thermal

6 of 95°C/W junction to
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FOUR QUADRANT PHOTO-
CONDUCTIVE DETECTOR

AMPLIFIER

When operating a photo diode in the photo-
conductive mode (reverse biased) very
small currents in the micro ampere range
must be sensed in the photo active operat-
ing region. Dark currents in the nano am-
peres are common. Generally, for this
reason, J-FET input preamps are used to
prevent interaction and accuracy degrada-
tion due to input bias currents.

The 5514 has sufficiently low input bias cur-
rent (6na) to allow its use under these circuit
constraints as shown in a possible design
used to sense four quadrant motion of a light
source. By proper summing of the signals
from the X and Y axes, four quadrant output
may be fed to an X-Y plotter, oscilloscope or
computer for simulation. (See figure 1).

The wide input common mode voltage range
of the device aliows a +10 volt supply to be
used to drive the signal bridge giving high
sensitivity and improved signal to noise. Ob-
viously, input balancing is critical to achiev-
ing common mode signal rejection in addi-
tion to adequate shielding of the sensor
leads. The sensor head itself must be
shielded and the shield grounded to signal
common to avoid unwanted noise pick up
from power line and other local noise
sources. Amplifier response may be shaped
to aid in noise reduction by more complex
filter configurations. If possible the 5514
should be located in close proximity to the
sensor head.

System balance may be done under dark
field conditions if adequate photo detector
tracking results. However, for high accuracy
systems a bipolar balance adjust added to
the non-inverting output stage is more desir-
able. With this latter method the signal
bridge is balanced for a null output under
uniform light field conditions using the
bridge balance pot as shown. D.C. offset is
then adjusted using the balance pot on the
output amplifier under dark field conditions.

MULTI-TONE BANDPASS FILTER
FOR PLL TONE DECODER

In the design of a multiple tone signaling
system, particularly where signals are trans-
mitted over long lines, noise and adjacent
channel interference may be a significant
barrier to reliable communications.

By the use of narrow band active pre-filters
to attain selectivity and gain, the effective

NE/SE5514-F,N

FOUR QUADRANT PHOTO DETECTOR
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Figure 1

signal to noise ratio is greatly improved. The
NE/SE5514 is easily adapted to such filter
configurations due to its inherent stability. In
addition its very high input impedance dras-
tically reduces loading on the passive net-
works and allows for increased “Q” and
large value resistors.

The circuit in Figure 2 demonstrates multiple
feedback filters operating at four of the
standard signaling frequencies. More chan-
nels may be added to increase the capacity
of the system.

Sinotics

Test results obtained from this filter configu-
ration were as follows:

Wide band signal to noise 63dB

Gain (Mid band) 30dB

Q (effective) ~ 30

Output OdBM
(.775vims)

Note that the amplifiers are operated from a
single +12 volt supply and are biased to half
Vg by a simple resistive divider at point B
which connects to all non-inverting inputs.
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4-STATION 0-50° TEMPERATURE
SENSOR

By using an NPN transistor as a temperature
sensing element, the NE5514 forms the ba-
sis for a multi-station temperature sensor as
shown in Figure 3. The principle used is fun-
damental to the current-voltage relationship
of a forward biased junction. The current
flow across the base-emitter junction is de-
termined by absolute temperature in the fol-
lowing way:

Ig=—(c +Ig) t
and Ig oo lg exp (VRg/VT); VT = T
therefore, Vgg oo VT Inlg/lg

Where Ig is the forward current and Ig is the
saturation current inherent in the junction, |g
must be high enough such that the Ig vari-
ation with temperature is small relative to Ig
(I >> Ig). Ig is typically .05 pA, therefore,
setting Ig to 1 or 2 uA gives the desired
condition.

Diode D1 serves to substantially reduce er-
ror due to power supply variation by giving a
fixed voltage reference. To calibrate the
sensor adjust R4 for “O” volts output from
the NE5514 at 0°C. Adjust Rg tracking re-
sistor for a scale factor of 100 millivolts per
°C output.

Only the transistor need be placed in the
temperature controlled environment. Figure
4 shows the addition of an A/D converter
and display to give a digital thermometer.
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4-CHANNEL TEMPERATURE SENSOR

NE/SE5514-F,N
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DESCRIPTION

The NE5517 contains two current controlled
transconductance amplifiers, each with a
differential input and push-pull output. The
NES517 offers significant design and perfor-
mance advantages over similar devices for
all types of programmable gain applications.
Constant impedance buffers are provided
which effectively eliminate changes in out-
put offset voltage as the amplifier bias cur-
rent is varied. Circuit performance is en-
hanced through the use of linearizing diodes
at the inputs which enable a 10 dB signal to
noise improvement referenced to .5 percent
THD. The NE5517 is suited for a wide variety
of industrial and consumer applications and
is recommended as the preferred circuit
in the Dolby* HX (Headroom Extension)

FEATURES

e Constant impedance buffers

* AVgg of buffer is constant with
amplifier Igjas change

Pin compatible with LM13600
Excellent matching between amplifiers
Linearizing diodes

High output signal-to-noise ratio

APPLICATIONS

e Multiplexers

® Timers

e Electronic music synthesizers

® Dolby’ HX Systems

e Current-controlled amplifiers, filters

e Current-controlled oscillators,
impedances

NOTE

NE5517/5517A-D,N

PIN CONFIGURATION
N PACKAGE
'ABCa E E ABCp
+INa [3:: [12] +inp
~INa [@] EHE
Voa E [12] vo,

v- 6] 11] v+
INgUFFER a [7 | [10] NaurreR b
Vosurren a [2 ] 9] vosyrren b
ORDER PART NO.
NE5S517N  NES517D
NES517AN NES517AD

system. *Dolby is a regi trad k of Dolby Lab ies
inc., San Francisco, Calif.
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply Voltage!
NE5517 36 Vpg or +18 v
NE5517A 44 Vpg or £22 v
Power Dissipation2 Tp = 25°C
NES517N, NE5517AN 570 mwW
Differential Input Voltage +5 v
Diode Bias Current (Ip) 2 mA
Amplifier Bias Current (Iagc) 2 mA
Output Short Circuit Duration Indefinite
Buffer Output Current® 20 mA
Operating Temperature Range
NES517N, NE5517AN 0°Cto +70 °C
DC Input Voltage +Vgto —Vg
Storage Temperature Range —65°C to +150 °C
Lead Temperature (Soldering, 10 Seconds) 300 °C
CIRCUIT SCHEMATIC
v+
1 0-
Te ]
8,9
F&h Q11
VouTPuT
—o0
5,12
Y Q15 Q16
Q3
Qg
Ry
a8 g
¥
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PIN DESIGNATION
PIN NO. SYMBOL NAME AND FUNCTION
1 IABCa Amplifier bias input A
2 Dg Diode bias A
3 +INg Non-inverting input A
4 —INg Inverting input A
5 Voa Output A
6 V- negative supply
7 INBuffer (a) Buffer input A
8 Voguffer (a) Buffer output A
9 VoBuffer (b) Buffer output B
10 INBuffer (b) Buffer input B
1 v+ Positive supply
12 Vob Output B
13 —INp Inverting input B
14 +INp Non-inverting input B
15 Dp Diode bias B
16 1ABCh Amplifier bias input B
CONNECTION DIAGRAM
AV SR whon  oen
INPUT BIAS +) (<)  outPuT v+ INPUT OuTPUT
16 15 14 13 12 1 10 9
B
+
+
A
1 2 3 4 5 6 7 8
sms  Bas () it S “Neur oureur
INPAU‘I‘ A A A A A

SHNELES
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ELECTRICAL CHARACTERISTICS4

NE5517/55617A-D,N

NE5517 NES517A
PARAMETER TEST CONDITIONS Min Typ | Max Min Typ | Max UNIT
Input offset voltage (Vog) 0.4 5 0.4 2 mV
Over temperature range 5 mV
laBC 5uA 0.3 0.3 2 mV
Vos including diodes Diode bias current (Ip) = 500uA 0.5 0.5 2 mV
Input offset change SuA < IpnBC = 500uA 0.1 0.1 3 mVv
Input offset current 0.1 0.6 0.1 0.6 uA
Input bias current 0.4 5 0.4 5 uA
Over temperature range 1 8 1 7 uA
Forward
Transconductance (gm) 6700 | 9600 | 13000 | 7700 | 9600 |12000| umho
Over temperature range 5400 4000 umho
gm tracking 0.3 0.3 dB
Peak output current RL =0, IaBC = 5uA 5 < 5 7 uA
RL = 0, IaBc = 500uA 350 500 650 350 500 650 uA
RL =0, 300 300 pA
Peak output voltage
Positive RL = oo, 5uA < IpABc < 500pA | +12 |+14.2 +12 | +14.2 v
Negative RL = o0, 5pA < Ipgc =< 500uA | —12 |—14.4 —-12 |—14.4 v
Supply current IABC = 500uA, both channels 26 2.6 mA
Vos sensitivity
Positive AVosg/AV+ 20 150 20 150 uVv/v
Negative AVos/AV—- 20 150 20 150 uv/v
CMRR 80 110 80 110 dB
Common mode range +12 [+13.5 +12 |+ 13.5 \")
Crosstalk Referred to input5
20Hz < f < 20kHz 100 100 dB
Diff. input current IABC = O, input = £4V 0.02 | 100 0.02 10 nA
Leakage current IaABC = 0 (Refer to test circuit) 0.2 100 0.2 5 nA
Input resistance 10 26 10 26 KQ
Open loop bandwidth 2 2 MHz
Slew rate Unity gain compensated 50 V/uSec
Buff. input current 5 0.4 5 0.4 5 uA
Peak buffer output voltage 5 10 10 \"
A VgE of buffer 6 Refer to Buffer Vgg test circuit 0.5 5 0.5 5 mv

NOTES

1. For selections to a supply voltage above +22V, contact factory.

2.

w

94

For operatmg at mgh temperatures, the device must be derated based on a 150°C
p andath | resi of 175° C/W which applies for
the device soldered in a printed circuit board, operating in still air.

. Buffer output current should be limited so as to not d k dissi
. These specifications apply for Vg = + 15V, T =25°C, amplmer bias currem "ABC)

500uA, pins 2 and 15 open unless otherwise specified. The inputs to the buffers are
grounded and outputs are open.

. These specifications apply for Vg = +15V, lagc = 500uA, Royt = 5k connected

from the buffer output to —Vg and the input of the buffer is connected to the
transconductance amplifier output.

Vs = %15, Rgyt = 50 connected from Buffer output to —Vg and 5pA < lagc =
500uA.
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TYPICAL PERFORMANCE CHARACTERISTICS

NE5517/5517A-D,N

INPUT OFFSET VOLTAGE INPUT OFFSET CURRENT INPUT BIAS CURRENT
5 T 103 104
4 V§=* 15V Vg = 15V
3
z 2 T 102 e % g 108 /%
£ +125°C = s=* 2
§ N 4 § —ssc / / ///
é :1 s/ | ° 40 ,/ / 102
g -z +125°C @ / 25°C 7 g //
5 _, & +125°C /
5, § , p a4 i’ 0l 255 /
z
-6 / / 7
-7 / Fas°c ) +125°C
-8 01 1 Vi
R 1uA 10pA 100pA 1000u:A RIS 1uA 10uA 100pA 1000uA ApA 1uA 10uA 100uA 1000p:A
AMPLIFIER BIAS CURRENT (1ABC) AMPLIFIER BIAS CURRENT (IABC) AMPLIFIER BIAS CURRENT (iABC)
PEAK OUTPUT CURRENT PEAK OUTPUT VOLTAGE AND LEAKAGE CURRENT
COMMON MODE RANGE
104 15 108
v§= «': 15V 145 vour (+)V|m=(—l)vm=V'ou1' ='36V /
VCMR
- +125°C oo M - — / p
i g = s Vem 218 ol 4
ag T e
E f e 2 5 - RLOAD=00 E /
< —
o2 p :g o TA=25°C § .
xF _ ov
D / §87"° : 102 A/
14 / 74
~14.5 our m— /
1 A 10 /)
AuA A 10pA 100p:A 1000pA ApA 1A 104A 100pA 1000pA —50°C —25°C 0°C 25°C 50°C 75°C 100°C 125°C
AMPLIFIER BIAS CURRENT (IABC) AMPLIFIER BIAS CURRENT (IABC) AMBIENT TEMPERATURE (TA)
INPUT LEAKAGE TRANSCONDUCTANCE INPUT RESISTANCE
104 105 - 102 T
+125°C ot Pore”
3 l \
2 = ~
i‘ 08 é 108 Vg = +15V cg 101
T 1
; / € 5 \
[ 4
<
g 102 / g 103 B
z +25°C 3 -3
g 2 g
5 10 g 102 Rl ™
: £
1 10 01
o 1 2 3 4 5 6 7 L1uA 1uA 1004 1004A 100044 RN 1uA 10uA 1004A  1000pA
INPUT DIFFERENTIAL VOLTAGE AMPLIFIER BIAS CURRENT (1ABC) AMPLIFIER BIAS CURRENT (IABC)
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NE&S517/6517A-D,N
TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
-
AMPLIFIER BIAS VOLTAGE vs INPUT AND OUTPUT CAPACITANCE DISTORTION vs DIFFERENTIAL
AMPLIFIER BIAS CURRENT : INPUT VOLTAGE
2000 7 T r 100
1800 V§=+ 15V TA=+25°C Yy :5= 11';:(‘;
L=
< 1600 —~55°C // ¢ / laBC = TmA
€ -
i 1400 - ] ¢ N ~ 2
5 1200 4250 _fo"| & E
. ; v1°oo // / g 4 utT §
< - =
8 00 +125°C g ¢
£ 8 §
g » = 2 .
400 )
1
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VOLTAGE ve AMPLIFIER BIAS CURRENT OUTPUT NOISE vs FREQUENCY
20 600
e ° Ei \
w . a
Eg -20 ‘E’m
§§ a0 /7 00
=
38 7 %
§-— ~60 P 200 1ABC = 1mA —|
o A E o
=5 e
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NE5517/6517A-D,N

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

LEAKAGE CURRENT TEST CIRCUIT

O +36V

—
11
512 7,10
NES517
1,15 89
6

DIFFERENTIAL INPUT CURRENT TEST CIRCUIT

BUFFER Vgg TEST CIRCUIT

v+

5k}

Sifjnotics
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DESCRIPTION

The 5532 is a dual high-performance low
noise operational amplifier. Compared to
most of the standard operational amplifiers,
such as the 1458, it shows better noise per-
formance, improved output drive capability
and considerably higher small-signal and
power bandwidths.

This makes the device especially suitable
for application in high quality and profes-
sional audio equipment, instrumentation and
control circuits, and telephone channel am-
plifiers. The op amp is internally compen-
sated for gains equal to one. If very low
noise is of prime importance, it is recom-
mended that the 55632A version be used
‘which has guaranteed noise specifications.

EACH AMPLIFIER

FEATURES

Small-signal bandwidth: 10MHz
Output drive capability: 6002, 10V
(rms)

Input noise voltage: 5nV /Hz

DC voltage gain: 50000

AC voltage gain: 2200 at 10kHz
Power bandwidth: 140kHz
Slew-rate: 9V/us

Large supply voltage range: +3 to
+20V

NE5532/5532A-FE,N, SE6532/5532A-FE

PIN CONFIGURATION

N, FE PACKAGE

OUTPUT A
INVERTING ]
3

(8] v+
[7] outeut B

INVERTING
INPUT B

INPUT A
NON-INVERTING
INPUT A

LAz

v-1{4

ORDER PART NO.
NES532FE,N, SES532FE
NES532AFE,N, SE5532AFE

E NON-INVERTING
INPUT B

EQUIVALENT SCHEMATIC
- O
6 )J )
3 t 3
L o
A . L_K
O Gl
LN
ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vs Supply voltage +22 \
VIN Input voltage +V supply v
Vpipg  Differential input voltage ! +.5 v
TA Operating temperature range Oto 70 °C
TsTg  Storage temperature —65 to +150 °C
Ty Junction temperature 150 °C
Pp Power dissipation

5532FE 1000 mw
Lead temperature (soldering, 10 sec) 300 °C
NOTES:

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resis-
tors are used, large currents will flow if the differential input voltage exceeds 0.6V.

Maximum current should be limited to + 10mA.
2. Thermal resistance of the FE package is 125°C/W.
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NE5532/5532A-FE,N, SE5532/5532A-FE

DC ELECTRICAL CHARACTERISTICS T = 25°C, Vg = * 15V unless otherwise specified. - 2

SE5532/5532A NES5532/5532A
PARAMETER TEST CONDITIONS Min Typ Max Min Tvp Max UNIT
.5 2 5 4 mv
Vos Oftset voltage Over temperature 3 5 mV
100 10 150 nA
los Offset current Over temperature 200 200 nA
200 400 200 800 nA
B Input current Over temperature 700 1000 nA
8 16 mA
lcc Supply current Over temperature 13 mA
vVcm Common mode input range +12 | *13 *12 | £13 \'
CMRR Common mode rejection ratio 80 100 70 100 dB
PSRR Power supply rejection ratio 10 50 10 100 uv/v
RL = 2k@ Vg = =10V 50 25 100 V/mV
AvoL Large signal voltage gain Over temperature 25 15 V/mV
Ry = 6009, Vo = =10V 40 15 50 V/mV
Over temperature 20 10 V/mV
VouTt Output swing R = 600Q *+12 | £13 v
Rp = 600Q, Vg = =18V +15 | £16 \"
R = 2kQ +12 | £13 v
RIN Input resistance 30 300 30 300 kQ
Isc Output short circuit current 38 38 mA

NOTES

1. For NE6532, NES532A, Ty = 0°C, Tyax = 70°C.
2. For SE5532/5532A, Ty = ~55°C, Tyax = +125°C.

AC ELECTRICAL CHARACTERISTICS Tp = 25°C, Vg = + 15V unless otherwise specified.

PARAMETER TEST CONDITIONS NE/SE5532/5532A UNIT
Min Typ Max
Ay = 30dB Closed loop
RouTt Output resistance f = 10kHz, R = 600Q 0.3 Q
Overshoot Voltage follower
VIN = 100mV p-p
Cp = 100pF Ry = 600Q 10 %
Gain f = 10kHz 2.2 V/mV
Gain bandwidth product Cp = 100pF R = 600Q 10 MHz
Slew rate 9 V/us
Power bandwidth Vout = =10V 140 kHz
VouTt = * 14V, R = 600Q, 100 kHz
Vgco = =18V

ELECTRICAL CHARACTERISTICS Tp = 25°C, Vg = * 15V unless otherwise specified.

NE/SES5532 NE/SE5532A
PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max UNIT
Input noise voltage fo = 30Hz ' 8 8 12 [{avAHz
fo = 1kHz 5 5 6 |nvihz
Input noise current fo = 30Hz 2.7 2.7 pA~Hz
fo = 1kHz 0.7 0.7 pAAHzZ
Channel separation f = 1kHz, RS = 5kQ 110 110 dB
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TYPICAL PERFORMANCE CHARACTERISTICS

NE5532/5532A-FE,N, SE6532/5532A-FE

OPEN LOOP FREQUENCY RESPONSE CLOSED LOOP FREQUENCY RESPONSE LARGE-SIGNAL FREQUENCY
RESPONSE
120 60 0 ~
TYPICAL VALUES TYPICAL VALUES rvp‘nlg AL : ;:uss
\\ RF = 10kQ) ; RE = 1000
80 40 30
N
g N, ~
z \\ = RF = 9ki); RE = 1k() V)
g > Vo(p-p) 20
3
\ 0 RF=1k(;RE=® 1o \
\\
-40 -20 0
0100 100 100 105 106 107 103 104 105 105 107 10 102 100 104 105 108 107
1(Hz) f(Hz) 1 (Hz)
OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT INPUT COMMON MODE
VOLTAGE RANGE
80 1.4 30
V= 15V Vg = 18V TYPICAL VALUES
60 12
20
"o 40 [~ T VIN (v) /
(mA) T & (wa) y
10 L
20 0.4 /
T —
[ ° [
-85 -25 0 25 50 75 100 +125 55 ~26 © 25 50 75 100 126 ) 10 20
TA(°C) TA(°0) Vpi-VN (V)
SUPPLY CURRENT INPUT NOISE VOLTAGE DENSITY
12 102
16=0
10 [
s e s T
| —
P
(vln'i) VAR !
4
101
0 102
0 10 20 10 102 100 100
Vp; ~VN (V) t (Hz)
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NES532/5532A-FE,N, SE5532/5532A-FE

TEST CIRCUITS

CLOSED LOOP FREQUENCY RESPONSE VOLTAGE FOLLOWER

OVERSHOOT
v+

5532

6000 = =
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APPLICATIONS

The Signetics 55632 High Performance Op
Amp is an ideal amplifier for use in high qual-
ity and professional audio equipment which
requires low noise and low distortion.

The circuit included in this application note
has been assembled on a P.C. board, and
tested with actual audio input devices

(Tuner and Turntable). It consists of an RIAA
pre-amp, input buffer, 5-band equalizer, and
mixer. Although the circuit design is not new,
its performance using the 5532 has been
improved.

The RIAA pre-amp section is a standard
compensation configuration with low fre-
quency boost provided by the Magnetic car-

NES532/5532A-FE,N, SE6532/5532A-FE

tridge and the RC network in the op amp
feedback loop. Cartridge loading is accom-
plished via R1. 47k was chosen as a typical
value, and may differ from cartridge to
cartridge.

The Equalizer section consists of an input
buffer, 5 active variable band pass/notch
(depending on R9’s setting) filters, and an

RIAA—EQUALIZER SCHEMATIC

R12

AAA
Vv

3 255“ WA To voL/
BAL AMP
—-——asénwovzmn—
¢———— FOR DESIRED NO. OF ——¢
STAGES. —_—
R13
COMPONENT VALUES
R1 4%k c1  22uF
COMPONENT VALUE TABLES R2  imeg c2  750pF
R3 100k €3 .0033F
R9 = 25k R9 = 50 k R9 = 100k Re 1meg c4  aauF
R8 =24k R10=240k R8=5.1k R10=510k R8=10k R10=1meg RS Lk C5  SEETABLE
R6 100k cs SEE TABLE
fo C5 cé fo C5 (o} fo C5 (o} R7 100k €7 224F
R8 SEE TABLE
23 Hz WwF  uF [25Hz ATuF  .047uF | 12 Hz ATuF  .04TuF R (pot) SEE TABLE
50 Hz ATuF  .047uF | 36 Hz .33uF  .033uF | 18 Hz 33uF  .033uF e
72 Hz .33uF .033uF | 54 Hz 22uF  .022uF | 27 Hz 22uF  .022uF R12 100K
108 Hz 22uF  .022uF | 79 Hz 15uF  .015uF | 39 Hz 15uF  .015uF R13 20K (5 STAGES)
158 Hz A5uF  .015uF | 119 Hz AuF  .01uF | 59 Hz AuF O1uF
238 Hz AuF  .01uF | 145Hz  .082uF .0082uF| 72 Hz .082uF .0082uF
200Hz  .082uF .0082uF| 175Hz  .068uF .0068uF| 87 Hz .068uF .0068uF
350Hz  .0B8uF .0068uF| 212Hz  .056uF .0056uF| 106 Hz  .056uF .0056uF
425Hz  .056uF .0056uF| 253 Hz  .047uF .0047uF| 126 Hz  .047uF .0047uF
506 Hz  .047uF .0047uF| 360 Hz  .033uF .0033uF| 180 Hz  .033uF .0033uF
721Hz  .033uF .0033uF|541Hz  .022uF .0022uF|270Hz  .022uF .0022uF
1082 Hz  .022uF .0022uF|794Hz  .0154F .0015uF| 397 Hz  .015uF .0015pF
1588 Hz  .015uF .00154F| 1191Hz  .01uF .001uF | 595 Hz O1uF  .001uF
2382Hz  .01uF .001uF | 1452 Hz .0082uF 820pF | 726 Hz  .0082uF 820pF
2904 Hz .0082uF 820pF | 1761Hz .0068uF 680pF | 875Hz  .0068uF 680pF
3502 Hz .0068uF 680pF | 2126 Hz .0056uF 560pF | 1063Hz .0056uF 560pF
4253 Hz .0056uF S560pF | 25634 Hz .0047uF 470pF | 1267 Hz  .0047uF 470pF
5068 Hz .0047uF 470pF | 3609 Hz .0033uF 330pF | 1804 Hz .0033uF 330pF
7218Hz .0033uF 330pF | 5413Hz .0022uF 220pF | 2706 Hz .0022uF 220pF
10827 Hz .0022uF 220pF | 7940 Hz .0015uF 150pF | 3970 Hz .0015uF 150pF
15880 Hz .0015uF 150pF | 11910 Hz .001uF 100pF | 5955 Hz  .001uF 100pF
23820Hz .001uF 100pF | 14524 Hz 820pF 82pF |7262Hz  820pF 82pF
17614Hz 680pF 68pF | 8757 Hz 680pF  68pF
21267 Hz 560pF 56pF | 10633 Hz 560pF  56pF
12670 Hz 470pF  47pF
180456 Hz 330pF 33pF
Figure 1
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output summing amplifier. The input buffer is
a standard unity gain design providing im-
pedance matching between the pre amplifi-
ers and the equalizer section. Because the
5532 is internally compensated, no external
compensation is required. The 5-band ac-
tive filter section is actually 5 individual ac-
tive filters with the same feedback design
for all 6. The main differance in all five
stages is the values of C5 and C6 which
are responsible for setting the center fre-
quency of each stage. Linear pots are rec-
ommended for R9. To simplify use of this
circuit, a component value table is provided,
which lists center frequencies and their as-
sociated capacitor values. Notice that C5

equals (10) C6, and that the Value of R8 and
R10 are related to R9 by a factor of 10 as
well. The values listed in the table are com-
mon and easily found standard values.

The final stage is the summing amplifier/
buffer stage, to sum the individual filters
(Figure 2). Note the original signal is sub-
tracted from the sum by a factor dependant
on the number of filter stages. This subtrac-
tion is necessary to maintain a unity gain
configuration at the output with all pots set
to the flat position. If R13 were omitted the
output with 1 volt at each stage would equal
5 volts (in this case) instead of the desired 1
volt. Full boost and cut using the table val-

NE5532/5532A-FE,N, SE5532/5532A-FE

ues is about + 15dB. Although 5 bands were
chosen for this application, the user may
have as many bands as are required. Please
note that the subtracting resistor R13, must
be adjusted to meet the unity requirement

. = 100K . =
using R13 = ml.e. 5 stages = 20k.

The remainder of the circuit employs the
Philips TCA 730H volume, balance, and
loudness-control circuit and the Signetics
NES540 power driver circuit, which as shown
will net about 35 watts per channel RMS.
The NES40 can be found in the Signetics
Analog Data Manual, and Applications Man-
ual. Information on the TCA730A may be ob-
tained from Signetics Analog Division.

VOLUME, BALANCE, LOUDNESS & POWER AMPS

v+

RIGHT OUT

R12

+25v

<
R20 &
<>

R15

c13

+=}——>LGour

>R20
<

LOUDNESS
OFF

c12

NOTE
All resistors %W 1% to 5% unless otherwise noted

For additional information on the NE540, refer to Signetics Analog Data and Applications Manuals.

For additional information on the SAA730, contact Signetics Analog Division, Philips Representative.

Figure 2

VVv

R36 S
—285v

R21 56K c1 10uF
R22  2.2K c2  pF
R23 100K c3  aTuF
R24 22K C4  .0047uF
R25 47K C5  100pF
R26  3.9K C6  100pF
R27 10K c7  10uF
R28 100 OHMS 8  .uF
R29 .1BOHMS(2W) C9  104F
R30 56 OHMS C10  .0047uF
R31  8.2K C11  100pF
R32 IKTRMPOT  C12  100pF
R33 10K c13  104F
R34  B8.2K C14  SOuF
R35 56 OHMS C15  10pF
R36 .18 OHMS (2W) C16 .0047uF

C17  500pF

C18  500pF

sifntics
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NE5533/5533A-N,F e NE/SE5534/5534A-N,FE

NE5534-D
DESCRIPTION FEATURES PIN CONFIGURATIONS
The 5533/5534 are dual and single high- e Small-signal bandwidth: 10MHz F.N PACKAGE
performance low noise operational amplifi- e Output drive capability: 6000, 10V (rms) ’
ers. Compared to other operational amplifi- at Vs = £18V INVERTING j T7] BALANCE
ers, such as TLO83, they show better noise  ® Input noise voltage: 4nV/ VHz INPUT A COMPENSATION A
. . P - NONINVERTING E E COMPENSATION
performance, improved output drive capa- e DC voltage gain: 100000 INPUT A A
bility and considerably higher small-signal ® AC voltage gain: 6000 at 10kHz BALANCE 7] [i7] QUTPUT
and power bandwidths. ® Power bandwidth: 200kHz v [a] 1 vt
. . . . ® Slew-rate: 13V/us BALANCE ouTRUT
This ma.kes.the.dev_lces espgmally suitable Large supply voltage range: +3 to +20V s 5] 10] &
for application in high quality and profes- NONINVERTING 5] COMPENSATION
sional audio equipment, in instrumentation NVERTING o . :ALANCE/
and control circuits and telephone channel B COMPENSATION B
amplifiers. The op amps are internally com-
pensated for gain equal to, or higher than, °"%EER5:32';TFN°'
three. The frequency response can be op- NE5533AN AF
timized with an external compensation ca-
pacitor for various applications (unity gain
amplifier, capacitive load, slew-rate, low
overshoot, etc.) If very low noise is of prime D,N,FE PACKAGE
importance, it is recommended that the
5533A/5534A version be used which has savance [1 E] QOMPENSATION
guaranteed noise specifications. mvsmﬁ? 5 :D—Lj v+
Noumvsmgzﬁ_ ri«J [5] oureur
v-[7] [5] comPENSATION
ORDER PART NO.
NE/SE5534N,FE
NE/SE5534AN,AFE
NE5534D

EQUIVALENT SCHEMATIC

_I. S
<

> >

> <

b3

AA
VWA

W

AAA

\4
AA i

VA~

o-

W

= =
L
TR
Tk
T

~
x

K

AA
W
AAA
V
AA
v
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vs Supply voltage +22 \
VIN Input voltage +V supply \Y
Vpiee  Differential input voltage ! +5 \%
TA Operating temperature range
SE 5534/5534A -55 to +125 °C
NE5533/6533A /5534 /5534A 0to +70 °C
TstGa Storage temperature -65 to +150 °C
Ty Junction temperature 150 °C
Po Power dissipation at 25° C?
5533N, 5534N, 5534FE 800 mwW
5533F 1000 mW
Output short circuit duration® indefinite
Lead temperature 300 °C
(soldering 10 sec)

NOTES

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting

resistors are used, large currents will flow if the differential input voltage exceeds

0.6V. Maximum current should be limited to +10mA.

junction-to-ambient thermal resistances:

8-pin ceramic (FE) 140°C/W
14-pin ceramic (F) 110°C/W
8-pin plastic (N) 162°C/W

14-pin plastic (N) 150°C/W
2. For operation at elevated temperature, derate packages based on the following 3. Output may be shorted to ground at Vs = £15V, Ta = 25°C. Temperature and/or
supply voltages must be limited to ensure dissipation rating is not exceeded.

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = +15V unless otherwise specified..2

NE5533/5533A-N,F ® NE/SE5534/5534A-N,FE
NES5534-D

NE5533/5533A -
SE5534/5534A
PARAMETER TEST CONDITIONS 5534/5534A UNIT
Min Typ Max Min Typ Max
5 2 5 4 mV
Vos Offset voltage Over temperature 3 5 mV
los Offset current 10 200 20 300 nA
Over temperature 500 400 nA
| input current 400 800 500 1500 nA
8 P Over temperature 1500 2000 nA
lcc Supply current 4 6.5 4 8 mA
Per op amp Over temperature 9 mA
Vem Common mode input range +12 +13 +12 +13 Y
CMRR Common mode rejection ratio 80 100 70 100 dB
PSRR  Power supply rejection ratio 10 50 10 100 uV/V
. . RL = 6000, Vo = +10V 50 100 25 100 V/mV
AvoL Large signal voltage gain Over temperature o5 15 V/mv
. RL = 600Q +12 +13 +12 +13 \
Output swin
Vour  Output swing RL> 6000 Vs = +18V | +15 | +16 +15 | +16 v
RiN Input resistance 50 100 30 100 kQ
Isc OQutput short circuit current 38 38 mA
NOTES
1. For NES533/5633A/6634/5534A, Ty = 0°C, Tyyax = 70°C
2. For SE5534/5534A, Tyyn = —55°C, Tyax = +125°C
Sifnetics 105



NE5533/5533A-N,F © NE/SE5534/5534A-N,FE

NES534-D
AC ELECTRICAL CHARACTERISTICS Ta =25°C, Vs = +15V unless otherwise specified.
NE5533/5533A
SE5534/5534A
PARAMETER TEST CONDITIONS 5534/5534A UNIT
Min Typ | Max | Min | Typ | Max
Rourt Output resistance Ay = 30dB closed loop
f= 10kHz, R = 6000, Cc = 22pF 0.3 0.3 Q
Transient response Voltage follower, ViN = 50mV
RL=6000, Cc=22pF, CL=100pF
TR Rise time 20 20 ns
Overshoot 20 20 %
Transient response Vin = 50mv, RL = 6000
Cc = 47pF, CL = 500pF
TR Rise time 50 50 ns
Overshoot 35 35 %
AC Gain f = 10kHz, Cc =0 6 6 V/mV
f = 10kHz, Cc = 22pF 22 2.2 v/mV
Gain bandwidth product Cc = 22pF, CL = 100pF 10 10 mHz
Slew rate Cc=0 13 13 V/uS
Cc = 22pF 6 6 V/uS
Power bandwidth Vout =10V, Cc =0 200 200 kHz
Vour = £10V, Cc = 22pF 95 95 kHz
Vout = %14V, RL = 600Q. 70 70 kHz
Cc = 22pF, Vcc = +18V
ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = £15V unless otherwise specified.
5533/5534 5533A/5534A
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
X fo = 30Hz 7 5.5 7 |[nVAV/Hz
Input noise voltage fo = 1kHz 4 35 | 45 |[nvi/HY
. fo = 30Hz 2.5 1.6 pAN/HZ
Input noise current fo = 1kHz 0.6 0.4 pA/ \/ITZ
Broadband noise figure f = 10Hz — 20kHz, Rg = 5kQ 0.9 dB
Channel separation f = 1kHz, Rg = 5kQ 110 110 dB
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

NES5533/5533A-N,F ¢ NE/SE5534/5534A-N,FE
NES5534-D

102

INPUT NOISE CURRENT DENSITY

TOTAL INPUT NOISE DENSITY

TYPICAL VALUES

BROADBAND INPUT NOISE VOLTAGE

102

TYPICAL VALUES

pa/V/HE) !

10¢ 10 /
10Hz 1 | /
10Hz TO 20kHz
\ 1o Y A ikHz
In(rms) Vn(rms) 102 / Vn(rms) P
NNJYP (nv/ V2 717 ) _///]
10 200Hz TO 4kHz
THERMAL NOISE OF —
' ", SOURCE RESISTANCE o
/
10
102 102
102 10° 104 10 102 103 106 105 106 102 100 10 105 108
1 (Hz) Rg(Q) Rg (1)

TEST LOAD CIRCUITS

FREQUENCY COMPENSATION AND
OFFSET VOLTAGE ADJUSTMENT
CIRCUIT

CLOSED LOOP FREQUENCY RESPONSE

Rs
250

Cc

H

Rg 100pF = 60002

sifnotics
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TYPICAL PERFORMANCE CHARACTERISTICS

NE5533/5533A-N,F ® NE/SE5534/5534A-N,FE
NES534-D

OPEN LOOP FREQUENCY RESPONSE

120

TYPICAL VALUES

SEAN
Cc=0
g cc* z}x\
L \
b N,
[}

-40

10 102 103 104 105 105 107

f(Hz)

LARGE-SIGNAL FREQUENCY

RESPONSE

40

Vs = £15V
TYPICAL VALUES

(v)

OpF
22pF
47pF

Vo(p-p) 2

20

VIN (V)

0
102

103

104 105 108 107
f (Hz)

INPUT COMMON MODE

VOLTAGE RANGE

TYPICAL VALUES

NEG

V
Vos

AN

10 20
Vp;-VN (V)

SLEW-RATE AS A FUNCTION OF
COMPENSATION CAPACITANCE

Vg= 15V
Cc

12

.

S 8
(V/us) \

TYP

N

40 80
Cc(pF)

CLOSED LOOP FREQUENCY RESPONSE

60

40

GAIN (dB)
3

-20
1

OUTPUT SHORT-CIRCUIT CURRENT

80
Vg= 15V
€0
N
o N
(ma) To~lTYP
20
0
-55 -25 0 25 50 75 100 +125
Tac)
SUPPLY CURRENT
PER OP AMP
6
1g=0
TYP
4
1 —
P
'n
(ma)

10 20
Vp; ~VN (V)

0; RF = 10k(} ; RE = 1000}

TYPICAL VALUES

Cc=0; RF = 9k(); RE = 1k(1

Cc = 22pF; RF = 1k (1 ; RE = 00

A\

03

104 105

f (Hz)

106 107 108

INPUT BIAS CURRENT

Vg = 15V

]
wa) %8N
rve
-
0,4
[]
-55 -25 ] 25 75 100 125

(nV/ VHz) !

50
Ta (°C)

INPUT NOISE VOLTAGE DENSITY

TYP

102

103 104

f (H2)
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NE/SE5539-F,N

DESCRIPTION FEATURES PIN CONFIGURATION
The Signetics NE5539 is a very wide e Gain bandwidth product: 1.2GHz
bandwidth, high slew rate, monolithic oper- e Slew rate: 600V /usec F,N PACKAGE
ational amplifier for use in video amplifiers, e Full power response: 48MHz
RF amplifiers, and extremely high slew rate e Aygp: 50dB +meur [7] [72] -wpur
amplifiers. ez T 3 e,
Emitter follower inputs provide a true differ- APPLICATIONS ~vsuppry [Z] 757 FREQUENCY
ential high input impedance device. Proper  ® Fast pulse amplifiers - COMPENSATION
external compensation will allow design op- *® RF oscillators ne. [4] i
eration over a wide range of closed loop * Fast sample and hold [5] [10] +vsupeLy
gains, both inverting and non-inverting, to  ® High gain video amplifiers ne 5] a
meet specific design requirements. (BW > 20MHz) oo [} 57 oureur
ABSOLUTE MAXIMUM RATINGS ORDER PART NO.
NE/SE6539F
PARAMETER RATING UNIT NE/SE5539N
Vee Supply voltage *12 \
Pp Internal power dissipation 550 mW
TSTG Storage temperature range —65 to +150 °C
Ty Max junction temperature 150 °C
TA Operating temperature range
NE Oto 70 °C
SE —55to +1256 °C
Lead temperature 300 °C
EQUIVALENT CIRCUIT

O (12) FREQUENCY COMP.

p -0 (10) +Vee
l > >

AAA
\ A4
AAA,
W

()14 O
INVERTING INPUT

>
<
>
3 s }
< >
b3
e — K
NO N-INVERTING
INPUT | ( I \‘
> ‘b
>
g <L S :, (8) OUTPUT
> < b3
bS S <
9 < 2 22K
b3
O (7)GND

s
<
< >

AAA
VWv

O (3) —vce
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DC ELECTRICAL CHARACTERISTICS v = £8V, T = 25°C unless otherwise specified

NE/SES5539-F,N

SE5539 NE5539
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Vos Input offset voltage Vo =0V, Rg = 1000 Over temp mV
Ta =25°C 2.5 5
los Input offset current Over temp 1 uA
Ta = 25°C 2
g Input bias current Over temp 25 HA
TA = 25°C 13 20
CMRR Common mode rejection ratio F = 1kHz, Rg = 100Q, Vcpm = 1.7V 70 | 80 70 85 dB
RIN Input impedance 100 100 kQ
Rouyt Output impedance 10 10 Q
Vout Output voltage swing R = 150Q to GND +Swing +2.3 |+27 v
and 470Q to _VCC _Swing —1.7 | -2.2
Over temp +Swing [ +2.3|+3.0 v
-Swing |—1.5|—-2.1
Vout Output voltage swing Ry = 2Q to GND
Tp = 25°C +Swing | +2.5 | +3.1 v
—Swing | —2.0|-2.7
Ilcct Positive supply current Vo=0,R{=c0 Over temp 14 '8 mA
Ta = 25°C 14 17 14 18
lcc— Negative supply current Vo=0,Ry=o00 Over temp " 18 mA
Ta = 25°C 11 14 11 15
PSRR Power supply rejection ratio AVgg = =1V Over temp 300 | 1000 uvi/iv
Ta = 25°C 200 | 1000
. . Vo = +2.3V, —1.7V
AyoL Large signal voltage gain RL = 1500 to GND, 4708 to —VG a7 52 57 dB
AyoL Large signal voltage gain Vo = +2.3V, —1.7V Over temp dB
RL = 2K to GND Ta = 25°C 47 | 52 | 57
Ayop Large signal voltage gain Vg = +2.6V, —2.0v Over temp | 46 60 dB
Ry = 2Q to GND TA =25°C| 48 53 58
NOTE
1. Differential input voltage should not exceed 0.25 volts to prevent excessive input bias
current and common mode voltage 2.5 volts. These voltage limits may be exceeded if
current limit is 10mA.
AC ELECTRICAL CHARACTERISTICS vcg = +8V, R = 150Q to GND & 3900 to —V G unless otherwise specified
SE5539 NES5539
PARAMETER TEST CONDITIONS Min Typ | Max | Min Typ | Max UNIT
Gain bandwidth product AcL =7 Vg=0.1Vp-p 1200 MHz
Small signal bandwidth AcL =2 Rp = 150Q 110 MHz
Settling time AcL =2 R = 150Q 15 nSec
Slew rate AcL =2 R = 1500 330 600 V/uSec
Propagation delay AcL =2 R = 150Q 10 7 nSec
Full power response AcL =2 RL = 150Q 20 48 MHz
Full power response Ay =7, R = 150Q 20 MHz
Wide band noise (RMS) Bw = 5MHz, Rg = 500 5 uv
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NE/SE5539-F,N

DC ELECTRICAL CHARACTERISTICS vcg = +6V, Tp = 25°C unless otherwise specified

SE5539 NE5539
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Vos Input offset voltage Over temp 2 5 mV
Ta =25°C 2 3
los Input offset current Over temp A 8 HA
Ta =26°C A 1
I Input bias current Over temp 5 20 HA
Ta =26°C 10
CMRR Common mode rejection ratio VM = £1.3V, Rg = 100Q 70 85 dB
Icct Positive supply current Over temp ' 14 mA
Ta = 25°C 11 | 13
lcc— Negative supply current Over temp 8 " mA
Ta = 25°C 8 10
PSRR Power supply rejection ratio AVgg = =1V Over temp 300 | 1000 uviIv
Ta = 26°C
+Swing |+1.4|+2.0
V, Output voltage swing RL = 1500 to g‘:'?l; ~Swin -1.1|-17 v
ouTt GND and wing : :
3900 to +Swing | +1.5]+2.0
-Vce Ta = 25°C v
—-Swing |—1.4|—18
AC ELECTRICAL CHARACTERISTICS v¢c = +6V, R = 1509 to GND and 3900 to —V¢¢ unless otherwise specified
SE5539 NE5539
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Gain bandwidth product AcL =7 700 MHz
Small signal bandwidth AcL =2 120 MHz
Settling time AcL =2 23 nSec
Slew rate AcL =2 330 V/uSec
Propagation delay AcL =2 4.5 nSec
Full power response AcL =2 20 MHz

NE5539 COLOR VIDEO AMPLIFIER
The NE5539 wide band operational amplifier
is easily adapted for use as a color video
amplifier. A typical circuit is shown (figure 1)
along with the Vectorscope photograph
showing the amplifier response to a stan-
dard NTSC color signal. (Note that the input
reference vectors are displayed simulta-
neously with the output.) The polar repre-
sentation indicates amplifier differential

phase error overall to be less than 2°. Gain
also remains linear or constant with the
varying input amplitudes.

The amplifier circuit was optimized for a 75Q
input and output termination impedance with
a gain of 10 (20dB).

A second series of test waveforms show the
amplifier's response to a 3.58MHz burst sig-
nal (figures 2 and 3).

Sijnetics

Finally, the amplifier response is shown as a
function of time for the NTSC signal with no
perceptible droop or overshoot in response
to step functions (see figure 4). Note that no
external compensation was required since
the gain was greater than 7 (17dB).

Vge is *8 volts for all cases shown.
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NE/SE5539-F,N

POWER BANDWIDTH (SE)

5
o 4
4
3
>
3 s
L3
a
GAIN (—2)
2}—— vec= +8V
RL = 2KQ
1
1 MHz 10MHz 100MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
SE5539 OPEN LOOP GAIN vs FREQUENCY
50
I 40
Q 30
z
3
20
vee = 6V
10 RL = 1260
o°
1 MHz 10 MHz 100 MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
SE5539 OPEN LOOP PHASE vs FREQUENCY
o
e
@
a
W 90°
17}
<
I
Farl— e ~
R = 126
180°
1 Mz 10 MHz 100 MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
NOTE

Indicates typical
distribution —566°C =< Tp < 125°C

i

POWER BANDWIDTH (NE)

4
1
2
- 3dB B.W.
g 2 . A"\
)
&
& Vee = 6V
11— AL = 1500
GAIN (—2)
MHz 10MHz 100MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
POWER BANDWIDTH
REF
3.04v
PP
-2
ﬁ -4
<
: \
S -s
8 \
g -8 NC
GAIN (=7) \
A RL = 1500 x
-12
1 MHz 10 MHz 100 MHz 300 MHz
FREQUENCY IN CYCLES PER SECOND
GAIN BANDWIDTH PRODUCT vs FREQUENCY
Av = X10
22 Ve = +6V—
M = 150Q
20
g R 3d8
z 18f—Av=Xx75
<
2}
; %
D eme—— |+ -]
14 I
n | |

10 MHz
FREQUENCY IN CYCLES PER SECOND

100 MHz 300MHz
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NE/SE5539-F,N

OPTIONAL
OFFSET
ADJ.
+V O—WN——O0 —V
Rs

Ra

MY

28dB NON-INVERTING AMP
SAMPLE P.C. LAYOUT

Ry
l 754

VIN

Ry = 75() 5% CARBON
R2 = 75{) 5% CARBON
R3 = 75{) 5% CARBON
R4 = 36K 5% CARBON

Ra/

Il

Rs = 20K TRIMPOT (CERMET)
RF = 1.5K (28dE GAIN)
Rg = 470() 5% CARBON

p———--AAA———O VOUuT

754

750
TERM

RFC 3T # 26 BUSSWIRE ON
FERROXCUBE VK 200 09/3B CORE
BYPASS CAPACITORS

inF CERAMIC

(MEPCO OR EQUIV.)

TOP PLANE COPPER!
(Componqnt Side)

é .

NE 5539
w/comp

COMPONENT SIDE
(Component Layout)
-V

NOTE
(X) indicates ground connection to top plane.
* Rg is on bottom side.

BOTTOM PLANE
COPPER?

NOTE

* Bond edges of top and bottom ground plane copper.

Figure 10

Copyright © Signetics 1979
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NE/SE5539-F,N

SMALL SIGNAL RESPONSE
ouTPUT
200mv 100mV/DIV
PP
INPUT
'°°",IY, 10ns/DIV
Figure 8
LARGE SIGNAL RESPONSE
ouTPUT
2Vp.p 500mV/DIV
INPUT
1Vp.p 10ns/DIV
Figure 9

1 14 Copyright © Signetics 1979 E'I_'!lllﬂtiﬂﬁ



The primary reasoning behind this proce-
dure is to force the closed loop circuit to
appear as a gain of X7 above the critical
frequency where phase changes rapidly
(approx. 70MHz; refer to figure 7a). The lag
network raises the phase at the upper oper-
ating frequencies, greatly improving the
phase margin.

The calculations below show the application
of these principles to the circuit in figure 7b.

The circuit shown has an inverting gain of 2,
therefore solving for Ra:

Ry 2K

R2§m§m=w0

Let Ry = 3300

Assuming a gain band width product of 350
MHz, Cg may now be calculated as follows:

. 5
oo CG x————————— =~ | 14pF
G = 330 350 « 106 L

—

NE/SE5539-F,N

INVERTING GAIN OF 7
GAIN-PHASE RESPONSE
(UNCOMPENSATED)

70MHz

Figure 7a

In the circuit shown, a lead compensation
capacitor of ~ 1.6pF was used with a value
of R2 of 330Q and Cg was a 2 — 20pF trim-
mer cap (JFD piston-type). Rise and fall
times of 2.8 to 3ns were measured in the
small signal mode with quite adequate range
in the lag compensation trimmer to optimize
overshoot and reduce ringing (see pulse re-
sponse—figures 9 and 10).

Copyright © Signetics 1879

NES5539

INVERTING GAIN OF 2 AMPLIFIER

1.8 pF

2k(}

—AAA
VVv

+v

Resistors- % watt carbon.
RFC-3T #26 buss wire on Ferroxcube VK200 09/3B
wideband threaded core.

Figure 7b

270
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CIRCUIT LAYOUT
CONSIDERATIONS

As may be expected for an ultra-high fre-
quency, wide gain bandwidth amplifier, the
physical circuit layout is extremely critical.
A double-sided printed circuit board will re-
sult in more favorable system operation (see
figure 10).

The effect of the distributed and input ca-
pacitance added by the inverting node of the
amplifier must be considered when calculat-
ing actual system closed loop performance.
The RC product of the input resistor (R)N) in
parallel with Cqigt. and feedback resistor
(RE) create a pole at pin 14 (figure 5). This
frequency must fall beyond the unity gain
frequency of the system in order to maintain
stability and system performance.

CLOSED LOOP GAIN

LESS THAN 7

The NES5639 is stable for all closed loop
gains greater than seven (7). When operat-
ing at gains less than seven (7), the device
can become unstable. The circuit in figure 7
is an example of a unity gain inverting ampli-
fier. The compensation components are
added to obtain stable operation.

Capacitor Cy_improves the phase margin (of
the operational amplifier) by compensating
for the lag introduced by the distributed ca-
pacitor (Cp).

It can be shown that the optimal conditions
for amplifier stability occur when R{Cp =
RECy ; however, when the stability criteria is
obtained, it should be noted that the actual
bandwidth of the closed loop amplifier will
be reduced.

The actual value for C| , based on a distrib-
uted capacitance of 3.5pFd, would be
=~ 2pF.

Determination of Compensation
Capacitance:

Cdist
AcL

The above equation defines the relationship
between the distributed capacitance,
closed loop gain (AcL), and the compensa-
tion capacitor (Cy ). For closed loop stability
and gains less than 5, Ciggd becomes a
practical consideration. When bandwidth is
of primary concern, the simple lead compen-
sation will usually be adequate. However, if
transient response is also a factor in the
design, then a lag compensation network
(Cg. R2) may be necessary.

Clead =
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NON-INVERTING BLOCK DIAGRAM
RIN RF

f .}__.AAA AAA
\AA4 W
75Q 1.5kQ +av

1nF
Tk
_l_cost 10 759
K NE5539
= 20 =
o + 4700 - 75¢
750
= -8v I =
= -8v
Figure 5
WIDE BAND UNITY GAIN
INVERTING AMPLIFIER CIRCUIT
IN A 75Q SYSTEM
1t
1t
CLEAD
RI= 1K
O- MV M
Rf = 2KQ?
o

1]

1
e CoisT 6dB

= 1 - | ) Loss l
’ 20 = 750

+ 75

R2

Figure 6

For practical applications, the following Cjag may be approximated by the following
equations can be used to determine the equations. First set the lag network break

proper lag compensation components: frequency in relation to the amplifier total
gain product (open loop).
R¢ .
TR =7 (Equation 1)
Ri R2 Set wjgg = 2m  GBW rad/sec
lag = o
R¢ T * GBW
SRy S — (Equation 2) =———p— rad/sec,
e then !
w =ga
l1ag = RyClag
(Using Equation 1 to insure a closed and Ciag may now be determined.
loop gain of X7 above the network G 5
break frequency allows you to solve lag =73 Ry * GBW

for R, the lag network resistor.) < Assume GBW = 350MHz >  (Equation 3)
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P
ﬁ

NES539 VIDEO AMPLIFIER

RE

754!

+v

NE5539 NTSC VECTOR POLAR GRAPH

6dB LOSS—1

|
270°

NOTE

Figure 1 Figure 2
3.58MHz BURST SIGNAL NTSC OUTPUT SIGNAL

3.58MHz burst through a 5539 20dB amplifier.

Figure 3

NOTE

Output of NES539 20dB amplifier.
Zin=750's

Zout = 75{'s

Figure 4

NES5539 OPEN LOOP PHASE
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dB
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50
40
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NE5539 OPEN LOOP GAIN

1MHz
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OPEN LOOP GAIN/PHASE TEST CIRCUIT

R L 500
NES539  TEST (ATTEN. —13.6 dB) 3§ =

Ry = 470Q vee £ 8V L

R2=118.3Q R3 = 86.6Q = =

SE 5539 TEST  (ATTEN —1.7 dB) (TERMINATED)
Ry = 390 vee + 6V

Rz = 140Q

R3 = 75Q R4 = 470
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DESCRIPTION

The uA741 is a high performance oper-
. ational amplifier with high open loop gain,
internal compensation, high common
mode range and exceptional temperature
stability. The uA741 is short-circuit pro-
tected and allows for nulling of offset volt-

FEATURES
Internal frequency compensation
Short circuit protection
Excellent temperature stability
High input voltage range

age.
EQUIVALENT SCHEMATIC
uA741, uA741C, SA741C
O V+
7
Qg S+—F 99 012[21_—|—g°13 Qqq
INVERT. a
INPUT
NONINERTNG o i 0y | 0 f o wai | [0 e
& Qg [ 2582
R
7%“! —o ouTPUT
R0
5082
Qg
]
'—Kan
OFFSET NULL
Ri2 Rn
50k ® 500 A
V-
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage
uA741C +18 v
nA741 +22 v
Internal power dissipation
N package 500 mWwW
FE package 1000 mW
Differential input voltage +30 v
Input voltagel +15 v
Output short-circuit duration Continuous
Operating temperature range
uA741C 0to +70 °C
SA741C -40 to +85 °C
uA741 -55t0+125 °C
Storage temperature range -65to+150 °C
Lead temperature (soldering 60sec) 300 °C

NOTE

1. Forsupply voltages less than +15V, the absolute maximum input voltage is equal to the

supply voltage.

Silnptics

uA741/741C-N,FE

PIN CONFIGURATION

SA741C-N
uA741C-D

D,N,FE PACKAGE

oFFsET NULL [T ]

v

[+] ne

v ot (3] v
Non inv. iNeuT [3] (] outeur

[+ oFFseT nuLL

uAT4IN
4AT41CN
SA741CN
#AT41CD

uAT4

ORDER PART NO.

1FE

wA741CFE
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wA741/741C-N FE

SA741C-N
. . uA741C-D
DC ELECTRICAL CHARACTERISTICS T4 =25°C, Vs = +15V, unless otherwise specified.
. uA741 wA741C
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max | Min Typ | Max
Vos Offset voltage Rs = 10k 1.0 5.0 2.0 6.0 | mV
Rs = 10k, over temp. 1.0 6.0 7.5 mv
los Offset current 20 200 20 200 nA
Over temp. 300 nA
Ta =+125°C 7.0 200 nA
Ta =-55°C 20 | 500 nA
IBiAS Input bias current 80 500 80 500 nA
Over temp. 800 nA
Ta =+125°C 30 | 500 nA
Ta =-55°C 300 | 1500 nA
Vour  Output voltage swing RL = 10k +12 | 14 +12 +14 v
RL = 2kQ, over temp. +10 | *13 +10 +13 v
AvoL  Large signal voltage gain RL = 2kQ, Vo = 10V 50 200 20 200 V/mV
RL =2k, Vo =+10V, over temp. 25 15 V/mV
Offset voltage adjustment +30 +30 myv
range
PsrR Supply voltage rejection ratio Rs < 10kQ 10 150 | wV/V
Rs < 10k}, over temp. 10 150 uV/V
CMRR Common mode rejection ratio dB
Over temp. 70 90 dB
Icc Supply current 1.4 2.8 1.4 2.8 mA
Ta = +125°C 1.5 2.5 mA
Ta = -55°C 2.0 3.3 mA
VIiN Input voltage range (uA741, over temp.) +12 +13 +12 *+13 \
RiN Input resistance 0.3 2.0 0.3 2.0 MQ
Pqg Power consumption 50 85 50 85 | mw
Ta = +125°C 45 75 mwW
Ta = -55°C 45 100 mwW
Rout Output resistance 75 75 0
Isc Output short-circuit current 25 25 mA
/
120 sipnotics




uA741/741C-N,FE

SA741C-N
DC ELECTRICAL CHARACTERISTICS (Contd Ta = 25°C, Vs = +15V, unless otherwise specified. #AT41C-D
SA741C
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voltage Rs = 10k} 2.0 6.0 mV
Rs = 10k{}, over temp. 7.5 mV
los Offset current 20 200 nA
Over temp. 500 nA
IBiAS Input bias current 80 500 nA
Over temp. 1500 nA
Vour  Output voltage swing RL = 10kQ *12 +14 \"
RL = 2k{}, over temp. +10 +13 \
AvoL Large signal voltage gain RL = 2k, Vo =10V 20 200 V/mV
R = 2k}, Vo = +10V, over temp. 15 V/mV
Offset voltage adjustment +30 mV
i range
Psrr Supply voltage rejection ratio Rs < 10kQ 10 150 uv/v
CMRR Common mode rejection ratio a8
lcc Supply current 1.4 2.8 mA
VIN Input voltage range (uA741, over temp.) +12 +13 \
RIN Input resistance 0.3 2.0 MQ
Pd Power consumption 50 85 mwW
Rout Output resistance 75 [¢)
Isc Output short-circuit current 25 mA

AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = +15V, unless otherwise specified.

PARAMETER TEST CONDITIONS HATA, pATAIC | T
Min | Typ | Max
Parallel input resistance Open loop, f = 20Hz MO
Parallel input capacitance Open loop, f = 20Hz 14 pF
Unity gain crossover frequency Open loop 1.0 MHz
Transient response unity gain VIN = 20mV, RL = 2k}, CL. < 100pf
Rise time 03 I;S
Overshoot 5.0 %o
Slew rate C < 100pf, RL = 2k, ViN = £10V 0.5 V/us

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE SWING

AS A FUNCTION OF
SUPPLY VOLTAGE

T
-55°C < Tp < +125°C

INPUT COMMON MODE VOLTAGE
RANGE AS A FUNCTION OF

SUPPLY VOLTAGE

-55°C<Tp < +125°C

POWER CONSUMPTION

AS A FUNCTION OF
SUPPLY VOLTAGE

l

36} Ry > 20 L Ta=25"C

2
> 2 |
g 7 M 80
o 12
B / % z
H v g d
5 2 Vs 8 g
2 / g / 2 e
3 5 £ /
=3
3 20 3 8 H
i / 2 / 4 z /

=
w16 o o 40 ]
¢ S & S
o H < —
C o 4 H /
< e / <]
3 N 2 4 g

H
v i/ ®

o

R 2
[ | [ °
5 0 15 20 5 10 15 20 10 15 20
SUPPLY VOLTAGE £V SUPPLY VOLTAGE tV SUPPLY VOLTAGE £V
- -
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

#A741/741C-N,FE
SA741C-N
pA741C-D

INPUT BIAS CURRENT
AS A FUNCTION OF

AMBIENT TEMPERATURE
500
L]
Vg = #15V
E L .
2
4
e S e |
g -
100 ]
Pe——
e 20 60 100 140
TEMPERATURE "C
INPUT OFFSET CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE
140 T
Vg =115V
<
§ %
E
5
g A
201 -
e -20 20 60 100 a 140

TEMPERATURE C

OUTPUT SHORT-CIRCUIT CURRENT
AS A FUNCTION OF

AMBIENT TEMPERATURE
35
No
< ® ~N
3
z
£= N
o
=4
8 N
< 20
3 ~N
: N
3
10
-60 ~20 20 60 100 140

TEMPERATURE C

INPUT RESISTANCE
AS A FUNCTION OF
AMBIENT TEMPERATURE

WO T
Vg =15V
5.0

30

1.0

INPUT RESISTANCE M2

0.1

-60 -20 20 60 100
TEMPERATURE 'C

POWER CONSUMPTION
AS A FUNCTION OF
AMBIENT TEMPERATURE

140

50

POWER CONSUMPTION mW

~60 -20 20 60 100
TEMPERATURE “C

INPUT NOISE VOLTAGE
AS A FUNCTION OF
FREQUENCY

10-13]
Vg =15V
Ta=25'C

10-14

3
1

MEAN SQUARE VOLTAGE —V2Hz
g
:

10-17

10-18

10 100 ® 10K
FREQUENCY — Hz

INPUT OFFSET CURRENT
AS A FUNCTION OF

SUPPLY VOLTAGE
40 T
Ta=25°C
PR
H
H
3
£ 2
2w
°s 0 15 20
SUPPLY VOLTAGE £V
OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE
= Vg =15V LA+
Bl rp-2mc
2 /

PEAK-TO-PEAK OUTPUT SWING—V
@

8
01 02 05 10 20 5.0 10
LOAD RESISTANCE — k2

INPUT NOISE CURRENT
AS A FUNCTION OF
FREQUENCY

10-20fvg=t15v
TaA=25C

N
N

E

3
7
by
i

MEAN SQUARE CURRENT~ AZHz

10-25}

10-26|
10 100 K 10K 100K

FREQUENCY — Hz
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

uA741/741C-N,FE
SA741C-N
uA741C-D

TOTAL NOISE REFERRED TO INPUT — uVrms

PEAK TO PEAK OUTPUT SWING-V

BROADBAND NOISE FOR
VARIOUS BANDWIDTHS

Vg =115V
TA=25C
10 /
10-100kHz
10— 1kHz /
10-TkHz
0.1
100 1K 10K 100K

SOURCE RESISTANCE-(2

OUTPUT VOLTAGE SWING
AS A FUNCTION OF

FREQUENCY

Vg =15V
Ta=25C

Rp_ = 10k

8 % 3 8 8 8

\
\
\

\

10K
FREQUENCY~Hz

100K ™

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
FREQUENCY

Vg = £15V

— TAT25C

VOLTAGE GAIN
>

FREQUENCY-Hz

COMMON MODE REJECTION
RATIO AS A FUNCTION OF
FREQUENCY

Vg =18V
Ta=25C

N\
o AN

COMMON MODE REJECTION RATE—dB

1 10 100 K 10K 100K ™ oM

FREQUENCY~Hz

POWER BANDWIDTH
(Large Signal Swing vs Frequency)

28
T" 24
e
2z
w20
2
5
3 1.
>
5 X
a 12
=
2
° \
s 8.0
° (VOLTAGE FOLLOWER)
> +15 VOLT SUPPLIES
o THD < 5% AY
o
10 100 1.0k 10K 100K

1. FREQUENCY (Hz)

OPEN LOOP PHASE RESPONSE
AS A FUNCTION OF

FREQUENCY
0
Vg =15V
Ta=25°C
-45
@
&
2
&
2 o0 —_
w
9
<
z
-135
~-180
1 10 100 1K 10K 100K 1M 10
FREQUENCY—~Hz
TRANSIENT RESPONSE
28
Vg =15V
TaA=25C
2 Ry = 2k
€y = 100pF
20 P\
i 1
>
: /
5 12
: /
2
o 8 l
a
— =g 10%
RISE TIME
o Al
o 05 1.0 15 20 25
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DESCRIPTION

The 747 is a pair of high performance mono-
lithic operational amplifiers constructed on
a single silicon chip. High common mode
voltage range and absence of “latch-up”
make the 747 ideal for use as a voltage
follower. The high gain and wide range of
operating voltage provides superior per-
formance in integrator, summing amplifier,
and general feedback applications. The 747
is short-circuit protected and requires no
external components for frequency com-
pensation. The internal 6dB/octave roll-off
insures stability in closed loop applications.
For single amplifier performance, see
uA741 data sheet.

FEATURES

¢ No frequency compensation required

e Short-circuit protection

o Offset voltage null capability

e Large common-mode and differential
voltage ranges

Low power consumption

® No latch-up

124

uAT747/747C-F,H,N

SA747C-N
PIN CONFIGURATIONS WAT47C-D
D,F,N PACKAGE H PACKAGE*
INV. INPUT A [T] 7 [12] oFFsETNULL A =
NON-INVERTING +
INPUT A E; ] ver OUTRUT A ouTPUT B
OFFSET NULL A [T ] E OUTPUT A Ve A viB
v- [7] [11] No ConnECT mv‘sng‘ms INVERTING
TA INPUT B
orrseT nuL b [ [10] outeuT B NON-INVERTING NON-INVERTING
NON-lN\::F;LI-:‘g E b E V+B INPUT A — INPUT B
s 7] 8| OFFSET NULL B
ORDER PART NG.
ORDER PART NO. WATATCH, uAT4TH
pATATCN, pA747CF, pA747N,
HATATF, SATA7CN *Metal cans (H) not recommended for new designs
uAT47CD
EQUIVALENT SCHEMATIC
EQUIVALENT CIRCUIT (EACH SIDE)
9 INVERTING INPUT
ov*
Qg 1——-——-' Qg Q12 Q13
Vv
N0N~|INN\;SFT\T|NG - Num
Q Qz\‘ l VA
f I I
Q3 Q1g 015-——-
PN o 2 Rs o SRy
:: 3%ke VRv.; S 4501
f 1
—O
OUTPUT
Qg Qg Q1o A1y fE :‘,'P,
OFFSET NULL i
‘b R
:;ksz 3 ?kzi! 5:11 Q20
2%
J) OFFSET NULL
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage
uA747 +22 v
uA747C +18 \
SA747C *18 \
Internal power dissipation
H Package 500 mW
N,F Packages 670 mw
Differential input voltage +30 Vv
Input voltage *15 \"
Voltage between offset null
and V- . +0.5 \
Storage temperature range -65 to +155 °C
Operating temperature range
uA747 -55 to +125 °C
uA747C 0 to +70 °C
SA747C -40 to +85 °C
Lead temperature
(soldering, 60 sec) 300 °C
Output short-circuit duration indefinite
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uwAT747/747C-F HN
SA747C-N
DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vs = +15V unless otherwise specified. uA747C-D
SA747C
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voltage Rs < 10k 20 6.0 mV
Rs < 10k, over temp 3.0 7.5 mV
los Offset current 20 200 nA
Over temp 500 nA
IBIAS Input current 500 nA
Over temp 1500 nA
Vour Output voltage swing RL = 2kQ, over temp +10 +13 Vv
RL = 10k, over temp +12 *+14 \
lcc Supply current 1.7 2.8 mA
Over temp 2.0 33 mA
Power consumption 50 85 mwW
Over temp 60 100 mw
Input capacitance 14 pF
Offset voltage adjustment range *15 Vv
Output resistance 75 [9)
Channel separation 120 dB
PSRR Supply voltage rejection
ratio Rs < 10k(), over temp 30 150 uV/V
AvoL Large signal voltage gain (DC) RL = 2kQ Vout = =10V 25,000 V/V
CMRR Rs < 10K, Vcm 212V
over temp 70 dB
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = +15V unless otherwise specified.
nA747/uAT47C/SATATC
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Transient response ViN =20mV, R1 = 2k}, C1 < 100pf
Risetime Unity gain CL < 100pf 0.3 us
Overshoot Unity gain CL < 100pf 5.0 %
Slew rate RL > 2k0) 05 V/us
125
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pA747/747C-F HN

SA747C-N
DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = £15V unless otherwise specified. WAT47C-D
uA747 uA747C
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ Max
Vos Offset voltage Rs < 10kQ 20 5.0 2.0 6.0 mV
Rs < 10k(}, over temp 3.0 6.0 3.0 7.5 mV
los Offset current 20 200 20 200 nA
Ta=+125°C 7.0 200 nA
Ta =-55°C 85 500 nA
Over temp 7.0 300 nA
Isias Input current 80 500 80 500 nA
Ta=125°C 30 500 nA
Ta=-55°C 300 | 1500 nA
Over temp 30 800 nA |
Vout Output voltage swing RL = 2kQ, over temp +10 *+13 +10 *+13 v
RL = 10k, over temp +12 +14 +12 | 14 \%
lcc Supply current 1.7 2.8 1.7 2.8 mA
each side Ta=125°C 15 2.5 mA
Ta =-55°C 2.0 3.3 mA
Over temp 2.0 3.3 mA
Power consumption 50 85 50 85 mw
Ta=125°C 45 75 mwW
Ta=-55°C 60 100 mwW
Over temp 60 100 mwW
Input capacitance 1.4 14 pF
Offset voltage adjustment range +15 *15 Vv
Output resistance 75 75 [§)
Channel separation 120 120 dB
PsRR Supply voltage rejection 30 150 30 150 nV/V
ratio Rs < 10kQ), over temp
AvoL Large signal voltage gain (DC) RL =2k Vout = %10V | 50,000 25,000 V/V
Over temp 25,000 15,000 VIV
CMRR Rs < 10KQ, Vcm +12V
over temp 70 70 dB
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wA747/747C-F,H,N

SA747C-N
TYPICAL PERFORMANCE CHARACTERISTICS uAT47C-D
OPEN LOOP VOLTAGE GAIN OPEN LOOP PHASE RESPONSE OUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
FREQUENCY FREQUENCY FREQUENCY
108 Vg = 15V ° Vg =15V « Vs = tl!';V
- M~ Ta =25°C Tp=25°C 36 :t. : f;;
\ > 2
104 - g =
@ &
AN : . \
‘é 2 -e0 § 2
10 : 2w \
-135 2
g 8
1
. ,‘Au? \ » uA747 : P 31[ \
10 100 1ok 100k M 10M 110 100 ik 10k 100k 1M 10M 100 1 10K 100k ™
FREQUENCY - Hz FREQUENCY ~ Hz FREQUENCY ~— Hz
OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING INPUT COMMON MODE VOLTAGE
AS A FUNCTION OF AS A FUNCTION OF RANGE AS A FUNCTION OF
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE
e Tp=25°C ~65°C - 'rA» zsoc * 55 - Ta* +125°C
o ] 36 F—— R -2k .3, 18 /
1 T q s
105 g 2 Z g "
3 A 3 P i
2 100 A 5 § d
3 /, 5 3 s /
¢ e g g 7
2 9 L i § . N
3 g e : I
“ A g .
85 = § /
2
uATa7 ¢ wA787 uA747
3“0 4 8 12 16 — 20 05 10 15 20 05 10 15 20
SUPPLY VOLTAGE - +V SUPPLY VOLTAGE — +V SUPPLY VOLTAGE ~ +V
TRANSIENT RESPONSE VOLTAGE FOLLOWER FREQUENCY CHARACTERISTICS
LARGE SIGNAL PULSE AS A FUNCTION OF
RESPONSE SUPPLY VOLTAGE
= Vs - £16V 1o Vg - 115V ” Tp - 125°C
. o :
) €, = 100pF 6
20 ~— o \ 12
® sn%/ ! E ¢ /ou PUT : w ‘;’Vs'slv Re
2 / g’ g L ‘
SI ” / § ° euT ¢ ERR x
g £ : z s “ R
e § _j [ N : Momov o
- g
N 6 - . 08 o
o Rise ive h
-8
J uAT47 uATA7 »AT747
0 5 0 15 20 25 0 0 2 wm w0 s e 70 s 90 I 10 15 20
TIME - uS TIME - S SUPPLY VOLTAGE - 4V
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uA747/747C-F,H,N

SA747C-N
TYPICAL PERFORMANCE CHARACTERISTICS (Contd) uA747C-D
FREQUENCY CHARACTERISTICS POWER CONSUMPTION INPUT BIAS CURRENT
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE SUPPLY VOLTAGE AMBIENT TEMPERATURE
"4 Vg = +15V 100 Ta = 25°C 50 Vg = 415V
|
‘ 80 400
12 ﬂ""% z /
3 P\\S‘Q’y\’@s{ zf /) E
3 @ S 60 2 300
i o ™ //1/SL[EW RLTE % / g
: 2N e
fr} g O 8 a0 7 S 200 N
i 7 RN § / 5 N
/] R H E] N
08 w\ /]
lo’fv 20 7 100 \\
HJLmn / uA747 WAT47
e -20 20 60 100 140 % 10 15 20 rra—— 20 60 100 130
TEMPERATURE - °C SUPPLY VOLTAGE - £V TEMPERATURE ~ 9C
INPUT RESISTANCE INPUT OFFSET CURRENT INPUT OFFSET CURRENT
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE SUPPLY VOLTAGE AMBIENT TEMPERATURE
R e = < Tp = 26°C e Vg = £15V
5=t r I 5=t
5.0 % el ) 120
g 30 e %( 30 E 100
Kara PN
g 4 £ ®
5 o0s /// 5 ° \\
: 2 Z w N
03 g 10 .2 \
20
u‘A747 uA747 L\{*ﬂ_
o"eo 20 20 60 100 140 05 10 15 20 Eso - -20 20 60 100 140
TEMPERATURE - °C SUPPLY VOLTAGE — +V TEMPERATURE - °C
POWER CONSUMPTION OUTPUT VOLTAGE SWING OUTPUT SHORT-CIRCUIT
AS A FUNCTION OF AS A FUNCTION OF CURRENT AS A FUNCTION
AMBIENT TEMPERATURE LOAD RESISTANCE OF AMBIENT TEMPERATURE
Vg = £15V R ® w
70 26 |- Ta = 25°C
N
. > ya g ® NG
) g 2 | R
z \1 H % N
£ 5 2 E 2 AN
2 50 - 'é 18 ; N
< g e g 20 S
é 40 g 14 g NG
£ on & 1
30 Toa 10 unza?
-60 ~20 20 60 o 0 FYarn: 05 10 20 50 10 e ~20 2 60 100 140

TEMPERATURE — °C

LOAD RESISTANCE — K::

TEMPERATURE - °C
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uA747/747C-FH,N

SA747C-N
TYPICAL PERFORMANCE CHARACTERISTICS (Contd uA747C-D
ABSOLUTE MAXIMUM POWER INPUT NOISE VOLTAGE
DISSIPATION AS A FUNCTION AS A FUNCTION OF
OF AMBIENT TEMPERATURE FREQUENCY
600 1013
Vg = +15V
T =25°C
500 N 10a
H uA747 N>'
400 M
gl i\ 1075 h
2 - ~
E 200 HAT4TC] \\ é
g \\\ E 10-16
g 200 3
g F N
100 Tl
0 10718 L
25 5 65 85 105 125 10 100 i 10k 100k
TEMPERATURE - °C FREQUENCY — Hz
INPUT NOISE CURRENT BROADBAND NOISE FOR
AS A FUNCTION OF VARIOUS BANDWIDTHS
FREQUENCY
1020 100
Vg = 415V Vg = +15V
N Tp = 25 ] g Ty =25°C
z >
% 102 h
E g 10 1
g 1023 E 10-100kHz | | —
% § 10-10kHz 1
2102 E i
< B 10-1kHz
3 5
1z 2
E 1025 g
: 8
10‘2610 100 1k 10k 100k 100 i 10k 100k
FREQUENCY — Hz SOURCE RESISTANCE —
TEST CIRCUITS
TRANSIENT RESPONSE VOLTAGE OFFSET
TEST CIRCUIT NULL CIRCUIT
uA747 !a
v-
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nA748/748C-F,N

wA748C-D
DESCRIPTION FEATURES PIN CONFIGURATIONS
The 748 is a High Performance Operational e Short circuit protection
Amplifier featuring high gain, short circuit e Offset voltage null capability F PACKAGE
immunity, offset voltage null capability, e Large common-mode and differential
simplified compensation and excellent tem- voltage ranges ne[T] Ine
perature stability. e Low power consumption
¢ No latch-up we[] [2]ne
PSR 7)o e
ABSOLUTE MAXIMUM RATINGS wvenrer] = s
PARAMETER RATING UNIT ~o~4~vsmgggj>l_ Soureur
Supply voltage v-[¢] [0]QFrseT
uA748 +22 v nef7] [2]ne
uA748C *+18 \
Internal power dissipation? 500 mw
Differential output voltage +30 \" ORDER PART NO.
Input voitage? *15 \" uAT4BF, uAT48CF,
Storage temperature range -65 to +150 °C
Operating temperature range
uA748 -55 to +125 °C D,N PACKAGE
nA748C 0 to +70 °C
Lead temperature 300 °C
Output short circuit duration3 indefinite ForrsernoL [omce
e o
NOTES NON"NVETJF':ﬁ 3 - :n:lou'rvu'r
1. Rating applies for case temperatures to +70°C. v-I7 T]OFFSET
2. For supply voltages less than 15V, the absolute maximum input voltage is equal to the ; NULL
supply voltage.
3. Short circuit may be to ground or either supply. Rating applies to +70°C ambient ORDER PART NO.
temperature. uAT48N, uAT48CN
uAT48CD
EQUIVALENT CIRCUIT
COMPENSATION
(]
J O v+
Qg ——HOQ 01})—— Q13 |\°“
INVERTING
INPUT 015}—-—-
ow INPUT Qa1 Q2 :'75.( S Ro
i: 25
Q16
Qa3

0 S Rs Rg
;: 39K 75k ——0 outpuT
OFFSET
NULL | $ R0
<& 50
4
’ Q16
Ny
1 QG20
Q10

o
OFFSET Q17
NULL
022}___
Ry SRy R2 Rq SR12 < Ry
1K Ssok K& sk S50k S 50
NOTE

All resistors values are typical and in ohms.

AAA
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nAT748/748C-F,N

uA748C-D
DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vs = +15V unless otherwise specified.
A748 A748C
PARAMETER TEST CONDITIONS - " UNIT
Min | Typ | Max | Min | Typ | Max
Rs = 10kQ), Ta =25°C 10 | 5.0 20| 6.0 mV
Vos Offset voltage Over temperature 6.0 75| mv
los Offset current 20 | 200 20 | 200 nA
25° < Ta < Tmax 7.0 | 200 9.0 | 300 nA
Tmin < TA = 25°C 85 | 500 35 | 300 nA
IBIAS Input current 80 [ 500 80 | 500 nA
25° < TA < Tmax 30 | 500 40 | 800 nA
Tmin < TA<25°C 300 | 1500 130 | 800 nA
Vewm Common mode voltage range Over temperature +12 | +13 +12 | +13 \Y
DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vs = +15V unless otherwise specified.
nA748 nA748C
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max Min Typ Max
CMRR Common mode rejection ratio Rs < +10k(Q, over temperature 70 90 70 90 dB
RiN Input resistance 0.3 2.0 .30 2.0 MQ
Vout Output voltage swing RL = 2kQ), over temperature +10 +13 *10 +13 Vv
RL = 10kQ), over temperature 12 | +14 +12 +14 \"
lcc Supply current 1.7 | 2.83 1.7 2.83 mA
25° < Ta < Tmax 15 | 250 1.6 333 | mA
Tmin < Ta <25°C 2.0 3.33 1.8 3.33 mA
P4 Power consumption Ta =25°C 50 85 50 85 mwW
25° < TA < Tmax 45 75 48 100 mw
Tmin < Ta <25°C 60 100 54 100 mw
PSRR Supply voltage rejection ratio Rs < 10kQ), over temperature 30 150 30 150 | pV/V
Output resistance Ta =25°C 75 75 9]
AvoL Large signal voltage gain RL = 2kQ VouTt 10V +15V 50 200 50 200 V/mV
Over temperature 25 25 V/mV
Input capacitance 1.4 1.4 pF
Offset voltage adjustment +15 *15 mV
range
AC ELECTRICAL CHARACTERISTICS
uAT748 wA748C/SA748C UNIT
PARAMETER TEST CONDITIONS
Min | Typ Max | Min Typ Max
Transient response (unity gain) VIN = 20mV, RL = 2kQ)
CL < 100pF
Rise time C1 = 30pF 0.3 0.3 us
Overshoot 5.0 5.0 %
Slew rate RL = 2k C1 = 30pF 0.5 0.5 V/us
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nA748/748C-F,N

uA748C-D
TYPICAL CHARACTERISTIC CURVES
POWER CONSUMPTION INPUT BIAS CURRENT INPUT RESISTANCE
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
SUPPLY VOLTAGE AMBIENT TEMPERATURE AMBIENT TEMPERATURE
10¢ 500 10.0] | T y
Te25°C v'lmvl i Vet sy : {
= | : %3 : —
i = g
H & 1
E / / é N =)

INPUT OFFSET CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

T
Tyr280C

INPUT OFFSET CURRENT—nA

A
SUPPLY VOLTAGE £V

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE

vll,:zlsv /f—

R /]
i v
H
g
3
i ]
i /

oS /11

3 0.2 50 W

L1
05 1.0 20
LOAD RESISTANCE k8.

INPUT NOISE CURRENT
AS A FUNCTION OF

FREQUENCY
o TTT 7
vg=tisy
F T -2sc
v !
!
£
8
2 N
g 10° ~
g
H
g0
10726
100k

FREQUENCY-Hz

INPUT OFFSET CURRENT
AS A FUNCTION OF

AMBIENT TEMPERATURE
N
yyrdisy
b
é
i
1
= 00 Wo

-20 20 0
TEMPERATURE - *C

OUTPUT SHORT-CIRCUIT CURRENT

AS A FUNCTION OF

AMBIENT TEMPERATURE
\\

AN

g " \\\

s }

22 AN

3

10} L

60 20 20 E 06 10

TEMPERATURE —*C

INPUT NOISE VOLTAGE
AS A FUNCTION OF
FREQUENCY

WS T ] 1]
SReRinEstis

3

MEAN SQUARE VOLTAGE-VZ/Hz
i
I

1077

078

W 100K
FREQUENCY—Hz

20 60
TEMPERATURE —°C

POWER CONSUMPTION
AS A FUNCTION OF

AMBIENT TEMPERATURE

POWER CONSUPTION —mW

|

00 W

-60 2 &
TEMPERATURE - °C

ABSOLUTE MAXIMUM POWER
DISSIPATION AS A FUNCTION
OF AMBIENT TEMPERATURE

POWER DISSIPATION-mW

TOTAL NOISE REFERRED TO INPUT- p¥rmS

600)

\Vd

& 5
TEMPERATURE — *C

BROADBAND NOISE
AS A FUNCTION OF
SOURCE RESISTANCE

100| TTTT
- vg=t1sv
[~ Ta=25%C

=10Hz—
=
7 A

BW = 10H - 10KHz

="
0| B¥ rwnlx— Khe] //

W 0k
SOURCE RESISTANCE- 2
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TYPICAL CHARACTERISTIC CURVES

(Cont'd)

wA748/748C-F,N
uA748C-D

AS A FUNCTION OF

OPEN LOOP VOLTAGE GAIN

FREQUENCY
10°
LT\ vg=tisv
07 ‘\ Ta=25°C
o
z v
3 Cye 3pF
e
2 €y=30pF \
1
3
o Kl 00k M O™

0
FREQUENCY-Hz

OF FREQUENCY

INPUT RESISTANCE AND INPUT
CAPACITANCE AS A FUNCTION

INPUT CAPACITANCE —pF

AS A FUNCTION OF

E
TEMPERATURE — °C

oM, 100
]
L ey
. N
y N
g N
2 N
i t
£ Cu '
£
10k 0.3
0 0k ™
FREQUENCY—Hz
TRANSIENT RESPONSE
8
I
90%7—
L
:
g
3 / vgrtisy |
I Tar 25°C
R |
% €L=100pF
Ge30F |
|RISE TIME|
o 15 20 25
TIME- S

FREQUENCY CHARACTERISTICS

AMBIENT TEMPERATURE

14 W

T
vty

1.
] s
[ S| 1ranSENL S Rt
- ;.o-—-%—éﬁ
é I CLOSED TO0F sampwrrmt——
&

ol . —

<80 00

OPEN LOOP PHASE RESPONSE

PHASE-DEGREES

QUTPUT RESISTANCE -

LARGE SIGNAL PULSE RESPONSE

OPEN LOOP VOLTAGE GAIN

VOLTAGE GAIN dB

AS A FUNCTION OF
FREQUENCY

vg=tisv
Tas25eC

€4230pF

00 W 0k
FREQUENCY-H1

OUTPUT RESISTANCE
AS A FUNCTION OF
FREQUENCY

006 MM

T, o<

Tt
e H

00 06k
FREQUENCY—Hz

VOLTAGE FOLLOWER

10 T
vge 15y
s
Tavst
=300 _|
-4
0t !
2 +
=3 ]
_g_ I/‘—ou euT \
2-
H ]
t
[ AN
o . — —
ol !
1o
0 % W0 50 60 70 80 %0
TIME-pS

AS A FUNCTION OF
SUPPLY VOLTAGE

Te25°C

L T
SUPPLY VOLTAGE- XV

OUTPUT VOLTAGE SWING

AS A FUNCTION OF

FREQUENCY
40f 1T
Vostwoy 1L
1,:25%
R0k T
3 1300F
H
z
3 \
]
i
5
2
z
& N
o
0 [ L 100k
FREQUENCY —Hz

COMMON MODE REJECTION

RATIO AS A FUNCTION
OF FREQUENCY

oL I
10 100 T 10k 100k M 0M

FREQUENCY-Hz

FREQUENCY CHARACTERISTICS

AS A FUNCTION OF
SUPPLY VOLTAGE

T
Taz25°C

TRANSIENT RESPONSE

8

0P BAY
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QO

S ~ é
33
LD === o

°

K 1
SUPPLY VOLTAGE-£V

OUTPUT VOLTAGE SWING

AS A FUNCTION OF
SUPPLY VOLTAGE

40 T
RO

36—

/

74

p. L

/|

/

I
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SECTION 2
VIDEO AMPUFIERS
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Section 2—VIDEO AMPLIFIERS

NE/SE592
pnA733/733C

136

Video Amplifier ... .
Differential Video Amplifier .. ... . .. .. . .
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DESCRIPTION

The SE/NE592 is a monolithic, two stage,
differential output, wideband video amplifi-
er. It offers fixed gains of 100 and 400

without external components and adjust-.

able gains from 400 to 0 with one external
resistor. The input stage has been designed
so that with the addition of a few external
reactive elements between the gain select
terminals, the circuit can function as a high
pass, low pass, or band pass filter. This
feature makes the circuit ideal for use as a
video or pulse amplifierin communications,
magnetic memories, display, video recorder
systems, and floppy disc head amplifiers.
The 592 is a pin-for-pin replacement for the
wA733.

EQUIVALENT CIRCUIT

FEATURES

® 120MHz bandwidth

® Adjustable gains from 0 to 400

® Adjustable pass band

* No frequency compensation required

® Wave shaping with minimal external
components

-0 +v
< l 3
224K 2.4K S0k 1k 2K
> pd < 1» I/
L“‘ 7K
N AAS ~O OUTPUT 1
INPUT 2 7K
INPUT 1 ANA
——O OuTPUT 2
G1a Gig
50 50
Gaa G2
600 600 1.4K 300 400 400
O-v

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

PARAMETER RATING UNIT
Supply voltage +8 v
Differential input voltage *5 Vv
Common mode

Input voltage +6 v
Output current 10 mA
Operating temperature range

SE592K -55to +125 °C

NE592K 0to +70 °C
Storage temperature range -65 to +150 °C
Power dissipation 500 mwW

sifnntics

NE5S92-D,F,H,N

SE592-F,H
D,F,N PACKAGE
INPUT 2 [1 14] INPUT 1
ne [2 73] nC
Gop GAIN Gpp GAIN
SELECT ] 7] SELECT
Gqp GAIN Gqpa GAIN
SELECT [Z] [11] SELECT
v-[5] 5] v
e [5] B
output2 [7 5] output 1
H PACKAGE*
Gop GAIN SELECT
INPUT 1 Gya GAIN
SELECT
INPUT 2 v+
Gpg GAIN
Ay ® [ outeur 1
G1g GAIN OUTPUT 2
SELECT
V-
NOTE
Pin § connected to case.
*Metal cans (H) not recommended for new de-
signs.
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NES92-D,F,H,N

SE592-F,H
DC ELECTRICAL CHARACTERISTICS Ta=+25°C, Vs = %6V, Vcm = 0 unless otherwise specified
Recommend operating supply voltages Vs = 6.0V
NE592 SE592
PARAMETER TEST CONDITIONS - UNITS
Min Typ Max Min Typ | Max

Differential voltage gain )

Gain 11 RL = 2kQ, Vout =3V p-p 250 400 600 300 400 500 4%

Gain 22 80 100 120 90 100 110 VIV
Bandwidth

Gain 11 40 40 MHz

Gain 22 90 90 MHz
Rise time

Gain 11 Vout =1V p-p 10.5 10.5 ns

Gain 22 4.5 12 4.5 10 ns
Propagation delay 1

Gain 11 Vout =1V p-p 75 75 ns

Gain 22 6.0 10 6.0 10 ns
Input resistance

Gain 11 4.0 4.0 kQ

Gain 22 10 30 20 30 kQ
Input capacitance2 Gain 2 2.0 20 pF
Input offset current 0.4 5.0 0.4 3.0 uA
Input bias current 9.0 30 9.0 20 uA
Input noise voltage BW 1kHz to 10MHz 12 12 uVrms
Input voltage range +1.0 *+1.0 v
Common mode rejection ratio

Gain 2 VCM %1V,F < 100kHz 60 86 60 86 dB

Gain 2 VCM *1V,F = 5MHz 60 60 dB
Supply voltage rejection ratio

Gain 2 AVS = 0.5V 50 70 50 70 dB
Output offset voltage

Gain 22 RL=w= 0.35 0.75 0.35 0.75 v
Output common mode voltage RL=w 24 29 34 24 2.9 34 v
Out put voltage swing differential RL=2K 3.0 4.0 3.0 4.0
Output resistance 20 20 0
Power supply current RL=w 18 24 18 24 mA

NOTES

1. Gain select pins G1a and G1g connected together.
2. Gain select pins G2a and Gzg connected together.
3. Ali gain select pins open.
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NE592-D,F,H,N
SE592-F,H
TYPICAL PERFORMANCE CHARACTERISTICS
COMMON MODE REJECTION OUTPUT VOLTAGE SWING PULSE RESPONSE
RATIO AS A FUNCTION OF FREQUENCY AS A FUNCTION OF FREQUENCY
100 ryr 70 —rrr 16 =
: i BT DR
I %« Ta=2°C 60 £ o 14 RE= K
£ e - 8 12
H h T s >
z ™ g > L -
;- i 2w ia
g % Sy g N 2 os iy /S
w 40 g 5 04 &
o > g
z 30 5 20 \ 3 02
z 2
g 5 \ [
HS o
g1 e -02
®10x 100k ™ om 100M oy 5 10 50 100 500 1000 ST s 0 s 10 15 20 25 30 3
FREQUENCY—Hz FREQUENCY—MHz TIME—ns
DIFFERENTIAL OVERDRIVE PULSE RESPONSE AS A PULSE RESPONSE AS A
RECOVERY TIME FUNCTION OF FUNCTION OF
SUPPLY VOLTAGE TEMPERATURE
70 —1— 16 — 16 .
Vg= 16V GAIN 2 GAIN 2
Ta= 25°C 14 Tp=25°C 14 Vg = 6V
o 60 FGAIN2 Ry = 1kQ RL = kO
I // 1.2 PR 12 +—t
2 50 > T >
£ y 4 10 Vi ;ilv g ,AzoocﬁgL
g w0 g o Vs- tav g I Tj= Be
] 2 o6 Q o6 —
B 3 y. 2 [ z TA=70°C
. )/ 2 o4 2 o4
g / 5 5
g 2 4 3 3 o2
& [
3 10 °
02 -02
9020 46 60 80 100 120 140 160 180 200 04T s 10 15 20 25 30 35 M40 s 0 s 10 15 20 25 30 35
DIFFERENTIAL INPUT VOLTAGE—mV TIME—ns TIME—ns
VOLTAGE GAIN AS A GAIN vs FREQUENCY VOLTAGE GAIN AS A
FUNCTION OF AS A FUNCTION OF FUNCTION OF
TEMPERATURE TEMPERATURE SUPPLY VOLTAGE
110 v 60 maLw 14 o
1.08 RL= 1k 13
2 50 GAIN 2
z " 3 L
g 10 $ w0 3 -
8 102 \ §  [e———————— 8 10 1 |
2 ~ g b 2t
3 10 3 2 09 —fop
> > > ’— /
.'%‘ 0.98 \\ Iy 5 g 20 Y o8 2 = ,/
g 06 A é 1 \ Ty" sC § 07 |ty
0.94 X ] T = 25°C| =
{ Z St °e
092 \TA= 05
0.90 10 125 °C
: 10 20 30 40 50 60 70 10 50 100 500 1000 04 5 n 7
FREQUENCY—MHz

TEMPERATURE—°C

5 6
SUPPLY VOLTAGE— tV
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NE592-D,F,H,N

SE592-F,H
TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
GAIN vs FREQUENCY VOLTAGE GAIN VOLTAGE GAIN
AS A FUNCTION OF ADJUST CIRCUIT AS A FUNCTION OF
SUPPLY VOLTAGE RADJ (FIGURE 3)
60 1000 =
2 =
? 50 Ry = 1k L ~- FlGURE 3 |
z |
g w Z o
w [t} ‘\
g_ 30 = ‘§ 10 A .
= -
2 © 3 ==
ﬁ -1
‘% 10 \» ; \\\
w Vg= 8V ::um 1kQ u ‘\\
: . \v?_: — ‘L £ AN
@ Vg = 3V - o Sy
0 5 10 50 100 l ls‘lm 1000 =+ = 0-._ - o 1 100 10K .
FREQUENCY—MHz Vs=16V = Ta=25°C 0 n‘::,_ . 100K M2
SUPPLY CURRENT SUPPLY CURRENT OUTPUT VOLTAGE AND
AS A FUNCTION AS A FUNCTION CURRENT SWING AS
OF TEMPERATURE OF SUPPLY VOLTAGE A FUNCTION OF
SUPPLY VOLTAGE
21 28 T g
v—sl= sov Ta = 25°C i TAI= e
20 ) z 690
24 O«
‘7‘ 19 s ,// IE 50 /r‘/
|
E 18 5 2 V4 EE 4; /
] ] z HE 40 prs
g N g 40 T
o ™. 3 Tx X
17 o =Z 30 e
z L 5 1 3a LA
£ . - 55 20 L]
Runp £
15 /’ o 10
Yeo 20 20 50 100 140 8 ;,/ T 5 i %30 2.0 5.0 6.0 7.0 8.0
TEMPERATURE—°C SUPPLY VOLTAGE— £V SUPPLY VOLTAGE— £V
OUTPUT VOLTAGE SWING INPUT RESISTANCE INPUT NOISE VOLTAGE
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
LOAD RESISTANCE TEMPERATURE SOURCE RESISTANCE
7.0 T 70 T 100 RN
.o TaA=25°C o Vg= 6V % ¥.¢;; ;sg‘é )
>g i L £ o BW = 10 MHz
g' 50 E 50 v :T‘ "
s 4.0 % 40 Va g 60
8 5 3 .,
< ] > y
5 30 4 30 w
S / £ 2
§ 20 7 22 v ; 30
g
3 1.0 / 10 ] im ]
X // 10
10 50 100 500 1k 5k 10k %0 20 0 20 6 100 140 o 0 100 K 10k
LOAD RESISTANCE— () TEMPERATURE— C SOURCE RESISTANCE— ()
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

PHASE SHIFT AS A
FUNCTION OF FREQUENCY

PHASE SHIFT—DEGREES

T T
GAIN 2
Vg = tov 4
Ta= 25°C
N
N
\\
A
N
\
4 5 6 7 10

FREQUENCY—MHz

VOLTAGE GAIN AS A
FUNCTION OF FREQUENCY

Vg= eV
TaA= 25°C

R = 1KQ —

VOLTAGE GAIN—dB

10 100 1000
FREQUENCY—MHz

1
-
=]
=3

i
o
°

~200

PHASE SHIFT—DEGREES

!
»
&
S

-300

20

VOLTAGE GAIN—dB

01

PHASE SHIFT AS A
FUNCTION OF FREQUENCY

NE592-D,F,H,N
SE592-F,H

TEST CIRCUITS Ta=25°C unless
otherwise specified

Vin 592 :: R Vour

O
>
ism 510

VOLTAGE GAIN AS A
FUNCTION OF FREQUENCY
(ALL GAIN SELECT PINS OPEN)

0.2uF

L}

e Q 592
R 0.24F

€out _|eout

>
> 1k
>

I

Vv
AA

510 @510 1k

—AAA
| —
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NE592-D,F,H,N

SE592-F H
TYPICAL APPLICATIONS
FILTER NETWORKS
FILTER Vo (s) TRANSFER
Z NETWORK TYPE V1 (s) FUNCTION
R L 1.4 X104 1
(o] oO—AWA—YY"__o LOW PASS -
L s+ R/L
Vi
R c 1.4 X104 s
o—wA—] 1 - |
—-o HIGH PASS A st URC
R L c s 1.4 X 104 s
o—wWA—"""—J|—o BAND PAS!
Vols) 1.4 X 104 L s2+R/L s+ 1/LC
Vi (s) Z(s) + 2re
L
. Axe " 14x10¢[  s2+vLC
Z(s) + 32 . BAND REJECT | ™ 27| 52 7/LC + s/RC
BASIC CONFIGURATION I
NOTE
In the networks above, the R value used is
assumed to include 2re, or approximately 32().
DISC/TAPE PHASE MODULATED READBACK SYSTEMS DIFFERENTIATION WITH
HIGH COMMON MODE
NOISE REJECTION
| +6
|
|
I
|
} | o- K0 ,
é | | . °
I | v =
T | | o
L | |
AMPLITUDE:  1-10mV p-p | t
FREQUENCY: 1-4MHz | |
| |
| |
| |

READ HEAD

ZERO CROSSING DETECTOR

FOR FREQUENCY F1<<1/2 7 (32) C
Vo=14X 1040%4'_
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DESCRIPTION

The 733 is a monolithic differential input,
differential output, wideband video amplifi-
er. It offers fixed gains of 10,100 or 400
without external components, and ad-
justable gains from 10 to 400 by the use of an
external resistor. No external frequency
compensation components are required for
any gain option. Gain stability, wide band-
width and low phase distortion are obtained
through use of the classic series-shunt
feedback from the emitter follower outputs
to the inputs of the second stage. The emit-
ter follower outputs provide low output im-
pedance, and enable the device to drive ca-
pacitive loads. The 733 is intended for use as
a high performance video and pulse amplifi-
er in communications, magnetic memories,
display and video recorder systems.

CIRCUIT SCHEMATIC

FEATURES

120MHz bandwidth

250k(} input resistance

Selectable gains of 10,100 and 400
No frequency compensation required
Mil std 883A,B,C available

nA733/733C-F,H,N

PIN CONFIGURATION

R R R,
<R ZR; Pad
24k 2.4k0) 10kn
< < <

INPUT 1 Q, Q, INPUT 2
G1a G 18
GAIN R, Rg GAIN
SELECT 500 5002 SELECT]|
Gaa G 2p/
Ry Re
59000 $5900

-Ov*
R R
P 1o
> >
:’1.1kﬂ 1»1.1kﬂ
o, ‘)
No'
S °;)—J
Ry OUTPUT 1
Tk 0 ©
AAA
VWA
Riz
™o p—O OUTPUT 2
AAA
VW
AJO.

J ovo Q“

Q, j| o
R;
gﬂ F}‘l.‘kﬂ

F,N PACKAGE
npuT 2 [7] [14] INPUT 1
ne [2] 3] ne
Gog GAIN [ 5] G2 GAIN
SELECT SELECT
Gyg GAIN Gyp GAIN
Stecr (4] U serecr
v-[5 0] v+
e [ o] e
output 2 [7] 8] outeuT 1
H PACKAGE*
G2a GAIN SELECT
Gya GAIN
INPUT 1 1A
q © SELECT
INPUT 2 ‘ ®\ v+
G2 GAIN
S LecT ® / outpur 1
G1p GAIN OUTPUT 2
SELECT v
NOTE

Pin 5 connected to case.
*Metal cans (H) not recommended for new designs

—Ov-
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT

Differential input *5 \

Voltage
Common mode input +6 \

Voltage
Vece +8 v
Ouput current 10 mA
Junction temperature +150 °C
Storage temperature range -65 to +150 °C
Operation temperature range

uA733C 0to +75 °C

uA733 -55 to +125 °C
Pp  Power dissipation

K package 500 mw

N, F package 670 mW

Sinotics
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DC ELECTRICAL CHARACTERISTICS Ta=+25°C, Vs =%V, VCM = 0 unless otherwise specified.
Recommended operating supply voltages Vs = £6.0V.

uA7733/733C-F,H,N

uA733C uA733
PARAMETER TEST CONDITIONS UNITS
Min Typ Max Min Typ Max

Differential voltage gain

Gain 1! 250 400 600 300 400 500 vV

Gain 22 Ri = 2k, Vout = 3Vp-p 80 100 120 90 100 110 VIV

Gain 3% 8.0 10 12 9.0 10 1 v/V
Bandwidth

Gain 11 40 40 MHz

Gain 22 90 90 MHz

Gain 33 120 120 MHz
Rise time

Gain 1" 10.5 10.5 ns

Gain 22 Vout = 1Vp-p 45 12 45 10 ns

Gain 3% 2.5 2.5 ns
Propagation delay

Gain 1! 75 75 ns

Gain 22 VouT = 1Vp-p 6.0 10 6.0 10 ns

Gain 3% 36 36 ns
Input resistance

Gain 1! 4.0 4.0 k)

Gain 22 10 30 20 30 kQ

Gain 3° 250 250 kQ
Input capacitance? Gain 2 20 20 pF
Input offset current 04 5.0 0.4 3.0 uA
Input bias current 9.0 30 9.0 20 uA
Input noise voltage BW = 1kHz to 10MHz 12 12 uVrms
Input voltage range +1.0 +1.0 Vv
Common mode
Rejection ratio

Gain 2 VCM = +V,f < 100kHz 60 86 60 86 dB

Gain 2 VCM = +1V,F = 5MHz 60 60 dB
Supply voltage
Rejection ratio

Gain 2 AVs = +0.5V 50 70 50 70 dB
Qutput offset voltage

Gain 11 RL=w 06 1.5 0.6 15 %

Gain 2 and 323 0.35 1.5 0.35 1.0 )
Output common mode voltage Ri=« 2.4 29 3.4 24 29 3.4 Vv
Qutput voltage swing, differential RL = 2k 3.0 4.0 3.0 4.0
Output sink current 2.5 3.6 25 3.6 mA
Output resistance 20 20 Q
Power supply current RL*t = 18 24 18 24 mA

NOTES

1. Gain select pins G1a and G1g connected together.
2. Gain select pins G2a and Gzg connected together.

3. All gain select pins open.
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TYPICAL PERFORMANCE CHARACTERISTICS

uA733/733C-F,H,N

COMMON MODE REJECTION RATIO—dB PHASE SHIFT—DEGREES

OVERDRIVE RECOVERY TIME—ns

PHASE SHIFT AS A
FUNCTION OF FREQUENCY
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T
GAIN 2
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=25°C
N \\ Ta" 2
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\\
-10
-15
e
N
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uA733/733C-F,H,N

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)
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Section 3—POWER CONTROLLERS

NE/SE5553/5554
NE/SE5560
SG1524/2524/3524
uA723/723C/SA723C
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VOLTAGE REGULATOR DEFINITIONS

TA

Ambient temperature range. Range of the surrounding environment
of the operating device.

Ty

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

TsTG
Storage temperature range. Temperature range that the device can
be stored in a non-operating condition.

TsoLp

Soldering Temperature. The temperature which can be applied to
the lead frame of the device for short periods of time (normally
specified for a duration of 10 sec).

Truth Tables

0 is logic level low

1 is logic leve! high

X - don't care condition - has no effect under circuit conditions
listed.

Absolute Maximum Rating

Operating safe zones exceeding these limits could cause perma-
nent damage to the device and are not meant to imply that devices
can operate at these limits.

Power Dissipation

The power that the device can safely handle at 26°C. The dissipa-
tion must be derated as indicated for the individual package type.
Package Type Designation

See full package designations in Appendix.

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

Line Regulation

Sometimes referred to as “static regulation”. This term refers to the
changes in the output as the input is varied slowly from its rated
minimum value to its rated maximum value (from 105 VACRMS to
125 VACRMs). Measured in mv/V.

Load Regulation

Sometimes referred to as “dynamic regulation”. This term refers to
the changes in the output when load conditions are suddenly
changed (from no load to full load). Measured in mv/V.

Thermal Regulation

Referred to as changes due to ambient variations or thermal drift.
Also referred to as temperature coefficient, measured in ppm/°C or
mv/°C.

Transient Respcnse

The ability of a regulator to respond to rapid changes in line vari-
ations, load variations, or intermittent transient input conditions.
(Transient Response is often referred to as “recovery time”). Mea-
sured in milliseconds (ms).

Voltage Limiting

The ability of the regulator to “shut down” in the event that the
internal reference sources fail to function properly. Measured in
Volts.

Current Limiting

The ability of the amplified segment to limit the output current of the
device when safe operating limits are exceeded. Measured in am-
peres (pre-determined).

Thermal Shutdown

The ability of the regulator to shut itself down when the maximum
die temperature is exceeded. Measured in degrees Celsius (C).

Power Dissipation

The ability of the regulator to tolerate excessively high levels of
input power while maintaining its operation within the safe operating
area of its active devices. Measured in watts.

Efficiency

Regarding a regulator, the ratio of the total power input to the
usable power output. Expressed as a percentage. (For example, if
a regulator has a 50 watt input and a 40 watt output, its efficiency is
80 percent).

EMI/RFI

(“Electromagnetic Interference/Radio Frequency Interference”)
regarding regulators, magnetic field disturbance and radio frequen-
cy interference signals generated especially by SMPS devices.
Measurement is generally unspecified.

Safe Operating Area Restriction (SOAR)

Limits the output current of the amplifier to maintain safe (no ther-
mal runaway) operating conditions. (Accomplished through internal
sensor amplifiers).

NOTE

Refer to Section 4 of Analog Applications Manual for an in-depth explanation of Voltage
Regulators
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SIGNETICS REPLACEMENT STANDARDS

DUAL TRACKING VOLTAGE REGULATOR

INDUSTRY SIGNETICS SIGNETICS QR&A
COMPETITION VALUE KEY PARAMETER AVAILABLE ORIGINATED COMMENTS
VALUE DEVICES SURE Il | SUPR I
NATIONAL
MOTOROLA Line Regulator 1 SE/NE 555X Yes lout
400mA
RAYTHEON
%
LM125, -6, =7 0.1% Line Regulator 0.256
%
Raytheon 4194 +.05 to +40 Vout + 65to £20 | SE/NE 5553/4 Yes
Volts
Motorola 1568 100 mA lout +400 SE/NE 5553/4
mA
SE
Package Power {
Lo 8 5553/4
D t
issipation NE
Watts Series in SIL-9
package
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DESCRIPTION

The NE/SE5553,4 are dual polarity tracking
regulators designed to produce balanced or
unbalanced output voltages from 5 to 20
volts with up to 300 mA output current.
Similar in specifications to the 78MXX and
79MXX fixed regulators, the 5553/4 series
can be continuously adjusted, balanced or
unbalanced. The fixed voltage on the 5553
is £12V, and on the 5554 is =15V. Employing
current limiting and thermal shutdown pro-
tection, these dual polarity regulators are
ideal for local on-card regulation.

ABSOLUTE MAXIMUM RATINGS

FEATURES

Output current to 300mA

Internally current limited

Thermal overload protected

Input voltage to +32V

Output balance 1% typ.

External balance control
Continuously adjustable from 5 to 20
volts, balanced or unbalanced

No external components required
Short circuit current 400mA

* Maximum power capability can be
achieved with proper heat sinking

e & o ¢ o o o

PARAMETER RATING UNIT
VIN Input voltage +32 Vv
Tsc Storage temperature -65 to +150 °C
Ty Operating junction temperature
NE5553/5554 0 to +125 °C
SE5553/5554 -55 to +150 °C
Lead temperature 10 sec. 300 °C
BLOCK DIAGRAM
VIN
O "Vour

S

b3
—O BALANCE

GND O
b
~Q CONTROL
y:%
<>
?’ $
: O ~Vour
“ViN

NE/SE5553/5554-F,H,N,U

PIN CONFIGURATIONS

F,N PACKAGE
in[1] [12] *Vour
ne. [2] 73] BALANCE
ano [3] [12] conTRoL
“vin [ [17] ~Vour
NC E [10] Ne
NC E B
ne [7] B

ORDER PART NO.

VOLTAGE
+12v
+15Vv

PART NO.
NE/SE5553F,N
NE/SE5554F N

H PACKAGE*

*Vour

*ViN BALANCE

NC CONTROL

GND “Vour

ORDER PART NO.

VOLTAGE PART NO.
*12v NE/SE5553H
+15v NE/SE5554H

*Metal cans (H) not recommended for new designs

U PACKAGE
“ViN 1
v —=J | O
NC 3
GND 4 1
CONTROL 5 Q
BALANCE 6 ]
NG == )7
‘Vout 5 8 ] O
"VIN 2

ORDER PART NO.

VOLTAGE  PART NO.
+12v NE/SE5553U
+15V NE/SE5554U

THERMAL RESISTANCE
H Package: 6yc = 20°C/W @ya = 150°C/W
N Package: Qyc = 33°C/W 0ya = 95°C/W
U Package: Qyc = 30°C/W ©ja = 62°C/W
F Package: ©yc =30°C/W @ya = 110°C/W

SiNOtiCs
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DC ELECTRICAL CHARACTERISTICS vin=+20V, IL = 100mA, Ty = 25°C,

CIN = Cout = 0.1u4F unless otherwise specified.?

NE/SE5553/

5554-F,H,N,U

PARAMETER TEST CONDITIONS SESN NESS%3 UNIT
o Min | Typ Max | Min Typ | Max
Voutt+  Positive output voltage +115 | +12 | +125 | +11.5| +12 [+125
Vout- Negative output voltage -125| -12 | -115| -125| -12 | -115 \
AVout Line regulation +20 < V)N < £30V 100 150 100 | 300 mV
AVout Load regulation 1mMA < Il oad < 50mA 10 25 10 50 mV
1MA < I oad < 200mA 30 100 30 200 mV
Vout+ Positive output voltage 1mA < I < 100mA | +11.4 | +12 | +12.6 | +11.4 | 12 | +126 v
Vout-  Negative output voltage +20V < V|N < +30V over temp.1| -126| -12 | -114 ] -126 | -12 | -114 \Y
lo+ Positive quiescent current lLoad =0 1.70 3.5 1.70 3.5 mA
lo- Negative quiescent current lLoad =0 5.60 8.5 5.60 8.5 mA
Input/output differential voltage 2.5 25 \
VBAL Output voltage balance 2 2 "
Output noise voltage 100Hz to 10kHz 55 55 pVvrms
IPeak Peak output current 400 400 mA
Temperature stability of 1 1 mV/°C
output voltage
DC ELECTRICAL CHARACTERISTICS vy = +20V, I = 100mA, T, = 25°C,
CiN = Court = 0.1uF unless otherwise specified.2
SE5554 NES5554
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max
Vout+ Positive output voltage +14.4 | +15 | +15.6|+14.4 | +15 | +15.6
Vout— Negative output voltage -156 | -156 | -144| -166 | -15 | -14.4 \
AVoyt _ Line regulation +20 < ViN < +30V 100 | 150 100 | 300 | mv
AVout Load regulation 1mA < lLoad < 50mA 10 25 10 50 mV
1mMA < lLoad < 200mA 30 100 30 200 mV
Vout+ Positive output voltage 1mA < I < 100mA +14.25| +15 [+15.75(+14.25] +15 | +15.75 \'
Vout- Negative output voltage +20V < ViN < £30V over temp.1| -15.75 | -15 |-14.25|-15.75| -15 | -14.25 \"
lo+ Positive quiescent current ILoad =0 1.70 3.5 1.70 3.5 mA
lg- Negative quiescent current lLoad =0 5.60 8.5 5.60 8.5 mA
Input/output differential voltage 2.5 2.5 Vv
VeaL Output voltage balance 2 2 \
Output noise voltage 100Hz to 10kHz 55 55 uVrms
Ipeak Peak output current 400 400 mA
Temperature stability of 1 1 mV/°C
output voltage
NOTES

1. Junction temperature range
SE prefix -55°C < Ty < 150°C
NE prefix 0°C < Ty <125°C
2. Cin needed only when remote from filter capacitors
Court needed only if dynamic regulation is to be im-

proved.
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TYPICAL PERFORMANCE CHARACTERISTICS

NE/SE5553/5554-F,H,N,U
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BLOCK DIAGRAM

NE/SE5553/5554-F,H,N,U

—O +Vour

TYPICAL CONNECTION
+Vour _L
C3
VIN O- *VIN I 0.1uF2 B4
L 3 R1
C1 L
of 1T BALANCE
L GND SE/NE5554
= She
<
C2 ;,E CONTROL <
0.1uF1
R4 :; R3
“VINOG -Vin 9
-Vour .L
Cq
o.quQL
R1 and R2 adjust +Vour =
with respect to ~-Vout
R3 and R4 adjust -Vour
From -5V to -20V
NOTES
1. Required if I is op d any dist: from filter capacitor.
2. Not required for stability, but improves dynamic regulation.

O -Vour

TYPICAL APPLICATIONS
HIGH CURRENT TRACKING REGULATOR
2N4906
+IN O~
Qa1
270
+IN +0ouT
R1 0.14F
GND O— I NE/SE 555X
R2 T 0.1uF
AAA- -IN -out
270
Q2
~IN O—
2N3055
V
R1=R2= 5€
IrReg(max) (B + 1) ~ loytimax)
For
B@ = lout (max)
Ireg (max)
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DESCRIPTION

The NE/SES560 is a control circuit for use in
switched mode power supplies. This single
monolithic chip incorporates all the control
and housekeeping (protection) functions re-
quired in switched mode power supplies, in-
cluding an internal temperature compensat-
ed reference source, internal Zener
reference, sawtooth generator, pulse width
modulator, output stage and various protec-
tion circuits.

ABSOLUTE MAXIMUM RATINGS

FEATURES

e Stabilized power supply

o Temperature compensated reference
source

e Sawtooth generator

e Pulse width modulator

¢ Remote on/off switching

e Current limiting

e Low supply voltage protection

e Loop fault protection

o Demagnetization/overvoltage protec-
tion

o Maximum duty cycle adjustment

e Feed forward control

e External synchronization

NE/SE5560-F,N
F,N PACKAGE
POSITIVE
SUPPLY (IN) 76] FEEDFORWARD
ZENER
VOLTAGE (Vz) =] E] OuTPUT
ERROR SENSE
wror 2] i) oureur
GAIN ADJUST[4 | T3] o acOL AaRTION/
MODULATION[ S | 7 'gﬁg:&vfm)
DUTY CURRENT
cvore conmmoLLe] [T]hmiminG
OSCILLATOR (R)[z [70] RemOTE ON/OFF
OSCILLATOR (C)[ 8 ) g;g’:"mfbr

PARAMETER RATING UNIT
Supply voltage
(Voltage sourced) +18 v
Supply current
(Current sourced) 30 mA
Output current 40 mA
Operating temperature range (ambient)
SE5560 —55 to +125 °C
NE5560 Oto +70 °C
Storage temperature range —65 to +150 °C
BLOCK DIAGRAM
FEED SYNC DEMAGNETIZATION/
FORWARD R C INPUT OVER-VOLTAGE PROTECTION
|1s 7 |8 9 13
1—l [— 0.6V
REFERENCE SAWTOOTH A
VOLTAGE GENERATOR
L‘:O.JBV
0.8V
—— . s =n
VOLTAGE - Lﬁ
GAIN hd ¢
LATCH OUTPUTS
MODULATOR 5
INPUT _2
DUTY ADJUST _8 = ]_ __J L.
CYCLE
0.6V
1KQ I?IO R START | ]
0.6v s STOP
CURRENT _11
SENSE INPUT
STABILIZED 2
* SUPPLY vz
0.6V -
. -
] 10 1 12
REMOTE vs =
ON/OFF
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DC ELECTRICAL CHARACTERISTICS T = 25°C, Vog = 12V unless otherwise specified

NE/SE5560-F,N

NES5560

. SE5560
PARAMETER TEST CONDITIONS UNIT
) Min Typ | Max Min Typ | Max
REFERENCE SECTIONS
Internal reference voltage (Vyef) 25°C 369 | 3.76 | 3.84 | 3.57 | 3.76 | 3.96 \"
Internal Zener reference (Vz) IL = 7mA 7.8 8.4 9.0 7.8 8.4 9.0 \
Temperature coefficient of Vg¢ +100 +100 ppm/°C
Temperature coefficient of Vz + 150 +160 ppm/°C
OSCILLATOR SECTION
Frequency range 50 100K 50 100K Hz
Initial accuracy R = 5K 5 5 %
Duty cycle range' fo = 20kHz 0 98 0 98 %
MODULATOR
Modulator input current Voltage at Pin 5 = 1V 0.2 20 0.2 20 HA
HOUSEKEEPING FUNCTION
Pin 6 Duty cycle limit control (For 50% Maximum duty cycle) 38 40 42 37 40 43 % of Vz
15kHz to 50kHz
Pin 6 Input current 2 20 0.2 20 uA
Pin 1 Low supply voitage pro- 8.5 9.1 10.5 8.5 9.1 10.5 \"
tection thresholds
Pin 3 Feedback loop protection 400 500 720 400 500 720 mV
trip on threshold
Pin 3 Pull up current -15 | —35 —156 | —35 HA
Pin 13 Demagnetization/over 470 600 720 470 600 720 mV
voltage protection
trip on threshold
Pin 13 Input current 25°C 0.6 10 0.6 10 uA
Pin 16 Feed forward duty Voltage at Pin 16 = 2Vz 0.4 0.4 original
cycle? control duty cycle
Feed forward input current 0.2 5 0.2 5 HA
25°C
EXTERNAL SYNCHRONIZATION
Pin 9 off 0 0.8 0 0.8 \"
on 2 Vz 2 Vz \"
Sink current Voltage at Pin 9 = Oy 26°C —65 | —100 —-65 | —125 uA
REMOTE
Pin 10 off o] 0.8 0 0.8 \
on 2 Vz 2 vz \
Sink current 25°C —85 | —100 —-75 | —125 uA
CURRENT LIMITING
Pin 11; |N Voltage at Pin 11 = 250mV, 25°C -2 -10 -2 -10 HA
Single pulse inhibit delay Inhibit delay time for 20% 0.7 0.8 0.7 0.8 us
overdrive at 40mA loyT
Trip Levels:
Shut down/slow start 500 | .600 | .700 | .500 | .600'| .700 \
Current limit .400 .48 .56 .400 | .480 | .560 \
NOTES
1. See graph
2. See graph
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DC ELECTRICAL CHARACTERISTICS (Con't) Tp = 25°C, Vgc = 12V unless otherwise specified

NE/SE5560-F,N

SE5560 NE5560
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
ERROR AMPLIFIER
Open loop gain 60 60 dB
Feedback resistor 10K 10K Q
Small signal bandwith 3 3 MHz
Output voltage swing (positive) 6.2 6.2 v
Output voltage swing (negative) 0.7 0.6 "
OUTPUT STAGE
Output Current (Pin 15) 40 40 mA
Max emitter voltage (Pin 14) 5 6 5 6 \'
VGe(SAT) Ig = 40mA 0.5 0.5 v
SUPPLY VOLTAGE/CURRENT
Icc Iz=0, Voltage fed, Voc=12V, 25°C 10 10 mA
Vce Icc = 10 mA, Current fed 20 23 19 24 v
Vee Icc = 30 mA, Current fed 20 30 20 30 v
NOTES
1. See graph
2. See graph

TYPICAL PERFORMANCE CHARACTERISTICS

GRAPH FOR DETERMINING S MAX SOFT-START MIN. DUTY CYCLE VS R{ + Ry
S max (%)
10 Bo()
90
80 80
g 0 7 £ 10 5 max = 90%
3 o A g
: o 60 8 g
3 E ,\MAx =70%
§ 50 ; 50 AN
£ P 2 40 t—Omax = 50%
: 3 / g -1'\ \'\
30
2 7 ® Smax = 30% N \\
20 ~—] \‘
10 Vi 10 ——— ™~ \\\
B —
R2 B —» R1+ R2
0 01 02 03 04 05 06 07 08 09 1 R1+R2 10° 2 3 4 5 6 7 8910 )
POWER DERATING CURVE NES5560 VOLTAGE/CURRENT FED SUPPLY CHARACTERISTICS
= 20 [
2
Pd = Vce lcc + (Vee ~ Vaiz 3. l
+ [(V15—V14)l15 X DUTY CYCLE] H 8
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

NE/SE5560-F,N
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DESCRIPTION

This monolithic integrated circuit contains
all the control circuitry for a regulating pow-
er supply inverter or switching regulator. In-
cluded in a 16-pin dual-in-line package is the
voltage reference, error-amplifier, oscilla-
tor, pulse width modulator, pulse steering
flip-flop, dual alternating output switches
and current limiting and shut-down circuitry.
This device can be used for switching regu-
lators of either polarity, transformer coupled
DC to DC converters, transformeriess volt-
age doublers and polarity converters, as
well as other power control applications.
The SG1524 is specified for operation over
the full military temperature range of —65°C
to +125°C, while the SG2524 and SG3524
are designed for commercial applications of
0°C to +70°C.

ABSOLUTE MAXIMUM RATINGS

FEATURES

o Complete PWM power control circuitry
o Single ended or push-pull outputs

e Line and load regulation of 0.2%

¢ 1% maximum temperature variation

o Total supply current is less than 10mA
e Operation beyond 100kHz

PARAMETER RATING UNIT

Input voltage 40 \'
Output current (each output) 100 mA
Reference output current 50 mA
Oscillator charging current 5 mA
Power dissipation

Package limitation 1000 mW

Derate above 25°C 8 mwW/°C
Operating temperature range

S5G1524 —55to +125 °C

S5G2524/SG3524 Oto +70 °C
Storage temperature range —65 to +150 °C

BLOCK DIAGRAM

SG1524/SG2524/SG3524-FN

PIN CONFIGURATION
CONNECTION DIAGRAM
F,N PACKAGE
] T [Ewe
NoN. I'm; IZ _'__5] VIN

oumey 3 [12] emTTers

o & 73] couectors

Soner B [712] coLecToR A
rr €] HELEN
cr [7] [70] sHuTDOWN

arouno [&] 9] compensation

TOP VIEW
ORDER PART NO.
SG1524F, SG2524F
SG2524N, SG3524F
SG3524N

+5V TO ALL
INTERNAL CIRCUITRY
+5V

INV. INPUT

N.L INPUT

- &
GROUND
(SUBSTRATE) @ | (1
L sHuToown

- AMP

+

10k

H- @ CA
OSCILLATOR
0 il I =
RT
e L= ©
{ ) +5V @ cs

= M T)o

COMPARATOR
- Q €8
+5V =
ERROR
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SG1624/5G2524/SG3524-F,N

DC ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for TA = —55°C to +125°C for the

SG1524 and 0°C to +70°C for the SG2524 and SG3524, V| = 20V, and f = 20kHz)

S§G1524 SG2524 SG3524
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max

REFERENCE SECTION
Output voltage 4.8 5.0 5.2 4.6 5.0 5.4 \%
Line regulation ViN = 8 to 40V 10 20 10 30 mv
Load regulation IL = 0 to 20mA 20 50 20 50 mV
Ripple rejection f = 120Hz, Tp = 25°C 66 66 dB
Short circuit current limit VREF =0, Ta = 26°C 100 100 mA
Temperature stability Over operating temperature range 0.3 1 0.3 1 %
Long term stability Ta = 25°C 20 20 mV/kHr
OSCILLATOR SECTION
Maximum frequency Ct = .001 mfd, RT = 2kQ 300 300 kHz
Initial accuracy Rt and Ct constant 5 5 %
Voltage stability VIN = 8t0 40V, Tp = 25°C 1 1 %
Temperature stability Over operating temperature range 2 %
Output amplitude Pin 3, Tp = 25°C 3.5 3.5 Vp
Output pulse width Ct =.01mfd, Tp = 26°C 0.5 0.5 us
ERROR AMPLIFIER SECTION
Input offset voltage Vcm = 2.5V 0.5 5 2 10 mV
Input bias current VcMm = 2.5V 2 10 2 10 LA
Open loop voltage gain 72 80 60 80 dB
Common mode voltage TA = 25°C 1.8 3.4 1.8 3.4 \'
Common mode rejection ratio Ta = 25°C 70 70 dB
Small signal bandwidth Ay = 0dB, Tp = 25°C 3 3 MHz
Output voltage TA = 25°C 0.5 3.8 0.5 3.8 v
COMPARATOR SECTION
Duty cycle % each output “ON” 0 45 [o] 45 %
Input threshold Zero duty cycle 1 1
Input threshold Maximum duty cycle 3.6 3.5
Input bias current 1 1 nA
CURRENT LIMITING SECTION
Sense voltage Pin 9 = 2V with error amplifier

set for maximum out, Tp = 25°C 190 200 210 180 200 220 mV
Sense voltage T.C. 0.2 0.2 mV/°C
Common mode voltage -1 +1 -1 +1 v
OUTPUT SECTION (each output)
Collector-emitter voltage
(breakdown) 40 40 v
Collector-leakage current VGCE = 40V 0.1 50 0.1 50 A
Saturation voltage Ic = 50mA 1 2 1 2 v
Emitter output voltage VIN = 20V 17 18 17 18 \

162

sijnotics



S$G1624/5G2524/5G3524-F,N

DC ELECTRICAL CHARACTERISTICS (Cont'd) (Unless otherwise stated, these specifications apply for TA = —55°C to +125°C

for the SG1524 and 0°C to +70°C

for the SG2524 and SG3524, V|N = 20V, and

f = 20kHz)
SG1524 SG2524 SG3524
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Rise time Rc = 2K ohm, Tp = 26°C 0.2 0.2 us
Fall time Rc = 2K ohm, Tp = 26°C 0.1 0.1 us
TOTAL STANDBY CURRENT
(excluding oscillator charging
current, error and current limit VIN = 40V 8 10 8 10 mA
dividers, and with outputs open)
OPEN LOOP TEST CIRCUIT
2k 2k
w 1w
VIN
s 12 OUTPUTS
osc. our O——13 sG1524 ::: T
Vrer O 1 8 6 7 2 1 9 10 4 5 14 1
INV.
ViN
8-40v
2 2 if 10k
0.1 == RT EE cr — —3 10k : 1« E:
2k
APPLICATIONS charging current is equal to 3.6V + Ry and The oscillator period is approximately t =

Voitage Reference

An internal series regulator provides a nomi-
nal 5 volt output which is used both to gener-
ate a reference voltage and is the regulated
source for all the internal timing and control-
ling circuitry. This regulator may be by-
passed for operation from a fixed 5 volt sup-
ply by connecting pins 15 and 16 together to
the input voltage. In this configuration, the
maximum input voltage is 6.0 volts.

This reference regulator may be used as a §
volt source for other circuitry. It will provide
up to 50mA of current itself and can easily
be expanded to higher currents with an ex-
ternal PNP as shown in Figure 1.

Oscillator

The oscillator in the SG1524 uses an exter-
nal resistor (RT) to establish a constant
charging current into an external capacitor
(CT1). While this uses more current than a
series connected RC, it provides a linear
ramp voltage on the capacitor which is also
used as a reference for the comparator. The

should be kept within the range of approxi-
mately 30pA to 2mA, i.e., 1.8K<RT<<100K.

The range of values for CT also has limits as
the discharge time of Ct determines the
puise width of the oscillator output pulse.
This pulse is used (among other things) as a
blanking pulse to both outputs to insure that
there is no possibility of having both outputs
on simultaneously during transitions. This
output dead time relationship is shown in
Figure 2. A pulse width below approximately
0.5 microseconds may allow false triggering
of one output by removing the blanking pulse
prior to the flip-flops reaching a stable
state. If small values of CT must be used, the
pulse width may still be expanded by adding
a shunt capacitance (=~ 100pF) to ground at
the oscillator output. (Note: Although the os-
cillator output is a convenient oscilloscope
sync input, the cable and input capacitance
may increase the blanking pulse width
slightly.) Obviously, the upper limit to the
pulse width is determined by the maximum
duty cycle acceptable. Practical values of
Cr fall between .001 and 0.1 microfarad.

Sinotics

RTCT where t is in microseconds when Rt =
ohms and C = microfarads. The use of Fig-
ure 3 will allow selection of Rt and CT for a
wide range of operating frequencies. Note
that for series regulator applications, the
two outputs can be connected in parallel for
an effective 0-90% duty cycle and the fre-
quency of the oscillator is the frequency of
the output. For push-pull applications, the
outputs are separated and the flip-flop di-
vides the frequency such that each outputs
duty cycle is 0-45% and the overall frequen-
cy is one-half that of the oscillator.

External Synchronization

If it is desired to synchronize the SG1524 to
an external clock, a pulse of ~+3 volts may
be applied to the oscillator output terminal
with RTCT set slightly greater than the clock
period. The same considerations of pulse
width apply. The impedance to ground at
this point is approximately 2K ohms.

If two or more SG1524’s must be synchro-
nized together, one must be designated as
master with its RTCT set for the correct peri-
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TYPICAL APPLICATION

Q1

EXPANDED REFERENCE CURRENT CAPABILITY

SG1524/5G2524/SG3524-F,N

1000 SG1524 VREF
W SECTION @
+ I to 1.0A
. DEPENDING
wT ON CHOICE
FOR 01
GND
Figure 1
OUTPUT STAGE DEAD TIME AS A OSCILLATOR PERIOD AS A AMPLIFIES OPEN-LOOP GAIN AS
FUNCTION OF THE TIMING FUNCTION OF Ry AND Ct A FUNCTION OF FREQUENCY
CAPACITOR VALUE AND LOADING ON PIN 9
8
g £ 100
10 & <4
% s ;-Z: s0 \y'/;/{/// " 80 S
g 3 / g 20 ’5&//5’{:&%}49‘%4 % 60 RL = 1MQ NC
g 2 g LS AA 4 [EET0 N
E 4 5 / l// g 40 ——RL = 100k! -
.é 1.0 — § y ¥ /V//// § RL = 30kQ \\
3 o5 i i 1 117 20 N
03 1 I
001 002 005 .01 02 .05 .1 5 10 20 50 100 200 500 1mS 2mS ° A= ICE FROM PIN 9 TO GROUND
TIMING CAPACITOR VALUE (C~)~MICROFARADS OSCILLATOR PERIOD-MICROSECONDS 10 100 1K 10K 100K 1M 10M
FREQUENCY-HERTZ
Figure 2 Figure 3 Figure 4

od. The slaves should each have an RTCT
set for approximately 10% longer period
than the master with the added requirement
that Ct (slave) = one-half Ct (master). Then
connecting Pin 3 on all units together will
insure that the master output pulse—which
occurs first and has a wider pulse width—
will reset the slave units.

Error Amplifier

This circuit is a simple differential-input,
transconductance amplifier. The output is
the compensation terminal, pin 9, which is a
high impedance node (R ~5MQ). The gain
is

Ay = gmR) = 8Ic R ~ .002 Ry
2KT

and can easily be reduced from a nominal of
10,000 by an external shunt resistance from
pin 9 to ground, as shown in Figure 4.

In addition to DC gain control, the compen-
sation terminal is also the place for AC
phase compensation. The frequency re-
sponse curves of Figure 4 show the
uncompensated amplifier with a single pole
at approximately 200Hz and a unity gain
cross-over at 5SMHz.
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Typically, most output filter designs will in-
troduce one or more additional poles at a
significantly lower frequency. Therefore, the
best stabilizing network is a series R-C com-
bination between pin 9 and ground which
introduces a zero to cancel one of the output
filter poles. A good starting point is 50kQ
plus .001 microfarad.

One final point on the compensation terminal
is that this is also a convenient place to
insert any programming signal which is to
override the error amplifier. Internal
shutdown and current limit circuits are con-
nected here, but any other circuit which can
sink 200uA can pull this point to ground thus
shutting off both outputs.

While feedback is normally applied around
the entire regulator, the error amplifier can
be used with conventional operational am-
plifier feedback and is stable.in either the
inverting or non-inverting mode. Regardless
of the connections, however, input common-

_mode limits must be observed or output sig-

nal inversions may result. For conventional
regulator applications, the 5 volt reference
voltage must be divided down as shown in
Figure 5. The error amplifier may also be
used in fixed duty cycle applications by
using the unity gain configuration shown in
the open loop test circuit.

Sinotics

Current Limiting
The current limiting circuitry of the SG1524
is shown in Figure 6.

By matching the base-emitter voltages of
Q1 and Q2, and assuming negligible voltage
drop across Ry,

Threshold = Vgg(Q1) + 11Ro — Vg (Q2)
= 1{Rp ~200mV

Although this circuit provides a relatively
small threshold with a negligible tempera-
ture coefficient, there are some limitations
to its use, the most important of which is the
+ 1 volt common mode range which requires
sensing in the ground line. Another factor to
consider is that the frequency compensation
provided by R{C{ and Q1 provides a roll-off
pole at approximately 300Hz.

Since the gain of this circuit is relatively low,
there is a transition region as the current
limit amplifier takes over pulse width control
from the error amplifier. For testing pur-
poses, threshold is defined as the input volt-
age to get 25% duty cycle with the error
amplifier signaling maximum duty cycle.

In addition to constant current limiting, pins 4
and 5 may also be used in transformer-coup-
led circuits to sense primary current and
shorten an output pulse, should transformer



saturation occur. (Refer to Figure 14). An-
other application is to ground pin 5§ and use
pin 4 as an additional shutdown terminal:
i.e., the output will be off with pin 4 open and
on when it is grounded. Finally, foldback cur-
rent limiting can be provided with the net-
work of Figure 7. This circuit can reduce the
short-circuit current (Igc) to approximately
one-third the maximum available output cur-
rent (IMAX)-

Output Circuits

The outputs of the SG1524 are two identical
NPN transistors with both collectors and
emitters uncommitted. This circuitry is very
similar to that used in the SG111 compara-
tor in that each output transistor has
antisaturation circuitry for fast response,
and current limiting set for a maximum output
current of approximately 100mA. The avail-
ability of both collectors and emitters allows
maximum versatility to enable driving either
NPN or PNP external transistors.

In considering the application of the SG1524
to voltage regulator circuitry, there are a
multitude of output configurations possible.
In general, however, they fall into three ba-
sic classifications:

1. Capacitor-diode coupled voltage multi-

pliers

2. Inductor-capacitor single-ended circuits
3. Transformer-coupled circuits

Examples of each category are shown in
Figures 8, 9 and 10. In each case, the
switches indicated can be either the output
transistors in the SG1524 or added external
transistors according to the load current re-
quirements.

SG1524/5G2524/SG3524-F N

ERROR AMPLIFIER BIASING CIRCUITS

VREF VREF
R2 POSITIVE
OuTPUT Ry
Sk < VOLTAGES o p:
>
5k g NEGATIVE
Rq 5k L—AAA—» outPUT
R2 VOLTAGES
GND GND
2.5V (R + R2) R1 R2
—_ = 2.5k
Vo 1 R2 + Rz
Note change in input ti for opposite polarif tput
Figure 5

CURRENT LIMITING CIRCUITRY OF THE SG 1524

? -

(4] COMPARATOR
ERROR
AMPLIFIER —| R S
2
R1 >
Qa1
Q2

Figure 6

FOLDBACK CURRENT LIMITING

— ——Vo =5V
Sa/ss R1
1 S Vo R2 ..
Max = Zo \VTHY 3Ry p T~
< R2
v > Rs
15C = wHERE MW
1

VTH = 200 mV
SENSE

Foldback current limiting can be used to reduce power dissipation under shorted output conditions.

Figure 7
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SG1524/5G2524/8G3524-F,N

CAPACITOR-DIODE COUPLED VOLTAGE
MULTIPLIER OUTPUT STAGES

Dy
+VIN ——o/ — +Vo
Sa
Sa T R VIN>Vo

D1
+ViN — +Vo

Sa

S8 = VIN<Vo

I

D1
+vm—o/ p—— -VO
Sa
s == [vau|> | vo)

Note: Diode D1 is necessary to prevent reverse emitter-base breakdown to transis-

SINGLE-ENDED INDUCTOR CIRCUITS

Sa/Ss
+viN —0" 0 M +Vo
= VIN>Vo
v —M >} o
SA/Sajk = VIN<VO
+iy —o” o < -Vo
sa/sa
= |v]<|vol

Single-ended inductor circuits where the two outputs of the SG1524 are connected

need not relate to the input in either amplitude or polarity.

tor switch Sp. in parallel.
Figure 8 Figure 9
TRANSFORMER-COUPLED OUTPUTS
<S P Nl . NI
Sa : k 1% | T v +VIN 0 Pt 1 v
2—— VIN 3 T (]
* ?—_: D l Sa-8
<
PUSH PULL = FLYBACK
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Figure 10
TYPICAL APPLICATION
o |
+10v } 1
>
- 5K VIN
—VWy INV Ca
IN916
5K NI EA
\ 5K‘E—— 20pt IN916
aml; VRer  Cs o
2 -5V
—VA———— Rt €p 20mA
.01 ” cr o+
IN916 50uF
O———] OsC. CL—- —d
O————} SH.DN. COMP. 0O
GND
GND GND
- 0
The capacitor-diode output circuit is used here as a polarity converter to generate
a —5 volt supply from +15 volts. This circuit is useful for an output current of up to
20mA with no additional boost transistors required. Since the output transistors are
current limited, no additional protection is necessary. Also, the lack of an inductor
allows the circuit to be stabilized with only the output capacitor.
Figure 11
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SG1524/5G2524/SG3524-F N

TYPICAL APPLICATION
+5V O
+ < <
1 25k QS S5k
ke S 394

VWA INV
5K
A NI

‘] Vrer
2K
A A4 RY

02,

[ Cr CLt
6203
osc. c.- [ Not6 < CORE: FROM CURVE
2213P-A180-287
o Sh.Dn. COMP. P 510
GND J;°°' 1+
T "7I 2N2222 10
O o
GROUND

Another low-current supply is the flyback converter used here to generate + 15
volts at 20mA from a +5 volt line. The ref: g in the SG1524
is unused with the input voltage providing the reference. Current limiting in a flyback

converter is difficult and is lished here by ing current in the primary line

and resetting a soft-start circuit.

Figure 12
TYPICAL APPLICATION

M YYV%—o
Sav 1 i 0.8mH " 15y
S 680 1A

< 5K VIN

5K
5K
N EAb— ;
1 5K 2K ~ 500uF
._'_| VREF Cca AA 1N3880

AL

L .
%sox

O

azéunu 0.19 GND

\ A4

In this conventional single-ended regulator circuit, the two outputs of the SG1524

are ted in parallel for effective .0-90% duty-cycle modulation. The use of an
output inductor requires an R-C phase compensation network for loop stability.
Figure 13
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+28V |
T KS SIK
5K K VN wo Siw
INV ca
1mH
5K [
NI EA 20 1000t 2
A Ssk ®3 '\1 T e
— VREF Cs
2K KS 20,
—AWA——RT EB T
.01 + ™~
—f p———cr cL
O———o0sc CL™
1001 +
O—————]SH.DN. COMP =< 1004F
GND
01Q
20K
RETURN
Push-pull outputs are used in this pled DC-DC r I converter.
Note that the oscillator must be set at twice the desired output frequency as the
SG1524's internal flip-flop divides the freq by 2 as it switches the P.W.M.
signal from one output to the other. Current limiting is done here in the primary so
that the pulse width will be reduced should former ion occur.
Figure 14 )

168

Sifnotics

SG1524/5G2524/85G3524-F,N



DESCRIPTION

The uA723/SA723C is a Monolithic Preci-
sion Voltage Regulator capable of operation
in positive or negative supplies as a series,
shunt, switching or floating regulator. The
723 contains a temperature compensated
reference amplifier, error amplifier, series
pass transistor, and current limiter, with
access to remote shutdown.

ABSOLUTE MAXIMUM RATINGS

FEATURES

o Positive or negative supply operation

e Series, shunt, switching or floating oper-
ation

® .01% line and load regulation

e Output voltage adjustable from 2 to 37
volts

e Output current to 150mA without exter-
nal pass transistor

e uA723 MIL STD 88 3A, B, C available

PARAMETER RATING UNIT
Pulse voltage from V+ to V- (50 ms) 50 \"
Continous voltage from V+ to V- 40 Vv
Input-output voltage differential 40 \"
Maximum output current 150 mA
Current from VRer 15 mA
Current from Vz 25 mA
Internal power dissipation? 800 mw
Operating temperature range
uAT23 -55 to +125 °C
uA723C 0to 70 °C
SA723C -40 to +85 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C
EQUIVALENT CIRCUIT
FREQUENCY
COMPENSATION
Ov+ Q V¢
TEMPERATURE
COMPENSATED

ZENER

INVERTING
INPUT

SERIES PASS
TRANSISTOR

6 V- AMPLIFIER

oo - 1>
Vour
NON-INVERTING
INPUT
VOLTAGE
REFERENCE CURRENT CURRENT

LIMIT SENSE
ERROR CURRENT
AMPLIFIER LIMITER

wA723/723C-F,HN

SA723C-N
pA723C-D
PIN CONFIGURATIONS
D,F,N PACKAGE
ne[T] 2] ne
CURRENT LIMIT [ 2 73] FREQUENCY
] ) COMPENSATION
CURRENT SENSE [ 3 | [12] v+
INVERTING INPUT Iz [T1]ve
NON-INVERTING
INPUT [10]vour
VREF [z ;z] vz
O e
ORDER PART NO.
#A723F,N
wAT23CF,CN
SA723CN
nA723CD
H PACKAGE*
CURRENT LIMIT
FREQUENCY
CURRENT SENSE COMPENSATION
INVERTING INPUT v+
NON-INVERTING
INPUT ve
VREF Vout

ORDER PART NO.
uA723H
uA723CH
*Metal cans (H) not recommended for new designs

sinotics
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pAT723/723C-F,H,N

INPUT VOLTAGE — vV

Vin - Vour! -V

SA723C-N
) uA723C-D
DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.!
uA723 uA723C/SA723C
PARAMETER TEST CONDITIONS UNIT
: Min | Typ | Max | Min | Typ | Max
Line regulation2 VIN = 12V to V|N = 15V 0.01 0.1 0.01 0.1 %Vout
VIN =12V to VN = 40V 0.02 0.2 0.1 0.5 %Vout
Load regulation2 IL=1mA to IL = 50mA 0.03| 0.15 0.03 0.2 %VouTt
f = 50Hz to 10kHz, Crer = 0 74 74 dB
f = 50Hz to 10kHz, CRreF = 5uF 86 86 dB
Short circuit current limit Rsc = 10Q, Vout = 0. 65 65 mA
Reference voltage 695! 715! 735 1680 ) 715} 7.50 \
Output noise voltage BW = 100Hz to 10kHz, CrRer =0 20 20 uvrms
BW =100Hz to 10kHz, Crer =5uF 2.5 2.5 uVrms
Long term stability 0.1 0.1 0.1 1%/1000hrs.
Standby current drain IL=0, ViNn = 30V 2.3 3.5 2.3 4.0 mA
Input voltage range 9.5 40 9.5 40 \J
Output voltage range 20 37 2.0 37 Vv
Input-output voltage differential 3.0 38 3.0 38 \'
The following specifications apply
over the operating temperature
ranges
Line regulation 0.3 0.3 | %Vour
Load regulation 0.6 0.6 | %Vour
Average temperature coefficient ViN =12V to Vin = 15V
of output voltage IL=1mA to L = 50mA 0.002} 0.015 0.003] 0.015| %/°C
NOTES
1. VIN=V+=Ve=12V, V-=0V, Vout =5V, IL=1mA, Rsc =0, C1 = 100pF, Crer =0 and
divider impedance as seen by error amplifier < 10kQ) when connected as shown in
Figure 3.
2. The load and line lation specifi are for junction temperature.
Temperature drift effects must be taken into account separately when the unit is
operating under conditions of high dissipation.
_TYPICAL PERFORMANCE CHARACTERISTICS
STANDBY CURRENT DRAIN MAXIMUM LOAD CURRENT LOAD REGULATION
AS A FUNCTION OF AS A FUNCTION OF CHARACTERISTICS WITH
INPUT VOLTAGE INPUT-OUTPUT VOLTAGE CURRENT LIMITING
DIFFERENTIAL
5.0 200 +0.1 I ' I
Vout = VReF——f Tamax=1s0c | | Vour=5V.Viy=+12v | |
=0 Ry =150CW Rsc = 102
PSTANDBY = 60mW |
40 160 METAL o T
Tan-55C (NO HEAT SINK) Ta=-86°C
| __LTa-0c Ta=25C ||
E . Ta=+25°C \ ;g' L] ;::Zfzg'c
2z .0 'y < 120 z 01
B\ Bz 5 N/
§ x fa ‘ = Ta=+125 € g " \ \ (
§ 7 — 80 ‘ 2 % /r‘-o'c
10 / \\ 1::’:;;?: \ \\ -03 /\ t
T RS /
N = N \
0 o 10 20 30 0 50 ° o 20 0 60 80 100

OUTPUT CURRENT — mA
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd

WA723/723C-F HN
SA723C-N
wA723C-D

CURRENT LIMIT SENSE VOLTAGE - V

OUTPUT VOLTAGE DEVIATION - mV

OUTPUT VOLTAGE DEVIATION - mV

03

-4.0

CURRENT LIMITING
CHARACTERISTICS AS A
FUNCTION OF JUNCTION

TEMPERATURE
NE
N\,
-
— e
e .‘;gm,,
\\
N
Reny ,,&m\

JUNCTION TEMPERATURE - C

LOAD TRANSIENT RESPONSE

LOAD CURRENT

OUTPUT VOLTAGE

=+12v
5V

=40mA
0

LINE TRANSIENT RESPONSE

INPUT VOLTAGE

\\

QUTPUT VOLTAG!

e —

TIME - us

LIMITING CURRENT-mA

LOAD DEVIATION - mA

INPUT VOLTAGE DEVIATION - VOLTS

ILMAX - mA

REGULATION — % Vout

REGULATION - % Vout

MAXIMUM LOAD CURRENT
AS A FUNCTION OF

INPUT-OUTPUT VOLTAGE
DIFFERENTIAL
- 1T
e T
e l (NOD:;"’;NK) T
120 ‘ = 'A: gc
3} \ \ | [~ 1a=+125°C
X
N
¥
ViN -Vout) -V
LINE REGULATION AS A
FUNCTION OF INPUT-OUTPUT
VOLTAGE DIFFERENTIAL
+0.3 ' |
, 1
o2 -5 5 15 25 35 45

Vin - Vout) -V

LOAD REGULATION AS A
FUNCTION OF INPUT-OUTPUT
VOLTAGE DIFFERENTIAL

+0.2
LT
Vi = +12v
Vour = +6V ——
Rsc =0
Ta=25C P
0 I(=1mAto =50 mA
0 e
—~
-0.1
-02
03
-5 5 % 2 3 a5
Vin - VouT) -V

REGULATION - % Voyt

OUTPUT IMPEDANCE — 2

RELATIVE OUTPUT VOLTAGE ~ V

LOAD REGULATION
CHARACTERISTICS WITHOUT
CURRENT LIMITING

+0.05 T
Vour = +5V
Vin =
Rsc =
0
‘\’\ -—
005 NN >
VD
01 ‘<
Ta=+70C | >
Ta=+25C
mI /// N
015 Ta=+125C
g Ta=-55C —]
02 J
0 20 40 60 80 100

OUTPUT CURRENT ~mA

OUTPUT IMPEDANCE AS A
FUNCTION OF FREQUENCY

* T
—1 vo=+sv
VN = H12V
|1 Rgc =0
TA=+25°C
|| si=50ma } | }]] Ky,
A
10
AN
0.1
-
01
100 Tk 10k 100k ™
FREQUENCY — Hz
CURRENT LIMITING
CHARACTERISTICS
12
1.0
08
06
Ta=-125C
|__va=+70°C
Ta= ;gg’c
04 —-;:_ Zs6°c
i
02— Viy=+12v
Vour = 8V
| Rsc=1002
N
'] 20 40 60 80 100

OUTPUT CURRENT — mA

SnDLES
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TYPICAL APPLICATIONS

wAT723/723C-F,H,N
SA723C-N
nA723C-D

LOW VOLTAGE REGULATOR
(VOUT=2TO 7 VOLTS)

NEGATIVE VOLTAGE REGULATOR

Vou - [Vaer x5
out= | YREF X TRz

Vin
vin
) L
vt Vcl = ;l:“’ vt Ve
Vour VREF Vouy p—O0 e
VReF vz| il
P. o :Ec A . REGULATED apb—o
‘:" M Rq
1 cs cs p—=0Q
b s
I 2. nv AAA - v
n _LC|
cher ::“z ¥ e 3 ::“‘ ! W‘ I o0ee
b3
I 100 pF - REGULATED
= outPuT
Vout = | VReF x 12 Vs = [Veer CRL+R2l oo o
Ry + Rg o = | X TRy | Fem
Rg = ﬁ-—R—z for minimum temperature drift
R1+ Rgp
REMOTE SHUTDOWN REGULATOR HIGH VOLTAGE REGULATOR
WITH CURRENT LIMITING (VOUT =7 TO 37 VOLTS)
(VOUT = 2 TO 7 VOLTS) :
vin ViIN
v vcl v‘- Iv:
VREF Vour ‘::f‘, —- "E:u”,",“,',“ REF vout
< ‘&Rz hl o5 REGULATED
:’.., o ? o —— M\ = outeut
cs
) tov ) Inv ‘Eal
{ v v 1 compP
< l I b
"'2 LOGIC INPUT '—— j’ :
1 oL

Ry + 2
Vout = | Vi
out [REFX Rz ]

Ry Rp

3 = g for minimum temperature drift

R3 may be eliminated for minimum component count
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pAT723/723C-F,H,N

SA723C-N
A723C-D
TYPICAL APPLICATIONS (Contd) K
FOLDBACK CURRENT LIMITING REGULATOR
(Vouyr =2TO 7 VOLTS)
1 Rsc = 349
v . 1 S
VREF Vout 4':: A’_ > as:x.:ur'so w 12
r 5 IKNEE
vip—o 2% % 10 12
. " ] £ § /
o
1 3™ 5 /)
=
N ] v 3 . /
Az v comp /
< 2 A
I"" o \SHORT cCT
= = = = 0 10 20 30 40 50 €0
IKNEE = Wou‘ Rz V3ENSE (A3 + Hﬂ OUTPUT CURRENT IN mA
-Rsc Ry Rsc R4 Ry _ vour lsc .
r Ry + Ro Rs  Vgense (IkNEE :ISHORTCKT)
Vout = | VRer * R
L VSENSE Ry
— Rsc = — |+ &
| | VSENSE _ Rg + Ry Isc 4
'SHORT CKT = R—sc- x T
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Section 4 —TIMERS

NE/SE555/SE555C
NE/SA/SE556
NE/SA/SE556-1/SE556-1C
NE/SA/SE558

176

L1 177

Dual TIMeT .. 180

Dual TIMer . e 183

QUAD TIMEr . .ottt e 186
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DESCRIPTION

PIN CONFIGURATIONS

NE/SE555/SE555C-F,H,N,FE

F PACKAGE
The 555 monolithic timing circuit is a highly
stable controller capable of producing ac- N, FE PACKAGE GND |1 [13] vee
curate time delays, or oscillation. Inthe time GRounp [1] (8] vee ne [2] [13] ne
delay mode of operation, the time is precise- 5
ly controlled by one external resistor and maioses [2] 7] orsonane Tieeen (3 E DISCHARGE
capacitor. For a stable operation as an oscil- outeut [3] [6] THAESHOLD oureur 4] )‘_—‘l Ne
lator, the free running frequency and the RESET (7] [5] conrRoL ne [5] 0] THRESHOLD
duty cycle are both accurately controlled reser [6] 3] nc
with two external resistors and one capaci- °:°E" PART NO. ne ] 1 conTRoL
tor. The circuit may be triggered and reset s;ﬁ?gﬁfg:: VOLTAGE
on falling waveforms, and the output struc- : ORDER PART NO.
ture can source or sink up to 200mA. ® TTL compatible NE/SES55F
* Temperature stability of 0.005% per °C SE555CF
FEATURES pe v “P e
o Turn off time less than 2us APPLICATIONS )
e Maximum operating frequency greater ® Precision timing
than 500kHz * Pulse generation
¢ Timing from microseconds to hours * Sequential timing arouno /@ ® @\ oiscHance
o Operates in both astable and monostable ¢ Time delay generation
modes ® Pulse width modulation TRIGGER | @ ® ] THRESHOLD
¢ High output current ® Pulse position modulation outeur \ ® ® / controL
e Adjustable duty cycle e Missing pulse detector ® VOLTAGE
ABSOLUTE MAXIMUM RATINGS RESET
ORDER PART NO.
NE/SE555H
PARAMETER RATING UNIT SEsss0H
*Metal cans (H) not recommended for new designs
Supply voltage
SES55 +18 v BLOCK DIAGRAM
NES555, SES55C, +16 v
Power dissipation 600 mw vee
Operating temperature range Os
NE555 0to +70 °C
SE555, SE555C -55 to +125 °C
Storage temperature range -65 to +150 °C $n
Lead temperature (soldering, 60sec) 300 °C CONTROL
VOLTAGE
- 5
EQUIVALENT SCHEMATIC ow ::I
6 OJ COMPARATOR
M
5 : g
::mz TRIGGER
g eeK -lcounnnonl-»—o 2
Q19
j Q21 L
L—an :;n
< R13 1
o 39k
THRESHOLD DIs- . .
60O L CHARGE -
b3 ouTPUT 7 O ———l
3 oz O 3 —I\‘ RESET
c 5 - FLIP FLOP -0 4
L] —<t— [ !
R11
4.7K LKQN
TRIGGER R14 =
2 Q17 220
Ress 18 g STaGE. I
DISCHARGE
7 R15 J)
GND ar o3 uou':n
1 01 L £ L = OUTPUT G
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NE/SE555/SE555C-F,H,N,FE

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V to +15 unless otherwise specified.

SE555 NES555/SE555C UNIT
PARAMETER ~ TEST CONDITIONS Min | Typ | Max | Min | Typ | Max
Supply voltage 45 18 4.5 16 \'/
Supply current (low state)? Vcc=5VRL=«= 3 5 3 6 mA
Vecc=15VRL == 10 12 10 15 mA
Timing error (monostable) Ra = 2KQ to 100K
Initial accuracy2 C=0.1uF 0.5 20 1.0 3.0 %
Drift with temperature 30 100 50 ppm/°C
Drift with supply voltage 005 | 0.2 0.1 0.5 %/V
Timing error (astable) Ra, Rs = 1kQ to 100kQ)
Initial accuracy2 C=0.1uF 15 2.25 %
Drift with temperature Vee = 15V 90 150 ppm/°C
Drift with supply voltage 0.15 0.3 %/V
Control voltage level Vce =16V 9.6 10.0 | 104 9.0 10.0 | 11.0 Vv
Vece =5V 29 3.33 3.8 2.6 3.33 4.0 \
Threshold voltage Vce = 15V 9.4 100 | 10.6 8.8 100 | 11.2 \"
Vce =5V 27 333 | 40 24 3.33 4.2 "
Threshold current3 0.1 0.25 0.1 0.25 uA
Trigger voltage Vee = 15V 4.8 5.0 5.2 45 5.0 5.6 Vv
Vece =5V 145 1.67 19 1.1 1.67 2.2 \
Trigger current VTRIG = 0V 0.5 0.9 0.5 2.0 uA
Reset voltage4 0.4 0.7 1.0 0.4 0.7 1.0 v
Reset current 0.1 0.4 0.1 0.4 mA
Reset current VReSET = OV 0.4 1.0 04 1.5 mA
Output voltage (low) Vce = 15V
Isink = 10mA 0.1 0.15 0.1 0.25 "
IsINK = 50mA 0.4 0.5 0.4 0.75 v
Isink = 100mA 2.0 2.2 2.0 2.5 %
IsiINk = 200mA 25 25 v
Vce =5V
Isink = 8mA 0.1 0.25 0.3 04 Vv
IsiINk = 5mA 0.05 0.2 025 | 0.35 \
Output voltage (high) Vcec = 15V
IsouRcE = 200mA 12.5 125 Vv
Isource = 100mA 130 | 133 12.75 | 13.3 Y
Vce =5V
Isource = 100mA 3.0 3.3 275 3.3 Vv
Turn off time5 VRESET = Vce 0.5 2.0 05 us
Rise time of output 100 200 100 300 ns
Fall time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 na

NOTES

1.
2.
3.
4.
5. Time measured from a positive going input pulse from 0 to 0.8 x Vcc into the threshold

Supply current when output high typically 1mA less.

Tested at Vcc = 5V and Vee = 15V.

This will determine the maximum value of Ra + Rg, for 15V operation, the max total
R = 10 megohm, and for 5V operation, the max total R = 3.4 megohm.

Specified with trigger input high.

to the drop from high to low of the output. Trigger is tied to threshold.

178

Sjfnotics



=HNER=

—— —— ———

NE/SE555/SE555C-F,H,N,FE

TYPICAL PERFORMANCE CHARACTERISTICS

MINIMUM PULSE WIDTH SUPPLY CURRENT DELAY TIME
REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs TEMPERATURE
150 10.0 1.015
L . > 1010
z d H H
5 100 I f +25°C 7 1005
H I~
a . L~ de E 6.0 g ~\\
5 g Zo5°C o 1.000 =
D LT ——
E 50 — > i £ 0985
z = — L= 2 S
z /¢ oA | c ° 20 g
25 ﬁ ’ 0.990
o 0 0.985
0 0.1 0.2 0.3 04 5.0 10.0 15.0 ~50 -25 0 +25 +50 +75+100 +125
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (XV cc) : SUPPLY VOLTAGE TEMPERATURE (°C)
LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE
vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT
10 vea—w 10 T{Céflwv 10 Voo
T 1 i
-55° I
iR == +25°C4— _ss°C
0 S 1.0 I 4
£ ' ! f 2 o ¢ +125°C - b I
[} 1 <~ [ — 2
> ] * - = S
! / ! e 3
>8 >g 0.1 Hs Z ] 01 M 23
01 .
o -55°C
0.01 0.01 L I 0.01 l I
10 20 50 10 20 50 100 10 20 50 10 20 50 100 10 20 50 10 20 50 100
IsiNk mA 'sink™A IsiNk (MA)
PROPAGATION DELAY
HIGH OUTPUT VOLTAGE DROP DELAY TIME vs vs VOLTAGE LEVEL
vs OUTPUT SOURCE CURRENT SUPPLY VOLTAGE OF TRIGGER PULSE
20 T 1.015 300
1.8 -55°C
16 | 1010 250
14 S Sadd g 1,005 \ g 200 e V.
s > \ 5 V
L o L 1 B e
21w —— 2 1.000 “\A =} g 150 <
'oo.a — § ';_t; __//
o < 0995 = 100 1
0 i § M= e
04 2 a ] 370°C
SV=Vee= 15V 0.990 50
0.2 +——t +125°C
. L1 - L1
10 20 50 10 20 50 100 0 5 10 15 20 0 0.1 0.2 03 04
'source ™A SUPPLY VOLTAGE (V) LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (XV¢c)
|
|
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DESCRIPTION

The 556 Dual Monolithic timing circuit is a
highly stable controller capable of produc-
ing accurate time delays or oscillation. The
556 is a dual 555. Timing is provided by an
external resistor and capacitor for each
timing function. The two timers operate
independently of each other sharing only
Vcc and ground. The circuits may be trig-
gered and reset on falling waveforms. The
output structures may sink or source
200mA.

APPLICATIONS
Precision timing
Sequential timing
Pulse shaping

Puise generator
Missing pulse detector
Tone burst generator
Pulse width modulation
Time delay generator
Frequency division
Industrial controls
Pulse position modulation
Appliance timing
Traffic light control
Touch tone encoder

180

FEATURES

Timing from microseconds to hours
Replaces two 555 timers

Operates in both astable and monostable

modes

High output current
Adjustable duty cycle
TTL compatible

Temperature stability of 0.005% per °C
SE566 MIL STD 883A, B, C available,

N38510 (JAN planned, 38510 processing

available).

BLOCK DIAGRAM

NE/SE556-F,N ® SA556-N

SE556C-N
PIN CONFIGURATION
F,N PACKAGE
DISCHARGE [7 ] E Vee
THRESHOLD [2 ] 73] DIscCHARGE
sgr::g: 3 E THRESHOLD
—— m SO
output [5 | [76] Reser
TrieeR [6 ] 5] output
erouno [7] (5] TRIGGER

ORDER PART NO.
NE/SES56F,N
SAS556N
SES56CN

DISCHARGE

Vee

THRESHOLD

CONTROL VOLTAGE |—

RESET

FLIP FLOP

OuUTPUT

TRIGGER |

GROUND

U S Sy S S S S S ———

DISCHARGE

THRESHOLD

CONTROL VOLTAGE
RESET

t

FLIP FLOP

o

OUTPUT

TRIGGER

EQUIVALENT SCHEMATIC (Shown for one circuit only)

Vee O

FM
CONTROL VOLTAGE

4

R1 R2
4.7K 330

R3
4.7K

Q5 Q6 Q7

Qs

R4
1K

vV
]
%3

THRESHOLD! Qa1

Q2 Q3

—O OuTPUT

RESET

DISCHARGE
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NE/SE556-F,N ¢ SA556-N

SE556C-N
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage
NE/SA556, SE556C +16 \'
SE556 +18 Vv
Power dissipation 600 mw
Operating temperature range
NES556 0to +70 °C
SA556 -40 to +85 °C
SE556, SE556C -55to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature +300 °C
(Soldering, 60 sec)
ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = 45V to +15V unless otherwise specified.
PARAMETER TEST CONDITIONS SESS6 NE/SASS6/SESS6C
Min Typ Max Min Typ Max UNITS
Supply voltage 45 18 45 16 v
Supply current (low state)? Vcc=5VRL== 6 10 6 12 mA
Vcc=15VRL == 20 24 20 30 mA
Timing error (monostable) Ra = 2k to 100k
Initial accuracy?2 C=0.1uF 0.5 15 0.75 3.0 %
Drift with temperature 30 100 50 ppm/°C
Drift with supply voltage 0.05 0.2 0.1 0.5 %/V
Timing error (astable) Ra, Rg = 1kQ to 100kQ
Initial accuracy?2 C=0.1uF 15 2.25 %
Drift with temperature Vece = 15V 90 150 ppm/°C
Drift with supply voltage 0.15 0.3 %/V
Control voltage level Vce = 15V 9.6 10.0 10.4 9.0 10.0 11.0 Y
Vece =5V 29 3.33 3.8 2.6 3.33 4.0 \Y
Threshold voltage Vce = 15V 9.4 10.0 10.6 8.8 10.0 1.2 \
Vce =5V 27 3.33 4.0 24 3.33 4.2 \'
Threshold current3 30 250 30 250 nA
. Trigger voltage Vce = 15V 4.8 5.0 5.2 4.5 5.0 5.6 \Y
Vce =5V 1.45 1.67 1.9 1.1 1.67 22 V.
Trigger current VTRIG = OV 05 0.9 0.5 2.0 uA
Reset voltages 0.4 0.7 1.0 0.4 0.7 1.0 \
Reset current 0.1 0.4 0.1 0.6 mA
Reset current VRESET = OV 0.4 1.0 0.4 1.5 mA
Output voltage (low) Vcec = 15V
IsINk = 10mA 0.1 0.15 0.1 0.25 \'
Isink = 50mA 0.4 0.5 0.4 0.75 v
Isink = 100mA 2.0 2.25 2.0 3.2 v
Isink = 200mA 2.5 2.5 v
Vce =5V
Isink = 8mA 0.1 02" 0.25 0.3 Vv
Isink = S5mA 0.05 0.15 0.15 0.25 \%
Output voltage (high) Vce = 15V
Isource = 200mA 125 125 \
Isource = 100mA 13.0 13.3 12.75 13.3 \
Vee =5V
Isource = 100mA 3.0 3.3 2.75 3.3 \Y
Rise time of output 100 200 100 300 ns
Fall time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 nA
Matching characteristics4
Initial accuracy? 0.5 1.0 1.0 2.0 %
Drift with temperature 10 ) 10 ppm/°C
Drift with supply voltage 0.1 0.2 0.2 0.5 %/V
NOTES See following page .
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NOTES

1. Supply current when output is high is typically 1.0mA less.

2. Tested at Vcc = 5V and Ve = 15V.

3. This will determine the maximum value of Ra + Rg. For 15V operation, the maximum

NE/SE556-F,N e SA556-N
SE556C-N

"4. Matching charactristics refer to the difference between performance characteristics
for each timer section in the monostable mode.

total R = 10 meg-ohms, and for 5V operation, the max. total R = 3.4 meg-ohms.

TYPICAL PERFORMANCE CHARACTERISTICS

5. Specified with trigger input high.

MINIMUM PULSE WIDTH

SUPPLY CURRENT

HIGH OUTPUT VOLTAGE DROP

SinOtics

REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs OUTPUT SOURCE CURRENT
150 10.0 20
+125°C 8 —ls°c =
125 a0 | 16 1 - y
E < +25°C Lert"1
§ 100 5 § +25°C e
& L 60 12 -
é s ~ J5 ‘E 5 §1o — +i2sec] 47
= 3 55°C il N = —
2 //// e z w0 Sos
Z 50 - C a
g = L1718 g 06
=T ’ 20 0.4
25 g 5V= Vge= 15V
02 L sC
: o ; 11
o 0.1 0.2 0.3 0.4 5.0 10:.0 15.0 10 20 50 10 20 50 100
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE SUPPLY VOLTAGE - VOLTS 1SOURCE ~MA
LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE
vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT vs QOUTPUT SINK CURRENT
10 T 10 T 10 T 1.1
Voo= 5V Vee = 10V Vee® 18V
1 1 1
11 | ]
~55°C ]
K9 = PR ¢ -55°C
. 10 o -Z,O/ Y 10 25°C 1 10 ’
5 ' N/ P 5 +125°C -
- @ a =
4 1 & g z
i 1 * | 5 +25°C —
5 / 5 3 + }
2 K > +125°C ~55°C
0.1 > 01 »
-~
0.01 0.01 [
10 20 50 10 20 50 100 10 20 50 10 20 50 100 10 20 50 10 20 50 100
Ising—mA IsiNk—mA IsiNk (MA)
DELAY TIME DELAY TIME vs PROPAGATION DELAY
vs TEMPERATURE SUPPLY VOLTAGE vs VOLTAGE LEVEL
OF TRIGGER PULSE
1.015 1.015 300
1.010 1.010 250
w w N B
: i 005 \ = 20 s
¥ 1.005 s [y 3:
é = I~ 2 \ 1" g o] 4]
a 1.000 — 2 1000 X ] S 150 <
g \\\ o Nt 4 - ’/
i o} g
S o995 < 0.995 & 100 1
H z S ot |t
z z = /\ +70°C
0.990 0.990 50 b~
+125°C
0.985 0.985 L— 0
-50 -25 0 +25 +50 +75 +100 +125 0 5 10 15 20 [1] 0.1 0.2 0.3 04
TEMPERATURE (°C) SUPPLY VOLTAGE (V) LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc)
182




NE/SA/SE556-1/F,N e SE556-1C/F,N

DESCRIPTION PIN CONFIGURATION
The 556-1 Dual Monolithic timing circuit )
is a highly stable controller capable of pro- F,N PACKAGE
ducing accurate time delays or oscillation. oiscance [1] o,
The 556-1 is a dual 555. Timing is provided . ce
by an external resistor and capacitor for ThrestoLo (2] [13] oischance
each timing function. The two timers oper- o= 7] THRESHOLD
ate independently of each other sharing neser (3] 7] SonTROL
only Vcc and ground. The circuits may be
triggered and reset on falling waveforms. oureur [5] [10] meser
The output structures may sink or source TRIGGER [6 | EI ouTPUT
200mA. Grounp [7] 5 ] TRIGGER
FEATURES NE/SASESSE 1PN
¢ Turn off time less than 2uS SE556-1CF,CN
°

::I‘::I?:;:H:peraﬂng frequency greater BLOCK DIAGRAM

* Timing from microseconds to hours
* Replaces two 555 timers

Operates in both astable and monostable DISCHARGE
modes

High output current

Adjustable duty cycle

TTL compatible

Temperature stability of 0.005% per °C

APPLICATIONS
Precision timing
Sequential timing
Pulse shaping OUTRUT I
Pulse generator

Missing pulse detector
Tone burst geherator
Pulse width modulation
Time delay generator
Frequency division
Industrial controls

Pulse position modulation !
oo ot conrol EQUIVALENT SCHEMATIC  (Shown for one circuit only)
Touch tone encoder '

Vee

DISCHARGE

THRESHOLD THRESHOLD

CONTROL VOLTAGE [—4
RESET

p—— CONTROL VOLTAGE
l RESET

FLIP FLOP

FLIP FLOP

OuTPUT

.TRIGGER | TRIGGER

GROUND

™
O CONTROL VOLTAGE

Vec O— ¢
R1 R2 R3 < R4 R7
47K 330 47KS 1K g

as Qs Q7 Qs

L a8

THRESHOLD Q1 QN

Q2 Q3 —O OUTPUT

RESET

DISCHARGE
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage

NE/SA556-1, SE556-1C +16 \Y

SE556-1 +18 \
Power dissipation 1.20 W
Operating temperature range

NE/SA556-1 - 0to +70 °C

SA556-1 -40 to +85 °C

SE556-1, SE556-1C -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature

(soldering, 60 sec) +300 °C

NE/SA/SE556-1/F,N e SE556-1C/F,N

ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V to +15V unless otherwise specified.

X SE556-1 NE556-1/SE556-1C
PARAMETER TEST CONDITIONS
Min Typ Max Min Typ Max UNITS
Supply voltage 4.5 18 4.5 16 Vv
Supply current (low state)? Vecc=5VRL=w 6 10 6 12 mA
Vecc =15V RL == 20 24 20 30 mA
Timing error (monostable) Ra = 2k} to 100kQ
Initial accuracy? C=0.1uF 0.5 15 0.75 3.0 %
Drift with temperature 30 100 50 ppm/°C
Drift with supply voltage 0.05 0.2 0.1 0.5 %/V
Timing error (astable) Ra, Re = 1k{) to 100k}
Initial accuracy? - C =0.1uF 1.5 2.25 %
Drift with temperature Vee = 15V 90 150 ppm/°C
Drift with supply voltage 0.15 0.3 “%/V
Controi voltage level Vee = 15V 9.6 10.0 10.4 9.0 10.0 11.0 \"
Vce =5V 2.9 3.33 3.8 2.6 3.33 4.0 \Y
Threshold voltage Vce = 15V 9.4 10.0 106 8.8 10.0 11.2 \
Vee =5V 27 3.33 4.0 2.4 3.33 4.2 Vv
Threshold currentd 30 250 30 250 nA
Trigger voltage Vee = 15V 4.8 5.0 5.2 4.5 5.0 5.6 Vv
Vce =5V 1.45 1.67 1.9 1.1 1.67 2.2 \Y
Trigger current VTrig = 0V 0.5 0.9 0.5 2.0 uA
Reset voltages 0.4 0.7 1.0 0.4 0.7 1.0 v
Reset current 0.1 0.4 0.1 0.6 mA
Reset current VReseT = OV 0.4 1.0 04 15 mA
Output voltage (low) Vee = 15V
Isink = 10mA 0.1 0.15 0.1 0.25 \
Isink = 50mA 04 0.5 0.4 0.75 Y
Isink = 100mA 0.8 1.2 2.0 25 \Y
Isink = 200mA 2.5 25 \"
Vce =5V
lsink = 8mA 0.1 0.2 0.25 0.3 \
Isink = 5mA 0.05 0.15 0.15 0.25 \
Output voltage (high) Vce = 15V
IsouRce = 200mA 125 12.5 \%
Isource = 100mA 13.0 13.3 12.75 133 \"
Vee =5V
Isource = 100mA 3.0 3.3 275 33 Y
Turn off time6é VReseT = Vce 0.5 2.0 0.5 us
Rise time of output 100 200 100 300 ns
Fall time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 nA
Matching characteristics4
Initial accuracy? 0.5 1.0 1.0 2.0 %
Drift with temperature +10 +10 ppm/°C
Drift with supply voltage 0.1 0.2 0.2 0.5 %/V
NOTES
See following page
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NE/SA/SE556-1/F,N e SE556-1C/F,N

NOTES 4. Matching characteristics refer to the difference between performance characteristics
1. Supply current when output is high is typically 1.0mA less. for each timer section in the monostable mode.
2. Tested at Vcc =5V and Vge = 15V. . Specified with trigger input high.

[

3. This will determine the maximum value of Ra + Rg. For 15V operation, the maximum 6. Time measured from a positive going input pulse from 0to 0.8 Vcc into the threshold to

total R = 10 megohms, and for 5V operation, the max. total R = 3.4 megohms.

TYPICAL CHARACTERISTICS

the drop from high to low of the output. Trigger is tied to threshold.

MINIMUM PULSE WIDTH SUPPLY CURRENT HIGH OUTPUT VOLTAGE DROP
REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs OUTPUT SOURCE CURRENT
150 20

18 - 55°C
125 16 1 2
z dc < ! +25°C 1
2 100 <5 & 214
A H § 1.2
g ” 1 slc § Lo +125°c | L]
=) 2 [, o
§ "] 81 ; >20.a ]
E 50 o L7 g > 0s
- ’ 20 0.4
25 g 5V=Veg= 15V
0.2 +—+—4
0 o ] [ ]
0 0.1 02 03 0.4 5.0 10.0 15.0 10 20 50 10 20 50 100
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» 1.0 5,? | © — o 10 BCTy 1.0 _5F’
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DESCRIPTION

The 558 Quad Timers are monolithic timing
devices which can be used to produce four
entirely independent timing functions. The
558 output sinks current. These highly sta-
ble, general purpose controllers can be
used in a monostable mode to produce
accurate time delays, from microseconds to
hours. In the time delay mode of operation,
thetime is precisely controlled by one exter-
nal resistor and one capacitor. A stable
operation can be achieved by using two of
the four timer sections.

The four timing sections in the 558 are edge
triggered; therefore, when connected in
tandem for sequential timing applications,
no coupling capacitors are required. Output
current capability of 100mA is provided in
both devices.

FEATURES

© 100mA output current per section

e Edge triggered (no coupling capacitor)

e Output independent of trigger conditions

® Wide supply voltage range 4.5V to 18V

* Timer intervals from microseconds to
hours

* Time period equals RC

® Military qualifications pending

APPLICATIONS

e Sequential timing
Time delay generation
Precision timing
Industrial controls
Quad one-shot
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PIN CONFIGURATION

NE/SA/SE558-F,N

F,N PACKAGE
outputa [T] 6] outeutD
TMING A [2 [15] TiminG D
TRIGGER A [3 ] 73] TRIGGER D
VouTace ovq i3] meser
m R2
vee [5] AN AAA E GROUND
TRiGGER B [6] [11] TRIGGER C
mnG s [7] [10] TimMiNG €
outpute [B ] [9] outputc
ORDER PART NO.
NE/SA/SES58F  NE/SA/SE558N
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage '
NE/SA558 +16 \"
SE558 +18 \'
Power dissipation 1.25 w
Operating temperature range
NES58 0 to +70 °C
SAS558 -40 to +85 °C
SE558 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C
558 EQUIVALENT CIRCUIT
» Vee
. ?
J — — = -O RESET
TIMING O '\'_T_,)l O
VcontroL O +3v
Q\B TRIGGER
J/—() our

T

VVv

hj

GND
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ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V to +15V unless otherwise specified.

NE/SA/SE558-FN

SE558 NE/SAS558
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max
Supply voltage 4.5 18 4.5 16 \
Supply current Vce = Reset = 15V 21 32 27 36 mA
Timing accuracy (T = RC) R = 2k to 100k}
C=1uF
Initial accuracy 1.0 3 2 %
Drift with temperature 150 150 ppm/°C
Drift with supply voltage 0.1 0.1 %/V
Trigger voltagel Vce = 15V 0.8 1.5 2.4 0.8 1.5 2.4 Y,
Trigger current Trigger = OV 5 30 5 100 uA
Reset voltage2 0.8 1.5 24 0.8 1.5 24 Vv
Reset current Reset 50 300 50 uA
Threshold voltage 0.63 0.63 xVcc
Threshold leakage 15 15 nA
Output voltage3 IL =10mA 0.1 0.2 01 | 04 %
IL = 100mA 0.7 1.5 1.0 2.0 \
Output leakage 10 10 nA
Propagation delay 1.0 1.0 us
Risetime of output * IL = 100mA 100 100 ns
Falltime of output IL = 100mA 100 100 ns
NOTES
1. The trigger functions only on the falling edge of the trigger pulse only after previously
being high. After reset the trigger must be brought high and then low to implement
triggering.
2. For reset below 0.8 volits, outputs set low and trigger inhibited. For reset above 2.4
volts, trigger enabled.
3. The 558 output structure is open collector which requires a pull up resistor to Vcc to
sink current. The output is normally low sinking current.
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Section 5—COMPARATORS

LM111/211/311

Voltage Comparator

......................................................... 191

L M119/219/31¢ Dual Voltage Comparalon . . ... ...t e 194

LM139/239/339 Quad Voltage Comparator ... ... .o i 199

LM193/A/293/A/393/A Low Power Dual Voltage Comparator ............. P 204

LM2901 Quad Voltage Comparator . ............ ittt e 199

LM2903 Low Power Dual Voltage Comparator ............................................. 204

MC3302 ~Quad Voltage Comparator .......... ... ... .. ... ... ... ..o 199

NE/SE521 High Speed Dual Differential Comparator/Sense Amp ................ ... ... ......... 207

NE/SE522 High Speed Dual Differential Comparator/Sense Amp ............................... 21

NE/SE527 Voltage Comparator ... ... ... ..ttt e 215

NE/SE529 Voltage Comparator .. ... ... .. ...ttt 219

COMPARATORS SELECTION GUIDE
MAX.INP.
MAX.INP. COMMON VOLTAGE MAX.DIFF.
oFFser | CURRENT SUPPLY RESPONSE MODE OUTPUT VOLTAGE GAIN INP.
COM- | TEMP. | VOLT. | Bias | Offset | VOLTAGE TIME VOLTAGE  |VOL max |VOHmin | ~ OUTPUT (TYP) TIL | VOLTAGE

DEVICE | PLEXITY [RANGE'| (mV) | (A) | (uA) ) (TYP)(ns) | RANGE (V) v (V) | STRUCTURE | V/mV | FANOUT v PACKAGES
LM111? Single M 4.00 0.15 0.02 *15 200 *14 0.4 o.C. 200 5 +30 FT
LM211 Single E 400 | 015 | 002 to 200 +1 04 oc. 200 5 +30 FNT
LM311 Single 1. | 100 | 030 | 007 | +5and GND 200 £14 04 oc. 200 5 +30 FNT
NES272 Single l 100 | 400 | 100 +510 +15 16 +6 05 27 m 5 +5 FKN
SE527 Single M 6.00 4.00 1.00 and GND 16 *6 0.5 25 L 5 +5 FK
NE5292 Single 1 100 | 500 | 150 +510 +15 12 +6 0.5 27 T 5 +5 FKN
SE529 Single M 600 | 360 | 9.00 and GND 12 +6 05 25 a8 5 +5 FK
LM1193 Dual M 700 | 100 | 0.10 +15 80 +13 06 oc. 40 2 +5 KF
LM219 Dual E 7.00 1.00 0.10 to 80 +13 0.6 0.C. 40 2 +5 KF
LM319 Dual | 100 | 120 | 030 | +5and GND 80 +13 06 oc. 40 2 +5 FKN
LM1933 Duél M 9.00 0.30 0.10 *1to 18 1300 0toVS -2 0.7 0.C. 200 2 36 T
LM293 Dual E 9.00 0.40 0.15 or 1300 Oto VS -2 0.7 o.C. 200 2 36 NT
LM393 Dual | 9.00 0.40 0.15 +2to +36 GND 1300 OtoVs -2 07 ocC. 200 2 36 NT
LM2903 Dual E 150 | 050 | 020 1300 OtoVs -2 07 oc. 100 2 36 NT
NES214 Dual 1 100 | 400 | 120 | +5,-5GND 7 +3 05 27 m 12 +8 FN
NE522 Dual | 10.0 40.0 12.0 +5, -5, GND 9 *3 05 o.C. 12 *6 FN
LM1393 Quad M 900 | 030 | 010 1300 0toVs -2 07 oc. 200 2 3% FN
LM239 Quad E 900 | 040 | 015 | ti1to=18or | 1300 0toVS -2 07 oc. 200 2 3% FN
LM339 Quad 1 900 | 040 | 0.15 +210 +36 1300 0to VS -2 07 oc. 200 2 36 FN
LM2901 Quad E 160 | 050 | 0.20 1300 0toVs -2 07 oc. 100 2 36 N
MC33023 Quad E 40.0 1.00 0.20 +2 to +28 GND 2000 OtoVS -2 0.4 o.cC. 30 2 28 N

*Temperature Range
E = Extended

| = Industrial

M = Military

NOTES
1. With strobe; will work from single supply

. Complementary output gates with individual strobes

2,
3. Will operate from single or dual supplies
4. Ultra high speed
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DESCRIPTION

The LM111 series are voltage comparators
that have input currents approximately a
hundred times lower than devices like the
#A710. They are designed to operate over a
wider range of supply voltages; from
standard £15V op amp supplies down to
the single 5V supply used for IC logic. Their
output is compatible with RTL, DTL, and
TTL as well as MOS circuits. Further, they
can drive lamps or relays, switching volt-
ages up to 50V at currents as high as 50mA.

Both the inputs and the outputs of the
LM111 series can be isolated from system
ground, and the output can drive loads
referred to ground, the positive supply or
the negative supply. Offset balancing and
strobe capability are provided and outputs
can be wire OR’ed. Although slower than
the ©A710 (200ns response time vs 40ns)
the devices are also much less prone to
spurious oscillations. The LM111 series has
the same pin configuration as the uA710
series.

FEATURES

e Operates from single 5V supply

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

® Maximum offset current: 20nA (LM311 -

50nA)

Differential input voltage range: 30V

Power consumption: 135mW at +15V

High sensitivity—200V/mV

Military qualification pending

PIN CONFIGURATIONS

LM111/211/311/-F,N,N-14,H

LM311-D

F,N-14 PACKAGE

NC [j E NC

ano [3] 5] e
neut (3]
ineuT [4]
we [5]

v [¢]
saLance [7]

12] NC

v

1] NC

[s] outpuT
é] BALANCE/

STROBE

ORDER PART NO.
LM111F/LM211F/LM211N-14
LM311F/LM311N-14

*Metal cans (H) not rec

H PACKAGE*

ORDER PART NO.
LM11TH/LM211H/LM311H

ded for new

N PACKAGE

ono [1] E‘ v

weut 7] 7] oureur
ineut 5 [c] 8awsTRoBE

v- E z] BALANCE

ORDER PART NO.
LM211N/LM311N
LM311D

EQUIVALENT SCHEMATIC

BALANCE/

STROBE BALANCE
Q

1023

R3 Rl SRa SRz R8 R
300 Q13K 300 13K 750 600
\—4 Qs a? a1

RS a20
70 an -~
o1 D2

<R A7
a5
S 1.2k .26 a1
a8
a 4 G C]
|£°‘ 4 R16
R17 400
5V sV
—H-Df 9 "
a2
INPUTS s
oz 3} RIS

R10
ax

outeuT
-0

O——-——————Kaz az
a9 SR R14 g7
250 200 2K

R13
a

ov- =
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LM111/211/311/-F,N,N-14,H

LM311-D
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Total supply voltage 36 v
Output to negative supply voltage:
LM111/LM211 50 \
LM311 , 40 Vv
Ground to negative supply voltage 30 Vv
Differential input voltage +30 \
Input voltage? +15 \
Power dissipation2 . 500 mw
Output short circuit duration 10 sec
Operating temperature range
LM111 -55 to +125 °C
LM211 -25 to +85 °C
LM311 Oto +70 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C
(soldering, 10sec)
DC ELECTRICAL CHARACTERISTICS 123
LM111/LM211 LM311
PARAMETER TEST CONDITIONS UNIT
“ Min Typ Max Min Typ Max
Input offset voltage4 Ta = 25°C, Rs < 50kQ) 0.7 3.0 20 7.5 mV
Input offset current4 Ta=25°C 4.0 10 6.0 50 nA
Input bias current Ta=25°C 60 100 100 250 nA
Voltage gain Ta =25°C 200 200 V/mV
Response time5 Ta=25°C 200 200 ns
Saturation voltage VIN < -5mV, louT = 50mA :
Ta =25°C 0.75 15 0.75 15 A
Strobe on current Ta=25°C 3.0 3.0 mA
Output leakage current ViN = 5mV, Vout = 35V
Ta = 25°C, IsTROBE = 3mA 0.2 10 0.2 50 nA
Input offset voltage4 Rs < 50kQ) 4.0 10 mV
Input offset currents 20 70 nA
Input bias current 150 300 nA
Input voltage range +14 +14 Vv
Saturation voltage V+2=45V,V-=0
VIN < -6mV, IsINK < BmA 0.23 0.4 0.23 0.4 v
Output leakage current VIN = 6mV, Vout = 35V 0.1 0.5 uA
Positive supply current Ta=25°C 5.1 6.0 5.1 7.5 mA
Negative supply current Ta=25°C 4.1 5.0 4.1 5.0 mA
NOTES
1. This rating applies for 15V supplies. The positive input voltage limit is 30V above the 3. These specifications apply for Vs = +15V and 0°C < Ta < 70°C unless otherwise
negative supply. The negative input voltage limit is equal to the negative supply specified. With the LM211, however, all temperature specifications are limited to
volitage or 30V below the positive supply, whichever is less. -25°C < Ta< 85°C and for the LM111 is limited to -55°C < Ta < 125°C. The offset
2. The maximum junction temperature of the LM311 is 110°C. For operating at elevated voltage, offset current and bias current specifications apply for any supply voltage
temperatures, devices in the TO-5 package must be derated based on a thermal from a single 5V supply up to £15V supplies.
resistance of 150°C/W, junction to ambient, in the N package, a thermal resistance of 4. The offset voltages and offset currents given are the maximum values required to drive
162°C/W, and °C/W for the Ceramic package. The maximum junction temperature of the output within a volt of either supply with 1mA load. Thus, these parameters define
the LM111 is 150°C, while that of the LM211 is 110°C. For operating at elevated an error band and take into account the worst case effects of voltage gain and input
temperatures, devices in the TO-5 package must be derated based on a thermal impedance. .
" resistance of 150°C/W, junction to ambient. The thermal resistance of the Cerdip 5. The response time specified (see definitions) is for a 100mV input step with SmV
package is 110°C/W, junction to ambient. overdrive.
192
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TYPICAL APPLICATIONS

ZERO CROSSING DETECTOR
DRIVING MOS LOGIC

an
S 3K
Lo vesy
8
TO MOS
7 LOGIC

DETECTOR FOR MAGNETIC
TRANSDUCER

O V' sv

MAGNETIC
PICKUP

TTL INTERFACE WITH HIGH
LEVEL LOGIC

*Values shown are for a 0 to 30V logic swing and
a 15V threshold.

tMay be added to control speed and reduce
susceptability to noise spikes.

sifnntics
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LM119/219/319-F,H,N

LM319-D
DESCRIPTION FEATURES PIN CONFIGURATIONS
The LM119 series are precision high speed ¢ Two independent comparators D.F.N PACKAGE
dual comparators fabricated on a single e Operates from a single 5V supply e
monolithic chip. They are designedtooper- e Typically 80ns response time at =15V
ate over a wide range of supply voitages e Minimum fan-out of 3 (each side) we G o
down to a single 5V logic supply and e Maximum input current of 1A over
ground. Further, they have higher gain and temperature el [5] ne
lower input currents than devices like the e Inputs and outputs can be isolated from Gra1[3 12) output
nA710. The uncommitted collector of the system ground +input 1 .j I [ v+
output stage makes the LM119 compatible ¢ High common mode slew rate E
with RTL, DTLand TTLas well as capableof ® Mil std 883 A, B, C available et e fe] tnout2
driving lamps and relays at currents up to v- E_l_ﬂl—rl"l +input 2
25mA. output 2 [7] B Gnd 2

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

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

*Metal cans (H) not recommended for new designs
0°C to +70°C. 9
EQUIVALENT SCHEMATIC
Ry 3.5k
VWA v+
$ S R ‘t l»
R2 4k :, :’ R3 4k 6 3k < < R7 3k
[
Q9
N
v v
Nm —NQB
' Q3 K07 [-—1
v -
{ o'_____Koz { Qg 18pF
INPUTS q R10 P4 <
- LY Ra 3k§: 3 Rs mog SR sk ?» Riz 13
<
>
< Rg 2k
S <
%Rg 18k Q13

3 R15 300
p:

Q22

pv4

—~Q OUTPUT

s
S R1g 1.9k
<

o ‘)1

\ <
> R19 b
250

Q6

>
?st, 600
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LM119/219/319-F,H,N

LM319-D
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT

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

LM119 -55 to +125 °C

LM219 -25 to +85 °C

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

NOTES

1. For supply voltages less than =15V, the absolute maximum rating is equal to the
supply voltage.

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

DC ELECTRICAL CHARACTERISTICS Vs =15V, for LM119, -565°C < Ta < 125°C

LM219, -25°C < Ta < 85°C } unless otherwise specified.

LM319, 0°C <Ta<70°C
LM119/219 LM319
PARAMETER TEST CONDITIONS - - UNIT
Min Typ | Max | Min Typ | Max
Vos Input offset voltage1.2 Rs < 5K, Ta =25°C 0.7 4.0 2.0 8.0 mV
Over temp. 7 10 mV
los Input offset current1.2 Ta=25°C 30 75 80 200 nA
Over temp. 100 300 nA
s Input bias current? Ta =25°C 150 500 250 | 1000 nA
Over temp. 1000 1200 nA
Av Voltage gain Ta=25°C 10 40 8 40 V/mV
VoL Saturation voltage VIN=5mV, lout=25mA, Ta=25°C 0.75 15 \
VIN=10mV, loyt =25mA, Ta=25°C 0.75 1.5 v
V+=45V,V-=
Vin = 6mV, louTt = 3.2mA
Ta=0°C 0.23 0.4 Vv
Ta<0°C 0.6
ViN = 10mV, lout = 3.2mA 0.3 0.4 v
loH Output leakage current V-=0V, VIN =5mV
Vout = 35V, Ta = 25°C 0.2 2 kA
Over temp. 1 10 uA
V-=0V, Vin = 10mV
Vout =35V, Ta = 25°C 0.2 10 uA
VIN Input voltage range Vs = £15V +13 +13 \'
V+=5V, V- =0V 1 3 1 3 \'
Vip Differential input voltage +5 +5 \
I+ Positive supply current V+ =5V, V-=0V, Ta =25°C 4.3 4.3 mA
I+ Positive supply current Vs =15V, Ta = 25°C 8.0 115 8.0 12.5 mA
- Negative supply current Vg = +15V, Ta = 25°C 3.0 4.5 3.0 5.0 mA
NOTES

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

single 5V supply.

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

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

sifnotics
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LM119/219/319-F,H,N

LM319-D
AC ELECTRICAL CHARACTERISTICS TEST CIRCUIT
LIMITS RESPONSE TIME
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max MEASUREMENT
Response time* Vs =115V, TaA=25°C 80 ns '
RL = 5000 (see test figure) T v .
5V
*NOTE
The response time specified is for a 100mV step with 5mV overdrive. AL
o— —0,
cenmmon @ = | OV .
o— —o0 ouT
=3
-15V J:_

TYPICAL PERFORMANCE CHARACTERISTICS

TRANSFER FUNCTION RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
a0 T 8.0 6.0 —T 6.0
Vg = #15V V= 36V Vg = 5.0V
s 5.0 - 5.0
35 R = 1.4K0 7.0 ~ R = 5000
_ Ta=25°C l( S 40 \ \\ N vE e S0V S w0
Z 3 602 5Su \ \ T 2°C Su 2mV//50m
3 / Vvt s 5.0V 3 EQ 30 £ 30 f
. TR AAY 3% [1/]
W 7 - Q 20 20mv N 9 20 Tt
g 2 4 a0 § 5.0m N\2omv ]/} 2.0mv
1.0 1.0
3 7 2 AN J
s L 30 0 0 2
2 / ) . =z 7 s ” vg= iv_“7
£ 10 20 2 g ° g 10 R = 50001
3 R 5w V= 5.0V
= :“‘5' -50 g0 S0 TA=25QC—"
5.0 1.0 83 zg | 1
[ U S sh-00 3 ° l l
0 ° g H
-1.0 -06 -0.2 0.2 0.6 1.0 0 50 100 150 200 250 300 350 . 0 50 100 150 200 250 300 350
DIFFERENTIAL INPUT VOLTAGE (V) TIME (ns) TIME (ns)
INPUT CHARACTERISTICS RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
400 1 6.0 T 6.0
. Vg = 15V
= 15V
s_¥s S, 35(: ! 5.0 ~ Rf - s00n — 5.0
A ot =
H T s V= 50v S a0
__ 300 } } S a0 N\ Taco25%C ] T4 7
< | | S 20mv\ \ \2omV A= oy 20mv / f2omy
< t t 29 30 \- E< 30
5 ) | S5k \\ .0mv 35 / / |
4 200 o3 20 \ o 20 t
& ! { s \ \ > I}Z\~5.0mv
3 T 1.0 1.0 f
2 1
§ 100 | 0 o
- Vg = 5.0V
é : J' s 0 Fle R‘s_ = 5000
E £ .
z 3 = [ LARSER- X\
0 i 5 Sy % 28 * Tp s 2%
1 z
{ MAXIMUM D EN- | ZZ 400 R el
) TIALINPUT VOLTAGE | 2 <] I I
_100 i i 1 >
-10  -60  -20 20 6.0 10 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
DIFFERENTIAL INPUT VOLTAGE (V) TIME (ns) TIME (ns)
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LM119/219/319-F,H,N

LM319-D
TYPICAL PERFORMANCE CHARACTERISTICS (Contd)
OUTPUT SATURATION VOLTAGE SUPPLY CURRENT OUTPUT LIMITING
CHARACTERISTICS
25 12 120 1.2
TA" 25°C Ta - 25°C T, = 25°C
» 10 N\ 10
SHORT CIRCUIT CURRENT
g g o c [ \ 3
3 E 50 POSITIVE SUPPLY. Z g0 08 ¥
g £ 1 3
£ £ 5 2
6.0 60 06 2
2 =
3 3 d 3 / " :
= 10 > =]
2 e o
& / g a0 / EGATIVE SUPPLY 3 a0 04 2
5 5 - z
° / ’ / P 3 / POWER DISSIPATION z
50 20 5 % / 02
Vg = *15v
INPUT OVERDRIVE - 5.0mV
0
0 0.2 04 06 08 1.0 0 5.0 10 15 20 0 5.0 10 15
OUTPUT VOLTAGE (V) SUPPLY VOLTAGE ( *V) OQUTPUT VOLTAGE (V)
INPUT CURRENTS COMMON MODE LIMITS SUPPLY CURRENT
(LM119/219) (LM119/219) (LM119/219)
250 l l Vo | l 12
Vg= 15V = I I
N S -04 b‘ Vg * = 5.0V, Vg~ = 0 — 0
200 [N < o N T POSITIVE SUPPLY, Vg - 115V
> -0. —]
- = . [~ 3 ~
3 \\ g ., Vg t1sV 4 E a0 ~——
g BIAS - .
HEEEEEER U g
u \\ w 16 o s P a
é \\ g 20 REFERRED TO SUPPLY VOLTAGES 8 80 POSITIVE SUPPLY. Vg * = 5.0V.Vg - 0
~ 100 S = — ]
2 2 & a0
2 g 5 ——]
9] L
50 ~] O 08vg= +15V,Vg+ =50V, V- =0 NEGATIVE SUPPLY. Vg - 115y
I~ OFFSET 20
04
0 » v- 0
-55 -35 -15 50 25 45 65 85 105 125 55 -35 15 50 25 45 65 85 105 125 -55 -35 15 50 25 45 65 85 105 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE ('C)
INPUT CURRENTS SUPPLY CURRENTS COMMON MODE LIMITS
(Lm319) (LM319) (LM319)
o T ] ” A S  — —
Vs ® t15v oa Vg+ =50V.Vg~ =0
™ L 10 I~ S
250 — S -08 }
I ——— z POSITIVE SUPPLY. Vg = 15V s N I
< BIAS < - s Vg = 15V t—
£ E 50 £ 42 + E—
| o H
Z 200 z S
@ w T
z £ 60 8 REFERRED TO SUPPLY VOLTAGES
o 3 S -20
£ 150 > POSITIVE SUPPLY. Vg - = 5.0V. Vg~ - 0 z
2 2 1S TS 3 <
z o 4.0 t s 12
: T :
100 ] OFFSET o I NEGATIVE SUPPLY. Vg = - 15 O o8 Vg = t15V.Vg* = 5.0V. Vg~ =
— ’ { { 04
50 v
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 0 20 3 4 50 60 70
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LM119/219/319-F H,N

LM319-D
TYPICAL APPLICATIONS
RELAY DRIVER WIDE RANGE VARIABLE
OSCILLATOR
sV 28V
, ‘ 1900+
INPUTS
30v
= = 27k IN914
1N914 <
J &
sy
)
WINDOW DETECTOR 7.5M
AAA
WA
3k 2500
<D
[—0 5V >
g 500 12v l—ﬁz:zz
> 9
" 10
2 LM:nl?— SQUARE WAVE OUTPUT
—oTTL = s RN 1KHz 10 1MH2
—a TRIANGLE WAVE OUTPUT
4
1
72 LMar)
2
500pF ==
M o FREQUENCY ADJUST
I 3 MUST BE BUFFERED
3 FOR Rp_« 100
= J._: [o)
-5V
Vout =5V for Vit <Vin<Vut
Vout=0for VIN< VLT Or Vin>VuTt
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DESCRIPTION

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

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

ABSOLUTE MAXIMUM RATINGS

FEATURES

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

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

e Low input biasing current 25nA

¢ Low input offset currrent £5nA and offset
voltage +2mV

* Input common-mode voltage range in-
cludes ground

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

¢ Low output 250mV at 4mA saturation
voltage

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

APPLICATIONS

e A/D converters

e Wide range VCO

* MOS clock generator

e High voltage logic gate
e Multivibrators

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

sifjantics

LM139/239/339/2901/MC3302-F,N
LM339-D

PIN CONFIGURATION

D,F,N PACKAGE

output 2 [1 ~ [74] outpuT 3
output 1[2 E OUTPUT 4
v+[3] [17] ano

weut 1- [2] [17] nPUT 4+
weut 1+ [5] 0] INPUT 4 -
NpuT 2- [6 ] [ 9] NPUT 3+
iNpUT 2+ [7] 8] npUT 3-

ORDER PART NO.

LM139/239/339F N

LM2901F,N MC3302F,N
LM339D
EQUIVALENT CIRCUIT

(1 Comparator Only)

v+

100uA

OQUTPUT
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LM139/239/339/2901/MC3302-F,N

LM339-D
DC ELECTRICAL CHARACTERISTICS V+=5Vdc, LM139: -55°C < Ta < 125°C unless otherwise specified
LM239: -25°C < Ta < 85°C unless otherwise specified
LM339: 0°C < Ta < 70°C unless otherwise specified
~ LM139 LM239/339
PARAMETER TEST CONDITIONS - Min | Typ | Max | Min | Typ | Max UNIT
Vos Input offset voltages Ta=25°C . +2.0| £5.0 +2.0) 5.0 mV
Over temp. 9.0 1 9.0
Vcm  Input common mode voltage Ta=25°C 0 V+-15| 0 V+-1.5 Vv
rangeé Over temp. 0 V+-2.0| O V+-2.0
Vipr Differential input voltage4 Keep all ViN's= 0Vdc V+ v+ \
(or V-if used)
I8 Input bias current? hing+) or ing-) with
output in linear range
Ta=25°C 25 | 100 25 250
Over temp. 300 400 nA
los Input offset current IiNg+) = TiNG) .
Ta=25°C +3.0| +25 +50| #50 nA
Over temp. +100 *+150 nA
loL  Output sink current VinG) = 1Vdc, 6.0 | 16 6.0 | 16 mA
Vine =0, Vo £ 1.5Vdc,
Ta=25°C
lon Output leakage current ViN(+) = 1Vdc, ViNG-) =0
Vo=5Vdc, TA=25°C 0.1 0.1 nA
Vo =30Vdc, over temp. - 1.0 1.0 uA
Icc  Supply current RL = = on all comparators, i
Ta=25°C 0.8 2.0 0.8 2.0 mA
Av  Voltage gain RL = 15k Q, V+ = 15Vdc 50 | 200 50 | 200 V/mV
Ta=25°C
VoL Saturation voltage Vin(-) = 1Vdc,
= <
Ving) =0, tsink < 4mA 250 | 400 250 | 400
Ta=25°C 700 700 v
Over temp. m
TLsr Large signal response time ViN = TTL logic swing,
VRer = 1.4Vdc,
VRL = 5Vdc, RL = 5.1kQ),
Ta=25°C 300 300 ns
Tr  Response time8 VRL = 5Vdc, RL = 5.1k(),
Ta=25°C 1.3 1.3 us
200
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LM139/239/339/2901/MC3302-F,N

LM339-D
DC ELECTRICAL CHARACTERISTICS V+=15Vdc, MC3302
LM2901/MC3302: -40°C < Ta < 85°C unless otherwise specified
LM2901 MC3302
PARAMETER TEST CONDITIONS UNIT
ARAMETE Min | Typ | Max | Min | Typ| Max
Vos Input offset voltageS Ta=25°C +2.0| £7.0 3.0 *20 mV
Over temp. +9 | £15 +40
Vcm  Input common mode voltage Ta=25°C 0 V+-1.5 V+-1.5
range6 Over temp. 0 V+-2.0 V+-2.0 Vv
Vipr Differential input voltage4 Keep all ViN's = 0Vdc v+ V+ \
(or V-if need)
B Input bias current? Iing+) or ling-) with
output in linear range
Ta=25°C 25 | 250 25 500
Over temp. 200 | 500 1000 nA
los Input offset current liNg) = ling=)
Ta=25°C +5 | %50 +5 nA
Over temp. +50 | +200 nA
lo.  Output sink current Vine) = 1Vde, mA
Ving+) = 0, Vo < 1.5Vdc,
Ta =25°C 6.0 16
Vo = 800mV,
Over temp. 2.0
lon Output leakage current Ving) = 1Vdc, Vine-) = 0
Vo = 5Vdc, Ta=25°C 0.1 0.1 nA
Vo = 30V Over temp.
Vo=28V Ta=25°C 1.0 1.0 uA
lcc  Supply current RL = » on comparators,
V+ =5Vdc, Ta = 25°C 08 | 20 mA
V+ =30V, Ta=25°C 1.0 | 25
V+ =510 28 Vdc, Ta =25°C 0.8 2.0
Ay  Voltage gain RL = 15k{, V+ = 15Vdc 25 100 2 100 V/mV
Ta=25°C
VoL Saturation voltage Vine) 2 1Vdc,
VING+) T— O,Js;grci 4mA 400 mv
A= 400 | 700
Over temp.
Isink = 2mA, V+ = 5V
to 28V, Ta = 25°C 150 | 400
TLsr Large signal response time VIN = TTL logic swing,
VRer = 1.4Vdc,
VgL = 5Vdc, RL = 5.1k},
Ta=25°C 300 300 ns
Tr  Response time8 VRL = 5Vdc, RL = 5.1k(},
Ta=25°C 1.3 1.3 us
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NOTES

1.

For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be
derated based on a 125° C maximum junction temperature and a thermal resistance of
175°C/W which applies for the device soldered in a printed circuit board, operating in
a still air ambient. The LM139/139A/239/239A must be derated on a 150°C maximum
junction temperature. The low power dissipation and the “On-Off” characteristics of
the outputs keep the chip dissipation very small (Pp < 100mW), provided the output
transistors are allowed to saturate.

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

destruction. The maximum output current is approximately 20mA independent of the
magnitude of V+. .

LM139/239/339/2901/MC3302-F,N
LM339-D

4. Positive excursions of input voltage may exceed the power supply level. As long as the

other voltage remains within the common-mode range, the comparator will provide a
proper output state. The low input voltage state must not be less than -0.3Vdc (or
0.3Vdc below the magnitude of the negative power supply, if used).

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

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

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

1o go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage.
. The direction of the input current is out of the IC due to the PNP input stage. This

3. This input current will only exist when the voltage at any of the input leads is driven current is essentially constant, independent of the state of the output so no loading
negative. It is due to the collector-base junction of the input PNP transistors becoming change exists on the reference or input lines.
forward biased and thereby acting as input diode clamps. In addition to this diode 8. The response time specified is for a 100mV input step with a5mV overdrive. For larger
action, there is also lateral NPN parasitic transistor action on the IC chip. This overdrive signals, 300ns can be obtained, see typical performance characteristics
transistor action can cause the output voitages of the comparators to go to the V+ section.
voltage level (or to ground for a large overdrive) for the time duration that an input is
driven negative. This is not destructive and normal output states will re-establish when
the input voltage, which was negative, again returns to a value greater than -0.3vdc.
TYPICAL APPLICATIONS
TWO-DECADE HIGH-FREQUENCY VCO LIMIT COMPARATOR
v+ v+ (12voc)
100k
100k
+ye 3.0k +y O
FREQUENCY REF HI 5
CONTROL ©) LAM
VOLTAGE YsLM33! O OUTPUT 1 ( P
INPUT p
o OUTPUT 2 ViN
$ D
1 = 2N2222
+y, W
V+ = +30Vpc REF LO =
+250mVpc < V¢ < +50Vpc
700Hz < fo < 100kHz
VISIBLE VOLTAGE INDICATOR TTL TO MOS LOGIC CONVERTER
*SVpe *sVpe
Vo
[
VREF —12v
(*1.4Vpc) O
“12Vp g ke
CRYSTAL CONTROLLED OSCILLATOR
v +
b
200k > 2.0k
v+
onr g
o
200k CRYSTAL
1= 100kHz
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TYPICAL PERFORMANCE CHARACTERISTICS

LM139/239/339/2901/MC3302-F,N
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DESCRIPTION

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

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

ABSOLUTE MAXIMUM RATINGS

LM193/293/393/193A/293A/393A/2903-N,FE,H

FEATURES

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

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

* Low input biasing current 25nA

® Low input offset current +5nA and offset
voltage +2mV

* Input common-mode voltage range in-
cludes ground

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

® Low output 250mV at 4mA saturation
voitage

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

APPLICATIONS

® A/D converters

® Wide range VCO

MOS clock generator
High voltage logic gate
Muitivibrators

PIN CONFIGURATIONS

PARAMETER RATING UNIT

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

Molded DIP 570 mw

Metal can 900 mWwW
Output short circuit to ground?2 Continuous
Input current (ViN < -0.3Vdc)3 50 mA
Operating temperature range

LM193/193A -55 to +125 °C

LM293/293A -25 to +85 °C

LM393/393A 0 to +70 °C

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

N,FE PACKAGE

QUTPUT A E’:

INVERTING 0
INPUT A

NON-INVERTING
INPUT A

ano []

Bl
7] outpurB

INVERTING

6 | INPUT B
NON-INVERTING
INPUT B

H PACKAGE*

INVERTING
INPUT A

NON-INVERTING
INPUT A

*Metal cans (H) not recommended for new designs

EQUIVALENT CIRCUIT

(One Comparator Only)

v+

)100;1 A

OUTPUT

O-
- INPUT
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DC ELECTRICAL CHARACTERISTICS

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

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

LM193/293/393/193A/293A/393A/2903-N,FE,H
-55°C < Ta < +125°C unless otherwise specified.
~25°C < Ta < +85°C unless otherwise specified.

SiNOLES

LM2903: -40°C < Ta < +85°C unless otherwise specified.?
LM193A LM293A/393A LM2903
PARAMETER TEST CONDITIONS UNIT
Min| Typ | Max [Min| Typ | Max |Min| Typ | Max
Vos Input offset voltage5 Ta=25°C +1.0 | £2.0 +1.0 | 2.0 +2.0{ +7.0 mV
Over temp. +4.0 +4.0 9 | *15
Vcm  Input common mode Ta=25°C 0 V+-1.5] 0 V+-1.5| 0 V+-15] V
voltage range6.10 Over temp. 0 V+-2.0| 0 V+-2.0] 0 V+-2.0
Vipr Differential input Keep all ViN's = 0Vdc V+ V+ V+ \}
voltage4 (or V-if need)
IB Input bias current8 ling+) or hing-) with output in
linear range
Ta=25°C 25 | 100 25 | 250 25 250
Over temp. 300 400 200 | 500 nA
los Input offset current IINg) = lINE)
Ta=25°C +3.0 | +25 +5.0| +50 +5 | £50 nA
Over temp. +100 +150 +50 | £200 nA
loL  Output sink current ViN(-) = 1Vdc, ViNg) =0,
Vo < 1.5Vdc,
Ta=25°C 6.0| 16 6.0| 16 6.0 16 mA
loH Output leakage ViNng+ = 1Vdc, VinE-) =0
current Vo = 30Vdc
Over temp. 1.0 1.0 1.0 MA
Vo = 5Vdc, Ta = 25°C 0.1 0.1 0.1 na
Icc  Supply current RL = « on both comparators.
Ta=25°C 0.8 1 0.8 1 0.8 1 mA
V+ = 30V, over temp. 1 2.5 1 2.5 1 2.5
Av  Voltage gain RL = 15kQ, V+ = 15Vdc, Ta=25°C | 50 | 200 50 | 200 25 | 100 V/mV
VoL Saturation voltage ViNe) = 1Vdc, Ving) =0,
ISINK < 4mA
Ta=25°C 250 | 400 250 | 400 400
Over temp. 700 700 400 | 700 mV
TiLsr Large signal ViN = TTL logic swing, 300 300 300 ns
response time VRer = 1.4Vdc,
VRL = 5Vdc, RL = 5.1k,
Ta=25°C
Tr  Response time9 VRL = 5Vdc, RL = 5.1kQ), 1.3 1.3 1.3 us
Ta=25°C
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LM193/293/393/193A/293A/393A/2903-N,FE,H

DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = 5Vdc, LM193/193A: -55°C < Ta < +125°C unless otherwise specified.

LM293/293A: -25°C < Ta < +85°C unless otherwise specified.
LM393/393A: 0°C < Ta < +70°C unless otherwise specified.
LM2903: -40°C < Ta < +85°C unless otherwise specified.7

LM193 LM293/393
PARAMETER TEST CONDITIONS - UNIT
Min | Typ | Max | Min | Typ | Max
Vos Input offset voltage5 Ta=25°C +2.0| 5.0 2.0 | x50 | mV
Qver temp. +9.0 +9.0
Vewm Input common mode voltage Ta=25°C 0 V+-15| 0 V+-15] V
ranges,10 Over temp. 0 V+-2.0f 0 V+-2.0
ViDR Differential input voltage4 Keep all Vin's 2 0Vdc v+ v+ \
i (or V-if need)
Is Input bias current8 ling+) or ling-) with output in
linear range
Ta=25°C 25 | 100 25 | 250
Over temp. 300 400 nA
los Input offset current hng) = Tinge)
Ta=25°C +3.0| +25 +5.0 | £50 nA
QOver temp. +100 +150 | nA
loL Output sink current Vine) = 1Vde, Ving =0,
Vo < 1.5Vdc,
Ta=25°C 60| 16 60| 16 mA
loH Output leakage current Ving) = 1Vdce, Vine)y =0
Vo = 5Vdc,
Ta=25°C 0.1 0.1 nA
Vo = 30Vdc, over temp. 1.0 1.0 uA
Icc Supply current RL = = on both comparators
Ta=25°C 0.8 1 0.8 1 mA
V+ = 30V, over temp. 2.5 2.5
Av Voltage gain RL = 15KQ, V+ = 15Vdc 50 | 200 50 | 200 V/mV
VoL Saturation voltage VinE) = 1Vdc, Ving) =0,
Isink < 4mA
Ta=25°C 250 ( 400 250 | 400
Over temp. 700 700 | mVv
TLSR Large signal response time ViNn = TTL logic swing,
VRer = 1.4Vdc, VgL = 5Vdc,
RL = 5.1kQ,
Ta=25°C 300 300 ns
TR Response time® VRL = 5Vdc,
RL = 5.1kQ,
Ta=25°C 13 13 us
NOTES

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

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

destruction. The maximum output current is approximately 20mA independent of the

magnitude of V+.

This input current will only exist when the voltage at any of the input leads is driven

negative. It is due to the collector-base junction of the input PNP transistors becoming

forward biased and thereby acting as input diode clamps. In addition to this diode
action, there is also lateral NPN parasitic transistor action on the IC chip. This

transistor action can cause the output voltages of the comparators to go to the V+
voltage level (or to ground for a large overdrive) for the time duration that an input is
driven negative. This is not destructive and normal output states will re-establish when
the input voltage, which was negative, again returns to a value greater than -0.3Vdc.

~n

©

4. Positive excursions of input voltage may exceed the power supply level. As long as the
other voltage remains within the common-mode range, the comparator will provide a
proper output state. The low input voltage state must not be less than -0.3Vdc (Vdc
below the magnitude of the negative power supply, if used).

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

. The input common-mode voltage or either input signal voltage should not be allowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage.

. With the LM293/293A, all temperature specifications are limited to -25°C < Ta <
+85°C and the LM393/393A, all temperature specifications are limited to 0°C < Ta<
+70°C. The LM2903 is limited to -40°C < Ta <85°C.

. The direction of the input current is out of the IC due to the PNP input stage. This
current is essentially constant, independent of the state of the output so no loading
change exists on the reference or input lines.

. The response time specified is for a 100mV input step with a5mV overdrive.

. For input signals that exceed Vcc, only the overdriven comparator is affected. With a
5V supply, VN shouid be limited to 25V max., and a limiting resistor should be used on
all inputs that might exceed the positive supply.
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NE521-F,N
SE521-F
FEATURES APPLICATIONS PIN CONFIGURATION
* 12ns maximum guaranteed propagation ¢ MOS memory s.ense amp F,N PACKAGE
delay e A-to-D conversion
® 20uA maximum input bias current * High speed line receiver weuta [ 7] v
e TTL compatible strobes and outputs
* Large common mode input voltage weut 18 [2] 73] v-
range ne [3] [12] inpPUT 24
* Operates from standard supply voltages outeut 1v [4] [77] Ut 28
e Military qualifications pending smose 16 [5] 5] ne
STROBE S E E OUTPUT 2Y
Grouno (7] 8] sTRosE 26
Order Part No.
NE521 F,N
ABSOLUTE MAXIMUM RATINGS SE521 F
PARAMETER RATING UNIT
BLOCK DIAGRAM
Supply voltage \"
V+ Positive +7
V- Negative -7 .
VIiDR Differential input voltage 6 v INPUT 14 :ﬁD
ViN Input voltage Vv NpuT 18 '8
Common mode 5 02 puT 24
Strobe/gate +5.25
(4) (11
Pp Power dissipation 600 mw OUTPUT 1Y INPUT 28
Ta Operating temperature range STROBE 1G5
NE 0to70 °C © ©
SE -55 to +125 STROBE S O -0 OUTPUT 2Y
Tstg Storage temperature range -65 to +150 °C & sTRoBE 20
Lead temperature +300 °C
(solder, 60 sec)
EQUIVALENT SCHEMATIC
V+
14 O
:: R, :E R, 4% Ry

Ve

>
<

>R,
SR

v+ O

Q24

8 O—4

>
<

>R,
D4l
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NE521-F,N

SE521-F
DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, T 5 = -56 to +125°C unless otherwise specified
SE LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
Vos Input offset voltage V+ =+4.5V, V- = -45V mv
" At25°C 6 7.5
Over temperature range 15
'BIAS Input bias current V+ = +55V, V- = -55V MA
At 25°C 75 20
Over temperature range 40
los Input offset current V+ = 455V, V- = -5.5V LA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4.5V, V- = -4.5V +3 \
Vi Low level input voitage \
At 25°C 0.8
Over temperature 0.7
VIH High level input voltage 2.0 Vv
Input current V+ = +55V, V- = -5.5V
"H High ViH=2.7v
1G or 2G strobe 50 LA
Common strobe S 100 A
i Low ViL=05V
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA ‘
v Output voltage Vi(s) =2.0v %
VOH High V+ = +4.5V, V- = -4.5V, ILOAD = -1mA 25 3.4
oL Low V+ = +4.5V, V- = -4.5V, ILoaD-10mA 0.5
Ta =25°C, lLoaD = 20mA 0.5
Supply voltage \
V+ Positive 4.5 5.0 5.5
V- Negative -4.5 -5.0 -5.5
Supply current V+=55V,V-=-55V, TA=25°C mA
lces Positive 27 50
lce- Negative -15 -28
I'sc Short circuit output current -35 115 | wA
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NES21-F,N

SE521-F
DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = 5V, V- = -5V, T =0 to 70°C unless otherwise specified
NE LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
Vos Input offset voltage V+ = +4.75V, V- = -4.75V mvV
At 25°C 6 7.5
QOver temperature range 10
'BlAS Input bias current V+ = +5.25V, V- = -5.25V KA
At 25°C 75 20
Over temperature range 40
los Input offset current V+ = +5.25V, V- = -5.25V KA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4.75V, V- = -4.75V +3 Vv
Input current V+ = +5.25V, V- = -5.25V
"H High ViH=27v
1G or 2G strobe 50 LA
Common strobe S 100 MA
hiL Low ViL=0.5v
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA
v Output voltage Vi(s) = 2.0v 1%
voH High V+ = +4.75V, V- = -4.75V, |LOAD =-1mA 2.7 3.4
oL Low V+ = +5.25V, V- = -5.25V, |LOAD = 20mA 0.5
Supply voltage v
V+ Positive 4.75 5.0 5.25
V- Negative -4.75 -5.0 -5.25
Supply current V+ =525V, V-=-525V, TA=25°C mA
f'ee+ Positive 27 50
'ce- Negative -15 -28
I'sc Short circuit output current -40 -100 A
AC ELECTRICAL CHARACTERISTICS Tp =25°C, R =280Q C|_=15pF V+=+5V V-=-5V
LIMITS
PARAMETER FROM TO UNIT
INPUT OUTPUT Min Typ Max
Large Signal Switching Speed
Propagation delay ns
tpLH(D) Low to high! Amp Output 8 12
tPHL(D) High to low? Amp Output 6 9
tPLH(S) Low to high? Strobe Output 4.5 10
tPHL(S) High to low2 Strobe Output 3.0 6
Maximum operating frequency 40 55 MHz
NOTES
1. Response time measured from OV point of +100mV p-p 10MHz square wave to the 1.5V point of the
output
2. Response time measured from 1.5V point of input to 1.5V point of the output
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NES521-F,N
SE521-F
TYPICAL PERFORMANCE CHARACTERISTICS
RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES RESPONSE TIME vs TEMPERATURE
Vg o _ I
: el g wE .
g s 2 A
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2 Z0mY, SmV ; H ol AT
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E £ e
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p 5
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FEATURES

¢ 15ns maximum guaranteed propagation
delay

¢ 20uA maximum input bias current

* TTL compatible strobes and outputs

e Open collector output for wire-OR’d ap-
plications

* |arge common mode input voltage range

e Operates from standard supply voltages

ABSOLUTE MAXIMUM RATINGS

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

NE522-F N e SE522-F

PIN CONFIGURATION

F,N PACKAGE

inpuT 14 [1]
inpuT 18 [2]
ne [3]
output 1y [4]
STROBE 1G [5 |

strRoBE s [6 |

GRouno [7

i
2] INPUT 2A
[11] nPUT 28
0] ne

9] outpur 2v
8] strosE 26

Order Part No.

NE522 F,.N
PARAMETER RATING UNIT SE522 F
Supply voltage Vv
v Positive 7 BLOCK DIAGRAM
V- Negative -7 ,
)
VIDR Differential input voltage +6 \ INPUT 1A
VIN Input voltage \ INPUT 18 |
Common mode +5 & npur 2a
Strobe/gate 15.25
)
PD Power dissipation 600 mw outpuT 17" INPUT 28
TA Operating temperature range NE 0to 70 °C (5
SE -55 to +125 sTRosee
Tstg Storage temperature range -65 to +150 °C STROBE § ' o— 3 outeur 2v
Lead temperature +300 °C (8)
(solder, 60 sec) STROBE 2G
EQUIVALENT SCHEMATIC
v+
140~
3P
::R, E: R, Ry
Qs
Q6
Zo:——__—ﬁz_ Q, s ] o 4
10 Qz5
oy D, D, y
3*ra
Rs Rs R Ris Re
130 ‘
Rq
Qe
g
1205
1 Qs Qu,
‘b
Ri, <:R"
Vi O

sifnotics
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NE/SES22

DC ELECTRICAL CHARACTERISTICS 15V +10%, Ta = -55t0 125°C unless otherwise specified

NE522-F,N e SE522-F

SE LIMITS
PARAMETER UNIT
TEST CONDITIONS Min Typ Max
Vos Input offset voltage V+ =+45V, V- = -4.5V mV
At 25°C 6 7.5
Over temperature range 15.
1BIAS Input bias current V+ = +5.5V, V- =-55V HA
At 25°C 7.5 20.
Over temperature range 40,
los Input offset current V+ =455V, V- = -5.5V HA
At 25°C 1.0 5.
Over temperature range 12.
vcm Common mode voltage range V+ = +4.5V, V- = -4.5V +3 \"
ViL Low level input Vv
Voltage at 25°C .08
over temperature .07
ViH High level temperature ‘ 2.0 Vv
Input current V+ = +55V, V- = -5 5V
hH High ViH = 2.7V
1G or 2G strobe 50 MA
Common strobe S 100 MA
he Low ViL =05V
1G 2G strobe -2 mA
Common strobe S -4 mA
Output voltage \
VoL Low V+ = +4.5V, V- = -4.5V
loL = 20mA, Ta =25°C 5
loL = 10mA 5
Output current MA
1oH High Vce+ = +4.5, Vee- = -4.5V, Von = 5.5V
250
Supply voltage Vv
V+ Positive 45 5.0 5.5
V- Negative -45 -5.0 -5.5
Supply current V+ =5.5V, V- = -55V mA
lce+ Positive 27 50
lce- Negative -15 -28
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DC ELECTRICAL CHARACTERISTICS

NE522-F,N e SE522-F

(Cont'd) +5V +5%, Ta = 0 to 70°C unless otherwise specified

NE LIMITS
PARAMETER UNIT
TEST CONDITIONS Min Typ Max
Vos Input offset voitage V+ = +4.75V, V- = -4.75V mV
At 25°C 6 7.5
Over temperature range 10
IBIAS Input bias current V+ = +5.25V, V- = -5.25V UA
At 25°C 75 20
Over temperature range 40
los Input offset current V+ = +5.25V, V- = -5.25V MA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4.75V, V- = -4.75V +3 v
Input current V+ = +525V, V- = -5.25V
HiH High Vi =27V
1G or 2G strobe 50 MA
Common strobe S 100 MA
hL Low ViL =05V
1G 2G strobe -2.0 mA
Common strobe S -4.0 mA
Output voitage V+ = +5.25V, V- = -5.25V, V| (g) = 2.0V %
VOL Low ILOAD = 20mA 0.5
Output current A
loH High Voe+ = +4.75,
Voe- = -4.75V, Vo = 5.25V 250
Supply voltage \Y
V+ Positive 4.75 5.0 5.25
V- Negative -4.75 -5.0 -5.25
Supply current V+ =525V, V- = -525V, Tp =25°C mA
lcc+ Positive 27 50
lcc- Negative -15 -28
AC ELECTRICAL CHARACTERISTICS Tp =25°C, R|_=2800, C| = 15pF
FROM TO LIMITS UNIT
PARAMETER INPUT OouTPUT Min Typ Max
Input resistance 4 k)
Input capacitance 3 pF
Large Signal Switching Speed
Propagation delay ns
tPLH(D) Low to high! Amp Output 10 15
tPHL(D) High to low! Amp Output 8 12
tpLH(S) Low to high? Strobe Output 6 13
tPHL(S) High to low? Strobe Output 5 39
Maximum operating frequency 25 35 MHz
NOTES
1. Response time measured from OV point of +100mV p-p 10MHz square wave to the 1.5V point of the
output
2. Response time measured from 1.5V point of input to 1.5V point of the output
213
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NE522-F,N e SE522-F

TYPICAL PERFORMANCE CHARACTERISTICS

RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES RESPONSE TIME vs TEMPERATURE
s 4 ¥s-:|zs\: B s ‘I’s ='t5V |
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g g
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NE527-F,H,N/SE527-F,H

DESCRIPTION FEATURES PIN CONFIGURATIONS
The SE/NE527 is a high speed analog vol- e 15ns propagation delay

tage comparator which, in the first time e Complementary output gates F,N PACKAGE

mates state-of-the-art Schottky diode tech- e TTL or ECL compatible outputs

nology with the conventional linear proc- ® Wide common mode and differential vol- 290 uv'2
ess. This allows simultaneous fabrication tage range ne 7] ] stRoee A
of high speed T2L gates with a precision e Mil std 883A,B,C available

linear amplifier on a single monolithic chip. e e L) e

The SE/NE527 is similar in design to the APPLICATIONS weur s (4] i outeut &
Signetics SE/NE529 voltage comparator e A/D conversion ne 3] ] GROUND
except that it incorporates a “Emitter Fol- e ECL to TTL interface v [f ) outeur 8
lower” input stage for extremely low input e TTL to ECL interface !

currents. This opens the door to a whole s Memory sensing ne [} 2] s7rosc o
new range of applications for analog vol- o Optical data coupling

tage comparators. H PACKAGE *

BLOCK DIAGRAM

OUTPUT A
INPUT A

INPUT B

ouTPUT B

OUTPUT B

*Metal cans (H) not recommended for new designs

EQUIVALENT SCHEMATIC

vyt Q STROBE A

< <
> 20K > >
32 K 23 ®

>
215k 315K
> bS

"\% L. = 2613k

[ e
g;!l 3001 300! 10002 200()

0
STROBE B
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NE527-F,H,N/SE527-F,H

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Positive supply voltage (V1+) +15 \
Negative supply voltage (V1-) -15 \
Gate supply voltage (V2+) +7 \
Output voltage ‘ +15 \
Differential input voltage +5 "
Input common mode voltage +6 v
Power dissipation 600 mW
Operating temperature range
NE527 0 to +70 °C
SE527 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C

DC ELECTRICAL CHARACTERISTICS Vi+ =10V, Vi- = =10V, V2* = +5.0V

SE527 NES27
PARAMETER TEST CONDITIONS UNIT

Min | Typ | Max Min Typ | Max

INPUT CHARACTERISTICS

Input offset voltage @ 25°C 4 6 mV
Over temperature range 6 10 mV
Input bias current @ 25°C 2 2 nA
Over temperature range 4 4 uA
Input offset current @ 25°C 0.5 0.75 uA

Over temperature range ViN =0V

GATE CHARACTERISTICS
Output voltage

_
o

1=
>

“1” State Vot = 475V, Isource = -TmA 25 3.3 27 3.3 \%

“0"” State Vot = 4.75V, Isink = 10mA 0.5 0.5 \"
Strobe inputs

“0” Input current Vot = 5.25V, VsTroBE = 0.5V -2 -2 mA

“1” Input current @ 25°C Vot = 525V, VsTROBE = 2.7V 50 100 uA
Over temperature range Vot = 525V, VsTROBE = 2.7V 200 200 uA

“0” Input voltage Vot = 4.75V 0.8 0.8 Vv

“1” Input voltage Vot = 4,75V 2.0 : 2.0 \'
Short circuit

Output current Va+ = 5.25V, Vourt = 0V -18 -70 -18 -70 mA

POWER SUPPLY REQUIREMENTS
Supply voltage

Vit 5 10 5 10 "
Vi- -6 -10 -6 -10 \
Va+ 45 5 55 4.75 5 5.25 \
Supply current Vi+ =10V, Vi- = =10V
Vot = 5.25V
I+ Over temp. 5 5 mA
- Over temp. 10 10 mA
I2+ Over temp. 20 20 mA

*NOTE

Parameters are guaranteed over the temperature range unless otherwise specified.
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NE527-F,H,N/SE527-F,H

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

LIMITS
PARAMETER TEST CONDITIONS " N UNIT
Min Typ Max
Transient response propagation delay time Vin = £100mV step
tPLH 16 26 ns
tPHL 14 24 ns
Delay between output A and B 2 5 ns
Strobe delay time
ton Turn-on time 6 ns
totf Turn-off time 6 ns
TYPICAL PERFORMANCE CHARACTERISTICS
INPUT CURRENTS vs SUPPLY CURRENT vs POWER DISSIPATION vs
TEMPERATURE TEMPERATURE SUPPLY VOLTAGE
30 160
N V,' = 50vOLTS
25 "5 ] s - Tp = 25% /
< e BIAS CURRENT . ¢ - z //
;l.s < B '3< Vo -sov 4 | 140
z 0 N [ 2 b : v
§ 05 \ g 5 i % 130 - A
E °<$ $ g * ViT = oV g 120 /
03 ~ a 4 § /
OFFSET CURRENT I“
02 \\ 3 — 110
01 2 Vit =st0v
. ——] L] - /
-50  -25 2% 50 75 100 125 -50 -25 0 +25 +50 +75 +100 +125 :5 6 7 '8 9 £10
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE [V", Vy) — vOLTS
SUPPLY CURRENT vs OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR
SUPPLY VOLTAGE VARIOUS INPUT
OVERDRIVES
° Tp=25% ( T J vyt =10V, vy = 0y i | Vit =10V, vym=-10v
; V,* -50VOLTS w s 1 Vot esov —— ® s I vyt =50V
" 2 ,loutrura £ 4fourrura
g —— . \ T s, \ WAV 5
= : \ : s \eVe\s N\
= [ [P I B B 37 / 3’ ovenoRIvEl S —\d’:& 2\
E 4 1 1 <
g . o : . ouTPUTB p. >T . \ \ X
& [ — I w
N L — §100 o g 100 § |overpRive
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' : 2 o !
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APPLICATIONS

One of the main features of the device is that
supply voltages (V1+, V1-) need not be
balanced, as indicated in the following dia-
- grams. For proper operation, however, neg-
ative supply (V1-) should always be at least
six volts more negative than the ground
terminal (pin 6). Input Common Mode range
should be limited to values of two volts less
than the supply voltages (Vi+and V1-)upto
a maximum of +6 volts as supply voltages
are increased.

It is also important to note that Output Aisin
phase with Input A and Output B is in phase
with Input B.

TYPICAL APPLICATIONS

NE527-F,H,N/SE527-F,H

+5V

PHOTODIODE DETECTOR

527

P
e 2R
>
<
10 9
1 7

L

IwWA-
o—ro

¢
||i—- @

ECL TO TTL INTERFACE

TTL OUTPUTS

VREF +5V

MOS MEMORY SENSE AMP

1103 .
MOS RAM 1

527

=
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DESCRIPTION

The SE/NES529 is a high speed analog volt-
age comparator which, for the first time
mates state-of-the-art Schottky diode tech-
nology with the conventional linear proc-
ess. This allows simultaneous fabrication of
high speed T2L gates with a precision linear
amplifier on a single monolithic chip.

ABSOLUTE MAXIMUM RATINGS

FEATURES

L]

10ns propagation delay

Complementary output gates
TTL or ECL compatible outputs
Wide common mode and differential volt-

age range

APPLICATIONS

e ® o o o o

A/D conversion

ECL to TTL interface

TTL to ECL interface
Memory sensing

Optical data coupling

Mil std 883A,B,C available

NE529-F,H,N/SE529-F,H

PIN CONFIGURATION

F,N PACKAGE
vi [ vtz
ne [7] 3] STROBE A
INPUT A E 12| NC
INPUT BE 1| OUTPUT A
e [5] 0] GROUND
v; [¢] [ s]outeuT &
Ne E ] sTRoBE B

ORDER PART NO.
NE/SE529F,NE529N

H PACKAGE"

PARAMETER RATING UNIT ORDER PART NO.
NE/SE529H

Positive supply voltage (V1+) +15 \Y *Metal cans (H) not recommended for new designs
Negative supply voltage (V1-) -15 \
Gate supply voltage (V2+) +7 Vv
Output voltage +15 v BLOCK DIAGRAM
Differential input voltage +5 \"
Input common mode voltage +6 Vv
Power dissipation 600 mwW
Operating temperature range ouTPUT A

NES529 0 to +70 °C T A

SES529 -55 to +125 °C INPUT B ot s
Storage temperature range -65 to +150 °C
Lead temperature

(soldering, 60 sec) +300 °C

EQUIVALENT SCHEMATIC
? STROBE A

INPUT A

STROBE .8

OUTPUT b
o)

Sifnotics
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DC ELECTRICAL CHARACTERISTICS Vi+=+10V, Vo+ =+5.0V, V4-=-10V

NES529-F,H,N/SE529-F,H

220 Sinotics

SE529 NE529
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min Typ | Max
INPUT CHARACTERISTICS
Input offset voltage @25°C 4 6 mV
Over temperature range 6 10 mV
Input bias current @25°C 5 12 5 20 bA
Over temperature range ViN =0V 36 50 uA
Input offset current @25°C 2 3 2 5 pA
Over temperature range VIN = OV 9 15 uA
GATE CHARACTERISTICS
Output voltage
“1” state Vot = 4.75V, lsource = -1mA 25 3.3 2.7 3.3 \
“0” state Vot = 4.75V, lsink = 10mA 05 0.5 \
Strobe inputs
“0” input current Va+ = 5.25V, Vstrobe = 0.5V -2 -2 mA
“1" input current @25°C Vot = 5.25V, Vstrobe = 2.7V 50 100 nA
Over temperature range Va+ = 5.25V, Vstrobe = 2.7V 200 200 uA
“0” input voltage Vot = 4.75V 0.8 0.8 v
“1” input voltage Vot = 4.75V 2.0 2.0 \"
Short circuit
Output current Vot = 5.25V, Vout = 0V -18 -70 -18 -70 mA
POWER SUPPLY REQUIREMENTS
Supply voltage
Vit 5 10 5 10 Vv
Vi- -6 -10 -6 -10 \Y
Vaz+ 45 5 5.5 4.75 5 5.25 Vv
Supply current Vi+ =10V, V1- = -10V
Vo+ = 5.25V
I+ Over temp. 5 5 mA
- Over temp. 10 10 mA
o+ Over temp. 20 20 mA
Parameters are guaranteed over the temperature range unless otherwise specified.
AC ELECTRICAL CHARACTERISTICS Ta=25°C
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Transient response Vin = +£100mV step
Propagation delay time
tPLH 12 22 ns
tPHL 10 20 ns
Delay between output 2 5 ns
A and B
Strobe delay time
ton turn-on time 6 ns
torr turn-off time 6 ns




TYPICAL PERFORMANCE CHARACTERISTICS

NE529-F,H,N/SE529-F,H
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SUPPLY CURRENT - mA
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NE529;F,H,N/SE529-F,H

APPLICATIONS

One of the main features of the device is that
supply voltages (V1+, V1-) need not be
balanced, as indicated in the following dia-
grams. For proper operation, however, neg-
ative supply (V1-) should always be at least

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

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

TYPICAL APPLICATIONS

PHOTODIODE DETECTOR ECL TO TTL INTERFACE
)\ +5V +5V
Ve R, = Ry
10 9 Q
, 10 ) , _g , s __(?
529 TTL OUTPUTS
529 = 3n, .
a ECL ) . v
2 . . SfF——° INPUT 3 6 Q
Ry 2Ry Ry Ry .l‘
) - =
= = -6V = -tov
MOS MEMORY SENSE AMP TTL TO ECL INTERFACE
VREF +5V O +5v

10 9 a 10 9
1103 TTLINPUT
MOS RAM 1 ’ o 1 7 E m
520 529
a
2 5 p——0 2 5
3 6 3 s

100 100:: l l Ry
= = -6V = = = 0V O s2v
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Section 6—MICROPROCESSOR INTERFACE

NES590/591 Addressable Peripheral Drivers
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DESCRIPTION

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

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

The NE591 has 8 open emitter Darlington
outputs which source current to anexternal
load from a common collector line, Vs. This
Vs line need not necessarily be the same as
the 5 volt Vcc supply. The device is pack-
aged in an 18-pin molded or cerdip pack-
age.

PIN DESIGNATION

NE590-F,N e NE591-F N

FEATURES PIN CONFIGURATIONS
* 8 high current outputs
* Low-loading bus compatible inputs NE590
e Power-on clear ensures safe operation F,N PACKAGE
e NE590 will operate in addressable or
demultiplex mode Ao m [76] vee
¢ Allows random (addressed) data entry 2] 7] cm
* Easily expandable ! I
e NE590 is pin compatible with 9334 a2 [3] [12] CE
ao [ [13] o
APPLICATIONS o 5 o,
* Relay driver
* [ndicator lamp driver o [¢] ] o
e Triac trigger 03 [7] [10] 05
e LED display digit driver Gno (8] (9] o4
e Stepper motor driver
NE591
F,N PACKAGE
& [T 18] vee
Ay [2] [17] <R
e o
Ay [4] Es_| D
Qo [5] [14] a7
o, [&] [13] o
a, [7] El 0g
a3 [3] [11] o,
ano [9] _T_o] vg

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

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

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

9-12 11-14 NE591 has open emitter follower outputs.

13 15 D The data input. When the chip is enabled, this data bit is transferred to the defined

output such that:

“1” turns output switch “ON”

“0” turns output switch “OFF”
Thus in logic terms, the NE590 inverts data tc the relevant output. The NE591
retains true data at the output.

14 16 CE The chip enable. When this input is low, the output latches will accept data. When
CE goes high, all outputs will retain their existing state, regardless of address or
data input conditions.

15 17 CLR The clear input. When CLR goes low all output switches are turned “OFF”. On the
NES590, a high data input will override the clear function on the addressed latch. On
the NE591, CLR low will override any other condition.

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

— 10 Vs The Vs line provides the power to all 8 output devices. It is connected to the
collectors of all 8 output transistors. This pin may be connected to the Vcc or
another supply.
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TRUTH TABLE (NE590)

INPUTS OUTPUTS MODE
CLR CE D Ao A1 A2 | Qg Q1 @2 Q3 Q4 Q5 Qg Q7
L H X X X 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 HH H H
L L L H L L H H H H H H H H | Demultiplex
L L H H L L H L HH H H H H
L L L H H H H H HH H H H H
L L H H H H H H HH H H H L
H H X X X X | Qn-1 » | Memory
H L L L L L H QN-1 >
H L H L L L L QN-1 -
H L L H L L Qn-1 H QN-i————————
H L H H L L Qn-1 L QN-1 Addressable
H L L H H H QN-1 » H | Latch
H L H H H H QN-1 > L
X = Don't care condition
Qn. 1 = Previous output state
L = Low voltage level/"ON" output state
H = High voltage level/*OFF" output state
TRUTH TABLE (NE591)
INPUTS OUTPUTS MODE
CLRCE CS D Ag Ay Ay| Q9 Q4 0 Q3 Q4 Q5 Qg Q7
L X X X X X X L L L L L L L L |Clear
H H H X X X X |QN-1
H H L X X X X |QN-1 » Memory
H L H X X X X |QN-1 -
H L L L L L L L QnN-1 >
H L L H L L L H QnN-1 > Add bl
ressable
H L L L H L L |GN-1 L QON-1 > Latch
H L L H H L L |OnN-1 H QN1 —>
H L L L H H H|QNna » L
H L L H H H H |QN-1 » H

X = Don't care

Qn 1 = Previous output state

L = Low voltage level/“OFF" output state
H = High voltage level/*"ON" output state
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NE590-F,N « NE591-F N

BLOCK DIAGRAMS ABSOLUTE MAXIMUM RATINGS Ta =25°C unless

otherwise specified.

o O_D& § procen o PARAMETER RATING | UNIT

01 Vce Supply voltage -0.5to +7 Vv
l ViN Input voltage -0.5 to +15 v

- Vout Output voltage \

| LATCH Oa

fo {erf-oe, NE590 0to +7
03 NE591 0 to Vec

A1 1-0F-8 ,—_>co~mm Vs Source bus voltage \Y
DECODER GATE 04 NE591 only -0.5to +7
Vs-Vcc  Source/supply differential \

A2 1

Oas voltage

NE591 only -5 to +2

o |>C ]
° LaTcH -0 ag lout Output current mA
Each output 300

cso—De Latcn}—oo0, All outputs 1000

195

Po Power dissipation? 1 w
(NE591 ONLY) o
Temperature range (e}
INPUT STAGE NES90 OUTPUT STAGE Ta Ambient 0 to +70

vee Ty Junction 150
v NES91 Tste Storage -65 to +150
s Tsold Lead soldering temperature 300 °C
g (10sec max)

DC ELECTRICAL CHARACTERISTICS Vcc =4.75105.25V, 0°C < Ta < 70°C unless otherwise specified.2,3

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage \
ViH High 2.0
ViL Low 0.8
Output voltage \
VoL Low (NE590 only) loL =250mA, Ta = 25°C 1.0 1.3
Over temperature 1.5
VoH High (NE591 only) lon = -250mA, Vcc = Vs = 5V 29
Input current uA
liH High Vin = Vce 0.1 10
i Low_ Vin =0V
CE input -25 -60
All other inputs -15 -50
Supply current4 Vs = Vce =5V mA
lccL All outputs low
NE590 33 50
NE591 15 50
lccH All outputs high
NE590 15 50
NE591 30 50

NOTES

1. Derate power dissipation as indicated above threshold ambient temperature:
NES90N at 95°C/W above 55°C
NES90F at 100°C/W above 50°C
NES91N at 90°C/W above 60°C
NE591F at 93°C/W above 57°C
2. All typical values are at Vcc = 5V and Ta = 25°C.
3. For the NE591. Vs = Vcc in all tests.
4. Supply current for the NE591 is measured with no output load.
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SWITCHING CHARACTERISTICS Vcc =5V, Ta=25°C

NE590-F,N e NE591-F,N

NE590 NE591
PARAMETER TO FROM UNIT
Min | Typ Max Min Typ Max

Propagation delay time ns
tPLH Low to highs == 100 70
tpHL High to lows Output CE 130 80
tPLH Low to high6 80 60
tPHL High to lows Output Data 100 70
tPLH Low to high? 125 70
tPHL High to low? Output Address 115 70
tPLH Low to high8 == 80
tPHL High to lows Output CLR 60
tPLH Low to highs -= 70
tPHL High to lows Output cs 80
SWITCHING SET-UP REQUIREMENTS
ts(H)® Chip enable High data 120 50 ns
ts(L)® Chip enable Low data 120 70 ns
ts(a)10 Chip enable Address -60 -10 ns
th(H)® Chip enable High data -60 -60 ns
th()® Chip enable Low data -60 -20 ns
ts(cs)® Chip enable | Low chip select 70 ns
tow(E) Chip enable pulse widths 150 80 ns

NOTES

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

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

TIMING DIAGRAMS

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

ce T\

tpLH

Q (NE590)

tPHL

Q (NE591)

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

Q (NES90)

Q (NE591)

tPHL

'PLH

Other Inputs: CE = CS = L,

CLR=H,

A = Stable

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT
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TIMING DIAGRAMS (Cont'd)

NE590-F,N ¢ NE591-F,N

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

\_ /

—
. s
7 ‘T\__

A

Q (NE590)

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

TURN-OFF DELAY, CLEAR TO OUTPUT

CLR

tPLH

Q (NE590)

tPHL

Q (NE591)

Other Inputs: CE=H, S=H

SETUP TIME, ADDRESS TO ENABLE

o

Other Inputs: CLR=H, GCS=1L

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE VS LOAD CURRENT(NE590)

14

12 ==
s /
‘:"J' 10 % ;/
5 /
2 / / /
5 o8 /1 /
g  Joc / y
5 25 c/
o

06 f70C

04

0 50 100 150 200 250

OUTPUT LOAD CURRENT (mA)

SETUP AND HOLD TIME, DATA TO ENABLE

tHe

Q (NE590) % M
Q (NE591) W %

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

TYPICAL APPLICATIONS

OUTPUT VOLTAGE DROP VS LOAD CURRENT(NE591)

20

W
|

OUTPUT VOLTAGE DROP (Vcc-Vo)

0 ~50 -100 ~150 ~200 -250
QUTPUT LOAD CURRENT (mA)

INTERFACING THE 590/591 WITH A
MICROPROCESSOR SYSTEM

DATA
BUS
uP
D CS (591 ONLY) [3} CS (591 ONLY)
A 0 o I Qg
a2 ai — | g;
A} az Ag —— 32
I°H ——— 03
590/1 Qs 590/1 [ Qs
Qg S— ]
Q7 Q7
CE — |ce
CLR CE Gin
110
CONTROL

CLEAR

Ao. A1, Ag. and CS may be connected to the

address bus if permitted by system design.
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TYPICAL APPLICATIONS (Cont'd

NE590-F,N ¢ NE591-F,N

NES590 DRIVING SIMPLE LOADS

::b_

NES591 DRIVING SIMPLE LOADS

t5v
54
Vee Vs ‘

Rp
4 Qg ) 2N3055
01 b
QF—
591 Qy — =
Q4 b
e 9
Qg F— R,
cs Q7
-.L LED

NE590 OPERATING IN DEMULTIPLEX MODE

\-——o Qo

D ——o0a,

Ag 09,

coonTeR Ay 590 O: %3
A, Q4

__—oos

I
<,‘_>|ﬁl

-
.

NE591 OPERATING IN DEMULTIPLEX MODE

O +sv T*sv
—3 D OQO
" oo,
LK O- 3-BIT ™ l—o0 a0,
COUNTER A‘ ss1 —O0,
n2 ——O0 a4
— CE ——O0a;
b E_f,_ ——O0 Qg
TR l—O0 o0,
+5v -L
e —
R1 20k r—
c
1t
1t
1000p
R, & 30k

For display applications, interdigit blanking is provided by time constant
7= C(R1/R2). = 10us with values shown.

NES591 DRIVING HIGH CURRENT (5A) TRANSISTORS

'sv orPt
- op2
vVce v
< s o3
4 go
1
591 Q3
a, orps
—~ Qg
= %6 (]
S

o/P7

o/P8

Rs defines base drive to output transistor by:

Vce - 0.2 - 2Vpe =
Rb

provided that only one output is ON at any time.

b=

NES591 AS THE DIGIT DRIVER IN A LED DISPLAY SYSTEM

4 586
BCD TO
7 T
DECODER

3
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SECTION 7
TRANSISTOR ARRAYS
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Section 7—TRANSISTOR ARRAYS

CA3081/3082
ULN2001/2003/2004

232

Seven Transistor Array . ............. ... . ... ... ...

High Voltage /High Current Darlington Transistor Arrays
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DESCRIPTION

The CA3081 and CA3082 are monolithic in-
tegrated circuits, each consisting of seven
separate npn transistors on a common
substrate. The transistors are capable of
driving loads of up to 100mA. At the same
time, the transistor geometry used gives
maximum current gain at quite low currents,
making the devices also suitable for small-
signal applications. In the CA3081, the tran-
sistors are connected in a common emitter
configuration, while in the CA3082, the col-
lectors are common. The transistor arrays
are particularly suitable for driving light-
emitting diodes and seven-segment dis-
plays, as well as for general purpose appli-
cations. The CA3081 and CA3082 are avail-
able in both 16-lead dual-in-line plastic and
cerdip packages.

PIN DESIGNATION (cA3081)

FEATURES

e Seven transistors permit a wide range
of applications in either a common
emitter (CA3081) or common-collector
(CA3082) configuration.

® High Ig: 100mA maximum
® Low VCE gat (at S50mA): 0.4V typical

APPLICATIONS
® Drivers for:
Incandescent display devices
LED
Relay control
Thyristor firing

PIN DESIGNATION (CA3082)

F.N

PIN CONFIGURATIONS

CA3081 F,N PACKAGE

COLLECTOR [ [16] BASE
COLLECTOR [2] [15] EMITTER

[12] coLLECTOR

[13] BASE

[12] coLLECTOR

BASE [3]
coLLecTon [4]]

suBsTRATE [5 |

Base [6 | E] BASE
COLLECTOR [7 ] [10] BASE
BASE 3 | z] COLLECTOR

ORDER PART NO.
CA3081F, CA3081N

CA3082 F,N PACKAGE

EMITTER [ ] [16] BASE
EMITTER [ 7| [15] COLLECTOR
Base [} [12] emiTYER
emiTTeR [4 | [13] BASE
SUBSTRATE [ | [12] emiTTeR
ease [6 | 11] BaASE
EmITTER [7 | [10] BASE
BASE [3] 9] emiTTeR

ORDER PART NO.
CA3082F, CA3082N

PIN NO. SYMBOL NAME AND FUNCTION PIN SYMBOL NAME AND FUNCTION

1 C1 Collector, Transistor 1 1 E1 Emitter, Transistor 1
2 Cc2 Collector, Transistor 2 2 E2 Emitter, Transistor 2
3 B2 Base, Transistor 2 3 B2 Base, Transistor 2
4 C5 Collector, Transistor 5 4 ES Emitter, Transistor 5
5 SuB Substrate 5 suB Substrate

6 B5 Base, Transistor 5 6 B5 Base, Transistor 5

7 c7 Collector, Transistor 7 7 E6 Emitter, Transistor 6
8 B7 Base, Transistor 7 8 B6 Base, Transistor 6
9 Cé6 Collector, Transistor 6 9 E7 Emitter, Transistor 7
10 B6 Base, Transistor 6 10 B7 Base, Transistor 7
11 B4 Base, Transistor 4 11 B4 Base, Transistor 4
12 C4 Collector, Transistor 4 12 E4 Emitter, Transistor 4
13 B3 Base, Transistor 3 13 B3 Base. Transistor 3
14 Cc3 Collector, Transistor 3 14 E3 Emitter, Transistor 3
15 E Common emitter 15 C Common collector
16 B1 Base, Transistor 1 16 B1 Base, Transistor 1

sinotics
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BLOCK DIAGRAM TYPICAL READ-OUT DRIVER
APPLICATIONS
o ] 0 ] v
| SEGMENT OF
y ] INCANDESCENT DISPLAY
0 e ] — 4=
h>_' FROM 1/7 CA3081
DECODER (COMMON EMITTER)
[ —{= G “‘: | )
EL 5:{
Sch ic diag howing one of the
E E E E CA3081 driving one of an i d
display.
’_} Figure 6
= 2] = 7]
vt
6 — 6 1
ELE 1] Eh 1) -
' ov —n— :é;::o::co?:al.zcma)
] 0] ] 0]
R
LIGHT-EMITTING
DIODE (LED)
o B L7 -
CA3081 CA 3082 NOTES
Sch tic di howing one transi: of the
‘CA3082 driving a light-emitting diode (LED).
ABSOLUTE MAXIMUM RATINGS T, = 25°C “The resi forRis d dby the
PARAMETER RATING UNIT R= Vp - Vgg — VE(LED)
P Power dissipation: I(LED)
Any one transistor 500 mwW R = 0for Vp = Vgg + VE(LED)
Pror Total package D ;’i‘? " mw Where: Vp = Input pulse voltage
Above 55°C eral 2.6:168 y mW/°C Vg = Fomar; ;O::::e 7dmp across the diode
Ambient temperature range: 9
TA Operating —55to +125 °C
Tstg Storage —65 to +150 °C
Lead temperature
(10 seconds) 265 °C
VCEO Collector to emitter voltage’ 16 v
VcBo Collector to base voltage’ 20 v
vVcio Collector to substrate voltage'2 20 v
VEBO Emitter to base voltage’ 5 v
Ic Collector current?! 100 mA
B Base current’ 20 mA
NOTES

1.
2.

234

Ratings apply for each transistor in the device.

The collector of each transistor of the CA3081 and CA3082 is isolated from the
b by an integral diode. The sub must be d to a voltage which is
more negative than any collector voltage in order to maintain isolation b transi
tors and provide normal transistor action. To avoid undesired coupling between transis-
tors, the substrate terminal (5) should be maintained at either DC or signal (AC)

ground. A suitable bypass capacitor can be used to establish a signal ground.
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STATIC ELECTRICAL CHARACTERISTICS FOR EACH TRANSISTOR T, = 25°C

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
VCcBO (BR) Collector to base breakdown voltage Ic = 500uA, If =0 20 60 v
VcIo (BR) Collector to substrate
breakdown voltage Ic =500uA,Ig=0,Ig=0 20 60 v

VCeo (BR) Collector to emitter breakdown voltage Ic=1mA,lIg=0 16 24 v
VEBO (BR) Emitter to base breakdown voltage Ic = 600uA 5 6.9 \
hre DC forward current Vcg = 0.5V, Ic = 30mA 30 68

Transfer Ratio Vcg = 0.8V, I = 50mA 40 70
VBE sat Base to emitter saturation voitage Ic =30mA, Ig = 1mA 0.87 1.0 v
VCE sat Collector to emitter saturation voltage

CA3081/CA3082 Ic = 30mA, Ig = 1mA 0.27 0.5 v

CA3081 Ic = 50mA, Ig = 5mA 0.4 0.7 \

CA3082 Ic = 50mA, Ig = 5mA 0.4 0.8 v
ICEO Collector cutoff current Vcg=10V,lIg=0 10 uA
IcBO Collector cutoff current Ve =10V, Ig=0 1 HA

TYPICAL PERFORMANCE CHARACTERISTICS

hgg vs Ic VBEsat V8 IC
e« 100 . 1.0 v —r—rr v
g COLLECTOR-TO-EMITTER VOLTS (Vcg) = 3 2 SET DC FORWARD-CURRENT
g 9o I «HH <] TRANSFER RATIO (heE) = 10
H I < g AMBIENT TEMPERATURE (Tp) = 25°C
£ S ™ g oor al
g % <€ //} 25y 53 //
E s 2 y\‘Q«: k> a5 & 2 0.8
o o
SE Py EQ pe
28 o £3 1
s
I~ ~= 87 07 pt
S so 8
[ g
8 40 @ 0.6
01 2 468, 2 468;) 2 468100 1 2 4 6810 2 4 68100
COLLECTOR MILLIAMPERES (Ic) COLLECTOR MILLIAMPERES (Ic)
Figure 2 Figure 3
VCEsat V8 Ic at Tp = 25°C VCEsat V8 Ic at Tp = 70°C
z 1 Z 12
e SET DC FORWARD-CURRENT <] SET DC FORWARD-CURRENT
= TRANSFER RATIO (hRg) = 10 L E TRANSFER RATIO (heg) = 10
5 0.8 [AMBIENT TEMPERATURE (Ta) = 25°C 1] 5 1 [AMBIENT TEMPERATURE (T) = 70°C
< l <
» 3 B =
% 08
£5 oo ; £d AV
E > ES o6
fo / fo V4
2P 04 ™, &5 A
e ,,h*\/( / 23 o4
87 o2 a4 &> P
= . 28 I 0.2
o o - YPICAL
—1T1] -
g o g °
o

-

2 4 6 810 2 4 6 8100
COLLECTOR MILLIAMPERES (Ic)

1 2 4 6 810 2 4 6 8100

COLLECTOR MILLIAMPERES (Ic)

Figure 4 Figure 5
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DESCRIPTION

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

The Type ULN-2001 is a general-purpose
array which may be used with DTL, TTL,
PMOS, CMOS, etc. It is pinned with inputs
opposite outputs to facilitate ease of circuit
board layout and is priced to compete di-
rectly with discrete transistor alternatives.

The Type ULN-2003 has a series base resis-
tor to each Darlington pair, and thus allows
operation directly with TTL or CMOS oper-
ating at a supply voltage of 5V.

The Type ULN-2004 has an appropriate
series input resistor to aliow its operation
directly from CMOS or PMOS outputs utiliz-
ing supply voltages of 6 to 15V. The required
input current is below that of the Type ULN-
2003.

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

FEATURES

® Peak inrush current 600mA

® Protected internally against inductive
loads

* Open collector topology

* Compatible with most logic technologies

ABSOLUTE MAXIMUM RATINGS

EQUIVALENT SCHEMATICS

ULN2001/2003/2004-N,F

PIN CONFIGURATION

TYPE ULN2001
(each driver)

TYPE ULN2003
(each driver)

N,F PACKAGE

it

ARFARARD
¥y
YIY
EiEIEIEIEIERELE

ORDER PART NO.
ULN2001N,F
ULN2003N,F
ULN2004N,F

TYPE ULN2004
(each driver)

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

PARAMETER RATING UNIT
Vce Output voltage 50 \
VIN Input voltage 30 Vv
VEBO Emitter base voltage 6 \Y)
lc Continuous collector current 500 mA
I8 Continuous base current 25 mA
Po Power dissipation 1.3 W
Derating factor above 25°C 95 °C/W
Ta Ambient temperature range (operating) 0 to +85 °C
Ts Storage temperature range -65 to +150 °C
*NOTE

Under normal operating conditions, these units will sustain 350mA per output with
VcE(sAT) = 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 30%.
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DC ELECTRICAL CHARACTERISTICS

Ta = 25°C unless otherwise specified.1.2,3

ULN2001/2003/2004-N,F

Test LIMITS
PARAMETER TEST CONDITIONS UNIT
Fig. Min Typ Max
IcEX Output leakage current Vce =50V, TA=70°C 1A — — 100 kA
Type ULN-2004 Vce =50V, Ta=70°C, ViN = 1V 1B — — 500 KA
Vce(saT) Collector-emitter Ic = 350mA, Ig = 500uA 2 — 1.25 1.6 \
Saturation voltage Ic = 200mA, Ig = 350uA 2 — 1.1 1.3 v
Ic = 100mA, Ig = 250uA 2 — 0.9 1.1 \
IinoN)  Input current
Type ULN-2003 ViN = 3.85V 3 - 0.93 1.35 mA
Type ULN-2004 ViN = 5V 3 — 0.35 0.5 mA
VIN =12V 3 - 1.0 1.45 mA
linoFF)  Input current Ic = 500uA, Ta =70°C 4 50 65 — uA
VIN©ON)  Input voltage
Type ULN-2003 Vce =2V, Ic = 200mA 5 —_ - 24 v
Vce =2V, Ic = 250mA 5 —_ — 2.7 \
Vce = 2V, Ic = 300mA 5 — — 3.0 \]
Type ULN-2004 Vce =2V, Ic = 125mA 5 — — 5.0 v
Vce = 2V, Ic = 200mA 5 —_ — 6.0 \
Vce =2V, Ic = 275mA 5 —_ — 7.0 \"
Vce = 2V, Ic = 350mA 5 — — 8.0 Y
hre D-C forward Vce =2V, Ic = 350mA 2 1000 — —
current transfer
ratio Type ULN-2001
CiN Input capacitance —_ — 15 30 pF
IR Clamp diode leakage VR = 50V 6 — — 50 uA
current
VF Clamp diode forward voltage IF = 350mA 7 — 17 2 v
NOTES
1. All limits stated apply to the complete Darlington se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>