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PREFACE

This report was prepared by General Electric Ordnance Systems, 100
Plastics Avenue, Pittsfield, Massachusetts, for Rome Air Development
Center, Griffiss Air Force Base, Rome, New York, under comntract
F30602-78~C-0195, 1t covers the period from Sept. 1978 to Sept.
1980. An interim Technical Report (RADC-TR~-80-49) was prepared in
1979 (dated May 1980) covering in detail the work accomplishments for
the first year's effort. This final report focuses upon the work
accomplished in the second year ending September 1980; highlights
from the first year are also included.

The work on this project was performed by the Electronic Circuits
Engineering Operation of Ordnance Systems. Project responsibility
was held by Mr. John Kulpinski of Circuit Design Engineering. Key
individuals who made significant contributions to this work effort
were Messrs. Louis Carrozza, Theodore Simonsen, Donald Van Alstyne
of Circuit Design Engineering and Messrs. Larry Deluca, John Dunn,
Robert Mossman, Daniel Mui, Jamie Schwehr, George Smith and Thomas
Wetzel of Circuit Test Engineering.

Mr. Thomas Dellecave, RBRA, is the Project Engineer at RADC for this
contract.
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A,amp
AD

A/D

ADC

AE
AVS(+/-)

BPO
BPOE
BW
BWE
& BWE
BZE

Clk
cM
CMR
CMOS
CPW
CSs

d,D
D/A

DAC

dB

DBPO/DT

DBZ/DT

delta VR/delta T
delta VR/delta t
delta VR (current)
delta VR (temp cycle)

DESC
DIIO/Dt
DISCD (line)

DISCD (load)

DIP
D1ZS/Dt
DSE

DUT
DVFS/Dt
DVIN/DVOUT
DV1O/DT
DVOUT/DIL

Acronyms and Symbols

Ampere

Analog Devices

Analog-to~Digital

Analog-to-Digital converter

Gain error

Open loop voltage gain (single-~ended,
0O to+, 0 to ~)

Bipolar offset

Bipolar offset error
Bandwidth

Bit weight errors

Sum of the bit weight errors
Bipolar Zero Error

Clock

Common mode

Common mode rejection

Complememtary metal oxide semiconductor
Clock pulse width

Channel Separation

Delta

Digital to Analog

Digital to Analog Converter

Decibel

Bipolar offset drift

Bipolar zero drift

Reference voltage temperature coefficient
Reference voltage long term stability
Reference voltage change versus output current
Reference voltage temperature cycling
hysteresis

Defense Electronics Supply Center

Input offset current/temperature coefficient
Standby current drain change versus

line voltage (regulators)

Standby current drain change versus

load current (regulators)

Dual inline package

Zero scale current drift

Dynamic sampling error (S/H)

Device Under Test

Gain error drift

Ripple rejection

Input offset voltage temperature coefficient
load transient response
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DVOUT/DVIN
DVR/DT
DVM

E(T)
E(MC)

E(N),ET(N)
en(S)
en(H)

Eo

elirms
eorms
E.O0.C.
E.O0.S.

FRR

FRRAC

FS

FSR
FSV,VFS
FSVR,VFSR
FTE

fts

G

GE
GEOS
GND

HEX
HL
Hz

ladj,IADJ
IADJ (line)
IADJ (load)
1IBK

+I1CC, Icc
ICH(+)
ICH(~)
Icont, ICTL
IEE, lee

IFS

IHL(+)
IHL(-)

+11B

Line transient response
Reference voltage temperature coefficient
Digital voltmeter

A/D converter transition voltage bit error
in LSB.

A/D converter major or minor carry error
in LSB.

Bit transition error at address N

Breadboard noise (sample mode)

Breadboard noise (hold mode)

Test circuit output voltage error (D/A converter)

RMS input voltage (regulators)

RMS output voltage (regulators)

End of convert status.

End of search status.

Feedthrough rejection ratio

Feedthrough rejection ratio , A.C. input
Full scale

Full scale range

Full scale voltage

Full scale voltage range

Feedthrough error (MDAC)

Settling time of step response

to specified accuracy

Gain of test circuit error amplifier

(D/A converters)

General Electric Company

General Electric Company, Ordnance Systems
Ground

Hexadecimal
High limit
Hertz,cycles per second

Ad justment pin current (regulators)

Adjustment pin current line voltage regulation
Ad justment pin current load current regulation
Input breakdown current

Positive supply input current

Hold capacitor charging current (+ input)

Hold capacitor charging current (- input)
Control pin current (regulators)

Negative supply input current

Full scale current

Leakage current into hold with + charge
leakage current into hold with - charge

Input bias current, non-inverting input




-11B
IICL
IIR
IIL
110
IL
ILOG,Ilo0g
IMAX
IMIN
I10FF
ION
108(+)
10S8(-)
10S8C
Ipk
Ipeak

IQ

IR
IREF,Iref
I8

1SCD

ISsI

1Z8

1zs!

JAN
JC-41
JEDEC
JFET

K

L,LE
LE (BF)
LL

In

LSB
LSI
LTPD

M

M,m

mA

MAX (+)
MAX (-)
MC,MCE(N)
MDAC

min
MPCAG

Input bias current, inverting input

Input clamp diode current limit

High level input current (digital)

Low level input current (digital)

Input offset current

Load current

Logic power supply input current

Maximum current

Minimum current

Strobe current for VSTBOFF

Strobe current for VSTBON

Output short circuit current (for positive output)
Output short circuit current (for negative output)
Output short circuit current (regulators)

Peak output current

Peak output current with forced output voltage
(regulators)

Quiescent current (regulators)

Voltage reference input current

Reference voltage supply current

Temperature stabilizer supply current

Standby current drain (regulators)

Initial temperature stabilizer supply current
D/A zero scale current

D/A complementry zero scale current

Joint Army Navy

JEDEC Committee on Linear Integrated Circuits
Joint Electron Devices Engineering Council
Junction Field Effect Tramsition

Kilo

Linearity error (Endpoint)

Linearity error (Best Fit)

Low limit

Natural logarithm

least significant bit of a D/A or A/D converter
Large Scale Integration

Lot Tolerance Percent Defective

Monotonicity

Milli

Milliampere

Maximum positive analog input voltage
Maximum negative analog input voltage
Major carry error (at the Nth transition)
Multiplying D/A Converter

Minute,minimum

Military Parts Control Advisory Group
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MSB
mV

N,n
NA ,nA
Ni(BB)
No
Ni(PC)
+ NL
- NL
NSC
NT

0S

P,P
PD,Pd
PDA
pk
PPM
PPM/C
+PSRR
~PSRR
+PSS
-PSS
PWA, PUWB,...

QPL

RADC
REF DAC
RF, Rf
RI

R1

RSC

RL

s, sec
SA
SAR
SC
S/H
S/N
SO
SR(+)

TA
tap
taq
Tc

Most significant bit of a D/A or A/D converter
Millivolt

Nano

Nanoamperes

Breadboard noise

Output noise voltage

Popcorn noise

Summation of maximum positive bit weight errors
Summation of maximum negative bit weight errors
National Semiconductor Corporation

Transition uncertainty (A/D converters)

(GE) Ordnance Systems

Pico

Quiescent power dissipation

Percent defective allowable

Peak

Parts per million

Parts per million per degree celsius

Power supply rejection ratio, positive supply
Power supply rejection ratio, negative supply
Power supply sensitivity,positive supply
Power supply sensitivity,negative supply
Pulse width of pulse A, etc.

Qualified Product List

Rome Air Development Center

Reference Digital-to-Analog Converter
Amplifier feedback resistor

Amplifier input scanning resistor
Input resistance

Series charge resistance

Load resistance

Second

Successive approximation
Successive approximation register
Start convert

Sample and hold circuit

Serial number

Serial output (A/D converters)
Slew rate (max dVo/dt), positive

Ambient temperature
Aperture time (S/H)
Acquisition time (S/H)
Case temperature
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K Shiuad

tc,tCT
T.C.

td

t pHL

tpLH
TR(tr)
TR(ts)
TR(os)

ts (power)
ts (strobe)
t SHL

tSLH

tTHL

tTLH

TTL

T2L

u
ua
uF
uVv
us

A
Vad j
VBE
Vce
Vem
Vecont
Vee
VF
VFS,VFS1
+VFS
-VFS
VFSE
VHC
VHS
Vi(N)

VIH
VIL
VIN

VIN (a)
VIN/VOUT
vVio

V1o

VIO ADJ(+)
Vlog

VM

Conversion time for an A/D Converter
Temperature coefficient

Delay time

High to low propagation delay time

low to high propagation delay time

Transient response, rise time

Transient responsea, settling time (S/H)
Transient response, overshoot

Settling time, power up (voltage references)
Settling time, strobe up (voltage references)
Settling time, high-to-low

Settling time, low-to-high

Digital signal fall time

Digital signal rise time

Transistor - transistor logic

Transistor - transistor logic

Micro
Microamperes
Microfarad
Microvolt
Microsecond

Volts

Ad justment pin voltage (regulators)
Base-to—-emitter voltage

Positive supply voltage

Command mode voltage

Control pin voltage (regulators)
Negative supply voltage

Forced voltage

Gain error (Full Scale) (D/A Conv.)
Positive full scale voltage

Negative full scale voltage

Absolute accuracy

Hold capacitor voltage (S/H)

"Hold" step voltage

Ideal analog voltage at the input of A/D
converter for an output address code of N
Logic "1" input voltage

Logic "0" input voltage

Input voltage, digital input voltage for D/A
and A/D converters

Analog input voltage for A/D converters
Ripple rejection (regulators)

Input offset voltage

Zero error (A/D converters)

Ad justment for input offset voltage
Logic supply voltage (A/D converters)
Measured signal voltage
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Vo
VOH
VvOI(n)

VoL
VOM(n),VM(N)

vOP

VoSTB

vOoUuT
VOUT/VIN
VOUT/IL
VOUT(RECOV)

VR, VREF
VRDAC(n)
VRLINE
VRLOAD
VROS
VRTH

VS

+VS
VS/H
VSTART
VSTBON
VSTBOFF
VTH

Vz

W
X
X~OR

Zi
ZD
Zo
2z

oC
r
€

Analog output voltage

Output voltage, high level (digital)

D/A output voltage on straight line between
zero and FS for address n

Output voltage, low level (digital)

D/A converter output voltage

measured for address N

Output voltage swing (peak)

Output voltage for VSTB=0.4V

Voltage output

Line voltage transient response

Load current transient response

Regulator output recovery voltage after output
short to ground

Reference voltage

Reference D/A converter output for address n

Line regulation

Load regulation

Reference D/A output offset voltage

Thermal voltage regulation

Temperature stabilizer voltage

(voltage references)

Positive supply voltage

Logic command (S/H)

Voltage start-up

Strobe voltage for delta Vo=-10mV

Strobe voltage for Vo=+10mV

Logic threshold voltage

Zener voltage (voltage references)

Watts

Data mean of X
Exclusive OR

Input impedance

Dynamic impedance

Output impedance

Zener impedance (voltage references)

Degrees centigrade
Sigma
Thermal resistance
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SECTION I

INTRODUCTION

Objectives

The overall objective of this work effort is to characterize and specify
certain linear microcircuit devices for inclusion in MIL-M-38510
("General Specification for Microcircuits"”) detailed slash sheets.

Generally, “"characterization” of a device type includes several related
tasks:

o Assessment of test parameters, limits, and test conditioms.

o Development of test procedures and test circuits compatible with
automatic test systems.

0 Analysis of limits and verification of test circuits via sample
device testing and data evaluation.

o Assessment of device performance, identification of anamolies.

o Generation and verification of detailed burn-in life test circuits

Concurrent with characterization, detailed MIL-M-38510 slash sheet
development includes:

o Formulation of Table I, Electrical Performance Characteristics
selection of test parameters required by military users and
determination of test conditions and limits, compatible with
automatic test methods and with device yield.

o Formulation of Table II, Electrical Test Requirements; Table III,
Group A Inspection; Table IV, Group C End Point Electrical
Parameters.

o Design of static and dynamic test circuits, terminal connection
diagrams, steady~state power and reverse bias burn-in circuits,
accelerated burn—in and life test circuits.

All of the above activity is either guided by or reviewed by the
manufacturers of the devices involved, and by Rome Air Development
Center (RADC).

Another objective of this effort is to provide follow-up support for
maintaining existing linear MIL-M-38510 slash sheets to current status,
including support to Rome Air Development Center for manufacturer
qualification and related activities.

All of the characterization and specification effort performed is guided

by the fundamental objectives of the JAN 38510 program - namely quality,
reliability, interchangeability, and standardization

I-1




Scope of Applied Effort

The specific tasks included in this effort are the characterization and
specification of the following generic device types:

Ad justable Positive Voltage Regulators
Adjustable Negative Voltage Regulators
Precision BIFET Op Amps

Multiple BIFET Op Amps (single, dual, quad)
12-bit A/D Converters

12-bit D/A Converters

Precision Voltage References

Programmable Voltage References

Precision Sample and Hold Circuits

© 0000 0OOCO

Additional required tasks included:

o Assessment of pending changes to existing MIL-M-38510 linear slash
sheets.

¢ Support to RADC in the evaluation of manufacturer qualification
submittals.

o Recommendation to RADC of devices types to be considered for
MIL-M-38510 specification.

o Review of MIL-M-38510 specifications generated by other activities
(RADC, NASA).

o Attendance at JC-4] Committee and Subcommittee meetings.

0 Survey of user needs and manufacturer recommendations for data
converter specification development.

Background

General Electric Ordnance Systems, one of 166 operating product
departments of the General Electric Company, develops and produces
precision electromechanical and electronic military systems. Current
activities include development, design and production of fire control
and guidance systems for the Navy's TRIDENT Fleet Ballistic Missile
program, the MK 73 Gun and Guided Missile Director (TARTAR), the MK 80
Director (AEGIS), the PHALANX close-in weapon system, MK 45 Gun Mounts,
turret drive and stabilization systems for the Army's Infantry Fighting
Vehicle, advanced torpedo propulsion, and jet engine controls.

As users of microcircuits for military systems, Ordnance Systems has
also performed electrical characterization of certain linear, digital,
and interface microcircuits for MIL-M-38510 specification under
contracts to Rome Air Development Center. These specification
activities date back to 1971 and include sixteen separate contracts.

1-2
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General Electric began this current effort in MIL-M-38510 linear
microcircuits in September of 1978, having previously completed similar
characterization and specification contracts in 1976 and 1977.
Philosophies for establishing parameters, limits, and test circuits for
conventional devices like op amps, comparators, and regulators were
developed and coordinated with RADC, DESC, and the device manufacturers.,

This current effort extended past efforts to newer devices and to
additional generic families, and in addition established important
groundwork in the development of automatic tests and specifications for
high-resolution (12-bit) data converters. However, previously-
negotiated philosophies could not be applied directly to these markedly
different generic families. (For example, an all-codes linearity test
for a 12-bit data converter requires 4096 data points at each of 3
temperatures and two power supply levels.)

Currently there are approximately thirty completed and in-process
linear/interface slash sheets in the MIL-M-38510 program. Six slash
sheets are devoted to Op Amps, including the bipolar “"standards”,
followers, BIFETs, quads, high-slew- rate, and lo-power and lo-noise
BIFETs. Comparators, transistor arrays, and precision timers are
contained in four slash sheets, as are CMOS and JFET analog switches.
Voltage regulators are specified in six separate slash sheets, and
precision voltaage references in two others. Three slash sheets are
devoted to D/A Converters, and one each to A/D Converters, sample-hold,
peripheral drivers, memory core drivers, and line drivers and receivers.

Development of Slash Sheets

A procedure for developing new slash sheets to MIL-M-38510 has evolved
through negotiations among all concerned parties. Device selection is
influenced by user needs, which is determined from the marketplace and
from organized committees, such as the Military Parts Control Group
(MPCAG) at DESC, the G12 Solid State EIA Device Committee, and the
Microelectronics Project Group of the Electronics Systems Committee of
AIA. These recommendations are balanced with manufacturer
recommendations obtained via the JC-41 Committee on Linear
Microcircuits. Devices of recent vintage, having high usage, multiple
application potential in military systems, proven performance, and two
or more sources are given priority. Single-source devices are
acceptable, especially for hybrid devices, although multiple sources are
preferred. Availability of devices, and expressed manufacturer interest
in supporting slash sheet development, are additional important
considerations. Manufacturers typically recommend devices for slash
sheet action in JC-4]1 Committess, and then chair a JC-41 Subcommittee
for preparation of slash sheet parameters, limits, and test circuits.

1-3
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The industry data sheet forms the basis for the military specification
parameters and limits. Typically, such data sheets do not specify all
of the necessary parameters over the military temperature range and over
the common mode voltage range. The JC-41 Subcommittee, or the device
manufacturer, usually prepares a proposed spec which contains more
information than the industry data sheet. Conflicting items are
negotiated in committess or via direct contact with manufacturers.

Data provides another base for determining parameters and limits.
Devices for test are purchased from distributors, are also obtained from
manufacturers via RADC request. Test circuits, compatible with
automatic test systems, are developed. The devices are tested on a
Tektronix S3263 Automatic Test System at GE Ordnance Systems Electronic
Test Center. Data obtained at =55°C, +25°C, and +125°C ambient is
correlated to bench or vendor test data, analyzed, reduced and
documented in data handbooks. Recommended limits are compared to the
statistical sample data; parameter limits which are grossly inconsistent
with the data are readily identified.

Specification additions, changes, and alternate approaches are discussed
at the committee level. Device anomalies are identified in lab bench
tests, Fallure modes are also identified. User caution notes are added
to the specification 1if it is deemed appropriate.

Burn-in circuits are usually recommended by the manufacturer and
evaluated by RADC and/or GEOS on the available test samples. An
objective is to minimize the number of external components while
stressing the device near its limits.,

Rough draft copies of the final slash sheet are prepared at GEOS and are
forwarded to RADC for review. DESC distributes copies of this spec to
manufacturers and users for final comments. Following assessment of the
comments by all concerned parties, DESC prepares and issues the slash
sheet.

Characterization Data

Data obtained during device characterization is usually published in
handbook form separate from this document. Samples of the data sheets,
histograms, and plots, are included in this report. The following data
handbooks were published during this contract effort:

Characterization Data for MIL-M-38510/114, BIFET Op Amps
(Commercial Types LF 155, -156, -157) Nov 78

Characterization Data for MIL-M-38510/114, BIFET Op Amps
(Commercial Types LF155A, -156A, -157A) April 1979




Characterization Data for MIL-M~38510/119 Multiple BIFET Op Amps
(Commercial Types TL 061, -062, -064, TL 071, -072, 074,
wAF 771, -772, =774, LF 151, =153, -147) Oct 79

(.aracterization Data for MIL-M~38510/117 and /118, Positive and
Negative Adjustable Voltage Regulators
(78MG, 78G, 79MG, 79G) Dec 79

Characterization Data for MIL-M-38510/117 and /118,
Positive and Negative Adjustable Voltage Regulators
(LM117H, LM117K, LM137H, and IM137K) Dec 79

Characterization Data for MIL-M-38510/117, Positive Adjustable
Voltage Regulators (LMI50K and LM138K) May 80

Characterization Data for MIL-M-38510/121, 12~Bit D/A Converter
(AD562 and HI562) May 80

Characterization Date for MIL-M-38510/125, Sample and Hold
Circuits (LF198) Sept 1980

Characterization Data for MIL-M-38510/124, Precision Voltage
References and MIL-M-38510/128, Programmable Voltage References
(LM129A, LM199A; ADS84) Nov 1980

Characterization Data for MIL-M-38510/120, 12-Bit A/D Converters
(MN5200 and 5210 families) In process

Formal Meetings Attended (GE internal meetings not included)

JC-41 Committee on Linear ICs

Nov. 1, 2, 1978 = Phoenix, AZ
Feb. 27, 28, 1979 Monterey, CA
June 19, 20, 1979 Washington, DC
Oct. 2, 3, 1979 - Orlando, FL
Feb. 5, 6, 1980 Phoenix, AZ
June 10, 11, 1980 Washington, DC
Oct. 7, 8, 1980 Burlington, MA

1




JC~41 Subcommittee Meetings

Feb, 6, 1979 562 Converter Task Group Peabody, MA
Feb. 7, 1979 5200 Converter Task Group Peabody, MA
May 1, 1979 5200 Converter Task Group Pittsfield, MA
May 29, 1979 5200 Converter Task Group Sturbridge, MA

Aug. 14, 1979 CMOS D/A Converter Task Group San Jose, CA
Aug. 15, 1979 Sample/Hold; Voltage References San Jose, CA

Task Group
Nov. 27, 1979 BIFET Op Amp Task Group San Jose, CA
April 15, 1980 562 Converter Task Group Pittsfield, MA
April 16, 1980 5200 Converter Task Group Pittsfield, MA
Aug. 11, 1980 5200 Converter Task Group Sturbridge, MA
RADC/GE Meetings
Sept. 21, 1979 Contract Plans Pittsfield, MA
Feb. 22, 1979 Contract Status Pittsfield, MA
May 2, 1979 Contract Status Pittsfield, MA
May 22, 1979 Contract Status Rome, NY
Aug. 8, 1979 Contract Status Pittsfield, MA
Nov. 8, 1979 Contract Plans Rome, NY
Nov. 29, 1979 Contract Plans Pittsfield, MA
Mar. 4, 1980 Contract Status & Plans Rome, NY
Aug. 13, 1980 Contract Status Pittsfield, MA
Vendor Visits
Jan. 15, 1979 re 5200/562, Analog Devices, Wilmington, MA
Jan, 16, 1979 re 5200, Micro Networks, Worcester, MA
Nov. 26, 1979 re BIFET Fairchild Mountainview, CA
Op Amps, Semiconductor,
Nov. 27, 1979 re 198, National Santa Clara, CA
Semiconductor,
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SECTION Il
AUTOMATIC TEST DEVELOPMENT

Introduction

All the linear characterization efforts required the accumulation and
subsequent reduction of vast amounts of test data. For both of these
tasks, GE made exiensive use of a Tektronix $-3260/70 test system and a
Tektronix software development system. This section will describe the
test system and the general approach to expanding its capabilities. A
few displays -~%f raw and of reduced data, which have been developed for
the device evziuations, will also be shown. Although several of the
data displays - somewhat standardized, many of the linear device types
required the dewrr:fopment of unique data displays in order to effectively
illustrate device performance in an easily digestible form.

Tektronix S-1260/70 Test System Features

The model number S-3260/70 indicates that the test system has
characteristics found in both the 3260 and 3270 systems. However at the
time this report was written, the system was undergoing an upgrade which
gave 1t the full capability of an S-3270.

The test system is fully equipped to provide a state-of-the-art
engineering tool for device characterization. The CP1162 System
Controller has the Date/Time Option that gives the ability to store date
and time information in the directory and data files. System
peripherals include a 4014 Graphics Display Terminal, two CP110 Disk
Drives, a CP220 Reader/Punch, and LA180 Decprinter I and a 4631 Hard
Copy Unit.

For voltage and current measurement and device stimulation, the system
contains:

1804 Test Station, which contains many test functions and all
electronics to interface the device under test (DUT) to the system.

2943/44 Clock Generators, which provide 10 driving and 4 comparing
programmable phases.

Option 20 Waveform Digitizer, which provides the capability of
converting 1000 points on a waveform to 10-bit digital values.
Once the waveform is thus stored in memory, software can be used
to determine such things as rise time, overshoot, settling time,
etc,

Six programmable voltage sources.

Two programmable current sources.

11
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Temptronix 450A Temperature Chamber, which allows programmable
DUT temperatures from -60 deg C to + 160 deg C.

: IEEE Bus Interface Card, which allows the addition of IEEE 488
compatible equipment to the system.

With these hardware components, the test system has the following
features:

Accommodates up to 128 active pins (64 input, 64 output)
Functional testing at 20 MHz; force, compare, mask and store
at 20 MHz

DC Tests: Differential voltage measurements; force V, measure I;
force 1, measure V

Dynamic Testing: Repetitive and one-shot time measurements;
functional preconditioning

S GO/NO-GO and analytical test capability
On-line interactive program development
Digital waveform analysis (1 sample/picosecond)
DUT environmental control (-60 deg C to 160 deg C)
Data logging and reduction. Computer graphics display
2.3 Tektronix System Accuracy
The linear test programs were developed to utilize the internal
Tektronix measurement/stimulus hardware as much as as possible. However
for many measurements, the Tektronix system could not provide the
required accuracy. In these cases, more accurate external equipment
was utilized via the IEEE 488 Bus. Two disadvantages in using external

equipment are:

1) additional core is required to store the 488 bus
control routines and,

2) execution time for external functions is significantly
longer than time to execute internal Tektronix functions,

I11-2
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2.4

Table 2.1 lists instruments which are available for use with the
$-3260/70.

Tahle 2.1 IEEE-488 Interfaced Instruments.

Manufacturer Model Description

Fluke 8502A Precision Digital Multimeter
Hewlett Packard 34554 Precision Digital Voltmeter
Hewlett Packard 4262A LCR Meter

Hewlett Packard 53284 Universal Counter

Fluke 5100A Calibrator

Kepco 488-122 Power Supply Programmer

ICS Electronics 4880 Instrument Coupler

Hewlett Packard 2240A Measurement and Control Processor
North Atlantic 225 Phase Angle Voltmeter

Figures 2~1 through 2-13 illustrate the accuracies of the internal
Tektronix measurement and stimulus functions. Also, for certain internal
functions, the accuracy of the external equipment that provides the same
function, is displayed for comparison.

On many occasions, neither the internal Tektronix equipment nor the
external equipment had sufficient accuracy, or response time. These
cases required test adapter circuitry to interface the device under test
(DUT) to the test equipment. These cases will be described in the
appropriate chapters covering the individual linear device types.

Correlation

Testing linear devices on the Tektronix system has required the
implementation of many new test techniques. Each new technique, whether
in the form of adapter circuitry or software, must be verified as
accurate. In general, the first step of verification was to determine
that the technique is designed to provide a measurement that is at least
10 to 1 times more accurate than the tolerance of the parameters. For
instance a parameter of 5.0 volts plus or minus 10Z must be measured by
a meter that is at least accurate to plus or minus 1% when measuring 5.0
volts.

11-3
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Verification of accuracy also included comparison of data taken by the
new technique to data taken by an alternate method ~ usually on a bench
circuit., When data from the two techniques did not agree, an analysis
of error contributions was performed and corrections made if it was felt
that the error was significant.

Correlation of Tektronix data from the sample/hold devices to bench and
vendor data uncovered many discrepancies and resulted in several test
program modifications to improve test techniques.

Data Reduction

The presentation of test results is extremely important in any
characterization effort. Raw data printouts are required for record,
but are usually not organized in a manner that enables one to scan them
to assess general parameter trends.

Data Tables

For the linear devices, the first step in data reduction was organizing
raw data into tables. Figure 2-14 and 2-15 illustrate two variations of
data zables. Figure 2-14 illustrates data taken from sample/hold
devices. Figure 2-15 is the form of table used for the 584 Voltage
Reference. The left hand entries indicate the test parameters and test
conditions. In Figure 2-14 the data from a particular device is entered
in the column beneath the serial number of that device. In Figure 2-15,
the data taken at various temperatures, for a single device, is entered
in columns. Note that in both figures the low test specification limit
for each parameter is on the left of the device data and the high
specification limit is on the right hand side of the data. This enables
the reader to more easily determine if a measurement on a device lies
mathematically between the specification limits.

Data Summaries, Line Graphs

A large quantity of devices, such as the sample/hold or for devices such
as the D/A and A/D with a large number of data points, data tables are
too voluminous for a reader to mentally reduce and Jetect trends.
Therefore the large quantities of data must also be presented in a
summarized form.

Figure 2-16 is a line graph of an LF156 Op-Amp input bias current vs.

common mode voltage. With this plot, one can easily see the
relationship between the two parameters.

I11-4
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Figure 2-17 1is a plot of linearity error {in LSBs) for all codes between
0 and 800. The plot is one of five sheets developed for each 562 D/A
device. The linearity plots were very instrumental in verifying the
effectiveness of an abbreviated linearity test for 562 devices.

Although five seperate sheets were required for each device under each
set of operating conditions, one set of sheets allows one to quickly
assess qualitatively, the linearity error of 4096 codes.

Histograms

Tektronix software included a basic histogram routine which was modified
by GE to provide the variations shown in Figures 2~18 and 2-19. Figure
2-18 has grouped eighty-one op—amp devices according to input bias
current. The histogram differs from the basic Tektronix histogram in
that the bars are filled in and are separated by a narrow non-darkened
region. Figure 2-19, another histogram variation, groups the codes from
a single D/A device, according to the magnitude of each code's error.
This type of plot is very useful in comparing general linearity error
characteristics of one device to another.
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SECTION III
BI-FET OPERATIONAL AMPLIFIERS
MIL-M-38510/114A

Introduction

This report updates and completes the characterization work which was
covered in an earlier RADC technical report. Table 3~1 gives some
specifics on the devices tested and their relationship to the military
slash sheet device types.

Table 3-1. Table of Device Types Specified.

Device Generic Manufacturer BI-FET Op Amp
Type Type Symbol Description

- LF355 T Low power (consumer grade)
11401 LF155 F, S Low power
11402 LF156 A, F, S Wideband
11403 LF157 A, S, N Wideband, undercompensated
11404 LF155A N, P Low power, low offset
11405 LF156A N, P, I Wideband, low offset
11406 LF157A P Wideband, undercomp., low
offset I
A = Advanced Micro Devices I = Intersil
F = Fairchild P = Precision Monolithics
N = National Semiconductor T = Texas Instruments
S = Signetics

The manufacturer symbol column reflects the source of the devices, which
were characterized. Most manufacturers produce most of the generic
types even though they are not listed for each category in the table.
Since the characterization effort at GEOS has been completed several
manufacturers have discontinued production of part or all of the LF155
series of BI-FET op amp devices. As of this writing (August 1980) only
National, AMD and PMI remain as sources of these devices. It is
suspected that manufacturing difficulties and market competition from
these newer low cost family of multiple BI-FET op amps, reported in
Section IV, has caused this to happen.

As the name implies, "BI-FET"” stands for a mixed technology process in
which bipolar and field effect transistors are combined on the same

monolithic integrated circuit. Standard bipolar processing is used for
most of the circuit elements except for the top gate and channel of the
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3.2

J-FETs, which depend on the ion implantation process. Matched input ;
J-FETs having low offset voltage and offset voltage drift is the big '
contribution of the ion implantation process. i

With J-FET input transistors, the input bias currents are typically
under 100 pA. Also, bandwidth and slew rate are not severely
compromised by low input bias current as in the case with bipolar
transistor front ends having low input bias currents. Obviously the
BI-FET process enables the best features of bipolar and J-FET
transistors to be incorporated into the design of the IC op amp.

A review of linear device applications in military systems as well as a
JC-41 Committee priority list were factors in characterizing and
developing a slash sheet for this multi-sourced family of devices.

Description of Device Types

A typical schematic circuit of a BI-FET op amp is shown in Figure 3-1.
Matched J-FET transistors are used for the differential input gain
stage, the input current source loads and the offset adjustment control.
The drain outputs of the input P-channel J-FETs feed a differential
bipolar transistor stage. Signal conversion from differential to
single-ended is made at the collector of Q8. Since current sources
exist at both the source and drain terminals of the input J-FETs, some
mechanism must also exist to deal with the excess common mode current
which 1s sourced from Ql, but not sunk by J10 and Jll. Common mode
feedback from the differential bipolar stage current source to the
source terminals of Jl and J2 solves this problem.

With J-FET input transistors the op amp bias currents + IiB, and - IiB
are much smaller than is possible with bipolar transistors. Since these
currents are leakage currents, they are temperature sensitive and
approximately double for every 109C increase in temperature. Low noise
and good high frequency response are other benefits of the J-FET front
end transistors. The single-ended output signal from Q8 and its J3
current source load is further amplified by the class B output stage.
This output stage is a little unusual in that a J-FET, J5, complements
the other bipolar output transistors. Replacing the standard PNP output
transistor with a J-FET increases the phase margin of the device and
thus enhances the stability of the device for driving high capacitance
loads.

Capacitor C2 is the compensation capacitor which establishes the
dominant pole from which the open loop voltage gain is “"rolled-off".
This capacitor therefore affects the unity gain bandwidth and slew rate
of the op amp. Another parameter which affects slew rate 1is the
operating current which is available to drive the compensation
capacitor. Both the operating current and the compensation capacitor are
viriables which the IC manufacturers can control in order to achieve a
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Figure 3-1. Typical BI-BET Op Amp Schematic (LF155/156/157)

desired speed/power tradeoff., Device types 01, 02, and 03 are basically
the same device with different values of compensating capacitance and/or
operating current.

Device types 04, 05, and 06 have a similar trend, but have lower input
offset voltage and drift. Table 3-2 shows the significant differences
in electrical parameters for the various device types over the 25°C to
1259C temperature range.

L Table 3~2. Basic Device Type Parameter Differences.

Electrical Device Type ‘
! Parameter 01 02 03 04 05 06 Units !
} e

Input Offset Voltage +/=7  +/=7  4/-1  4/=2.5 +/=2.5 +/-2.5 m/V i

Offset Voltage Drift +/-30 +/-30 +/-30 +/-10 +/-10 +/-10 uv/°C :

Supply Current (max) 4 7 7 4 7 7 m/A

Slew Rate (min) 1 5 20 1.5 7 25 V/us

Gain Bandwidth (Typ) 2.5 5 20 2,5 5 20 MHz

All of the devices are packaged in an eight lead metal can (MIL-M-38510
case outline A-1). :
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3.3 Test Development
Op amp parameters and test circuits for their measurement are well known
in the industry. As far as BI-FET op amps are concerned, the essential
improvement in these devices is their low input bias currents. Measure-
ments of these low bias currents was one of the more challenging aspects
of BI-FET op amp test development.
Table 3-3 gives a listing of the standard op amp parameters which had to
be measured in order to characterize these devices.
Table 3-3. Test Parameters for Characterization
Item Symbol Parameter (See Page for definitions)
1 V10 Input Offset Voltage
2 D-V10/D-T Input Offset Voltage Temperature Sensitivity
3 110 Input Offset Current
4 +I1g-11B Input Bias Current
5 +PSRR, Power Supply Rejection Ratio
-PSRR
6 CMR Input Voltage Common Mode Rejection
7 V10 ADJ (+), Adjustment for Input Offset Voltage
V10 ADJ (-)
8 Tos (+) Output Short Circuit Current (for positive output)
9 Ios (=) Output Short Circuit Current (for negative output)
10 Icc Power Supply Current
11 +Vop, - Vop Output Voltage Swing
12 Avs (+), Open Loop Voltage Gain
Avs (=)
13 TR (tr) Transient Response (Rise time)
14 TR (o0s) Transient Response (Overshoot)
15 NI (BB) Noise (referred to input) Broadband
16 NI (PC) Noise (referred to input) Popcorn

These parameters are specified and measured over the =55°C to 125°C
military temperature range for various input common mode voltage and
output loading conditions. Initial test conditions and parameter limits
were recommended by the JC-4]1 Committee on Linear Microcircuits.

Detailed test conditions and equations are shown in the Appendix,
Table 3-4.
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Test Philosophy

The approach to testing was to look at typical parameters on a Tektronix
577 curve tracer in parallel with developing the Tektronix S-3260 test
system adapter and program software. The objective of this dual
approach was to identify anomalies and trends early so that this
information could be factored into the automatic test development.

Static Test Circuit Description

A schematic diagram of the static test circuit is shown in Figure 3-2.
All relays are in the normal de-energized position. Operation of the
test circuit is straight forward. The device under test (D.U.T.) and
the nulling amplifier are cascaded within a closed loop gain of 1000.
This is done so that millivolts of error voltage with respect to the op
amp input are translated into volts D.C. at the nulling amplifier output
to the automatic measurement system. The D.U.T. output can be commanded
to any voltage in its operating range by applying the negative of the
desired voltage to terminal 4. When the non-inverting input to the
nulling amplifier is at zero volts, the loop has stabilized and the

—o 0" g’b#/& + 20V
LU '(7‘:\{_1133&]1 @Eﬂ 100 .
499 d99mn | o ] 5K7b _L_ k1 ‘_J:_
' Jb_._.“?;?ﬁ_ﬂ _".;\%9»':;}; 3 ? U: 6 I 100K 1 *_‘:'/"'é?gl'o L&
oot onge| & -
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|
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| Ol 4F
O _E-l(-ﬁ K3 K4
Gknoconnection M = .1 $ 2050
n
n

Figure 3-2, Test Circuit for Static Tests
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correct output can be measured. Tests which require the D.U.T. to be
exercised over the common mode range are mechanized by swinging the
power supplies and commanding the D.U.T. inputs through 50 ohms. The
basic measurement performed by the static test circuit 1is VIO or offset
voltage. Most of the other parameters are derived from this basic
measurement. Two photographic views of the test adapter are shown in
Flgure 3~4.

Parameter Tests for Special Consideration

Because BI-FET bias current can increase by a factor of 1000 in going
from 25°C to 1259C, it is necessary to change the input sensing
resistors from 5 Mohm to 100 Kohm. Relay K8 is programmed for the high
temperature measurement in order to cause the resistor value to change.
With the high value bias current resistors there was a tendency for test
circuit instability. Good layout considerations and a bypass capacitor
from the non-inverting input to ground kept the test circuit stable.

Although slew rate is not a static test, it was tested automatically
with the parameters listed in Table 3-3. The test circuit for slew rate
and transient response is shown in Figure 3-3.

I Y S
1] 4

l ’.;N_: 10 pF |
| Ll N 14

| K9a '\Ksb_ |
, AN SN \N—9 l
= 2.49k0 0xQ |

i -

| 4390 "Fl

| 1 =

| o NO CONNECTION
@ CONNECTION ""{ (—o"; o ¥

Figure 3-3. Test Circuit for Transient Response and Slew Rate.

II1-6

et




e T T

L
¥ ""-\"’(‘%l (]

Figure 3-4., Bi~FET Op Amp Test Adapter.

111-7

e e



D

It is an easy matter to incorporate this circuit into the static test
circuit, however, care must be taken in routing the connections to the
op amp inputs. Table 3~5 in Appendix shows the test conditions and
equations for slew rate and transient response.

Because of limitations with the S-3260 measurement system it was not
possible to measure noise and transient response automatically with the
other op amp parameters. Bench tests had to be used for these
measurements.

Another parameter which had to be tested manually using the circuit in
Figure 3-5 is settling time.

+VeC = 15V

S B
He-
I
I

SI 49901 41% | 2kl £.1%
OV —AN

+ glll
}-;1> (@]
T__———i

1 100 |
124k
k1% T CLI

| 1%
l 499k + .1% ‘ t ois
! + 15V [
' —®
. |
2k N |
NO Auf
CONNECTION | ta()
|

-VCcC=-15V

NOTES :

1. Resistors are +1.0% and capacitors are +10% unlesc otherwise specified.
Precaution shall be taken to prevent damage to the D.U.T. curing insertion
into socket and in applying power.

For device types 01 and 02, S1 is open, AV = -1 and VIN =10 V.,

For device type 03, S1 is closed, AV = -5 and VlN =2 V.

Settling time ts. measured on pin 5, is the interval during which the summing

node is not nulled.

N W N
. . . .

Figure 3~5. Test Circuit for Settling Time.
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Test Results and Data

A total of 204 BI-FET op amps were tested. These devices were tested in
two groups with the distinction being A's or non-A's.

The LF355 devices were tested with the precision A parts, but the data
was not statistically grouped with those devices.

A typical data sheet of an LF155 op amp in the first group of testing is
shown in Table 3-6. All of the data is within the initial JC-41
Committee recommended limits, unless an asterisk (*) is displayed
adjacent to the measured value. For this group, the data at all three
temperatures (-55°C, 25°C and 1259C) is shown on a single table.

On the second group of devices (LF155A series), it was decided to change
the format so that the data of up to ten devices could be displayed on a
single sheet. Table 3-7 in Appendix shows this scheme for different
devices at a single temperature. With this method it is easier to make
device-to-device comparisons and to check for common peculiarities, etc.

A third form of data common to both groups of devices are histograms.
Figure 3-7 shows a histogram of offset voltage VIO at zero common mode
voltage and 259C for all of the devices in group 2. The raw data is too
extensive for inclusion in this report, since each test group contains
114 histograms and over 30 individual data sheets. Besides showing the
data elements vs frequency of occurrence, the histograms also display
the initial JC-41 parameter limits. Direct comparisons of the data to
the proposed limits are useful in determining the relative test yields
of the devices. The raw data was presented to industry representatives
in two reports as follows:

l. Characterization Data for MIL-M-38510/114 BI-FET Op Amps
(Commercial Types LF155, LF156, and LF157)(21 November 1978).

2,  Characterization Data for MIL-M-38510/114 BI-FET Op Amps
(Commercial Types LFI55A, LF156A, and LF157A) (16 April 1979).

Within the static test patrameters, the measurement and characterization
of input bias current was the most difficult, Figure 3-7, shows how
input bias current varies typically with common mode voltage and supply
voltage. It should be noted that bilas current increases significantly
under positive common mode conditionms.
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Figure 3-7.

VcM @ 4v/cM

BI-FET Input Bias Current vs. Common Mode Voltage.

The Appendix contains the following figures pertaining to test results

and data.
Fig.

3-8

3-9

3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20
3-21

BI-FET Input
BI-FET Input
BI-FET Input
BI-FE'" Input

Title

Bias Current vs Common Mode Voltage
Bias Current vs Common Mode Voltage
Bias Current vs Common Mode Voltage
Bias Current vs Temperature

Worst Case Input Bias Current vs Ambient Temperature
Of fset Voltage vs Common Mode Voltage

Offset Voltage vs Common Mode Voltage

LF155 and LF156 Transient Response

LF157 Transient Response

LF155 and LF156 Slew Rate

LF157 Slew Rate vs Closed Loop Gain

LF155 and LF156 Settling Time

Open Loop Voltage Gain vs Load

BI-FET Noise Voltage
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" These figures show the trends of individual devices as curve tracer

displays, oscillographs and S-3260 curve plots. Statistical summaries of
all device parameter data is contained within the following tables in
the Appendix,

Table Title

3-8 250C Statistical Summary for LF155 Series Devices
3-9 -550C Statistical Summary for LF155 Series Devices
3~-10 125°C Statistical Summary for LF155 Series Devices
3-11 250C Statistical Summary for LF155A Series Devices
3-12 -550C Statistical Summary for LF155A Series Devices
3-13 1259C Statistical Summary for LF155A Series Devices
3-14 LF155 Dynamic Data at 25°C

3-15 LF156 Dynamic Data at 25°C

3-16 LF157 Dynamic Data at 25°C

Tables 3-17 and 3-18 shows the distribution of most parametric data in a
cryptic histogram form. This comparison of data and limits is
convenient for determining if 1limit changes should be considered.
Discussion of Results

On a parameter by parameter basis, a discussion of the device
characteristics follows:

Input Offset Voltage (VIO)

(LF155/156/157 Family)

This family of devices had very good yields in passing the VIO tests
over the common mode voltage and military temperature range. The
screening limits for these devices were +/- 4 mV and +/~ 6 mV at 25°C
and over the military temperature range respectively. These limits were
subsequently expanded to +/- 5 mV and +/- 7 mV respectively, as part of
a decision to include the LF155A series op amps as separate device types
with low offset voltage in the slash sheet. A 168 hour burn-in test at
GE Ordnance Systems on the LF155 series group from vendor codes A, B, C
and D revealed a maximum offset voltage shift of less than 0.8 mV. Most
devices had less than 0.3 mV of offset drift.

A related problem is with short term power turn-on offset voltage shift.
The 1/15/79 edition of Circuit News reported on this phenomenon. Some
sample testing was also done at GE Ordnance Systems without finding any
devices having this problem.

I1I1-13
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(LF155A/156A/157A Family)

The test yields of the LF155A series devices to the tighter limits of
+/~ 2 mV,+/- 2.5 mV were considerably lower than those for the non-A
devices. Overall yields at 259C, -55°C and 125°C were approximately 80%,
66% and 92% respectively.

Offset Voltage Temperature Sensitivity

(D-V10/D-T)
(LF155/156/517 Family)

D-VIO/D~T is a very important parameter for applications having tight
error specifications over a wide temperature range. Offset adjustment
can not compensate for poor offset voltage drift. The user's only
guarantee 1s to test for this parameter to screen out inferior devices.
With limits of +/- 30 uV/9C, the non-A's had yields of 94% and 97% for
the cold and hot excursions from 25°C.

(LF155A/56A/157A Family)

Even though the manufacturers' catalog limits of +/- 5 uV/9C were
relaxed to +/- 10 uV/OC, the test yields for the A series devices were
43% and 90% for the cold and hot D-VIO/D-T measurements, respectively.
It was later determined that the LF155A devices from vendor Code B were
not prescreened to truly certify them as A's., Follow up tests with
vendor Code B indicated that good yields could be achieved with the +/-
10 uv/°C limits., From 259C to 1259C VIO is allowed to increase from +/-
2 mV to +/- 2.5 mV. This corresponds to an end point shift of 500
uv/100°C = 5 uv/°cC.

Input Offset Current (IIO)

Since BI-FET op amp offset current is the difference between the two
input leakage bias currents, it is very small and also difficult to
measure. Only the zero common mode voltage condition is covered by the
/114 specification. Test yields were 93.5% and 64% for the non-A's and
A's respectively, against the +/- 20 pA limits. Most of the failures

. were traced to 156A's and 157A's from Vendor Code E. Test yields were

worse for the "unspecified” =15V common mode condition because of front
end matching considerations. At +15V common mode the test yield is
better because the acceptance limit is raised to compensate for the
higher input bias current.

Input Bias Current (+I1B, -I1IB)

Figures 3-7 thru 3-10 show the sensitivity of input bias current to
common mode voltage and power supply voltage. The slash sheet
specification is based on +/- Vcc = +/- 20 V because of a precedent
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established with previous military op amp specifications and a desire to
maintain standards for comparison.

It should be obvious from these figures that if low IIB is a necessary
application requirement, the supply voltages should be no higher than
+/= 15 V. Also with the lower supply voltages, the common mode voltage
range is more evenly centered about zero. As the common mode voltage
approaches the negative power supply voltage, the P-N junction between
the gate and channel of the input J-FETs becomes forward biased and
forward current is pulled out of the gate. The input common mode
voltage corresponding to this “forbidden"” condition is within three
volts of - Vce.

Increasing the common mode voltage in the positive direction causes
reverse leakage current to flow into the J-FET gate terminals. The
common mode voltage range over which the input J-FETs are technically in
the leakage mode varies according to diffusion characteristics, geometry
and minority carries concentrations. Also the leakage current is almost
independent of reverse voltage.

The typical diode shape increase in bias current with common mode
voltage occurs as the junction enters the avalanche or zener voltage
range. Series resistance prevents the classical zener constant voltage
characteristic from occurring.

Process differences among the device manufacturers cause the bias
current vs common mode voltage characteristics to vary accordingly.
Since the input bias current is J-FET gate leakage it is not surprising
that this current is highly temperature sensitive. Typically, leakage
current doubles for every 10°C rise in temperature.

The test yields to the /114 specification limits were good except for
the following:

i. Vendor Code E. LF155A series devices incorporating bias current
compensation had a yield of only 16.6% for the negative common mode
low limit of -100 pA. Bias current compensation uses negative PNP
collector current to cancel positive J-FET gate current. A: <he
negative common mode condition an over cancelled situation i: more
likely to occur. The JC~41 Committee has not asked for relief on
this limit,

2. Vendor Code C. LF155 series devices had a yield of 30.7% for the
1259C input bias current limits of 50 mA and 60 mA at the zero and
positive common mode conditions respectively. No relief has been
asked for this limit.
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Power Supply Rejection Ratio (+ PSRR, -~ PSRR)

All of the devices had good yields in meeting the 85 dB minimum limit.

Common Mode Re jection (CMR)

Good yields were obtained in meeting the 85 dB minimum limit. This
parameter is calculated from the VIO change over the input common mode
range. Consequently, there is a close relationship between VIO and CMR
failures.

Input Offset Voltage Adjustment (VIO ADJ (+), V10 ADJ (~))

Traditionally, the requirement for offset voltage adjustment is that it
be capable of driving the input offset voltage one millivolt beyond the
minimum and maximum limits of offset voltage. All functional devices
far exceeded this requirement with typical values of 13 mV and ~14.3 aV
for the positive and negative adjustments respectively.

Short Circuit Current (I10S (+), I0S (=))

The instantaneous short circuit current was considerably less than the
50 mA maximum requirement. The short circuit current magnitude
decreases with increasing temperature for both output drive polarities.
If the output is commanded to be at the positive swing limit and then a
short circuit is made between the output and ground or the negative
power supply, the short circuit current I0S (+), will be current limited
by Q4 and Rl in Figure 3~1. Accordingly, typical 10S (+) =VBEQ4/R1l = 600
mV/25 = 24 mA. Since D-VBE/D-T = -2 mV/©C, the self heating of the
device and the output transistor, will cause the short circuit current
to decrease by 80 uA/°C.

Output short circuit protection cannot be guaranteed over the full ~559C
to 1259C military temperature range.

Under worst case conditions, the maximum internal junction temperature
of 1750C will be exceeded at ambient temperatures far below 125°C. The
following equations apply:

le  Pp =2 Voo Ige + Voo = Vol 1g4
2. T3 =Tpa+ Pp J-A where PD = device dissipation (mW)
Vee = power supply voltage (V)
Icc = povwer supply current (mA)
Vo = output short circuit voltage (V)
1,6 = output shoprt circuit current (mA)
Ty = junction temperature (°C)
Tp = ambient temperature (°C)
J-A = device junction to ambient thermal resistance (°C/mV)

[}
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Under worst case conditions and a "warmed-up” short circult current of
30 mA, the devices have the following maximum safe ambient temperatures:

Device Maximum Safe Ambient* Temperature
Type "short” to ground “short"™ to supply
01, 04 89.5°C 220C

i
02, 03, 76°C 9oC
05, 06

*TA at TJ = 1759¢C

Several 02 and 03 devices were subjected to sustained output to power
supply short circuits for several hours without incurring any damage.
The real margin of safety depends on the differences between worst case
and typical parameters.

_ Supply Current (lcc)

Supply current is one of the parameters which is different for each
device type in the LF155 series family. The lce limits are well chosen
for the device data distribution.

Output Voltage Swing (+Vop, 'Vop)

Maximum output voltage swing is generally well behaved with a tight
histogram pattern and a mean value which is two volts or better than the
specification limit.

| Open Loop Voltage Gain (AVS (+), AVS (-)

But for one exception, the data distribution of open loop voltage gain
far exceeded the minimum specification. Characteristically, the gain
histograms have a scattered distribution. There were no wrong polarity
. gains, thus indicating better management of thermal effects than were
observed on many op amps during previous characterization studies.
LF155A devices from vendor Code B had many gain failures at -559C.
vendor Code B test yields at -55°C were 50%, 15.8% and 16.6% for their
. ¥155A, LF156A and LF157A devices respectively. These same devices had
respectable gains at 259C and 125°C.
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Each of the six device
specification. Within
traded off with supply
In most cases negative

Slew Rate (SR (+), SR (-))

types is characterized by a different slew rate
the non-A and A groups of devices, slew rate is
current to offer the user three design options.
slew rate was faster than positive slew rate by

almost 2:1.
(LF155/156/157 Family)

All of the devices had good yields to their respective specification
limits, except for LF156's from Vendor Code C, which had yields of 227%
and 0% at 25°C and 125°C respectively.

(LF155A/156A/157A Family)

With the exception of Vendor Code F, 156A devices, which had a test
yield of 50%, all of the data was well within the specification limits.
The failed 156A devices would pass the 156 limits (i.e. 7 V/us vs 10
V/us). Compared with bipolar op amps, BI-FET op amps have a much better
combination of high slew rate and low input bias current.

Transient Response (TR (tr), TR (0S))

With a closed loop gain of 1 V/V, the transient response data of the
LF155 and LF156 devices was significantly faster than the initial JC-41
Committee recommended limits.

Also the LF157 devices at a closed loop gain of 5 V/V were slower than
the JC-41 Committee recommended limits. The data and limits are
summarized below:

Device JC-41 Limits Data 25°C
Type TR(tr) TR(O0S) TR(tr) TR(OS)

(ns) (% (ns) (%) Sample
AV (min) (max) (min) (max) (min) (max) (min) (max) Size {
LF155 - 300 - 40 41 55 33 47 15
/v
LF156 - 200 - 40 28 45 42 48 15
/v
LF157 - 100 - 40 240 310 0 0 15
5V/V
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In order to resolve the differences between the recommended limits and
the data, a second referee circuit was built and several devices were
tested again. The new data correlated with the original data.

After verifying that the data matched, the sensitivity of the data to
the circuit components was investigated. Not surprisingly, the

feedback capacitor has a dominant effect. For instance a change from 10
pf to 18 pf caused the overshoot of an LF156A to decrease from 44% to
32%. Figure 3-16 shows the typical response of an LF155 and LF156
device. The high TR(0S) overshoot failure rate was resolved by
modifying the test circuit such that AV = 1 V/V, RF = 0 ohm. Normally
closed K9 contacts in parallel with the 10 K ohm resistor of Figure 3-3
reduces the D.U.T. overshoot by making the device less susceptible to
parasitic capacitance at the inverting input. Typically, depending on
the D.U.T.'s characteristics, a reduction of 10% to 20%Z in overshoot was
achieved.

Closed loop gain has a big effect on the transient response of an LF157
as can be seen in the Appendix, Figure 3-16,

Rise time and overshoot changed from 15 nanoseconds and 130% to 250
nanoseconds and 0%, respectively, when the closed loop gain was
increased from 1 V/V to 5 V/V. In raising the closed loop gain, the
open loop gain is reduced by 14 dB and the effect of the high frequency
poles and zeros is greatly reduced.

The revised transient response specification limits are shown in Table
3-17.

Settling Time (ts(+), ts(-)

Settling time as defined in the /114 specification is a sampled large
signal test for the time it takes the error voltage to settle within
0.1% of its final value. A phantom summing mode is monitored as shown
in Figure 3-5 while the DUT is exercised to produce a 10 V output pulse.
This summing node voltage VN is proportional to the error voltage
difference VE between the input and output voltage as shown below:

VN = VIN * RF/(R1 + RF) + Vo * R1(R1 + RF)
VN = VIN * RF/(R1 + RF) - RF/(R1) * VIN * R1/(R1l + RF)
VN = VE * RF/(R1l + RF)

Thus for circuit gains of - 1 V/V and = 5 V/V, the null voltage is .5 VE
and .833 VE, respectively. For a 10 V output and 0.1% error, the
corresponding null voltage thresholds are 5 mV and 8.33 mV at AV = 1 V/V
and 5 V/V respectively.

I1I-19




Figure 3-19 shows the dynamic null error voltage of several typical
devices. The settling time is composed of a slewing interval and
transient response interval, which depend on different parameters and
conditions. For a given device the slewing interval is proportional to
the output step change, whereas the transient response interval is
dependent on the damping ratio of the device in the test circuit.

The circuit closed loop gain has a big effect on both the slewing
interval and the transient response interval. Depending on how the
response oscillations dampen, the difference between 0.1% and .012
settling time can vary from a fractional part of cycle to several
cycles.

The relationship between the data and the proposed limits is tabulated
below:

Device Data @ 25°C /114A
Type ts in (ns) ts in (ns)
AV Sample

(min) (max) Size (min) (max)
LF155 700 1300 15 - 1500
/v
LF156 900 1300 15 - 1500
/v
LF157 300 650 15 - 800
S5V/v

Noise (NI (BB), NI (PC))

Broadband and pop corn noise was measured with a Tektronix Type 577
curve tracer. Typical data displays are shown in Figure 3-21 in the
Appendix,

Broadband noise was measured with a source resistance of 50 ohms and the
observed peak-to-peak readings were divided by six to yield Gaussian rms
values.

This factor of six is used because op amp noise voltage is random and
has a normal statistical distribution. One of the properties of a
normal Gaussian distribution is that the ratio of the peak-to-peak value
over the rms value is six with a probability of 99.7%.
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The data is summarized as follows:

Broadband
Noise Data
(u Vrms) Frequency
0.3 1
0.7 5
0.8 3
1.0 10
1.2 1
1.3 3
1.7 1

Total: 24 data values

The data distribution is conservatively within the 10 u Vrms maximum
limits of the /114 specification.

For the popcorn noise test only one device had an observed "pop” of
10 uPK. The remaining 23 devices had no trace of popcorn noise.

Burn—-in Circuit Evaluation

After the initial characterization data was taken, sixty non-A devices
were burned-in using two different circuit configurations. Twenty-eight
devices were exercised in the original voltage follower circuit which
uses a 2000 ohm load. During this 168 hour burn-in test, the input was
changed from + 5 V to - 5 V after approximately half of the time had
elapsed. The remaining 32 devices were exercised on a new simplified
circuit which has the inputs grounded and the outputs open. Maximum
supply voltage of +/- 22 VDC were applied to these devices, whereas only
+/- 20 VDC was applied to the first group. The two sample populations
were chosen such that they equal representation with regard to vendor

‘ and date code.

. At the conclusion of the 168 hours, 125°C test, the devices were cooled

1 down before power was removed. The serialized devices were again tested

| on the S$-3260. The following observations were made after comparing the
before and after test data:

g 1. For both test circuits the post burn-in data total failures did not
exceed the total pre burn-in failures. In other words good
devices, in general, are not harmed by either test circuit.

2. Quite often on particular devices pre burn-in failures did not
appear at post burn-in. These were mainly IIO and IIB technical
limit failures.

111-21




It was concluded that the new simplified burn-in circuit was equally
effective with the old standard test circuit. Subsequently, it was
recommended that the supply voltages be reduced to +/- 20 V and the pin
5 offset adjust pin be connected to + Vcc.

GEOS uses many LF156's for signal conditioning and processing in
automatic test equipment for measuring guidance system parameters.
Because of high fallure rates in the prototype test system, it was
decided to burn~in all LF156's to be used in that program. Succeeding
systems had much better reliability. At this time (August 1980) it is
not conclusive if the original high failure rate was primarily caused by
induced system failures or defective devices.

In three 50-device lots, the percentage of catastrophic burn—-in failures
were 16%, 6% and 18%. Most of the failures tend to be output oriented.
Daily monitoring of the devices in a burn-in rack has shown that some
defective devices experience a gradual degradation in negative output
swing toward zero, followed by a burn-out which leaves the output stuck
at -Vece.

The most recent burn-in lot included devices from three sources. No
catastrophic failures were observed, although final data is not yet
available for analysls. The manufacturer of the previous lots has
recently stated that a device problem was present and that a mask change
is planned to eliminate the problem.

Testing Problems

Input bias current was the most difficult parameter to measure because
of its small magnitude (pA range). Using the standard op amp test
circuit with input bilas current dropping resistor of 5 meg ohms each,
the bias current effect on offset voltage was typically less than 10%.
Also high value input resistors tend to de-stabilize the test circuit
because parasitic capacitance feedback coupling from the output to the
non-inverting input is relatively unatteniated. Had the scope of these
problems been fully recognized at the beginning of the characterization
program, a different test technique would have been developed.
Experience with the LF198 sample and hold, which is also a BI-FET, and
discussions with several manufacturers indicate that a charge
integration method is more practical.
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3.6

3.7

Slash Sheet Development

The military specification (MIL~M-38510 slash sheet) on the BI-FET op
amps was developed in parallel with the characterization effort. As the
test circuits and procedures were proofed out in the taking of device
data, they were also incorporated into the slash sheet. The original
slash sheet Table I parameters and limits were recommended by the JC-41
Committee on Linear Integrated Circuits. With few exceptions, the
device testing and screening was done against these parameters and
limits. As progress was being made on the device characterization, a
dialogue was maintained with the manufacturers over the phone and at
meetings. One of the more significant developments that happened was in
the specification of input bias current over the common mode voltage
range. The end result in the specification shows that the maximum input
bias current changes from 3500 pA to 300 pA for a power supply change
from +/- 20 V to +/- 15 V at the positive common voltage. For both
conditions, + Vem is five volts below + Vcc.

Conclusions and Recommendations

204 generic LF155 series ( » amps were tested on GEOS' §-3263 to
characterize their electrical parameters. Sampled bench test data was
taken to characterize noise and some of the dynamic electrical
characteristics, which could not be tested on the $-3263. It should be
noted that the electrical characteristics are oriented toward automatic
testing. With the exceptions of input bias current, input offset
current, and output short circuit current, the effects of device self
heating will not cause the specification values to differ from
application values.

In order to minimize input bias currents and device power dissipation it
is recommended that the power supply voltage be kept no higher than +/-
16 V. Although these BI-FET op amps are guaranteed to operate at 125°C
ambient temperature, high temperature operation will cause the benefits
of low input bias currents to be lost.

The LF155 series of BI-FET op amps have several advantages over bipolar
devices including a more optimum combination of low bias current and
high slew rate, plus the ability to drive high capacitance loads.

Final recommended electrical specifications for the generic LFl55 series
op amps in MIL-M~38510/114 are shown in Table 3-17.
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Table 3-17. LF155/6/7 Data Summary.

LF155/6/7 PARAMETER DISTRIBUTIONS & LIMITS

-4 4
OFFSET VOLTAGE @ 25°C A IV
-6 |
OFFSET VOLTAGE @ —55/125°C L _F
-30
AVip/ AT @ 25/-55°C 0
-3 30
AVID/AT @ 25/125°C L_ V2 \WwNI*C)Y 2/ J
-20
OFFSET CURRENT @ 25°C 77 Jm

OFFSET CURRENT @ 125°C L\ | ZeA7 JZU

100 100
iIB BIAS CURRENT @ 25°C L ’///Al'ﬂY////
-10 ~ 50
I1B BIAS CURRENT @ 125°C L V/AMV/ Y
+ PSRR, —PSRR @ —56/125°C 146
85
CMR @ —55/125°C 64)70] 135
0 8
VIO ADJ ( +) @ —55/125°C (mV) Lﬁ 13

0
VIO ADJ (—) @ —55/125°C -14.25J (mV)
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Table 3~17. LF155/6/7 Data Summary (Cont'd)

LF 155/6/7 PARAMETER DISTRIBUTIONS & LIMITS

—60 0
10S ( +) CURRENT @ 25°C L "".A.’l |

0 60
10S (~) CURRENT @ 25°C L (mA)J
16 !

+VOP SWING @ 2K, —55/125°C [ﬂaamﬂ (v)

-20 —~16
—VOP SWING @ 2K 0, —55/125°C L )

25
+ AVS GAIN € 10K 0, —55/125°C /30K
25
—AVS GAIN @ 10Kn, —55/125°C L 15K 7ZWNim\ 720 15K
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Table 3-18. LF155/6/7 Supply Current & Slew Rate vs. Device Type.

SUPPLY CURRENT vs DEVICE TYPE @ tVgg = *15V

trigs | 2% E |
(20 DEVICES) 125%C } |
1ot MAX UimiT

v | B 00070, |

3 OCES) s 777

102 MAX uMIT
s | € 777
|
S ONCES) e R |

0 2 4 6 8 10 2

SUPPLY CURRENT (mA)

|

SLEW RATE RANGE vs DEVICE TYPE

7
'

LF1S5 | | 3SR (+)
§

AV = W
Q25°C A SR ()
101 MIN. LIMIT
s | DZASRI+) AV = WV

. Ak +)

';M S

LF 187

Ay -
@25°C V = VN

e

1 T T ¥ T 1

L T LA
0 0 2 33 40 50 6 80 90
SLEW RATE (V/u§)
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DEVICE TYPE  DEVICE TYPES

L 03 018 02

) )
s esof- -~ - - sof- - - - -
E 2es|-----4a5[-—- -~
g
o)
>
[
>
2 o5|- - — - sl-—-
3 0 0 + TIME (ns)
WAVERORM |
(TRANSIENT RESPONSE)
2 +5
W28
2
g
= ~-2.5
2
a
-5 -~
3 —» TIME (us)
WAVEFORM 2 WAVEFORM 3
(POSITIVE SLEW RATE) (NEGATIVE SLEW RATE)
Parameter | Device Input pulse Output pulse Equation
symbol type signal @ tr < 50 ns signal
1 TR (t.) all +50 mv Waveform 1 TR (t.) = at
TR {o,) an +50 mv Waveform 1 TR(OS) - 100 (2Y9,yo)
SR (+) 01,02 -5 V to +5 V step Waveform 2 . bvo(+)
03 T Vto *1 V step | Waveform 2 SR(+) /Bt(+)
SR (- 01,02 +#5 V to -6 V step Waveform 3 AVol-
i ) 3 T Vto 71V step | Waveform 3 SR(-) = MVOL)/ae (0

Table 3-5. Test Table For Transient Response and Slew Rate.
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Table 3-7. Typical LF155A Op Amp Data Sheet
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Vem @ 4V/cm

Figure 3-8, Bi-FET Input Bias Current vs. Common Mode Voltage
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+Iig @ 160 pA/cm

+I;g @ 400 pA/cm

Figure 3-9.
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Vem @ 4V/em

Bi-FET Input Bias Current vs, Common Mode Voltage
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R s DL = o ot T

+I3p = 1120 pA

@ 100°C, Vem = OV
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LF 05T s e
tg /7(.““)'
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L E? @ 125°C, Vep = OV
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f22]
ey

¥

ch @ SV/Cm

LF155 Bias Current from 30°C to 125°C

Figure 3-.11, Bi~FET Input Bias Current vs, Temperature
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Figure 3.12, Worst case Input Bias Current vs. Ambient Temperature.
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LA S (3 Typical LF155
T RN, A TR (tr) = 60 ns
TR (0S) = 347
GBW = 5.8 Miz
= 1vy/v
TR (tr) x GBW = ,.348

cie 15e A s’ 92
g

Typical LF156A

TR (tr) = 40 ns

TR (0S) = 38%

GBW = 7 MHz

AV =1 V/V

TR (tr) x GBW = ,350

Fig. 3-15. LF15% & LFL56 Transient Response,
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g o et e A —

LErSPA

TR (tr) = 300 ns

TR (0S) = 0%

GBW = 1.1 MHz

Ay =5 VIV

TR (tr) x GBW = .330

~
12

LS A 5
50mY

Fig. 3.16., LF157 Transient Response.
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SR(+) = 4.7 V/us
SR(-) = 10 V/us

(SR = oV/T @

E V from -2.5V
N
o~
500 ns/cm
P slew rates @ AV = 1 V/V
SR(+) = 14.3 V/us
SR(-) = 33.3 V/us
(SR=AV/aT@
g
§ Vv from -2,5 V to
- +2.5V)
500 ns/cm
i olew rates @ AV = 1v/V
. ure 117, T1F155 and LF156 Slew Rates.
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SR(+) = 40 V/us

SR(=) = 50 V/us

SR=aV/aT@
V from - 2.5V

to + 2,5 V)

LF157 slew rates @ AV = 1 V/v

SR(+) = 33 V/us
SR(-) = 50 V/us
SR=avV/iaTA@

V from - 2.5V

to + 2.5 V)

LF157 slew rates @ AV = 5 V/V

Figure 3-18. LF157 Slew Hate vs Gain.
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Null LF1554
Error S/N 112
@ 20 mV/cm £, = 750 ns
Vin @ 2 V/em AV = 1 V/y
Vin = 5 V
S
Lo T S
i
‘f
Null LF156
Error
@ 20 mv/cm tg = 750 ns
Vin @ 2 V/cm AV = 1 VY
Vin =5V

Time @ 500 ns/cm

Figure 3-19. LF155 Series Bi-FET Settling Time,
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Vo @ 5 V/em
LF155 Open loop voltage gain Ayg (*) @ Ry, = 50 K
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VQ @ 5 V/Cm

LF155 Open loop voltage gain Ayg (2) @ Ry = 2 XK Q.

Figure 3-20, Open Loop Voltage Gain vs Load,
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LF155
S/N 19
- Rs = 502
9]
Py =
= NI(BB) = 10 wV,
= = 1,67 urpms
[CH
o
o
-
q
Vo @ 5V/cm
* Note: Random noisc has a Gaussian amplitude distribution
such that the ratio of (peak to peak) over (rms) is 6
and will not be exceeded 99.377% of the time,
€
(3]
}g LF155
S/N 19
2 Rg = 50 Ka,
&
g NI(®C) =0 qup
>
< = 0 uWeng
Vo @ 5 V/em '
Figurce 3-21, 1.Fi%5 Series Bi-FET Noise Voltage.
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SECTION IV
MULTIPLE BI-FET OP AMPS
MIL-M-38510/119
Introduction

The first op amps of this series which were introduced to RADC for
characterization and possible slash sheet action were the TLO61 and
TLO71 families from Texas Instruments. Each of these families included
single, dual and quad device types. The TL0O61, TLO62 and TLO64 devices
were offered as a low power category and the TLO71, TLO72 and TLO74
devices were classified as low noise devices. Preliminary
characterization studies at GEOS were encouraging and a recommendation
for slash sheet action was made. Since these new BI-FET op amps had
lower absolute maximum ratings than the LF155 series devices, it was
necessary to generate a new slash sheet. National Semiconductor and
Fairchild were also introducing multiple BI-FET op amp devices which
could be included in the new slash sheet. Table 3-1 shows the
relationship between the generic and military device types:

Table 4-1. Table of Device Types Specified.

Device Generic BI-FET Op Amp
Type Type Manufacturer Description

. 11905 TLO72 Texas Instruments Dual-general purpose

11906 TLO74 Texas Instruments Quad-general purpose

11901 TLO61 Texas Instruments Single-low power 1/

11902 TLO62 " " Dual-low power

11903 TLO64 " " Quad-low power

11904 TLO71 " " Single-general purpose 2/

uAF771 Fairchild

LF151} National Semiconductor

uAF772 Fairchild

LF153 National Semiconductor " "
uAF774 Fairchild

LF147 National Semiconductor

1/
2/

The low power devices use less than 0.3 mA of supply current per op amp.
The general purpose op amps are low cost J-FET front end devices, with
performance that meet or exceed that of the popular 741 industry
"workhorse”.
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4.2 Description of Device Types

The op amps specified in MIL-M-38510/119 have fewer J-FETs per op amp
than the LF155 series devices. As a result the chip real estate per

function is approximately 2/3 that of an LF155 device. Consequently,
the options for lower cost and multiple op amp devices are also more
viable than with the LF155 series design.

A simplified schematic which shows the main features of these new second
generation BI-FET op amps is shown in Figure 4-1.

¥oc O~ ~4- Eied ©
Vo
Vit O - —~— ®-
Figure 4-1. BI-FET Op Amp Simplified Schematic. . H

Detailed schematics of various generic devices are shown in Figures 4-2

through 4-3. All of these devices feature J-FETs for the differential

input stage and complementary bipolar transistors for the totem pole

output stage., Unlike the LF155 series design a J-FET is not used to ;
b replace the output PNP transistor for stability {mprovement. )

Another common difference between these devices and the LF155 series is :
} that the input J-FETs are not loaded by matched J~FET current sources.
Instead a bipolar current mirror is used with trim resistors in the

emitter legs. Offset voltage can be internally laser trimmed or 3
externally potentiometer trimmed. Because of pinout restrictions some
of the duals and all of the quads do not have external offset voltage
adjustment capability. Caution should be exercised in swapping /119
single with /114 devices in applications using the offset control pins.
Since the LF155 adjustment is connected to + Vec and the /119 single
device is connected to ~ Vecc proper operation after swapping will not
work and could lead to device destruction if the trim wiper gets too
close to one of the potentiometer ends.

1v-2




The input for the single ended high gain second stage is taken off the
collector of the current mirror transistor.

Another current mirror connected to a zener regulated current source
provides separate constant current biasing for the first and second
amplifier stages of the TLOJ71 series devices.
tle¢ o—
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Figure 4-2. TLO71 Series Op Amp Schematic.

The current source stage biasing for the other devices are all different

in design. Modifications of current mirrors and lateral PNP transistors

are used extensively as can be seen in the circuit schematics. The

. degree of circuitry used for stage biasing enables the op amps to be

used over a wide range of power supply voltages while maintaining

excellent power supply rejection to noise and other disturbances.

Further details are covered in the manuals, books and papers referenced

in the bibliography of this report. 1

D

Qinw W o

All of the generic industry device types within the /119 specification
have design differences which will tend to favor one parameter over
another. As a consequence of this fact the margin of performance
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between the different vendor devices and the specification limits will
vary accordingly. The following device schematics are shown in the
Appendix,

Figure Device Electrical Schematic
4-3 TLO61 Series Op Amp Schematic
44 LF151, 153, 147 Op Amp Schematic
4=5 uAF771 Series Op Amp Schematic

Test Development

The test development for the multiple BI-FET op amps was very similar to
the procedure described in Section 3.3. A notable difference was that
the test adapter had to be configured to accept dual and quad devices in
addition to single devices., This was accomplished by building several
DIP to TOS5 pin-out converters with manual selection switches. Although
this method was satisfactory in getting the data, a more elaborate relay
controlled socket would have been more efficient for testing large
quantities of devices, especially if this effort were required on a
continuing basis. All of the standard op amp parameters as shown in the
previous section Table 3-3 were required to characterize these devices.

The devices which were characterized are identified in Table 4-2,

Table 4-2. Device Types Characterized.

Generic Manufacturer Date No. of
Type S/N Code Code Op Amps
TLO61 101-120 A - 20
TL062 201-210 A -~ 20
TLO64 301-303 A 7914 12
TLO71 401-415 A - 15
LF151 422-425 C 7925 3
AF771 431-440 B 7916 10
TLO72 501-519 A 7831 20
LF153 521-526 C 7925 12
AF774 631-637 B 7906 20

Detailed test conditions and equations are identical to those in the
Appendix, Table 3-4 except that the power supply voltages were reduced
fromt 20 V to + 15 V and the input common mode voltage range was
reduced from £+ 15 V to £ 11 V. The static test circuit is the same as
that in Figure 3-2 except that the offset adjust resistor is 10 K ohms
referenced to - Vcc.

IV-4




4.4

Software changes were made to the program to reduce the power supply and
command voltages to the specified values for these devices. Transient
response, settling time and slew rate data were measured manually with a
new test fixture having dedicated DIP sockets for single, dual and quad
devices.

As with the LF155 series devices, a Tektronix 577 curve tracer was used
to observe parameter to parameter characteristics of sample devices.
Further details on op amp characterization test procedures are contained
in Section 3.3,

Test Results and Data

A total of 51 low power op amps and 8l general purpose op amps in a
combination of single, dual and quad packages were tested on the
Tektronix S-3260, The test data was released to RADC and the
manufacturer representatives of the JC-41 Committee in a report entitled
“Characterization Data for MIL-M~38510/119 Multiple BI~FET Op Amps”,
Oct. 1979. A typical data sheet of several dual general purpose devices
(Type 05) is shown in Table 4-3. Other data sheets are in the Appendix
as follows:

Table Subject

4-4 Typical Device Type 02 Data at 25°C
4-5 Typical Device Type 02 Data at -55°C
4-6 Typical Device Type 02 Data at 125°C
4=7 Typical Device Type 05 Data at -55°C
4-8 Typical Device Type 05 Data at 125°C

Each of these data sheets show how the data values of 10 devices
compares to the JC-41 Committee limits at a given test temperature.

Most parameters were tested with + 16 volt power supplies over a t 12
volt common mode range. Even though device types 01, 02, and 03 are not
rated to drive a 2000 ohm load, data was taken with this condition for
information only.

Histograms were generated on an op amp basis for both device type
families for all parameter-temperature combinations. One such histogram
at 259C of common mode rejection for device types 04, 05 and 06 is shown
in Figure 4-6.
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Table 4-9. Device Type 01,02,03 Data Distribution & Limits

(Sheet 1 of 2)
PARAMETER * (///pATA///1] *
(=550C < TA < 1259C) LL{-~~=—=—~ LIMIT-—~————~ >HL UNIT
Offset Voltage (25°C) LI/ 10000i0tiriittllexti
(Vio) .-'5-.-.0-.-.5 mV
Offset Voltage [//////*///////////////////////////*]
(Vio) e o s =T 4 o o o @ e 0 ¢ o v s o 7T WV
Offset Voltage Drift * [///////////////////*/]
D-Vio/D-T =30 . s s s 040 0. 30. .uv/oC
Offset Current (259C) [*///////////////*l
(110) . .. .-100 «..100. ., pA
Offset Current * [/7///] *
(Iio) e o0 a=20 . . o0 .. .20, . .0A
Input Bias Current (259C) * /11771 %
(OV Common Mode) e e s =200 . . . 0. . .200. . pA
Input Bias Current (259C) [/*//////////////////] *
(~12V Common Mode) =400 o+ + 4 . 0 .. 4+20 .. pA
Input Bias Current (25°C) * 0//10171111171717)  *
(12V Common Mode) =200 . 0 4 4o ¢ 4 4 o s o o » o 1200, pA
Input Bias Current (125°C) *(/11111111] *
(+ OV and ~12V Common Mode) ~10 4 4 4 ¢« o o o 70, . nA
Input Bias Current (125°C) */111111117) *
(12V Common Mode) ) O 100 nA
Power Supply Rejection [77%171771170071111117117)
(+PSRR’-PSRR) 80 e o *» o & s o 120 . e dB
Common Mode Rejection *{/HLTETTTETTT)
(CMR) 80 « ¢ « v o o 4120 . . dB
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Table 4-9, Device Type 01,02,03 Data Distribution & Limits
(Sheet 2 of 2)

PARAMETER * {///DATA///]] *

(~550C < TA < 1259C) LL ===~~~ LIMIT--==———~ JHL UNIT

Output Short Circuit Current * (/7]

10S(+) =40 4+ o o s s e W 0 mA

Output Short Circuit Current (/] *

10s(~) 0. .. . . 40 .

Supply Current (per Op Amp) [/1 =

(Ice) Ta= ~550C 0 ¢ o o o o 0.3 ¢« o o & mA

Supply Current (per Op Amp) /1 =

(Icc) 259¢< Ta <1259C 0O ¢ o o o o 0.30 o ¢ o » mA

Output Voltage Swing * [/}

(+Vop) 10 Kohm Load 12 ¢ 0 o 6 o o W 16 %

Output Voltage Swing (/71 *

(~Vop) 10 Kohm Load =16 0 o e .. W12 %

Voltage Gain (259C) * (/777111111

(Avs(+)) 10 Kohm Load 5 0 ¢ 6 o o 0 0 . 15, V/mv

Voltage Gain (25°C) (*x//111)

(Avs(-)) 10 Kohm Load S e v o o . « 15 V/av

Voltage Gain [N

(Avs{+)) 10 Kohm Load by o s 090415 V/av

Voltage Gain (/7/*1111111

(Avs(-)) 10 Kohm Load Y I & T 74 Y A

Slew Rate  (259C) X U1N ﬁ

(SR(+)) O e o o s & @ 4 ooooo . V/uS i
i

Slew Rate (259C) * (/1711117111111

(SR(")) 0. e & s s e o 4 ¢ o v e . . V/US

Slew Rate * [///]

(SR(+)) O ¢ o o oo 0o od o o v oo oo V/US

Slew Rate * (771101111171111117)

(SR(-)) 0 * o & & o & & (‘ e o o o o o @« V/US




——

Table 4~10. Device Type 04,05,06 Data Distribution & Limits
(Sheet 1 of 2)

PARAMETER * [///DATA//]/]] *

(=53°C < TA < 1254 LI< LIMIT SHL UNIT
offset Voltage (259C) (7777171111171 7117717117*%/]

(Vio) =5 ¢ ¢ e s 0. .. .5 wV
Offset Voltage [//*///////////////////////////*]
(Vio) R 0 v v o v . 7 mv

Offset Voltage Drift
D-Vio/D-T

=30 « . . . . Go .o 30. .uV/oC

Offset Current (259C)
(Iio)

(%/770707101101177%117]
=100 . . .0 . . . 100 . . pA

Offset Current
(1io)

* (/11117
=20 . . .0...20. . .04

Input Bias Current (25°C)
(OV Common Mode)

* [/ /1111117) %
=200 « « 0 . . . 200 . . pA

Input Bias Current (25°C)

U/%/T1000000010171171113 *

(-12V Common Mode) =400 ¢ o o 0 e e 0. ..200. . pA
Input Bias Current (25°C) * (/7771111111717177Y  *

(12V Common Mode) =200 . 0 4 4 6 v e e e e e e 1200. pA
Input Bias Current (1259C) *[/11/171]]) *

(+ OV and =12V Common Mode) ~10 4 o ¢ ¢ e . e 70. . nA
Input Bias Current (125°C) * [/11171111] *

(12V Common Mode) ~10 ¢ 4 e e e e e e e 100 nA

Power Supply Rejection
(+PSRR,-PSRR)

(X/1110710011170711111)
80 ¢« « «+ ¢ o o +» 120 . . 4B

Common Mode Rejection
(CMR)

[*///////////////////]
80 s e e e e 120 . . dB
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Table 4-10. Device Type 04,05,06 Data Distribution & Limits

(Sheet 2 of 2)
PARAMETER * [///DATA///]] *
(-559C < TA < 1259C) LL< LIMIT >HL UNIT
Output Short Circuit Current * (/1
IOS(+) "'80 * o & o & e o O mA
Output Short Circuit Current (/7] *
10S(=) O ¢ ¢« o ¢ ¢ o & 80 mA
Supply Current (per Op Amp) (/7] *
(Icc) Ta= =550C 0 ¢ ¢ ¢ ¢ v w W 4 . . mA
Supply Current (per Op Amp) i1/} *
(Icc) 250C< Ta <1259C O v o o o o @ 3.5. . . mA
Output Voltage Swing * (/]
f+Vop) 10 Kohm Load 12 0 0 v o v u 16 v
Output Voltage Swing (//7/7] *
(-Vop) 10 Kohm Load -16 ¢ ¢ 00 . .. -12 v
Voltage Gain (250C) x[[111700170711171117
(Avs(+)) 10 Kohm Load SO0 v & ¢ o o o o o o 300 V/mv
Voltage Gain (25°C) *(//11117171000071117
(Avs(-)) 10 Kohm Load 50 v v o o o o o o . 300  V/mV
Voltage Cain * (11171000000
(Avs(+)) 10 Kohm Load 25 4 e 4 s 6 e e e e s 300 v/mv
Voltage Gain * (/1111010 000001771117
(Avs(-)) 10 Kohm Load A 300 V/mvV
Slew Rate (259¢) [/*//////////////]
(SR(+)) O e o7 ¢ o o o o 25 V/uS
Slew Rate (259¢) [*////////////]
(SR(-)) 0o e 7 o o o o o 25 v/uS
Slew Rate [*/////////////]
(SR(+)) L 25 V/us r
Slew Rate
(SR(-))
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4.5

Discussion of Results

The characterization data was carefully reviewed to determine how well
it complies to the proposed JC-41 limits and the June 1979 Rev. 1 issue
of MIL~M-38510/119, Where there is good agreement between the data and
the limits, no further discussion is given here. The proposed JC-41
parameter limits were then carried over into Table 4-1l. Where there is
a discrepancy between the data and the JC-41 limits a discussion is
includad with GEOS proposed limits. Because of the limited sample size
(51 low power op amps and 81 low cost op amps), the GEOS data may not
accurately reflect the data of all manufacturer lot samples.

Tables 4~9 and 4~10 shows the distribution of most parameters in a
cryptic histogram form. This comparison of data and initial limits is a
good guage for defermining if any changes should be considered.

Input Offset Voltage (Vio)

With the exception of Vendor B Type 04 devices at 1259C, the offset
voltage data agrees with the proposed limits of £+ 5 mV and £ 7 mV at
250C and over the military temperature range, respectively. No limit
change was recommended.

"Input Offset Current (Iio)

Early in the characterization program there were many device failures to
the + 50 pA JC~41 limits. Because of this the histogram and statistical
analysis limits were loosened to + 100 pA. A comparison of the 259°C,
zero common mode offset current data against the data limits is as
follows:

Device Yield at Yield at

Type Iio = £ 100 pA (max) 1i0 £ 50 pA (max)
01,02,03 (51-8)/51 = 84% (51-15)/51 = 70%
04,09,06 (81-18)/81 = 78% (81-27)/81 = 67%

i e -

Even with 100 pA limits, the yield is relatively low. Looser limits
were not requested by the manufacturers.

Input Bias Current (x IiB)

At the negative common mode condition at 259C, both device families

had ylelds of less than 70% against the —-200 pA limit. The yields
improve to better than 80% with a recommended low limit of =400 pA.

The high temperature high limits were too loose and it is suggested that
they be changed from 100 nA to 70 nA at the positive common mode voltage
and from 70 nA to 50 nA for the other common mode voltage conditioms,

1v-12




Short Circuit Current (los(+), Ios(~)

Based on these devices alone, limits of 30 mA would be recommended;
however, other vendor type devices, not yet characterized, require the
40 mA limit for the low power category. The general purpose device
limits of + 80 mA are very conservative for the data distribution, which
had a peak value of los(+) = - 50.6 mA at - 55°C.

Supply Current (Icc)

Although the supply current is specified on an op amp basis,
observations of the data show that duals and quads use less current per
op amp than does a single device. An average "discount” for the
multiple op amps based on histogram mean values is 20% for the duals and
30% for the quads. No change is recommended for /119.

Qutput Voltage Swing (+ Vop, - Vop)

Based on the data, the voltage swing limits are specified very
conservatively. For device types Ol, 02 and 03 with a 10K ohm load,

- Vop is the weakest drive. 50 out of 51 devices had less than 1.2 V of
negative saturation. (-Vsat = | -Vce -~ (-Vop) |).

The single Ol maverick with [.7 V of negative saturation also failed the
Vio, -PSRR and the gain tests. For the 04, 05, and