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FOREWORD

This Final Report was prepared by General Electric Ordnance Systems,
100 Plastics Avenue, Pittsfield, Massachusetts, for Rome Air Develpment
Center, Griffiss Air Force Base, New York, under contract F30602-T.-C-
0188, Job Order No. 55190000. It covers the period Merch 1971 to March
1972. Mr. Regis C. Hilow, RCRM, was the RADC Project Engineer.

The work on this project was performed by the Electronic Circuits
Engineering and Components- Engineering Units. Project responsibility
vas held by Mr. David A. Citrin of the Electronic Circuits Engineering Unit.

This report has been reviewed by the Information Office (01) and is
releasable to the National Technical Information Service (NTIS).

This technical report has been reviewed and is a.,. ...d.

D. BARBER
Chitf, Reliability Branch
Reliability 1 Compatibility Division

Approv. •P AnJ. NARES~Y Chief
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13 ASSINItAC

The objective of this study has been to develop guidelines for the electrical
characterization and testing of microcircuits of varying degrees of complexity and
to 'aid in assuring conformance to their detailed specification.

Section 3000 of MIL-STD-883 was reviewed and rewritten. New or modified slash
sheets to MIL-M-38510 were prepared for DTL and T'L-SSI logic circuits, 741 Op.pra-
tionaJl Amplifier, 710/711/1I2i06 Differential Comparator, and the 723 Regulator.
The results of the vendor comparison, test circuits, and Proposed slash sheets are
included in this report.

Test profiles were prepared for a broad range of' birolar and MOS semiconductor
memories. ROM's, PROM's, and static and dynamic RAM's were considered. The test
profiles cover static and dynamic functional test requirements.

MSI/LSI test considerations were based unon the develonment of a minimum set of
logic tests, based upon a stuck-at-one, stuck-at-zero philosobhy in order to pro-
vide a rapid and accurate functional test of complex devices. This testing cri-
teria termed "Logic Integrity Tests" is described and is aproposed for inclusion in
MIL-STD-883. Test Vectors based unon the Logic Integrity Test for the 2 and 4 bit
full adders, 4 x 2 multiplier and the 93.1/54181 Arithmetic Logic Unit are included
in this report.
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ABSTRACT

The objective of this study has been to develop guidelines for the
electrical characterization and testing of microcircuits of varying
degrees of complexity and to aid in assuring conformance to their
detailed specification.

Section 3000 of MIL-STD-883 was reviewed and rewritten. New or 2
modified slash sheets to MIL-M-38510 were prepared for DTL and T L-SSI
logic circuits, 741 Operational Amplifier, 710/711/LMIo6 Differential
Comparator, and the 723 Regulator. The results of the vendor
comparison, test circuits and proposed slash sheets are included in
this report.

i.• •t prcfi.e, we&re prepared for a broad range of bipolar and MW,1
st,.,iconduct. -f- i:'1es. ROM's, PROM's, and static and dynamic RFAM'W
wr.-re considered. The test profiles cover static and dynamic
:'.!.(:tional test requirements.

MSi/LSI test considerations were based upon the development of a
minimum set of logic tests, based upon a stuck-at-one, stuck-at-zero
philosophy in order to provide a rapid and accurate functional test
of complex devices. This testing criteria termed "Logic Integrity
Tests" is described and is proposed for inclusion in MIL-STD-883.
Test Vectors based upon the Logic Integrity Test for the 2 and 4 bit
full adders, 4 x 2 multiplier and the 9341/54181 Arithmetic Logic

Unit are included in this report.
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EVALUATION

1. The prime objective of this study was to electrically characterize state-
of-the-art microcircuits to provide guidance for the preparation of MIL-M-
38510 (General Military Specification, Microcircults) detail specifications
for generic classes of devices. A detailed review of the test methods contained
in the 3000 and 4000 series of MIL-STD-883 (Test Methods and Procedures for
Microelectronics) was to be conducted and recommendations for changes, additions
cod/or deletions made. Optimum and complete test methods and procedures to
electrically characterize complex microelectronic devices such as multipliers,
arithmetic units, RAM's, ROM's, etc., were also to be developed.

2. This study was considered to be highly successful and productive with
all objectives achieved. More specifically, all the 3000 series test methods
of 'IIL-STD-883 were reviewed and revised to reflect state-of-the-art testing.
Additional test methods were developed to cover bistable and special MOS
devices. These revised and new test methods are presently being reviewed by
EIA, AIA and the DOD agencies to effect their coordination as military standards.
Test method revisions to the 4000 series of MIL-STD-883 were developed jointly
oy GE and RADC. This resulted in MIL-M-38510/l01, the military specification
that will be used to procure 741's, 747's and LM1O1's (commercial operational
,iaplifiers). New test methods were added to the 4000 series and others were
&ldrlged. EIA and AIA committees are presently reviewing the methods for
possible inclusion into the 4000 series of MIL-STD-883. GE reviewed and
FCVided test data when needed to verify the electrical parameters specified
,i the first group of military digital specifications (MIL-M-38510/l through

23) covering 89 TTL device types. They also prepared in the MIL-M-38510
format, detail specifications covering the 900 series of DTL logic. In the
linear circuit area, in addition to the 741, 747 and 101, they prepared,
based on contract test results, MIL-M-38510/102 and 103 covering the 723 voltage
regulator and the 710, 711 and 106 comparators, respectively. The details and
test conditions over the operating temperature range are presented in
sufficient detail to cover all vendors' devices.

3. In the area of MSI/LSI testing, some significant results were achieved.
For example, in testing and studyinq the 54181 and 9341 arithmetic units, it
was determined that vendors only tt 1 ' 83% of the circuit. Logic integrity
tests (basically a series of functional tests) to complete the testing were
developed and were added to the military specification (MIL-M-38510/11) that
will be used to procure this part. It was also determined that a different
logic integrity test must be conducted on the 54181 than on the 9341 even
though they perform identical functions. Also included in this report is a
general guideline document for testing read-only memories. This information
will be used to prepare future military specifications.

4. It should also be pointed out that a significant portion of the work
resulting from this effort will be used in procuring microcircuits for the F-15,
AX, AWACR B-l, Minuteman III and Poseidon programs.

REýS C HLOW
Solid State Applications Section
Reliability Branch
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Section I

SUMMARlY

The characterization of complex n rooc.rcuit¶q study covered • brnod -ango of
nmicrociccuits of varying complexity including ,malog and digital circuitry. Either

et-ailed electrical tests were performed or guidelines for testing the various micro-
-iecuits were developed. Iuterchangea'ility tLtV %ere Performed wh.ere eqivalent

parts , ere available from several vendors.

In nearly all areas, the tested parts met the vendor's published data sheets.
However, significant differences between test results and vendor specifications were
found. At times these differences could be attributed to varying methods of writing
specifications for these devices. This was particularly true of the more mature parts
as exemplified by the dynamic test conditions for SSI-T 2 L circuits. For the newer
parts, major differences can be correlated to the time a vendor decided to become a

%.,-u z•,-,ij !e for a particular device type. Ills entry itto the ntarlketplace v:ould
o t"he latest design and proeessing • irpafitltv avatlable to hint at tha' tim.:.

.- , ,, tt; :v-q were considered, i.e. it~v it pes tflu tta. -. U. a aW
-,X,: -. '.. niciue and/Or circuit 1--siga Li ak1r,..augl., a par~ t :, sit,- I

Stoi -,J. .i the ruzih to mnacker these devices, the bugs itn th- ,! ):,O.3:33inVl.
p in.. t,, and test techniques have nut bL~n worked out. Th, .e, !.-t e' i ti m-dergo

S!pd reksign cycle to improve performance •r alleviate manufacturing problems
and the associated sp-3cification sheet will vary accordingly. Particular care is also
required to properly assess the test requirements in this case since the.problem is
r~o: ".,,, c.. vendor met his data sheet?" but "is he testing the correct parameters?".

ijr should be noted that this problem is not necessarily confined to the new de-
i.:,es because it appears to a lesser degree cven in mature devices. For example,

tests to check if a flip flop performs its intended function, i.e., is it working as a
memory element, strobe line gating function in comparators, noise tests for opera-
tional amplifiers, function testing of digital logic networks, etc. The general problem
is that specifications generated by the vendor are supplier-oriented and not user-
oriented.

The development of complex MSI and LSI digital functions has significantly com-
plicated the component test problem. This added complexity has transferred the 1960
subsystem test considerations to the component level in the 1970's. The greater com-
plexity of the devices results in more possible failure modes. Consequently, the com-
plexity of the test procedures necessary to guarantee the integrity of the component
will be radically Increased. Furthermore, large portions of the device's circuitry
will be "buried" within its package without direct access terminals, raising funda-
niental (qestions about the very existenct- of a means of testing it.
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Multiple sources supplying identical functions of differifng design further comr-
lic ate the situation. For any given state table or Boolean equation there ar- a ihrg,,

number of possible circuit realizations which are functionally cquivalent. The uwt..-
is faced with the dilemma of either performing exhaustive testing of all possible logic

states or the utilization of computer techniques which may be prohibitively expensive.
This is often resolved by performing a heuristically determined set of tests that •,•L ,
comfortable with or attempts to extract a guarantee from the vendor or vendors con-
cerning the performance of the device.

For these reasons, it is recommended that for MSI/LSI devices a logic flow
diagram depicting the exact realization of the internal circuitry be made part of the
device specification. Associated with this logic diagram, a minimum set of test
vectors should be included that will exercise each gate of the given logic mechaniza-
tion. When multiple sources supply equivalent mechanizations, each logic diagram
should be included in the specification and a cover set of test vectors that exercise
all the logic mecfianizations should also be supplied.

The rapidly growing-field of semiconductor memories that include ROM's,
PROM's, static and dynamic memory devices have raised an entirely new set of tet
considerations. The magnetic memory test techniques are not directly :appli.kIIL-..
iL is difficult to specify a single set of "vorst case patterns" when the mcrnur,, .
.,Ifcoders, and sense amplifiers are c,'ntained in a single monolithic structurew tat

c:an have completely different circuit designs and topology from several vendors
supplying equivalent devices. The entire area of pattern testing is not incltuiad i,.
vendor specifications and no industry standards exist. Exhaustive testing of a 1000-
bit memory for all possible patterns is impossible.

A set of test patterns is recommended in this report. Each memory type, ROM,
PROM etc., is considered separately. It is hoped that this will form the basis for a
set of industry standards.
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Section 11

I• INTRODUCTION

2.0 Objective

The objective of this study and investigation was to develop guidelines for the
electrical characterizaaion and testing of microcircuits of varying degrees of complex-
ity and to aid in assuring conformance to their detailed specification. For digital

Scircuitry, this included a detailed static, dynamic, and functional analysis of the
various logic arrangement within and between the various logic configurations. Fort linear circuits, all parameters as specified in the 4000 series of MIL-STD-883 were
reviewed and worst case conditions defined. The features, limitations, and inter-
changeability criteria were determined and compared according to established trade-
offs such as power-speed, temperature-frequency, etc. In addition, test methods for
characterizing MOS-microcircuits as well as changes to the present test method were

4 developed and reported in a format.

This effort developed general knowledge regarding the optinnum 0-d t'rit.t , -A
conditions for microcircuits, and provided criteria for selecting and ve"tIatExgw.rim
critical and end-point electrical parameters for use in Governnment or corti ve -,
prepared detail specifications.

2. 1 Background

Microcircuits of varying degrees of complexity are presently being designed into
military equipments in increasingly large numbers. There are many different processes,
configurations, and methods involved in fabricating these devices, all of which could
possibly introduce reliability problems. To aid in eliminating certain failure modes
and to remove gross defects in a given population, reliability screening and qualifica-
tion methods per MIL-STD-883 and MIL-M-38510 were developed and are presently
being utilized in military equipment procurements. Concurrent with the development of
these standards, MIL-STD-1331 was initiated to account for, and require the specification
ofa minimum number and type of electrical parameters for linear or digital micro-
circuits. This standard references the 3000 and 4000 sei:'.s of MIL-STD-883 for test
procedures for the various electrical tests. However, many specific details are
missing in these two standards or, again, parameters need to be further quantified with
respect to a given test method. For example, worst case situation per a test method
and a circuit type need to be established and introduced into MIL-STD-883 and eventual-
ly MIL-STD-1331. This study provided this information, thuz enhancing microcircuit
procurement specifications.

Complex microcircuits in the MSI and LSI categories need to be eleetrically
characterized on a circ:uit basis and/or functional basis according tc established gute-
lines. It was the intent of this effort to provide these guidelines for both complex bi-
polar and MOS microcircuits.
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F In general, this effort eliminated, or accounted for the variations in electrical[test methods and parameters for a given circuit type purchased from more than one
vendor and defined the optimum or minimum number of electrical parameters that
must be specified and/or tested for special devices. In addition, the conditions of test
were defined with respect to the requirements of MIL-M-38510, MIL-STD-883, and
MIL-STD-1331.

2.2 Approach

Studies and investigations to develop guidelines for the electrical characterization
of microcircuits, both bipolar and MOS, of varying degrees of complexity were per-
formed. These included factors affecting design, fabrication processes, vendor detail
specifications, computer-aided-tests, and review of pertinent microcircuit standards.
The program included study and evaluation of the following work elements:

"* State-of-the-Art Survey: A complete review and analysis of prior work
directed toward standardizing electrical parameters for linear and digital
microcircuits was conducted.

"* Review of MIL-STD-883, MIL-STD-1331, and NIIL-M-38510.

"* Major vendor/user recommended specifications. Initial work under this
element was limited to TTL, DTL, and ECL for digital circuits and to an
operational amplifier, a differential ampliier, a general purpose amplifier
for a linear circuit, and a MOS device.

* Device Characterization: Those devices mentioned immediately above except
for ECL were elen.trically characterized according to their a-c, d-c, and
functional parameters. Variations of these parameters over the vendor-
rated temperature extremes were also considered. Where possible, the
specific MIL-STD-883 electrical test methods were aligned with these select-
ed parameters.

e Interchangeability: Sufficient effort was expended to determine the variations
in circuit design, testing, and specified electrical parameters for families
of devices manufactured by different vendors. Initial emphasis was placed
on the 930 DTL series, 54 TTL series, the standard ECL series, and on
the 741 operational amplifier and the 106 differential comparator in the
linear category.

* Complex Microcircuits: This task was directed at determining the optimum
or minimum number of electrical parameters that must be measured to
adequately characterize electronically a complex device in the MSI and LSI
categories. To accomplish this task, complex devices presently being
marketed by multiple sources was considered for study. A 2-bit and 4-bit
adder, arithmetic logic unit and a 4 x 2 multiplier were tested.

4



* Standardization of Tests: A review of the electrioal parameter tests re-
quired in Groups A, B, and C tests of the 5004 and 5005 tests of M[L-STD-
883 was conducted to determine if additional tests need to be specified,
present tests need to be deleted, or present tests need to be modified. In
addition, the 3000 and 4000 series test procedures of MIL-STD-883 were
revieWed to effect changes, additions, and deletions. Results of this task
were presented in a format compatible with the appropriate test method or
procedure of the applicable military standard.
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Section III
EVALUATION OF DTL-SSI LOGIC CIRCUITS

:'* 0 Introduction

Many years of experience with DTL on the Poseidon and Naval Electronic

Standard Hardware Program (SHP) has led to a thorough familiarization of the char-
acteristics and problems encountered with the particular family of Logic. Consider-
able data has been accumulated regarding static and dynamic electrical parameters
measured over the temperature range. A summary of the d.c. results at room tem-
perature is shown in Figures 3. 1 through 3.4 for a DTL 930, DTL 932, DTL 946 and
DTL 962.

3. 1 DTL Specifications

Based on the above data and experience, a proposed set of specifications In the
MIL-M-38510 format was made up. These specifications consisted of a complete
Table I for electrical performance characteristics and a complete Table III for
Group A inspection for each of three types of devices, i.e. a gate, a flip flop, and

ibuffer gate. Many of the limits used in these specifications are tighter than those A
advertised as standard by the manufacturers but have been easily procured to in the
Poseidon Program from more than one manufacturer. The specifications can be
found in the Appendix of this document.

3.2 Changes to MIL-STD-883, Method 3000's

Experience gained in testing DTL devices relating to test fixtures and test pro-
cedures was used in the preparation of the proposed changes to MIL-STD-883 Method
3000. Over the years many problems in testing have been encountered and success-
fully resolved, especially with dynamic electrical parameters and J-K flip flop opera-
tion. Information such as reasonable limits on forcing functions and functional testing _q
of flip flops was included in the proposed changes. In fact three completely new
method 3000's were added to cover some of the aforementioned problems. Experience
also dictated a complete change to the methods for measuring noise nmargins, Method
3013.

3.3 Vendor Comments

The proposed DTL specd: tca'.1ons were sent to all the major manufacturers for
comments. Since these specifications closely follow the requirements of the T 2L,
specifications which are already in existence, there were no adverse comments on
the test methods nor on the electrical requirements. Some vendors feel that the usage
of DTL devices Is falling off and that the projected future requirements do not warrant

6



the expense of preparing new specifications nor qualifying to them. The projected
dollar value for 1972 is thirty-two million dollars based on a volume of sIxteen
million units. This corresponds to a T2 L Val e of fourteen million dollars basedl
an twenty million devices. Furthermore the TPL usage is growing while the DTIL
usage is declining, On the other hand DTL has been designed into military equip-
ment which vill continue to need replacement parts for at least 10 years. It
would certainly be advantageous to military users to be able to procure DTL de-
vices to MIL-M-38510 processing and reliability.
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ITTSEMICONDUCTORSI T LICTRONICS WAY. WIUT PALM 99ACH. FLORIDA

a O1vIWiON OF, IMENNATIONAL T&IArIPONS AND TILI960 H COPOR*AIO%

Ref. No.: G/694

13 December 1971

Mr. Herb Labb
General Electric
P. 0. Box 606
Pittsfield, Mass.

Dear Herb:

I would like to make some formal comments on the proposed MIL-M-38510
DTL specs which you sent. These comments will be in sine with out
telephone conversation, and based on the 930, 932, and 945 specs which
I have received.

I would recommend that the ten lead TO-99 package be deleted as an
approved package. ITT has seen very little demand for this package, and
the use of only ten leads severely restricts the logic available.

The static parametric (DC) tests you show on the specs I received seem
well In line with device capabilities. Although they are somewhat tighter
than our present standard, I feel that we could meet them with little
problem and that the limits are more realistic for high reliability users'
designs.

I am concerned, however, about the extensive dynamic (A0) testin; you
propose, especially over the full temperature range. Good, repeatable re-
suits can be obtained with room temperature testing, but the added equip..
inent (ovens, special sockets and fixtures) required for full-rang's tesi,1ig
make repeatability and correlation between vendors very difficult. AC
temperature testing at best is slow, unwieldy, and expensive.

As an alternative, I would recommend that a comprehensive design quall-
fication and characterization be required on a one-time basis, and only lot
sampling be used on a continuing basis to Insure that no device changes
have occurred. ITT has supplied DTL devices to NAD Crane, Indiana, using
a scheme similar to this with very good results.

The 945 flip-flop spec presents a good example of what I consider to be
unnecessary testing. You have proposed testing clock to output propagation

12



Mr. Herb Labb Page 2

delay time high to low and low to high, setup time, release time, direct
input to output propagation delay time high to low and low to high, clock
high level and clock low level thresholds, and maximum operating frequency,
all over the full temperature range. While I agree that typical and limiting
values of all these parameters must be known, I feel that after a full
characterization, device operation'can be guaranteed with room temperature
testing of clocked operation only.

I would recommend the following limits for AC parameters as follows. These
limits are based on our experience with NAD Crane and can be guaranteed

by room temperature tests.

Tpd+ Td

930, 962, 946 25 0C 25 - 80 ns 10 - 30 ns
125°C 25- 110 ns 7 - 35 ns
-550C 25- 80ns l0-40ns

944 2500 15- 50ns 10-35ns
125SC 15- 100 ns 10 - 35 ns
-55OC 10- 45ns 10- 30ns

945 250C 35- 75ns 30- 7Snz
125 0C 35 - l10 ns 30 - 90 ns
-550C 20- 90ns 25- 65ns

932 250C 25- 80ns 1S-40ns
12500 25- 140 ns JS - 45 ns
-550C 20- 80ns 15-40ns

If ycAi have any questions or comments, please give me a call.

Respectfully, 3

- ITT SEMICONDUCTORS

Michael!. Wier

Product Engineer

MIW/bp

Copies to:
F. DiGesualdo
tR. Moreyt J ~Paschal 1



- 31 .nal Semiconductor Corporaion

December 16, 1971

Mr. Herbert C. Labb
General Electric Ordance Systems
Advanced Components Engineering
Room 2072T, 100 Plastics Ave.
Pittsfield, Mons. 01201

REF: 5070-381

Dear Mr. Labb:

I just received a preliminary characterization of the 930 DTL family for inclus;on in
MIL-M-38510 slash sheets. I must say I was surprised if not shocked to see this.

The MIL-M-38510 slash sheets originally were, and I believe still ore, to be ,
for widely used integrated circuits. The 930 DTL family is certainly not a popular
family of devices. The 930 DTL useage reached its peak approximately 2 years co.
Sincm then it is been replaced by the faster and more versatile 54 series, TTL
integrated circuits, as the industry standard bipolar digital logic family. The 930
family is used only in old designs and the majority useage here being for the commercial
version in the dual-in-line package (DIP). All new designs utilize the 54 series
TTL IC's. Additionally, 930 DTL is available in only basic functions. MSI (medium
scale integration) circuits are not available in the 930 series. The attached curem.
depict the rapid demise of 930 DTL series total factory sales in both dollars and unit,.

MIL-M-38510 slash sheets have been prepared for the popular 54 series TTL devic es
with more on the way. It appeaor to be an unwise move to prepare specifications, ot
a substantial cost, that would not find any useage. I sincerely hope you will sei¢sslf
consider the industry trends for the 930 DTL integrated circuits before deciding to'
incur the cost of preparing and releasing MIL-M-38510 slash sheets.

Very truly yours,

NATIONAL SEMICONDUCTOp CQr..

EUGENE R. HNATEK
MILITARY/AEROSPACE PRODUCI
MARKETING MANAGER

FRH/jas
;9.r, 3ýr-kwocVdctOr Or!v". Santa Clara. Callfotnia 9505 (4081 732-.000iTWX (910) 339-9240 CABLE tlA,•7S COJ tj FIF :-
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Section TV

2
EVALUATION OF T L - SSI LOGIC CIRCUITS

4.0 Introduction

2
D)ata was taken on radiation hardened and normal low power T L devices and

normal standard T2 L devices. All devices tested were Vendor E's two-input nand
gates. For comparison purposes certain tests were performed on similar devices
manufactured by other vendors.

The integrated circuits were tested to MIL-M-35810/1 (USAF) dated 1 February
1971. Since this specification was written for standard devices, deviations were made
in order to supply appropriate static and dynamic loads for the low-power devices.
Static and dynamic tests were performed at three temperatures: -55 0 C, +250C, and
+125 0C. In addition to the specification, pictures were taken of transfer character-
istie- at the above three temperatures. Some limited testing was done on fiur Input.
iil. '•ed! T2 L nand gates in order to provide a three-way comparison on input

.,g chcar:acteristics and transfer characteristics.

i to: tc t limits and loading for the nori,:nt lo'-power and radtatiori.h,.•saene'
x. -powe.r devices were extracted from the "Integrated Circuits Catalog for D•..i•

Enugineers" written by Vendor E (1971); Catalog No. CC401. Test results were ana-
lyzed and compared with the manufacturers specifications and to MIL-M-38510/1 re-
quirements. Comments on test results are given and problem areas outlined with
respect to specifying ac:'! testing these devices.

Although testing was done only on two input nand gates, the characterizations
(in this report) can be extended to other devices in the same product line family.

4. 1 Stimmary

4.1.1 Low Power Devices

4.1.1.1 Radiation Hardened

Radiation hardened (RH) and normal (N) low-power devices have output satura-

tion voltages (VOL) that are 0.1 volts lower than standard or high-speed devices.
The logic "0" input threshold for RH low-power devices however is 0. 1 volts higher
than it is for N low-power devices. The results is that the RH logic "0" noise margin
is 0. 1 volts greater than it is for the N low-power devices.

The high logic "0" threshold of the lIlt devices is a design feature requested by
the Air Force.

15



The RH device input leakage is an order of magnitude greater than it is for
N devices; yet the maximum limits are the same. Leakage on N standard devices
is similar to that for RH low-power devices; however, the standard device leakage
limit is four times greater. The maximum limit can be held by the RH devices be--
cause the leakage is largely a function of geometry. The N standard device leakage
is a function primarily of process control and thereby not as predictable; therefore;
wider limits are required.

Forward current gains of transistors drop after irradiation. Input leakage is a
function of the inverse gain of the input transistor, and, if that gain should drop after
irradiation, the maximum limit would be comparable to the N low-power device limit.
The specification limit may therefore be user oriented; that is, limits are based upon
post irradiation performance.

Vendor E's output short circuit limits for RH devices are broader than they are
for N devices. Data indicated that the short circuit currents are the same. It was
explained by Vendor E that the limits reflect post irradiation performance of the de-
vice and not initial performance.

Care must ne taken when screening itli devices initially to post irradiation
.i:i,,,s. TVe third and fourth paragraph above illustrate both dilemmas of the prb'.:

a) Third paragraph - screening initially to a limit that is too tight. Thb
could reduce yield though not specifically in this case.

b) Fourth paragraph - screening initially to broad post irradiation limits

can allow devices which could be out of specification after Irradiation.

A suggestion would be to screen initially to pre-irradiation requirements and
then sample the lot; irradiate; and then test the samples to new limits.

RH device turn-on (tpHL) and turn-off (tPLH) delays were considerably longer
(10-20ns) than N low-power device delays at -55°C. At elevated temperatures the
delays were similar.

An interaction between gate inputs was observed. See Figure 4.8. The nature
of the interaction is not known; however, it was not transistor action. In most cases,
when this interaction occurs, the input leakage currents can become excessive with
respect to typical readings; however, the maximum leakage current limit is so high
that the gate inputs will pass requirements. Although the number of times this inter-
action was observed was small, its stability with time and temperature cannot be
verified. It does not appear necessary to provide test restraints; however, a satis-
factory explanation from the vendor should be obtained.

No major differences were observed between the two lots of RH low-power de-
vices supplied by Rome Air Development Center (RADC).
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.Based upon test results, it is concluded that the RH low-power devices su1qplied
by RADC were not irradiated.

Device characteristics that will change with irradiation should be defined.
Irradiated devices should be tested and compared to non-irradiated devices. Where
characteristics change considerably, 100 percent initial screening requirements
should not be mixed with post irradiation device performance on procurement speci-
fications. Separate tests could be run on a sampled basis on units that have been
irradiated to verify the magnitude and direction of change.

4.1.1.2 Normal Low Power

(N) low-power device input logic "0"thresholds and logic "0" output voltages are
0. 1 volts lower than they are for standard or high speed devices.

Mixing normal low-power devices and standard or high-speed circuits has
some short comings. First of all, the logic "0" noise margin for the low-power de-
-vice Is decreased by 0. 1 volts (the opposite is true for the high-speed and staidard

St,-c•-diy with standard device logic "0"' ioput voltages 0. 1 volts hdghur, the low-
So '. : , e will be operating on one of the negattive sloped portions .,f chd sega-lentec

I ir:slfe" .harz•cteristic (+125 0C characteristic). This will cauist lowvpuw..' log~ic "I"
Soutpiut voltages to be lower. This in turn causes logic "1" noise margins to decrease.

Refer to Figure 4.5, Part B.

An interactton was observed between gate Inputs. The interaction was similar
to that described in the summary for RH low-power devices.

The dynamic load for normal low-power devices should be simplified. See
Figure 4.12.

(N) low-power device propagation delays were considerably greater than the
manufacturers typical numbers.

Data also indicates that propagation delay limit increases of approximately
7ns over a 25°C limit would have to be made for delay measurements at the tempera-
ture extremes.

The manufacturers test limits are realistic with respect to device performance
in all areas except propagation delay.

Propagation delay data were close to the manufacturers rn.imamum limits. In
some cases there were failures. More testing should be done with other lots to
determine how delays vary between lots.

17



4.1.2 Standard Devices (Normal)

Several logic "1" level failures occurred at both temperature extremes. 'lI'e
failures were all "marginal", except that those at +125*C occurred on the very low
impedance portion of the transfer characteristic. Slight variations in threshold here
produce very large changes in the logic "1" level. The low impedance breaks on the
transfer characteristics for low temperatures are at high thresholds and do not pro-
duce this effect. Therefore, VOH measurements at +125*C are important; setting
of the initial conditions of the Gate Under Test (GUT) input thresholds is critical
to the measurement.

An interaction was observed between gate inputs. The interaction was similar
to that described in the summary for RH low-power devices.

All data fell within MIL-M-38510/1 limits; exceptions noted. Generally the
test limits were neither severe nor lenient. The maximum limit for high-level input
current (IIH2) reflects circuit breakdown and not normal leakage current. At a
glance, the limits would appear to be too high, but in fact are not.

The MIL-M-38510/1 turn-off delay maximum limit (tpLH) at 250C is sati. -
factory. The limit extension for the temperature extremes ( A of 2ns) is adequatt,.
however, data shows that in order to be on equal terms with the 25°C limits, th,:
limit increase for the temperature extremes should be 5 ns.

4.1.3 Parameter Trend Summary

The following figures, Figures 4:1 and 4.2 summarize the parameter trends of
the T2 L integrated circuits under consideration.

4.2 Input Clamping Characteristics -Summary

Devices which do not specifically have input clamping diodes as a design fea-
ture may still exhibit some clamping action.

Basically, two lots of standard Vendor E devices were tested. One lot ,jas
known to have clamp diodes and passed V.I.C. test requirements easily. Another
lot procured off the shelf (7013A) failed on all but one input tested. The average
reading for this lot was -8.04ma at -1.5 volts. It was decided that this second lot
did not have clamping diodes. It may be possible for standard devices without
clamp diodes to pass V.I.C. requirements; if a lot did pass, the integrity of the
clamp characteristic with time, temperature, and load conditions may be question-
able. Available data indicate that standard devices with clamp diodes will meet
-12ma at less than -1.0 volts. A change in the V.I.C. test voltage from 1.5 to 1.3
volts would further discriminate against gates without clamp diodes. it would also
tend to eliminate gates with clamp diodes with low voltage secondary breaks.

18
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Parameter Trend, Min/Max
Parameter versus:

-•, Temperature

-55oC +25 0C +125°C

VOL - Low Level Mmn Max
Output Voltage

VOH - High Level
Output Voltage

lOS - Output Short Mn --

Circuit Current

IIH1 - High Level Mn -- tax
SInput Current

'1iH2 - High Level Mn --

Input Current

'1iL - Low Level (RH) -- Mn
Input Current (N) Max -- Min

ICCH - High LUvel
Supply Current Drain

ICCL Low Level H)-- Min --
Supply Current.Drain (N) Max ....

tPHL - Propagation Delay•_ Max -- Min
Time, High to Low Level Output

tpLH - Propagation Delay (RH) -- Mn --

Time, Low to High Level Output N)- Min --

*If device thresholds are low, a minimum reading will also occur at this temperature.

Figure 4. 1. Summary - Parameter Trend

Low Power (N) and (RH - Pre-irradiation) Devices
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Parameter Trend, Min/Max

Parameter versus:
Temperature _-

-550C +25 0C +125oC

VOL - Low Level MI -- Max

Output Voltage

VOH - High Level -- Mun*
Output Voltage

lOS - Output Short Max -- Min
"Circuit Current

IIH1 - High Level Min - Max
Input Current

11IH2 - High Level Min Mtax •

_input Current

IlL - Low Level .... Min
Input Current

ICCH - High Level MaxICH-- Max -- •

Supply Current Drain

ICCL - Low Level Max -

Supply Current Drain

tPHL - Propagation Delay Max Min
Time, High to Low Level Output

tpLH - Propagation DelayMa
Time, Low to High Level Output MAl -- Max

*If device thresholds are low, a minimum reading will also occur at this temperature.

Figure 4.2. Summary - Parameter Trend

Normal - Standard Devices
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2Vendor E indicated that, eventually, all standard T L devices will have clamp
diodes with the exception of SN54/74-83. Old designs. will be recycled; however, the
schematics will not be changed to illustrate this.

Vendor E also indicated that all radiation-hardened, low-power devices have
clamping diodes. The suggested test limits (-1. Oma @ Vin - 1. 2V to -1. 6V) however
do not appear to be compatible with these devices. Secondary high impedance diode
breaks were observed at relatively low current levels, thus precluding those devices
from meeting the above criteria. If, in fact, all low-power, radiation-hardened de-
vices have clamp diodes, it was not apparent for the two lots tested. A more in-depth
investigation would be required at this point in order to establish test limits. Test
limits established for standard devices definitely cannot be applied.

No outstanding differences were noted between the two lots of radiation hardened
low power devices.

Some of the newer Vendor E normal low-power devices may have clamping diodes.
As a rule though, the normal low-power devices will not have clamping diodes. The
.-Ad lesigns will not be recycled.

Since the normal low-power devices tested were of an old design, they should
not have had clamp diodes. The clamp characeristics were similar to those for the
radiation-hardened, low-power devices. One noticable difference was thý,t the knee
of the initial break was softer for the normal devices. Other than that, no other diff-
erences were noted.

Secondary breaks in input clamping characteristics show up more frequently in
devices without clamping diodes because they occur at low voltages. Secondary breaks,
in devices with clamp diodes, occur at high voltages (-3.OV) and at very high currents
(-150ma) and are beyond the scope of normal consideration. In several cases, second-
ary breaks could not be observed, even at several hundred ma of current.

4.3 Reduced Data and Comments

The following data is representative of four integrated circuits of each lot. Each
device contains four, two-input nand gates. The test loads are shown in Figure 4.3.
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~ t=-~vt--'r77 -

Low Power Devices
__Measurement (R. H.) and (N) Standard Devices 1

VOL (to I.C. Vcc) (to I.C. VCC),

Output voltage 2.1K 1% 25911

to 1 .to I.C .,. t ut" -;St ~e output Oupu

V to I.C. Output to I.C. Output
OH

Output voltage 23.7K *1% 6.19K
high j 1%9K

tpHL (to I.C VC c) (to I.C. VC)

Propagation delay time 4K :E.% 383 Q
high to low level output E1%

tPLH

Propagation delay time pf
low to high level output Diodes -1N4148 Diodes - 1N4148

*Including scope probe, wiring, and strap capacita.." : without package in test fixture.

Figure 4.3. Integrated Circuit Test Loads
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4.3.1 VO Low Level Output Volt~
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4.3.2 VO High-Level Output. Voltage
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Comments

1.) All VOH measurements were run with 0. 8 volts for the maximum logic "0" level.
Normal low-power devices specify 0. 7 volts (radiation hardened low-power de-
vices are specified at 0. 8v). There were a large number of failures for the
SN54LOOT's at +125°C. Referring tothe +125 0 C transfer characteristic, Figure
4.39 shows that the gate thresholds are a worst case low at elevated tempera-
tures. The break in the transfer characteristic which defines the beginning of

a low output impedance region occurs at approximately 3.0 volts. Therefore,
the minimum acceptable VOH of 2.4 volts is on a very steep vertical slope and
a small change in input threshold for a border-line case would cause a failure.
A review of the raw data indicates that all the failures documented in Figure 4.5,
Part B for SN54LOOT's would never have occurred with an input voltage of 0.7
volts. This confirms the manufacturer's claims on threshold differences between
radiation-hardened and normal low-power devices.

Note that for the standard power device failures, the VOH readings were except-
tonally low (1.4 volts - see raw data) at +125 0C.

2.) The tabularized average VOH readings for the SN54LOOT's are lower than they
normally would be because an input voltage of 0.8 volts was used instead of 0.7
volts. However this does afford a good comparison between normal and radia-
tion-hardened units.

3.) The failures that occurred at -55°C for the SN5400F were marginal type failures.
This is borne out by the transfer characteristics. The low impedance break at
-55 °C occurs at a VOH of approximately 2.0 volts and an input voltage of 1.40
volts.
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•,tput short circuit current for low-power devices (normal and radiation-
wirdened) appears to peak up between +25°C and +125°C. This is an indic:ttiic

(f the resistivity change of the output collector resistor with temperature a•;
also of the type of silicon doping used to form that resistor. The manufacturer's
schematic shows a diode and a saturated collector-emitter junction in series
with the collector resistor. Calculations show that changes in current due to
changes in junction voltage with temperature will cause the current at -55°C to
decrease approximately 0.5ma and to increase approximately 0. 5ma at +125°C.
This tends to mask the resistivity changes of the collector resistor.

The data does not show any justification for the manufacturer's lowering theS,-'wer limit for radiation-hardened devices from -3ma to -ima. Vendor E ex-

;.iAned that the limits reflect user application. That is, after exposure to
radliation, the output short circuit current can be expected to drop. This £nia,.s
tha.,t the logic "1" fanout can be expected to decrease. There are two inco1;.•tiF.-

."Cies: 1) The first is that both the normal and radiation-hardened device out-
puts are rated at VOH'S of +2.4 volts at -11pa (a fanout of 10). It seems appr'-
priate that a change in fanout is due for one of the two devices. Also, the range
-,f thue limits appears to be excessive, even when conraidering data variation with
temperature and lot. 2) The second inconsistency is that 100 percent screening
should be done to the pre-rtadiation limits which •re tighter. There should also
be user design limits which reflect post radiation circuit changes.

. �' The resistivity of the collector resistor for intermediate power devices appears
to increase at +125*C. A bottoming out may occur between -550 C and +125 'C.
NIns resistivity characteristic is different from the low-power characteristic

A'1. Iow and intermediate power devices met their respective requirement."
'el•ings varied between mid range and the low end of the specified limits.
F*T;,cce were no major differctices between the two lots of low-power, radial i.'xs-

1-w. .1,,ned devices or between these devices and the normal low-power dcvi.,s
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4. 31.4 11H11- High Level Input Current

Test
Device Tested and Limit Reduced Data
Lot Identification -55°C to +25°C ÷1251C

+1250C

RSN54LOO 10pa 2.84/Aa 3.981Aa
(7026) max

RSN54LOO 1O/pa 2.59pa 4.37pa
(7051) max

SN54LOOT 10pa .25,a .49/pa
(7033A) max

SN5400F 401Aa 2.74pa 5.99pa
(7013A) max

Figure 4. 7. 1i111 - High Level Input Current

MIL-M-38510/1 Test Conditions 17-24

Comments

1.) The raw data taken at -55 0 C was not reduced. It was felt that the range of the
readings (low versus high) and inconsistency was too great for the readings to
have any credibility. Problems were encountered with water condensation on
the inside of the test chamber. The moisture adversely affected current
readings.

A data trend was established: The trend being that the maximum Input. leakaRge
current occurs at elevated temperatures. To further back up the data trend.
leakage current readings were taken at 0°C with input voltages of 5.5 volts.
Water condensation was not a problem at 0*C.

2.) The leakage current levels for the low-power, radiation-hardened dpviee. ware,
sinilar to those for the standard devices and approximately an or-ier of w.i,:ni
tude higher than the normal low power devices. Although 1111, low--p,iwevr dol
were similar to the standard device data, the manufacturer's ma.ximum limits
for the two are different: (10/na versus 40pa). 10/Aa is also the m'xitmi, lim .it
for normal low power devices. It was explained by Vendor E that the 401n limit
reflects process variables. The 10•pa limit can be held by the 11i device,- 1e-
cause It is rmnrc of a geometric variable which Is more controllable than ni tr-
tess variable. The reason why the leakage Is actually higher fol HI! dlift e
is heenusa,' the Inverse gain of the input transistor was made higher to ke,'•e
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the threshold of the device from 0. 7v, for normal low power, to 0. By. This

was done per Air Force request. The inverse currents become greater with

high inverse gains.

3.) No outstanding differences were noted between the two lots of RH devices.
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•*4. 1. .5 Y;i - High LevE-1 Input Curr'ent

Test
I)evice Tested and Limit Reduced Data
[ sit Identification -55°C to 00 C* +25oC +250C

+1250C Retake Retake Original

RSN54LOO 100a 2.58pa 3.34ua 4.59pia 6. 87pa
S(7026) max

RSN54LOO 100pa 2.801ia 3.57pa 3. 841a 7.07ta
(7051) max

SN54LOOT 10Oa .16Ata .224ta .34pa .6911a
(7033A) max

SSN5400F 1ma 4.42pa 5.5qua 5.41/pa 10. 1551-

( 7013A) 
max

SSINg4H20S Ima ---.... 4. 59ia*" .;,,,
• I(7119A k& m ax

7105A)

!' This data, is an average taken on two samples in order to supply a third dat'• p,,int.
S (at O"C). It is Intended to show that maximum current readings will occur at elevalt::d

temiperatures. Moisture problems were encountered in the test chamber at tempera-
tures below 0 °C.
* *See comment #4.

Figure 4.8. 11112 - HIigh Level Input CurrentMIL-M-.8510/1 Test Conditions 25-32
___. 

2ent_

'h,, leakage current levels for the low-power, radiation-hardened dovi .... '

birnilar to those for the standard devices and approximately an order of m'w,.
H•i'• ,r than the normal low-,p)wer devices. I

2;?, hn outstanding differences were nnted between the two lots of radi'iti.o- -*l.r 'i.'.d
,"Vices.C

"$.tae of the gate input pairs for the low-power and standard devices alt •- •-
put nands) reacted strangely. The data for one gate input pair for S,'. n.-..
lot 7029 (RSN54LOO), has been retabulatcd below.
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Test*** IIH1 IIH2 '_e-t____
Cond. 25°C 125 °C 25-C 125 *C Cond.

21 3.3ua 1. Va 5.4pa 1.75•a 29

22 3.24•a 11.4pa 5.3a j 58.5)Aa 30

***Note - test conditions 21 and 22 (11H 1) correspond to test conditions 29 and 30 forStest 1111 2.

At elevated temperature the current in one input of an input pair decreases from
what it was at a lower temperature and the current in the other gate input in-
creases by an order of magnitude. Further tests were run in order to deter-
mine the mechanics of the problem. The following tabulation outlines these tests.

Test IIH2 (Temp +125 0C)
Cond.k ~Vcc = 4.5v Vee-- O

2-- S.-0a5 .c5

30 51. Opa 51.Opa -CC

- GUT
5. -v A- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ __ __ __

29 6. *a 0. 81Aa A C

5.5v GUT
30 26. 51a 5 1. OpAaA ___

In order to sustain transistor action on input diodes, power must be applied to
the integrated circuit. Also transistor action is bi-directional for a given gate
input pair. The preceding data tabulation shows that transistor action is not
occurring. When this problem was explained to Vendor E engineers, they ran
similar tests and concurred with the results. They explained that there is
definitely an interaction between inputs, although it is not transistor action.
This interaction will not be seen on all gates, because the geometry difference
each emitter inputs to its respective collector is slightly different, hence the
inverse gain is different. Although specification limits were met by maverick
gates, data for "normal" gates were far below the specification limits. There-
fore, in order to prevent skewing of "normal" gate data, they were excluded
from the data breakdown.

31



Data were normally far below specification limits. When leakage current
readings are made with high input voltages (IIH2), input gate breakdown may
occur. These limits therefore reflect current levels incurred during input
breakdown.

4.) Because transistor action was not fouid on two input gates, it was decided that
some four input gates would be tested (SN54H20S). These gates did not exhibit
transistor action nor were there any "maverick" gates. This data was broken
down and tabulated for comparison.

5.) Measurements made for test requirements IIHI showed similar "maverick"
gate problems; however, the results were more dramatic for IIH2.
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4. 3.6 iL-Low Level Input Current
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Lot-..:. Z e2igh Level Supply Current Drain

S~Test

Device Tested and LimitsS" ~~Lot Identification -55°C toTeprte

+1250C -55*C +25°OC +1250C

RSN54LOO 0. 8ma .540ma .455ma .494ma
(7026) max

RSN54LOO 0.8ma .542ma A496ma .534ma
(7051) max

SN54LOOT 0.8ma .495ma .478ma .495ma
(7033A) max

SN5400 F 8ma 5.08ma 5.26ma 5. lima
(7013A) max

Figure 4. 10. ICCH - High Level Supply Current Drain

MIL-M-38510/1 Test Condition 41

.o wers p ents

Power supply current measurements (high and low level) were aoI w-n.. wsi
limits. Readings for the low-power, radiation-hardened devices wer-ý a maxi-
mum at the temperature extremes while the current peaked up at room tempera-
ture for the normal standard devices. The normal low-power devices did not
huive a definable trend.

X 4,1.3.8 ICCT. - Low Level Supply Current Drain.

Test
Device Tested and Limit
Lot Identification -55*C to Temperature

+1250C -550C +25. C 1251oC

RSN54LOO 2.04ma 1.26ma .986ma 1.30ma
(7026) max

RSN54LOO 2.04ma 1.28ma 1.01ma 1.43ma
(7051) max _

SN54LOOT 2.04ma 1.32ma 1,28ma 1.20ma
(7033A) max

SN5400F 27ma 15.9ma 16. 3ma 15. 4ma
(7013A) max

Figure 4. 11. 1CCL - Low Level Supply Current Drain

MIL-M-38510/1 Test Condition 42
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4.39. p~j -Propagation Delay Tm, High to Low Level Output
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Comments

1.) The loads specified in the manufacturer's catalog for normal low-power andradiation-hardened, low-power devices are different for the propagation delay

measurements. For comparison purposes the load specified for the normal
low-power devices was used for both types. The radiation-hardened device
load did not have the 30pf capacitor shown in the Test Load Figure 4. 1. A com-
parison of the two loads was made. The 30pf capacitor on the average adds
0. 3ns to tpHL measurements and 2.75ns to tpLH measurements. This data is
tabulated in the section for RSN54LOO (7026). See the Appendix.

Vendor E indicated that the addition of the 30pf capacitor helps to best simulate
the input capacitive loading of normal low-power devices, but that they could
not see why the loads should be different. The electrical difference noted
between these loads, however, does not appear to be substantial enough to
warrant specifying different loads for normal and radiation-hardened devices.
The 30pf capacitor could be deleted from the normal low power load.

Whos'ever the manufacturer has not supplied test limits, an X has been entered
in the figuL.C.

:i.1 For the standard devices, the delays were measured from the 1.5 volt level on
the input waveforms to the 1.5 volt level on the output waveform as per the
specification requirements. The delays for the low-power devices were meas-
ured from the 1.3 volt levels on the input waveform to the 1.3 volt level on the
output waveform. The input waveforms were the same for all devices; they
were adjusted per MIL-M-38510/1.

4.) The standard devices were comfortably within specification requirements. The
increase in the turn on delays ai -55 0 C from the +25°C delay (+3.6ns) was
similar to the maximum limit extension of 4ns specified in MIL-M-38510/1.
The recorded data match very closely the manufacturer's typical numbers.
The temperature dependency of these devices was also verified.

5.) Curves in the manufacturer's catalog showing the temperature dependency of
this measurement were not verified for (N) low-power devices. That is, the
turn-on delay (tPHL) is a minimum at 25°C and increases at the temperature
extremes. Instead the minimum occurred at +125°C and the maximum at -55 0C.
The averaged data in Figure 4.12 also shows much higher "typical" numbers for
normal devices; no typical numbers were given for RH devices. Also, the
change in delay with temperature was observed to be much greater than that
claimed by the manufacturer.

6.) The delays for the radiation-hardened, low-power devices at -55"C were signifi-

cantly longer than those for the normal low-power devices. Vendor E indicated
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that the delays should be similar. They were in fact similar at +25°C and at
+125 0C, however the data diverged at the low temperature extreme. Vendor E
does not specify propagation delays at the temperature extremes, nor do they
provide temperature dependency curves for the RH low power devices.
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Y

Comments

1.) Wherever the manufacturer has not supplied test limits, an X Ito been entered
in the figure.

2.) Curves in the manufacturer's catalog showing the temperature dependency of
this measurement were satisfactorily verified for normal low-power d6vices.
That is, the turn-on delay is a minimum at approximately 425CC and increases
at the temperature extremes. These curves were also approximated by the RH
devices. The manufacturer does not supply curves for the RH low-power devices.

3.) The 250C readings were similar to the typical advertised numbers. No typical
numbers are given for the RH, low-power devices. The delays for the RIS de-
vices were significantly longer than for the normal devices at -55"C; this was
also true for turn on delay (tpHL).

4.) The data for the standard devices varied considerably more with temperature
than shown in the manufacturer's curves.

The maximum (tpLH) specification limit was increased by 2ns for -55 C and
+1250C delays from the 25°C limit for standard devices in MII.,-M-:85i0/J.
The difference between the 250C data and the +125°C data in Figure 4. 13 was
4.5ns. This verifies that the MIL-M-,38510/1 limits should increase for temper.1-
ture testing. The amount of the increase is questionable.
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4.4 Input Clamping Characteristics

4.4.1 Introduction

The Static Electrical test, Voltage Input Clamping (V.I.C., as outlined in pro-
curement specifications MIL-M-38510/1,2,3, attempts to screen for a short _gate
input clamping diode characteristic by making one current and voltage measurement.
Heretofore, clamping diodes were generally design features of high-speed devices;
however, some low-power and stondard devices are now being manufactured with
similar tiput characteristics.

Devices from three different manufacturers (Figure 4. 14) were checked for
input clamping diode action.

Enclosed are some picturesj with supporting data, which illustrate several

different types of clamping characteriqtics.

-1.4.2 Results " •O•

All low-power integrated circuits tested did not exhibit "simple" input diode
clamping characteristics, nor did they meet the V.I.C. test criteria of -12ma at Vin
m 1.5 volts. Some Intermediate power devices met the V.I.C. test requirements;
whereas all high-power samples met them.

The low-pow r devices had three modes of failure:

"* No diode characteristic - high impedance curve (Figure 4.25)
"* A diode characteristic breaking initially at approximately 0.7 volts

followed by a low impedance region and then a secondary break followved
by a high impedance region (Figures 4.23, 4.24, 4.25 and 4.26).

"* A diode characteristic breaking Initially at approximately 0.7 volts
followed by a comparatively high impedance region. Secondary breaks
were found at voltages less than -1. 5 volts.

The double breaking input characteristic curve is not representative of simple
diode action. Although the initial break is representative of a P-N junction, It is

r compounded by an additional break through some internal path which may he dependent

upon the internal geometry of the device. In a review of the data, no correlation was
apparent between any of the three types of input characteristics and their repeating at
the same gate input pins. Several of the low-power samples were further tested to
determine what input voltages were required in order to draw -12ma of current. It
was found that input voltages of -2.5 to -7. 1 volts were required.

Standard Vendor E devices (two-input nand gates) procured for evaluation pur-
poses (date coded 7013A - see Figure 4. 14) had input characteristics similar to the
third characteristic described above. The secondary breakthrough Occurred at higher
currents than it. did for the low-power devices (see Figure 4.28). One input of all
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ho!se sampled met the V.I.C. requirements. Several of these samples were air',
ev.:.tvitd to determine what input voltages were required in order to draw -I2rna ,i
;•.. current. In this case, -1.76 volts to -2.0 volts was required (see Figure 4. .
une Venidor E sample (Figure 4.30 - dual J-K flip flop - date code 7025A) is Mlu.•-
trated in Vendor E't 1969-1970 catalog as not having input clamping diodes; hove"
it did meet the V.I.C. specification requirements and did exhibit a simple diode char-

acteristic up to currents of -100ma on all inputs, including the clock inputs. No
secondary break was observed. The knee of the curve however was noticeably not as
sharp as it was on the Vendor G and Vendor H high-power devices (Figures 4.31 and

S• 4.32).

The curves shown in Figures 4.31 and 4.32 are good examples of low-impedance
.'-* .haracteristics. The knees of the curves are very sharp, and all curves re'."

? :" n - it approximately 0. 9 volts. The Vendor E J-K flip flop (Figure 4. 30) met th.-

S. eriteria at a higher input voltage of -1.2 volts, Note that the current offset
S,.•~s Input voltage is primarily a function of the device low level (logic "0") irpilt

,'.i: andi is dependent upon the power supply voltage of the device.

in conversations with Vendor E representatives, concerning input clamping
SI!" es, the following details were discussed:

S.tandard digital TL devices

All standard devices with the exception of the SN54/74 - 80, 82, 91, 94 and 963
S'. ill have input clamping diodes. All new devices will have clamping diodes; sche-
nmatics will reflect this. Old designs will have clamping diodes put in. The SN54/74 -
-3 will he the last of the recycled designs and will be completed by the fourth quarter
* *• �,�~oar (1971). Because recycling old schematics is an "unnecessary" cost, O'.

L , s:ilot te recycled for the sake of illustrating clamping diodes.

.rimal low-power devices

N! - devices will probably have clamping diodes. Old designs and schenmi' i".•
to ,t, recycled.

H.diation-hardened, low-power devices

0,1 radiation-hardened, low-power devices have clamping diodes. There will
v . onv ,me clamp diode per gate, independent of the number of gate inputs. Thb ,l,',.

S. h," located between the collector of the multi-emitter input transistor and gro,,.,.
.:- :ir',,trically isolated Inputs on the radiation-hardened devices makes placei,.r'

, •anmp, dicd-.d in the conventional location (from each input to ground) impr:!--if-;

i',ýst criteria for the verification of clamp diodes was discussed. The voltage
chek pnint would probably be -1.2 to -1,6 volts. The current should be signifirn•1"
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greater than IIL* (0. 18ma max). Minus one milliamp was suggested by Vendor E for
V. I. C. Figure 4.24 shows that a secondary break in the clamping characteristic
occurs at approximately 300pa. With secondary breaks occurring at such low currents,

1Ima Is not a realistic check point; however, 3001pa does not sufficiently define the
diode clamp. Vendor E Indicated that a secondary break in the clamp characteristic
can be expected and that for low-power devices it will occur at a lower voltage than
for the standard devices.

Figure 4.15 and 4.16 are summaries of the test data. The raw data is pictured
in Figures 4. 17 through 4.21.

Average Minimum Maximum No. of Data 1
Reading Reading Reading Samples, Averaped

E=-1. 5v E=-1. 5v E=-1. 5v

RSN54LOO -4.67ma -3.o50ma -5.40ma 71
(7026)

RSN54LOO -4.35ma -1. lma -5. 8ma 97
(7051)

SN54L00T -3.35ma -0.88ma -5.7ma 60
(7033A)

SN5400F -8.04ma -4.80ma -12.Oma 72
(7013A)

SN5400J 1  ---

(7119A)

•Sct Figure 4.21 this section

Figure 4.15. Data Breakdown-V. I.C. Input Current

with Input Voltage Set at -1.5 volts

I
*Note that for standard devices the difference between ITL and the V. 1.C. c€nrrent
check point is approximately 1 to 10 (1.6ma vs. 12nma).
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Average Minimum Maximum No. of Data
Reading Reading Reading Samples Averaged

I=-12ma I=-12ma I=-12ma,

[RSN-54 LOO -4.02v -3.64v -5.01v 8
t ~7027

RSN54ILOO -3.56v -2.47v -4.87v 1
(7051)

SN54LPOT -4.05v -1. 99v -7. 11v 8
(70 33A)

SN540OF -1.86v -1.76v -2.Ov 8
(70 13A)

SN5400J -. 874v -. 828v -. 959v 8
L(7119A) _____ _____ ______

'Readirnas which deviated erratically from the norm were excluded from the data
brvakdnwn.

Figure 4. 16. Data Breakdown - V.I.C. Input Voltage

with Input Current Set at -12. Oma
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AFigure 4.22 Photo 1

Vendor E 5400 radiation-
hardened, low-powe, tnte-S"'grated 

circuit - although it is
not shown in the picture, this
sample failed the clamping
specification of -12ma @ Vill
< -1. 5v for standard devices.(- 
Not shown on curve 13 is a
secondary break similar to that
on curve 2B. The break occurred
at -12ma and -2.7 volts.
All radiation-hardened, low-
power devices are manufactured
with clamp diodes. Test criteriaA B should be different from standard
device test limits,

Figure 4.23 Photo 2

Vendor E 5400 radiation-hardened,
low-power integrated circuit -
This characteristic exhibits two
distinct breaks followed by a low
and then a high impedance region.

A B

Figure 4.24 Photo 3

Vendor E 5400 radiation-hardened,
low-power integrated circuit -
The secondary break for this clamp
characteristic occurs at a low
current level, approximately -

300pa. Because the secondary==--- HJ----' :---ri'iJbreaks seem to occur at low current

tit' -levels for the RH, low-power devices,
i I- - •not much latitude is left for specifying

Z7 reasonable test limits.



Reproduced frO m
|be-t av3ailable COPY.

A B C
Figure 4.25 Photo 4
Vendor E 5400 low-power inte-
grated circuit - Three different
input characteristics, all of
which were exhibited on one
integrated circuit. Character-
"istic waveform (A) was not
typical. It occurred approxi-
mately nine times out of 352
inputs tested.
Not shown on curve "C" was a
second.iry break similar to that
on waveform B. The break
occurred at -5ma anm -1. 7 volts.
Refer to Figure 4.17, test no. 43,

A B (for this sample) for backup data

for waveform, "A".

Figure 4. z(; Photo 5

Vendor E 5400 low-level inte-
grated circuit.

Normal low-power devices, as a
rule, will not have clamp diodes.
These curves are not much diff-
erent from the RH low-power
characteristics (which have clamp
diodes). Also low-power devices
should not be expected to meet
clamp test criteria established for
standard devices.

S~A

Figure 4.27 Photo 6

Vendor E 5400 standard integrated
circuit. The characteristic shown
was typical for standard device
gates. The characteristic has a
soft break followed by a relatively
high impedance region. Some of
these gate inputs nearly met the
V.I.C. test criteria.
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-A

Figure 4.28 Photo 7

Vendor E 5400 st:-ziard inte-
grated circuit. This lot of
devices did not meet test
criteria - Note the secondary
break.

Figure 4.29 Photo 8

Vendor B Diode - transistor
900 series integrated circuit.

This picture affords a compari-
son for T2 L circuitry. Note
"that the characteristic breaks
at approximately -1.2 volts.
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1vA B

Figure 4.30 Photo 9

Vendor E 7400 series standard
integrated circuits.

Waveform A - low forward
impedance characteristic
(All inputs including
clock'3 - no sec. breaks)

Waveform B - high forward
impedance characteristic

A B

Figure 4.31 Photo 10

Vendor G and Vendor H 7400
series high power integrated
circuits.

"t •Secondary breaks were not found
in these samples, even at several
hundred ma of current.

A

Figure 4.32 Photo 11

Vendor 1! 7400 series standard
integrated circuit.

This device probably has clamp
diiodes.

2auc
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- A B C

Figure 4.33 Photo 12

Vendor E 5400 high speed Inte-
grated circuits.

These devices aie illustrated
and sold as having clamp diodes.
The test criteria established in
MIL-M-38510/1 for clamp
diodes for standard devices is
easily met.A B C

Figure 4.34 Photo 13

Vendor E 5400 high-speed into-
grated circuits.

A B

"Figure 4.35 Photo 14

Vendor E standard 5400 i.,.
grated circuits. These t-tits
were sent as samples hInving
input clamp diodes.

These curves and further test
results verify this (see Fitgir',
4.15 and 4. 1iC this sent Inn).

Refer to pictures #15 mud i! 14.
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A

Figure 4.36 Photo 15

Vendor E standard 5400 inte-
grated circuits.

These units were sent as
samples having input clamp
diodes.

A

Figure 4.37 Photo 16

Vendor E standard 5400 inte-
grated circuit. This unit was
sent as a simple, having input
clamp diodes. Note that it
passes V.I.C. test criteria
(-12ma at Vin -t.5v) and has
no secondary break at a
current of -350 ma and a
voltage of-3.5 volts. Test
results verify the clamp diode
(see Figures 4. 15 and 4. 16
this section).
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4.5 Transfer Chai'acteristics

The following curves display typical transfer characteristics of low-power,
standard, and high-speed Vendor E T 2 L general-purpose nand gates. Each picture
is a triple exposure illustrating a gate's performance at each of the following tem-
peratures: -55 0C, +25 0C, and +125 0C.

General characteristics of each device class may be compared; however, if
data is extracted from the curves, it must be done judiciously because of oscilloscope
inaccr acies.

In particular, some differences were noted in gate thresholds. The high-speed
devices had the highest thresholds, while the standard and radiation-hardened, low-
power devices were lower. The normal low-power devices had the lowest thresholds.
Vendor E's Integrated Circuits Catalog for Design Engineers (1971 edition) shows the
following:

Radiation-
Normal Hardened, Normal Normal
Low Power Low-Power Standard High-Speed
Devices Devices Devices Devices

Max low level
Output Voltage 0.3v 0.3v 0.4v 0.4v

(VOL)

Max low level
Input Voltage 0.7v 0.8v 0.8v 0.8v

(VIL)

The data breakdown of VOL measurements (Figure 4.14) did show that the low
power devices had VOL'S 0. 1 volts lower than the standard devices (Vol, data for
high speed devices was not taken). Figure 4. 14 data and the following transfer
characteristics tend to backup the manufacturer's claims on thresholds and Vol
voltages. One result of all this is that the low-level noise margin is 0. 1 volts
greater for the low-power, radiation-hardened devices.

The logic '1' noise margin suffers as a result of the shape of the transrer
characteristics for all devices. At an input voltage of approximately 0.3 volts, tOl
output voltage starts dropping. The resulting minimum VOH is a specified low of
2.4 volts. This allows only 0.4 volts of noise margin since the guaranteed minimum
logic "1" voltage is 2.0 volts.
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GATE INPUT WAVEFORM

2. Ov

Ov

.50 ms 1.5 ms

OU' T LOAD

4.5v Device

Power Rating R1 R2

Low power 2.lK I24K
"To RI

Ouitput Intermediate power 256W 6. 191%1--
pit)

Hlghpower 2O5 j .1. I
R2RJ

All diodes G-321

Ffnilrc 4,38. Transfer Characteristics for Vendor E's

Low-Pc.wer, Standard, and High-Speed 5400 Series T2 L Integrated Circuits
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4. C, Vendor Survev

2
Four vendor's lines of standard T L nand gates were compared. Standard ti,,

:wte.• were compared for similarity of test and specification and ultimately for corn"
p.tibl:l:.. The vendors were:

1. Vendor E

2. Vendor D

3. Vendor C

4.. Vendor F

Since the compared gates are representative of product line families, the (-1-
p.ri.,n .should still be valid for other devices in those families.

V,.rdor D stresses low temperature range devices. Therefore, many of thi,
p,•lvuF. ire specified with min/max powe, supply voltages of .5 percent o,,r r C

"T., C 700 t.,mperature range, The same test limits, however, apply to full tern-v:'
oe :,a,•go units (-550 C to +125`C) with +10 percent power supply tolerances.

A P of the above vendors tested all specified parameters identically and, to tl;'
s~al,' limits, except for power supply current drain and propagation delay.

Shown below in tabular form are the individual vendor specifications for powfr

supply current drain. The test configurations are the same.

Logic (0) (1cci)
Logic (1) (IC -aH)

Vendor E Vendor C Vendor F vendo: 1,
S-5S°C to +125°C -55Cto t15°C 25 0C -.55 0 C to ,177

VCC 5.5V Vcc" v Vcc = .0v VCC = 5.

tC L 22ma max 20.4ma max 12ma 20.4r;v..., c

.-•H L8Sma max 7.2ma max 4ma 7. I2r,-

Figure 4.48. SN5400 - Power Supply Current Drain

Giv•n the same voltage and environmental conditions the power sqply ,':
4dm1;n inmilts would probably all be the same. The circuit designs are the snni,
ouit resistor values do vary slightly.
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Shown below, Figures 4.49 through 4.51, are the propagation delay time test
configurations for each of the four vendors.

Propagation Delay Time

tPHL1 tPLH

5. Ov

2.4v 2.400

15

Figure 4.49. Vendor E - Test Circuit

Figure 4.50. Vendors C and F-Test Circuit

33
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ý4W2

5v ~4O5v

Pulse
Generator 0T

50pf--

Figure 4.51. Vendor D - Test Circuit

Propagation Delays VCC = 5.OV Temperature '121"C

Vendor E Vendor C Vendor F Vendor 3) I
tpHL 15ns "5ns 15ns "5ns

max max max max
tpLH 22ns 29ns 29ns 25ns 2

max max max max

Figure 4.52 Comparison of Vendor Propagation Delay Limits

Note 1: All delays are measured from the 1.5 volt level on the input
pulse to the 1.5 volt level on the output pulse (measured from
ground).

Note 2: Delay reflects a 50pf capacitive load.

Vendor C's and Vendor F's propagation delay test circuits are exactly the same,
but they are configured differently from the other vendor loads. The main difference
with the load is the addition of a 50pf capacitor from circuit ground to the collector of
the load input transistor. This capacitor will make transitions to a logic 1 longer.
The exact increase in time has not been determined; however, previous experience
(see comments, Figure 4. 12) has shown that it should be small relative to the actual
delay. The maximum tPLH limit with this load is several nanoseconds longer than it
is for the same device tested with loads not having the additional capacitor.
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Vendor C's and Vendor F's propagation delay test circuits are exactly the same,
bot they are configured differently from the other vendor loads. The mai it'f-iff':,c
witli the load is the addition of a 50pf capacitor from circuit ground to the :ollector of
the load input transistor. This capacitor will make transitions to a logic 1 longer.
The exact increase in time has not been determined; however, previous experience

(see comments, Figure 4. 12) has shown that it should be small relative to the actual
delay. The maximum tpLH limit with this load is several nanoseconds longer than it
is for the same device tested with loads not having the additional capacitor.

Vendor E's and Vendor D's test circuits show the GUT being driven directly by
pulse generators. Vendor C's and Vendor F's drive the GUT with another gate.

Vendor's F and D were the only vendors that specified voltage/current criteria
for the input clamping diodes. They each used different device power supply voltages
for the same limits (less than -12ma at -1.5 volts min. inptt voltage). The limits
specified are used in MIL-M-38510/1 (V.I.C. tests). Since device power supply
voltage is not an important constraint for this measurement, the input clamp char-
:t.teristics for the Vendor F and Vendor 1) devices are specified to the same ,!anpinj

,,•i•'s D and E are the only vendors that displayed typical pcrtormi.rc. tirv.
n :" ( !talogs. The propagation delay cha'mi.:ttristics for thuse t% . ven.,or. are
,.apd dii[crently over the temperature range of the devices. The Vodur B charac-

teristics are somewhat cup shaped while the Vendor E delay characteristics are more
linear. The 50pf load delay characteristic (propagation delay to logic "0") for both
vendors are similar and in fact have similar delays. However, the Vendor E propa-
gation delay curve (to a logic "1" level) for a 15pf load compares to the Vendor D
curve for a 50pf load. Note that propagation delay tests performel, to, MIL-M-:.85 ,0/
specify 50pf capacitive loads and a 25ns (tpLH) maximum limit. This is the same
limit that Vendor D specifies. Tests performed in earlier sections of this report
show that Vendor E devices will meet these delay requirements.

The conclusion is that the Vendor E device propagation delay low-to-high level
output is conservatively specified in the catalog; also, Vendor D may be willing to
exercise some control on their devices to guarantee meeting the maximum propaga-
tion delay limit with a 50pf load capacitor. All ver."ACrs could probably pass the
MIL-M-38510/1 tPLH delay requirements.

2
ohr5400 series T L devices from the above vendors are compatible with each
other and are, in fact, specified in similar manners to similar limits.

NO
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Section V

VENDOR ANALYSIS OF 7.41 OPERATIONAL AMPLIFIER

5.0 General

Forty 741A operational amplifiers were purchased "off-the-shelf" from four
different vendors. These vendors were not informed of the proposed use of their
devices, nor were samples selected. All units were in standard eight-pin metal can.
The date codes for each vendor's part was as follows: A(7117), B(7111), C(7021),
and D(7106). FroIA, the forty devices, twenty-eight units (seven per vendor) were
randomly selected and tested at 25°C and in accordance with the test conditions, pro-
cedures, and limits of MIL-M-38510/101. Eight units (two per vendor) of the twenty-
eight were also tested at -55°C and +125 0C.

Paragraphs 5.1 and 5.2 will include the test circuit and test equipment Itsed and
the conditioars under which each test was performed; fn addition these paragraphs v'
outline some of the troublesome areas in testing and in calculating test reu1 tL.

Paragraph 5.3 will include, parameter by parameter, results of testing v.:-
various samples. The vendors are listed in alphabetical order for each oonditim.
not in order of results. It should be noted that in the conditions applicable, ab.o.ui
numbers were used in order to give a meaningful analysis of the data. The test data
is presented as follows:

a) Number of samples tested, b) number of samples Pilowed
(this was done to weed out the obvious errors In testing; for
example, if all readings for input impedance were around 10
Megohms and one i eading wa, 2000 Megohms, then it would be
disallowed, c) raIn add max readings over the samples taken,
d) average A from 250 (this would be a measure of change of
the two units which were checked at the temperature extremes
as well as 25 0C), e) maximum A from 25 0C.

Paragraph 5.4 summarizes the results obtained on all tests and establishes a
figure of merit for each of the four vendors investirated.

Finally, paragrapl,. 5.5 will ahow the results of noise me.asurements taken for
all vendors. General Electric Ordnpance Systems (GEOS) feels it is of extreme im-
portance in sensitive analog applications and should be controlled ber ause it puts a
definite limit on usefulness of awnrlifitrs in high-galn and high-impldance circuits.
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5.1 Test Setup

The test setup of Figure 5.1 was used in conjunction with the switch positions

and voltages shown in Figure 5.2. A computer program was developed to change data

in raw form (El, E2, etc.) to spec requirements.

The following test equipment was used for all tests:

0 d.c. supplies - Harrison 6200B

* DV voltmeter - Fairchild 7000A

* DV ammeter - HP 428B

* Temperature chamber, Statham

The oven temperature was allowed to stabilize for three hours with bias power
applied to the units before readings were taken. Ambient temperatures were held to
within ±3 0C.

5.2 Analysis of Test Circuit

5.2. I Measurement Accuracy Determination

All measurements except Power Supply Rejection Ratio (PSRR), Common Mode
Rejection Ratio (CMRR), and Input Inm dance (Zis) require simple formula conver-
sions to yield the calculated parameter. For two-place accuracy on the parameter,
three places are required on the measurement. The required number of places on
the m•casurements of PSRR, CMRR, and Zis Is determined below.

Power Supply Rejection Ratio (PSRR) - Given that

PSRR = 20 log .E1 - E51 our problem is to determine the equipment

accuracy required to measure El and E5 to insure two-place accuracy of PSRR.
(I. e., d(PSRR) = ±. 1 when PSRR = 86)

PSRR =20 log 11" X 1 = 143.5 -20 log E1 -E and 1E1 -E1= .752

when PSRIt = 86. Taking the Jerivative of the above equation

d(PSRR) = (-20 log e) d( 1E1 - E5 1)
JIE - E5 1

d( I E 1 - E.) E -. 1152 d(PSRR)

70

I



For E1 -E 5l .752 mv; d(PSRR) :. ldb

d(I E 1 - E5 1 ) = :t8.67 mv

Therefore, E 1 and E5 will each require accuracy to *.0043V. Since typically
E 1 and E5 are measured in volts, the instrument readout must contain four places.
The equipment accuracy should be good to -1 mv.

Similarly, the mea'surement for CMRR will require four-place readout. The
measurements requiring four-place readout with -1 mv accuracy are E 1 , E 5 , E6 , E7 ,
and E 8 .

Input Impedance

IE1i -Ell X 100
Zis = I(El - E3) - (Ell - E12)1

'E11 -. Elj X 100
I1IBO - IIBVI

d Zis =�I -Rv) 0-- IIEi -Ell X 100 dIlBo
I -I dIIBV 2

111BdILBO= Zisdn
lIBO - lIBV

d Zi...s=

Zis IIB0 -IBV

Scaling accuracy for Zis and IIB0 Is the same. Observation shows that tho
scaling accuracies for Zis and IIBV are also the same. Three-placo ,tcur'- i0!
he sufficient for measurements of E3, Ell, E1 2 and E 13 .
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5.2.2 Analysis of Circait to Measure Ei and E 4

50KS1

C

1001 e

5}

i eo : GV o-G (Vf-Lb_ (105))

E V1 -v G (V - lo (1l53{i cs (

E + +

• ~If •ho. lOOK .2 resistor is shorted,

V.I

--- 2

10 f 100

S79.

eo G 0 G( 1



If the 100Kg resistor is not shorted,

E4_V +1i (105)
1001 = 0 bI

E4 _j +

'E4 - El
Ib= 108

If El and E4 are in millivolts,

100 na.

5.2.3 Noise Circuit Analysis

It has been shown that noise is mostly current generated; therefore, the follow-
ing circuit will be used. for analysis:

ef I
A 2pe G - W eo0

< Rx

eo = G (APe)

If R >;- 50 Q,

Rx t2 -Zf R
Then A pe Ni Z Rx/ 2 ++ Zi
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"G I e

() NI 2

"also e =
f 1001

GO1eo 1+ G RG~

O 1001) NiM

el i G/1001
~ 1001 1 + G/100 1

.e "NI i -R--x
2

11

,V-2.. -foreO -
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Analysis of Circuit to Measure Voltage for Calculation of Zis(-)

50Kf?

1OS1

V 
.

_-- OWOl. I.f-v

I -

100 >0 f IOK

S I open

. -(Vf- b (10)+G V10

G( Vlo + b (10 5) -Vf)

F V + G CVIO +Ib (10 5 ) E/O00. 1F,- RC

272

2 iF2C(- 10011 2 T

7,;



V/2+ 1 0  G 101 +

GI i l I

1 001 1 0'

1oo• 1++ - (lO s)L

/2 RC) 175)5 ic 0

W=t G1 1pn E=E1;• 001 ; (10)

(0100M

E V /2 RC ( +1001 5 )
I VIb 1 b (10)

21 RC 1001

With Si short E=E1 1 ; V1

1011 10 10

RV2Ný C1 10011

1001 1 +.~ Gjj) 1 ) Go

(c- 1001001 l001 10 1 1

M G6

~~~~~~ ~J & #3l- T C - 10 -0-'--.1



(10 1000

Zis

With Si short et = IEii - Ell
1000

ii = bv- Ibo

=•, lE4 - El 1
1000 3

=i rIE_. - Ell 1
Zis = ((E1 3- Ell) - (E4 - E 1)) 105

If En is expressed in millivolts

IEll - Ei~x 100Zis MEe-EgxlO ,,
I= (E13 - Ell) - (E4 _,E1)I Meg ohms

5. 2.5 Settling Time of Voltage Readlngs

The test circuit of paragraph 5. 1 was rebuilt in a very tight arrangement, es-
pecially with regard to the input circuit to the DUT. Tests E1 through. E4 were per-
formed in accordance with para. 5.2 on one device from each of the four vendors. This
was done to determine the time required for the reading in question to stabilize. The
switch positions were set and power (L VCC) was applied simultaneously (manually)
)n(d results were plotted using a Visacorder. All units were toted at 25 0 C. The
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TS "t ,' showr, in accompanying fig-,res ough 5.6. For each test, :,p-

:a."s clctl~ated based on the Jrift from time 0 with respect to the stal; ,,.,"
-- ""(re-cent change). For example, E2 from Vendor C changed frero '/Q ,`," '"

tr- 0 'r 2300 my at time .5 minutes snd finally settled out at 2100 mv after throe

percent change (at .5 min) = 2450 - 2300 x 100 M
1 2100

Also, the A percent between each increment of time was also calculated
A percen': change). .

NOTF The first .05 min was disregarded due to switching

transiepts, this is nonf,,•red time zero.

rw resuvlts of these tests indicate thait the parameters which take thc l,. h
v!- ; F., and E2 and especially the Vendor C and Vendor B parts. It w-s 'i.rtt p

S.... t: e drift was not drastically ehnged by allowing the units to r'o ',,,

.,,,d fo, on:e. bour before applying pnwý,,. •

Fi a.nalyzing the data, it seems tbli a wait of at least 30 secornds will -
. 'tic units to aclieve 75 percent tc 4306 percent of their total drift. Aft, ;-r.

,-, v arpreciable drift is discernable.
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5. 3 Test Results

5.3.1 Input Offset Voltage

MIL-M-38510/101; Ref: Table III, tests 1, 14, and 24
Specification: 13 mv at 25 0 C, 14 my at -550 and 4125'
Results:

TA Samp Samp Avg Avg Avg Max
Vendor 8C Tested Allowed Max Min "X" "Y" At from L from

250C 25oc

A 25 7 7 1.67 .020 .667 .617 NA NA
-55 2 2 .837 .054 .445 NA -. 172 -. 194

+125 2 2 .352 .13 .240 NA -. 377 -. 391

B 25 7 7 2.94 .09 1.35 1.27 NA NA
-55 2 2 .56 .02 .29 NA -. 88 -2.0

+ 125 2 2 2.3 .66 1.45 NA +.18 4. 50

25 7 7 8.25 f- ? 2.72 2.0 N A
-55 2 1 --- 7.60* NA +5.( --

i25 2 1 --- 4.70* NA -r2, 7

D 25 7 7 1.5 .18 .55 .44 NA NA
-55 2 2 .63 .05 .34 NA -,10 -. U1

*125 2 2 1.0 .7 .85 NA +.41 4.54

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used Ji, tempeature tests. A's for -55-
and +125 0 were calculated by comparing Avg "Y" at
25°C with Avg "X" at -550 and +125%.

b) *Indicate out of spec conditions,

c) Signs in A columns indicate direction from 250C0

d) Only one sample on Vendor C was allowed because
of burn out of one device at +1250 after -550C atid
almost all (A' 1250 data taken. Data was not re-
peatable (this: note applies to paragraphs 5 3. 1
through 5.3. 19.

e) It was noted that if thc VCC for the Vendor C units
was reduced from *20v to +15v, all offset readings
dropped well within spec.
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5. 3.2 Input Otfset Voltage Temperature Sensitivity

MIL-M-38510/101 Ref: Table III, tests 15 and 25
Specification: *15uv/°C max
Results:

Vendor Results

A +2.3
B -12.9
C +16. P"
D - 3o 60

NOTES:
a) The total spread of each of the two modules

tested at -550 and +1250 was divided by 1800.

Results are for worst of the two modules
(iot average).

b) Sign of results were d(tkrmtnied as follow:..

if reading at f 125' was more positive tha n
reading at -55I

-. if reading at -550 was more positive than
reading at +1250

c) * Indicates out of spec condition

c
8
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5.3.3 Input Offset Current

MIL-M-38510/101 Ref: Table III, tests 2, 16, and 26
Specification: 30 na max at 2500; 75 na max at -550 and +125°

I Results:

F TA Samp Samp Avg Avg Avg Max

Vendor 0C Tested Allowed Max Min "X" "y" A from A from
250C 250C

A 25 7 7 4.4 .173 2.49 2.8 NA NA

-55 2 2 47.5 39.6 45.0 NA +42.2 +47.0
+125 2 2 13.5 2.1 8.3 NA +5.5 +9.0

B 25 7 7 35.6 4.5 16.04 17.0 NA NA

-55 2 2 15.1 2.8 7.7 NA -9.3 -10.1
+125 2 2 10.4 1.3 5.8 NA -11.2 -15.0

C q5 7 7 8.8 3.24 6.4 9.0 NA NA

-55 2 1 -- -- 244* NA -1235 --

+ 125 2 1 . . 2.15 NA -6.85 --

1D 25 7 7 2.3 .2 1.7 1.45 NA NA
-55 2 2 2.4 .8 1.6 NA +.15 +.33

+125 2 2 .5 .3 .4 NA -1.05 -1.7

NOTES:

a) Avg "X", Is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used in temperature tests. A's for -55° and
+125° were calculated by comparing Avg "Y" at 25°C

with Avg '"A" at -55° and +125.

b) * indicate out of spec condition.

c) Signs in A columns indicate direction from 25 0C.
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5.3.4 Input Offset Current Temperature SensitivttT

MIL-M-38510/101 Ref: Table Ill, tests 18 and 28
Specification: :k. 5na/OC from -55e to +1250

-.5na/°C from 250 to +1250
Results:

Vendor -550 to +250 +250 to + 1250

A + .596* -. 047
B + .125 -. 15
C +3.15* +.09
D + .0125 -. 024

NOTES:

a) The total spread of each of the two modules tested
at (-550 to +250) and (+250 to +1250) was divided
by 800 and 1000, respectively. Results are for
worst of two modules (not average).

b) Sign of results were determined as follows:

-if reading was more positive at 250 than at -55°
- if reading was more positive at -55* than at 25'
+ if reading was more positive at 1250 than at 250
- if reading was more positive at 25* than at 1250

c) * denotes out of spec condition.
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5.3.5 Input Bias Current

MIL-M-38010/101 Ref: Table 111, tests 3, 18, and 28
Specification: 80na max at 250; 210na max at -55* and +1250
Results:

TA Samp Samp Avg Avg Avg Max

•,endor 'C Tested Allowed Max Min "X" "Y" A from A from

250C 25 0C

A 25 7 7 58.6 15.7 29.3 24.7 NA NA
-55 2 2 29.5 28.2 28.8 NA +4.1 +12.5

+125 2 2 17.2 9.5 13.4 NA -11.3 -16.4

B 25 7 7 72.8 28.5 49.25 50.5 NA NA
-55 2 2 178 177 177.5 NA +127 +51

+125 2 2 30 13 21 NA -29.5 -. 2

C 25 7 7 149* 52.6 93.2, 65.7 NA NA
-55 2 1 -- .--- 43 NA -22.7 --

+125 2 1 -- .--- 66.5 NA +.8 --

D 25 7 7 95* 17.5 47.7 35 NA NA
-55 2 2 34.5 13.5 24 NA -11 -18

+125 2 2 20.7 11.25 15.9 NA -19.1 -32

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y' is the average (absolute) for two
samples used in temperature tests. A's for -550

.t and +1250 were calculated by comparing Avg "Y"
at 25*C with Avg " at -550 and +1250.

b) * indicate out of spec condition.

c) Signs in Acolumns indicate direction from 25°C.
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5.3.6 Power Supply Rejection Ratio (+)

MIL-M-38510/101 Ref: Table llI, test 4
"Specification: 86db min at 25°
Results:

Avg Max
TA Samp Samp Avg Avg A from A from

Vendor *C Tested Allowed Max Min "X' "Y" 25C 25C

A 25 7 7 105 79.2* 90.8 90.9 NA NA
-55 2 2 .06 96.7 101.3 NA +10.4 +24.5

+125 2 2 118 93.2 105.6 NA +15.1 +36

B 25 7 7 96.2 89.7 91.7 90.2 NA NA
-55 2 2 98.9 91.7 95.3 NA + 5.1 + 8.1

+125 2 2 91.7 91.2 91.4 NA + 1.2 + 1.2

C 25 7 7 111.5 63.6* 83.1* 76.5* NA NA
-55 ? 1 -- -- 67.4 NA - 9.1 --

+125 2 1 .. .. 69.9 NA - 6.6 --

D 25 7 7 106 79.7* 95.7 99.0 NA NA
-55 2 2 101.2 97.8 99.5 NA - .5 - 6.0

+125 2 2 109.5 80.6 103.1 NA + 4.1 + 4.5

NOTES:

a) Avg '"A" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for tho
samples used in temperature tests. A's for -550
and +1250 were calculated by comparing Avg "Y" at
25°C with Avg '"All at -55 and +125.

b) * indicate out of spec condition.

c) Signs in & columns indicate direction from 25°C.

d) Although not called out, temperature data taken on unit .

4-4
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5.3.7 Power Supply Rejection Ratio (-)

[ MIL-M-38510/101 Ref: Table IH, test 5
Specification: 86db min at 250C
Results:

Avg Max
TA Samp Samp Avg Avg A from A from

Vendor °C Tested Allowed Max Min "X" "Y" 250C 250C

A 25 7 7 92.15 81.5* 89.1 89.7 NA NA A
-55 2 2 100.4 92.1 96 NA 4 6.3 +11.3

+125 2 2 90.4 89.5 89.9 NA + .2 + .81

B 25 7 7 101 81.24* 87.4 84.5 NA NA
-55 2 2 95.9 76 85.5 NA 1 + 7.2

+125 2 2 87.0 80 83 NA - 1.5 - 1.5

C 25 7 7 92 62.7* 82.2* 84.8* NA NA
-55 2 1 . . 69.6 NA -15.2 --

+125 2 1 . . 72.1 NA -12.7 --
-j

D 25 7 7 100.7 80.6 93.7 99.0 NA NA
-55 2 2 99.4 96.3 97.8 NA - 1.2 - 1.7

+125 2 2 105 99 102 NA + 3 + 7.0

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used in temperature tests. A's for -550
and +125° were calculated by comparing Avg 'V"
at 25°C with Avg "X" at -550 and +1250.

b) * indicate out of spec condition.

c) Signs in A columns indicate direction from 2.5' C.

d) Although not called out, temperature data taken on
units.
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5.3.8 Input Voltage Common Mode .iejection Ratio

MIL-M-38510/101 Rei: Table I11, test 6
Specification: 60Sdb min at 250; -55* and +1250
Results: A

r Avg Max

TA Samp Sarmp Avg Avg A from A from
Vendor °C Tested Allowed Max Min 'X" "Y" 25 0 C 250C

A 25 7 7 1121, 6 90.23 96.5 94.2 NA NA
-55 2 2 j,), G 95.2 95.4 NA + 1.2 - 1.4S+125 2 2 J,.41.; o-7 9 3. 1 94.0 NA - .2 - .4 •;

B 25 7 7 104.4 81.51 90.17 92.0 NA NA
-55 2 2 98.1 91.0 94.5 NA + 2.5 +16.7

+125 2 89.3 79.6 84.0 NA - 8 - 8.5

C 25 7 7 94.6 63.9* 82.2 78* NA NA
-55 2 1 . . 75.0* NA -3 --

+125 2 1 80.0 NA + 2 --

D 25 7 7 59.5* 58.8* 58.95* 59* NA NA
-55 2 2 99.4 58.9* 78* NA +19 +40

+125 2 2 58.9* 58.5* 58.7* NA - .3 - .4

S~NOTES:z,i I

a) Avg '"A" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used in temperature tests. A's for -55*
and +125* were calculated by comparing Avg "Y"
at 250C with Avg '"A at -550 and +1250. I

b) * indl' ate out of spec condition.

c) Signs in A columns indicate direction from 25 0C.
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5. A.? Adustment fo' .,iput Offset V0!tae.)

lI-,-•f38•10/101 Ref: Table m, test 7
peciication: 10mv min at 25 0C; -55° and -r125'

Results:

Avg Max
TA Samp Samp Avg Avg a from A from

Vendor °C Tested Allowed Max Min "X" ".Y" 250C 25°C

A 25 7 7 18.6 16.8 17.6 17.19 NA NA
-55 2 2 12.85 11.73 12.29 NA -4.9 -5.8

+125 2 2 19.33 18.8 19.01 NA +1.82 2.5

iB 25 7 7 16.36 12.5 15.12 14.7 NA ",A
-55 2 2 10.1 7.4* 8.7* NA -6.0 8

4 125 2 2 21.2 17.0 19.1 NA •4. Jr. A

25 7 7 27.1 15.9 18.87 16.8 NA NA
-5.)5 2 1 -- -- 11.1 NA -5.7 --

125 2 1 . . 15.0 NA -1.-S

D 25 " 7 19.3 16.2 17.4 16.7 NA NA
-55 2 2 15.6 14.7 15.15 NA -1.55 -2.0

+125 2 2 16.3 14.3 15.3 NA -1.4 -1.9

NOTES:

a) Avg "X" is the average (absolute) for total samino-"
allowed. Avg "Y" is the average (a'bsnlute, fei- .r,-
samples used in temperature tests. A's f,,r -5r
and +1250 were calculated by compairing, l v-at 25 0C with Avg "X" at -55' and 1,25'.

b) * indicate out of spec condition.

c) Signs in A columns indicate direction from 2.,C.
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-. 2 10 Adjustment for Input Offset Voltage (')

'IIL-M-38510/101 Ref: Table III, test 8
Specification: 10mv min at 250 C; -550 and +1250
Results:

Avg Max

TA Samp Samp 'Avg Avg A from A from
Vendor °C Tested Allowed Max Min "X' "Y" 250C 25 0C

A 25 7 7 17.39 16.18 16.21 16.7 NA NA

-55 2 2 12.54 12.06 12.30 NA -4.1 -4.6
1125 2 2 17.2 16.9 17.05 NA + .35 V .,9

B 25 7 7 15.78 12.29 14.61 13.2 NA NA
-55 2 2 10.3 17.4* 8.84* NA -4.4 -4.9

4125 2 2 17.1 14.5 15.8 NA +2.6 +4.6

25 7 7 20.5 15.0 16.49 16.4 NA NA
-55 2 1 .. .. 12.3 NA -4.1 --

S125 2 1 .. .. 21.8 NA +5.4 -'

1D 25 7 7 17.7 15.8 16.88 16,.9 NA NA
-55 2 2 12.75 12.27 1'1.,5 NA -4.4 -4.65

+125 2 2 17.6 15.8 16.7 NA -. 2 -. 6

NOTES:

a) Avg "X" is the aver'age ('absolute) for total samplep
allowed. Avg "'C' is the average (absolute) for tvo
samples used in temperature tests. A's for -55"
and +125 0 were calculated by comparing Avg "Y"
at 25 0C with Avg "X" at -550 and +1250.

b) * indicate out of spec condition.

c) Signs in A columns indicate direction from 250C.
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: 5.3.11 Output Short Circuit Current (+)
I MIL-M-38510/101 Ref: Table Hil, tests 9, 19, and 29

Specification: 15-30ma at 25°1C; 15 -35ma at -55a and +1250
Results:

Avg MaxTA Samp Samp Avg Avg A from AfromVendor ýC Tested Allowed Max Min ")" t  "Y" 25oC 25 0C

A 25 7 7 20 17 18.4 17.8 NA NA
-55 2 2 30 24 27 NA +9.2 +I1.8

+125 2 2 13.2* 12.5* 12.8* NA -5.0 -5.7

B 25 7 7 20.5 14.5* 17.02 18.2 NA NA 9-55 2 2 22 14 18 NA - .2 - 2.0+125 2 2 11* 9* 10* NA -8.2 - 8.5

SC 25 See note (d) below
-55

+125

D 25 See note (d) below
-55

+125

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "1" is the average (absolute) for two
samples used In temperature tests. AWs for -55°
and +125° were calculated by comparing Avg "Y"
at 25°C with Avg '"A" at -550 and +1250.

b) * indicate out of spec conditions.

c) Signs in A column indicate direction from 25°C.
d) Vendor D's units blew when performing this test at

25 °C (two units). Vendor C's units blew at +1250 j
(two units).
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E ",.3.312 Outut Short Circuit Current (-)

MTL-M-38510/101 Ref: Table III, tests 10, 20, and 30
Specification: 15-30ma at 25°C; 15-35ma at -550 and +1250
Results:

Avg Max
TA Samp Samp Avg Avg A from A from

Vendor °C Tested Allowed Max Min "X" "Y" 25°C 25WC

A 25 7 7 18 16 16.6 16.3 NA NA
-55 2 2 30 27 28.5 NA +12.2 114.0

+125 2 2 [4* 10.5* 12.2* NA - 4.1 - 4.5

B 25 7 7 20.5 14.0 16.91 17.2 NA NA
-55 2 2 22.5 16.3 19.4 NA + 2.2 ' 5.2

+125 2 2 12* 7.0* 10* NA - 7.2 - 9.1

C 25 See note (d) below
-55

+125

1) 25 See note (d) below
-55

+125

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y" Is the average (absolute) for two
samples used in temperature tests. A's for -55o
and +1250 were calculated by comparing Avg "Y"
at 250C with Avg 'X" at -55" and +1250.

b) * indicate out of spec condition.

c) Signs in A columns indicate direction from 25°C.

d) Vendor D's units blew when performing this test at
25°C (two units). Vendor C's units blew at +125°C
(two units).
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3. 3. 13 d.c. Power Dis. !!atto7

NitI,-M-38510/101 Rof: Table III, tests 1.1, 21, and 31
Specification: 150 mw max at 25CC, 165 mw max at -55°c

135mw max at +125°C
Results:

Avg Max
TA Samp Samp Avg Avg A from A from

Vendor °C Tested Allowed Max Min "1X'" "Y" 25 0C 25 0C

A 25 7 7 112 88 100 110 NA NA
-55 2 2 120 112 116 NA 4 6 + 8

'125 2 2 88 s0 84 NA -26 -28

S25 7 7 116 88 102.1 111 NA NA
..55 2 2 136 132 134 NA +23 +27

'125 2 2 90 88 89 NA -29 - 29

S 25 7 7 120 9 83.6 70 NA
-5 2 1 . .-- 74.0 NA +4 -

-125 2 1 .. .. 64.4 NA - 5. t;

1) 25 7 7 96 80 87.2 91.5 NA NA
-55 2 2 104 99 101.5 NA +10 +12

+125 2 2 80 68 74 NA -17.5 -18

NOTES:
L a) Avg "IX" is the averagc (absolute) for total sampkcs

allowed. Avg "Y" is the average (absolute) for two
samples used in. temperature tests. A's for -550
and 1125' wcre .:llculated by comparing Avg "Y" at
25FC with Avg at -550 and +125".

b) indicate out of spec condition.

-- Signs in A columnw indicate direction from 2n '.
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5.3. 1 Single Ended input Impedance+)

MIL-.M-38510/101 Ref: Table III, tests 1-, 22-, and 32
Specification: 1 Meg ohm min at 250, .5 Meg ohm min at -55' and +125*!i • Results:

TA Samp Samp A%\'r Avg LA from A from

SVendor 'C Tested Allowed Max Min .....• "" 250C 25"C

SA 25 7 6 O360 "9 192 ISO0 NA N A
-55 2 2 4 10.0. 2.5 NA - 2 " -329

•<+125 2 2 91 9.0 50 NA -130 -341

B 25 7 6 19.3 .313* 8.45 7.8 NA NA
-55 2 2 10.0 10.0 10.0 NA 2.2 9.3

+125 2 2 100 86.3 93 NA 4 85.2 + 96

C 25 7 6 62.7 1.26 32.1 1.26 NA NA
-55 2 1 . .-. 96 NA .7
1-25 2 1 -- . 20.3 NA i '(0. --

25 7 1 1!00 1.).! 7 7. 6~

S--55 22 6.I 5.2 t.A NA A 7,
'125 2 20.L .,., :1.7 N'A - .i. -

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used in temperature tests. &'s for -550
and +1250 were calculated by comparing Avg "Y" at
25 OC with Avg "X " at -55 6 and 4 125'.

b) * indicate out of spec condition.

c) Signs in A columns indicate direction from 25 0C.
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5.3.15 Single Input Impedance (-)

MIL-M-38510/101 Ref: Table Ill, tests 13, 23, and 33
Specification: 1 Meg ohm min at 25°C, .5 Meg ohm min at -550 and +1250
Results:

Avg Max
TA Sn.Ip Samp Avg Avg A from A from

Vendor "C Tested Allowed Max Min "X" "Y" 250 C 25°C

A 25 7 7 850 2.7 233 152 NA NA
-55 2 2 110 4 57 NA - 95 -305

+125 2 2 59 55 57 NA - 95 -301

B 25 7 3 15.5 1.2 8.5 7.5 NA NA
-55 2 2 10 10 10 NA + 2.5 + 5.1

+125 2 2 70 63.3 67 NA + 59.5 + 60.7

C 25 7 6 109 3.4 46.8 3.4 NA NA
-55 2 1 -- -- 16.6 NA 4 13.2 --

+125 2 1 .. .. 13.7 NA + 10.3 --

D 25 7 6 100 1h 60.2 26.3 NA NA
-55 2 2 15.7 10.9 13.3 NA - 13 --

+125 2 2 300 13.8 157 NA +130.7 +247

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used in temperature tests. A's for -55°
and +1250 were calculated by comparing Avg "Y"
at 250 C with Avg 'T" at -55° and +125°0.

b) * indicate out of spec condition.

c) Signs in A colunm.-s indicate direction from 25 *C.
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5.3. 16 Output Voltage Swing (R, = 10K

IMIL-M-38510/101 Ref: Table III, tests 34, 38, and 42
Specification: 32v P to P at 250C; -55* and +125"

S~Results:
SA•g Max

TA Samp Samp Avg Avg A from Ax from

Vendor 0C Tested Allowed Max MinI "X" "Y" 250C 25 0C

A 25 7 7 37.01 36.36 36.73 36.71 NA NA
S-55 2 2 36.24 36.19 36.21 NA -. 5 -. 52

r +125 2 2 37.63 37.63 37.65 NA -. 06 -. 08

B 25 7 7 37.06 36.38 36.84 36.80 NA NA
-55 2 2 36.46 36.42 36.44 NA -. 46 -. 52

+125 2 2 37.14 36.95 37.04 NA +.24 +.60

C 25 7 7 37.8 37.0 37.44 37.2 NA NA
-55 2 1 -37.0 NA -. :' --

*125 2 1 .. .. 36.3 NA -. 9

D 25 7 7 38.0 37.2 37.55 37.50 NA NA
55 2 2 37.5 37.0 37.25 NA -. Z .5(

+125 2 2 38.3 38.1 38.2 NA +.7 8

NOTES:

a) Avg "X" is the average (absolute) for tutal saniples
allowed. Avg "Y" Is the average (absolute) for two
samples used in temperature tests. A's for -550
and +1250 were calculated by comparing Avg "Y" at
25°C with Avg "X" at -55* and +1250.

b) * indicate out of spec condition.

c c) Signs in A columns indicate direction from 25°C.
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5. :3. 17 Output Voltage Swing (RL = 2K)

MIL-M-38510/101 Ref: Table Ill, tests 35, 39, and 43
Specification: 30v P to P at 25°C; -550 and +1250
Results:

Avg Max
TA Samp Samp Avg Avg A from A from

Vendor OC Tested Allowed Max Min "X" "Y" 25°C 250C

A 25 7 7 36.37 :35.77 36.12 36.16 NA NA
-55 2 2 35.78 35.71 35.74 NA -. 42 -. 48

+125 2 2 36.6 36.32 36.46 NA +.30 +.5

B 25 7 7 36.41 35.93 36.26 36.25 NA NA
-55 2 2 36.93 35.88 35.9 NA -. 35 -. 37 47

+125 2 2 36.6 35.71 36.15 NA -. 10 -1.5

C 25 7 7 36.8 36.3 36.52 36.3 NA NA
-55 2 1 -- -- 36.3 NA 0

+125 2 1 -- -- 36.2 NA -. 1

1) 25 7 7 36. i 36.2 36.6 36.55 NA N'AI
-55 2 2 36.5 36.1 36.3 NA -. 25 - r-

+125 2 2 37.5 37.4 37.45 NA +.9 -i j9

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg '"Y" is the average (absolute) for two
samples used in temperature tests. A's for -550 and
+1250 were calculated by comparing of Avg "Y" at
25 0C with Avg "X" at -550 and +1250.

b) * Indicate out of spee condition.

c) Signs In A columns indicate direction from 25°C.
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S3. ()Lien Loop Voltage Gain (VTN = 15v)

NMIL-M-38510/I01 Ref: Table II1, tests 36, 40, and 44
Specification: 31.6v/mv min (90db) at 25°C, -550, and +1250
Results:
,Avg Max

TA Samp Samp Avg Avg A from A from

endor °C Tested Allowed Max Min "X" "Y" 25°C 2Z^C

A 25 7 7 242 81 119 95 NA .\A

-55 2 2 202 119 167 NA + 72 +102
+125 2 2 123 83 105 NA + 10 + 30

B 25 7 7 365 62 127 108 NA NA

-55 2 2 375 75 150 NA + 42 +300
+125 2 2 100 60 91 NA - 17 - 40

C 25 7 6 57.7 2.42* 19.32* 15.6* NA NA
-5 2 1 .. .. 4.5* NA - U

"1i25 2 1 4.5* NA - --

D 25 7 7 258 8.5* 145.9 175 NA
*-55 2 2 75 51 63 NA -112

-125 2 2 166 68.2 117 NA - 28 -I35

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg "Y" is the average (absolute) for two
samples used in temperature tests. A's for -55" and
+1250 were calculated by comparing Avg "Y" at 250 C
with Avg 'X" at -55* and +1250.

b) * indicate out of spec bondition.

c) Signs in A columns indicate direction from 250C.

d) The gain tests were taken on both inverting and
non-Inverting inputs and then averaged.
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5.3.19 Open Loop Voltage Gain (VIN = 2v)

MIL-M-38510/101 Ref: Table III, tests 37, 41, and 45
Specification: 10v/mv min (80db) at 25 0C, -550 and +1250
Results:

Avg Max
TA Samp Samp Avg Avg A from A fcom

Vendor °C Tested Allowed Max Mtn "X" "Y" 25 0C 25 0C

A 25 7 6 400 95 183 255 NA NA
-55 2 2 176 29 105 NA -150 -175

+125 2 2 119 28 75 NA -180 -250

B 25 7 7 500 18 125.4 100 NA NA
-55 2 2 25 8.3 18.0 NA - 82 -125

+125 2 2 200 30 122 NA + 22 +150

C 25 7 6 200 20 57.4 133 NA NA
2 1 -- -- 25 NA -107 --

2 1 .. .. 41 NA - 92 --

D 25 7 6 250 26 110 55 NA NA

-55 2 2 100 16 58 NA + 3 + 44
+125 2 2 200 19 109 NA + 54 +219

NOTES:

a) Avg "X" is the average (absolute) for total samples
allowed. Avg 'tY" is the average (absolute) for two
samples used in temperature tests. A's for -550
and +1250 were calculated by comparing Avg "Y" at
25°C with Avg "X" at -550 and +1250.

b) * Indicate out of spec condition.

c) Signs in A cclumns indicate direction from 25 *C.

d) The gain tests were taken on both inverting and
non-inverting Input, and then averaged.
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5.3.20 Slew Rate

MIL-M-38510/101 Ref: Figure 13
Specification: 0.4v/usec min at VIN -- 15v@ 25 0C
Results:

Samples Samples
Vendor Tested Allowed Max Min Avg

A - - .515 .445 .486
B 4 4 .57 .50 .542
C 4 4 1.82 1.22 1.43
D 4 4 .80 .635 .716 '

5.4 Analysis of Test Results

No vendor met all the test specifications of AIL-M-38510/101. Venfdor A's
ccvices came closest- his failed only three tests.

A complete rundown, vendor by vendor is shown in the following table.

Tests Passed Tests Failed
Total

Vendor No. Easily Normal Margin Badly Normal Marginal
Tests

SA 51 27 18 3 0 0 3

B 51 21 23 3 1 2 1

C 51 19 11 3 11 4 3

D 51 29 12 1 6 2 1

Figure 5.7. Vendor Comparison Chart

a. Total tests include all temperatures, i.e. offset would include three
tests 250, -550, and +125 0 .

b. An easily passed test would be one in which less than 50 percent of
the spec used.

c. A marginally passed test would be one in which more than 90 percent
of the spec is useu.
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d. A badly failed or catastrophic test would be one in which reading was
50 percent or greater over the limits.

e. A marginally failed test would be one in which reading was 10 percent
or less over the limit.

To establish some vehicle for comparison, the following method was devised.
\n adder or subtractor was assigned to each of the categories of Figure 5.7. The
niethod can be described graphically as follows:

% of Spec !

Used 50% 90% 100% 110% 150%

Test adder
or +3 +2 0 -1 -5 -10-

Subtractor

F[gure 5.8. Vendor Comparison Clarification Ii
The above method of point establishment is arbitrary and can be adjusted de-

pending upon the area of concern for the user. Also, if -55°C was an important
operating temperature to a particular user, and +125 and 250 were not, then the
weight of the -55 0 C test could be more than the other tests.

The results of applying the format of Figure 5.8 to the test results of Figure 5.7
is as follows:

A 114
B 8"
C -54
D 40

NOTE: A perfect score is all parameters (using
less than 50 percent o! tbe spec) would be
303.
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5.5 Noise Investigation

Integrated circuit operational amplifiers such as the 709 and 741 exhibit two
distinct kinds of noise. White or normal noise can be readily measured with a noise
analyzer and broken down into a voltage and current component. This noise occurs
over a wide frequency range.

The other type of noise, commonly called "popcorn", is characterized by
erratic bursts or shifts in the d.-. output level. It occurs at a low frequency and the

bursts last for 100 /seconds or more. The shifts can be either positive, negative or
both for a particular device. Popcorn noise gets worst at high input impedances and
at low temperatures.

When popcorn noise was first noticed, it was feared by many users that it indi-
cated either a cracked or contaminated chip and would adversely affect reiliability.
GEOS on the Poseidon Program performed many life tests on 709's beirg careftil to
separate units exhibiting popcorn noise from those that had only white noise. No
difference in either failure rate or drift of parameters were noted. These tests have
since been repeated by the Naval Ammunition Depot, Crane, Indiana with the same
results. It is now commonly believed that popcorn noise is caused by flaws in either
the crystal or oxide passivation near the surface occurring in the area of the input
transistors, an NAD Crane report is available on the subject.

Noise must be specified and controlled because it puts a definite limit on the
usefulness of these amplifiers in high gain or high input impedance circuits.

On the Poseidon Program, noise for 709Is was specified with a 10 K 92 source
impedance. It was found that white noise was always below 15 p v peak referred to
the input and popcorn noise almost always above 50 y v peak and sometimes going to
several hundred p v's. Consequently, the specification was set at 20 p v peak anzd
over 10,000 devices have been purchased to tbis requirement. This parametc r is
100 percent tested for. Many vendors had no yield to this requirement but C•ovl ',ni.
lost 10 percent of their product because of it. The price per part increased ;':,ro'd-
mately 20 percent. The requirement has become less of a handicap now th•n il x•:s
, few years ago aince less than 1 percsilt of the most recent devices have exhi•-.t..

popcorn noise bursts between 15 and 20 u v.

The data for the 741 devices, Figtre 5.9, shows that white noise is sind!h r to
709's in that it is always below 15 p v's. Popcorn noise at a source imnpcdnar.c(
'0O K S1 appears in almost all devices and ranges from 12 p v to 44 p v peak. I:•I.
ts y lower than 709's because the 30 pf internal capacitor limits the bandwidth ),beow
';vht of a 709. Two vendors have devices which would meet 25 p v peak with a 110)
percent yield for the devices tested. The other two vendors would have alniost no
viuci to this requirenment. Other not tested vendors guarantee no popcorn abort
?• .± v pe-ak.
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It Is our recommendation that a noise requirement of 25 I v peak be r aded to
M38510/101. That this parameter be tested for using a shielded circuit -'ith a closed
loop gain of 1000 and a memory voltmeter or storage oscilloscope. Because of the
erratic nature of the noise and its low frequency, it is not known whether or not this
parameter could be measured on automatic test equipment. The time required to per-
form the test (L. e. 30 seconds) would make automatic test equipment impractical for
this parameter.
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Noise Daia: 741 Operational Amplifier

Data Is expressed in it v peak.

Vendor A

Unit No. @10 KE @ 100 K

20 15 popcorn 20 popcorn

21 15 popcorn 18 popcorn

23 15 popcorn 20 popcorn

24 16 popcorn 17 popcorn
25 15 popcorn 16 popcorn26 15 popcorn 16 popcorn

Vendor B

27 15 popcorn 40 popcorn

28 6 white 16 white

29 15 popcorn 40 popcorn

30 10 popcorn 34 popcorn

32 24 popcorn 36 popcorn

VendorC 23

40 24 popcorn 30 popcorn

41 35 popcorn 40 popcorn
43 36 popcorn 44 popcorn :

45 15 popcorn 40 popcorn

Figure 5.9. Noise Data for 741 (Continued)
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I A V• ,,- V.',q dor D)

Unit No. @10 K . @100 KP

15 20 popcorn 25 popcorn

16 17 popcorn 20 popcorn

18 10 white 10 white

19 18 popcorn 20 popcorn

1 11 white

2 10 white

3 18 popcorn

4 12 popcorn

5 13 popcorn

6 22 popcorn

7 13 popcorn

8 10 white

9 21 popcorn

10 18 popcorn

Figure 5.9. Noise Data for 741 (Concluded)

r.
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* Section VI

ECL REVIEW

0 Introduction

Information presented in this report was obtained from a variety of sources,
vendor catalogs, application notes, .'ilcussion with manufacturers, and visit to a
military user of these devices.

Emitter-coupled logic is a non-saturating form of logic circuit which is generaliv
u .-tzvd by extremely fast rise and fsll times of four nsec or less and .

.... •w-n output high and low levels of less than one volt. In contrast to ;
'logic such as DTL and T2 L, ECL is extremely suscept.ble to noise ,nd • ,'

A.tn is strongly dependent upon interconnection methods.

" Termal Considerations

Non-saturating logic, output levels and input thresholds are dependent on "-
! tr•: "This becomes a serious problem for example when devices runnir4n at -
-- n-yerature interface with devices at another temperature. In these cases the ...

t,-gins can be greatly reduced and render the circuit iroperable. This problem is
compounded by the fact that ECL circuits dissipate considerably more power per gate'
"han non-saturating types. Devices with high dissipation are packaged in a flat pack
with a thermal stud. If the thermal studs are all connected to a common heat sink,

S. j in-I j inus can be maintained within reso,:ible limits to each other.

':connections

_c4-. iuse of the high speed and susceptibility to noise, interconnections art-
Adt. through terminated transmission lines. One advantage of ECI. !ir.-

a"t, d logic is the capability of driving matched - impedance transr,-w,:-',
S• transmission lines retains s1ignal integrity over long distar, '.s.

. rcuit boards, transmission lines are formed in two ways - either ne' •" : ot

iiic techniques. The microstrip is formed by a constant width conductor .~

a circuit board, with a ground plane on the other side. Stripline i.,'
".0•' ,ear circuit boards; the stripline consists of a-constant width condn(:'.

, , 'o ground planes. Interconnection between boards are made by the con.f;.:
".it'•,uts of the ECL circuit driving a twisted pair line with a line recrivC.'

- _ ;"k Distribution '

Clock Distribution for any high-speed logic is often a major system prebl,-
F,ib,-r ,,',xial cable or twisterl pair line can be used to distribute clm-k sizn,•F
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throughout an ECL system. Clock line lengths should be controlled and m:|tched
w.-hen timing is critical. Once the clocking signals arrive on card, a tree distribution
should be used for large fan outs at high frequency.

6.4 NewTypes of ECL

In order to alleviate some of the aforementioned problems, new families of
ECL have recently been introduced. These new families offer some of the following
advantages. They have temperature compensation; the logic levels remain constant
across the temperature range which maintains maximum system noise immunity
and eliminates saturation problems. They have internal pull down resistors which
permits point-to-point wiring of up to eight inches on single-sided boards. The re-
sistors also eliminate oscillation problems and allow unused inputs to be left open.
On these newer devices, power dissipation remains relatively constant over the fre-
quency range. On some of the most recent devices, supply voltage compensatirn
allows variation in the supply voltage without change of the output or threshold l-':e •.

6.5 Future of ECL

Even though some of the higher speed saturated logic types such ais Scbottky
clamped T L has reached into the ECL speed range, at the very highest speeds of
one nsec rise and fail times, ECL remains the dominant type and probably will re-
main so for the near future. With the advent of the new families which are miulti-
sourced as well as offering performance advantages, the use of EC L should grow
rapidly in tde next few years.

o3
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Section VII

VENDOR ANALYSIS OF LM 106 DIFFERENTIAL COMPARATOR

7.0 Introduction

Twenty LM 106 differential comparators were purchased "off the shelf" equally
from two different vendors. These vendors were not informed of the proposed use of
their devices nor were samples selected. All units were in standard eight pin metal
can. The date codes for each vendors part was as follows: A(7130), D(7026). All
units were tested in accordance with the test conditions, procedures, and limits of
proposed MIL-M-38510/10303 at 250C, -55*C, and +125 0C.

Paragraphs 7.1 and 7.2 will include the test circuit and test equipment used and
the conditions under which each test was performed; in addition, these paragraphs
will outline some of the troublesome areas in testing and in calculating test results.

Paragraph 7.3 will include, parameter by parameter, results of testing the
various samples. The vendors are listed in alphabetical order for each condition and
not in order of results. The test data is presented as follows:

a) Vendor, b) Ambient Temperature, c) Number of samples tested,
d) max. reading, e) min. reading and 1) average of readings.

Section 7.4 summarizes the results obtained on all tests.

7.1 Test Setup

The test setup of Figure 7. 1 was used in conjunction with the switch positions

and voltages shown in Figure 7.1 for all the d.c. tests.

Tiw test setup of Figure 7.2 was used for the response time.

a) d.c. supplies - Harrison, various
b)) d.c. Voltmeter - Dana 5400
c) d. c. Voltmeter - Fluke 887A
d) d.c. Ammeter - Hewlett Packard 425A
e) TemperAture Chamber - Wyle
f) Oscilloscope - Tektronix 585

The oven temperature was allowed to stabilize for one hour with power applied
to the unit before readings were taken. Ambient temperatures were held 'to within

107



94I

4-k 0

+ _r_

..d ffl

>44

AAn

0

0--o

108



- ~j3~7~ Pw-~-' -A

44 0.

04.

6.4 1. 1

C.0 ca0 0 -4

n4 CIO C4 3.4 17

C 4 C4 44 44 4 4 4. C4 f NN N *44 4 4 C4 I-

I C4 ;4

'4 4 +~ aS pq :104 4 4 4 4

- - ~l - - - - - "109-



1"4 

U,

II

P- w 4

".4 w .

'.V4

~ +0 CAz
(A H >

o to~

0.

U w 0
'0 polo .

S"0

W1r1
"4 0 4

o 0



7.2 Analysis of Test Circuit

7.2.1 Measurement Accuracy Determination

All measurements except Common Mode Rejection Ratio (CMRR) require simple
formula conversions to yield the calculated parameter. For two-place accuracy on the
parameter, three places are required on the measurement.

lo x 105 i
Since CMRR = 20 log 6 1 0

E -E 7
E6 and E7 must be measured to four place accuracy to insure two place accuracy to

CMRR.

7.2.2 Self-heating

The specification for VOL at 100 ma is 1.5V maximum and at 50 ma is 1.OV
maximum. Both of these readings must be taken quickly since the added power of
150 imw and 50 mw respectively heats the unit enough to alter the rc.eading.

!:St:robe Test
Test Figure 7. 1 tests the strobe on a go-no go basis. It insures that at

t1.9 volts the strobe is on and at 2.5V the strobe is off. For vendor comparison put-
poses the aotual voltages that turn the strobe on and off were measured instcad.

1.3 Test Results

7.3.1 Input Offset Voltage (VIOL

Specification: *2 mV at 25 0C, *3 mV at -55 0 C and +125°C
C onditions: RS = 50 S , VOUT = 1. 5V
Results:

TA Samples
Vendor °C Tested Max Min Avg

A +25 10 1.16 0.12 0.55
-55 10 1.43 0.02 0.63

+125 10 1.43 0.03 0.64

D +25 10 1.55 0.08 0.70
-55 10 1.50 0.21 0.66

+125 10 1.77 0.16 0.94

!,4
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7.3.2 Jnput Offset Voltage Temperature Sensitivity ( A VAUT/ 'm

Specification: 10=/uV/CC maximum from +25 0C to -550 C and +25"C to -Tl5'(,"

Conditions: R 50 SI, VOUT 1. 5 VI
LS

"Samples

Vendor TA(°C) Tested Max Miii Avg

A +25 to +125 10 7.3 0.2 3.2
+25 to -55 10 4.2 1.2 2.8

D +25 to +125 10 8.0 0.8 5.0
+25 to -55 10 9.4 0.4 3.1

7.3.3 Input Offset Current o)

Specification: 3.0 pA maximum at -25"C, 7.0 IA maximum at -55,9C,
3.0PA maximum at 123 O'C

ftesults:

Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 .142 .005 .053
-55 10 .163 .009 .072

+125 10 .120 .000 .057

1) +25 10 .224 .016 .081
"-55 10 .276 .012 .138

+125 10 ,154 .020 .086

7.3.4 Input Offset Current Temperature Sensitivity ( A Ito0 /lA

Specification: 25 nA/°C at +25°C to +125°C and 75 nA/CC at +250 C to -55°C
Results:
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Samples
K Vendor TA(°C) Tested Max Min Avg

A +25 to +125 10 1.56 0.05 0.69
+25 to -55 10 1.16 0.01 0.43

D +25 to +125 10 1.60 0.13 0.82
+25 to -55 10 1.02 0.05 0.63

7.3.5 Input Bias Current (IIB)

Specification: 20 pA maximum at +25 0 C and 45 IA maximum at -55 0 C
and +125 0 C

Results:

Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 7.2 2.4 4. N
-55 10 15.3 5.1 10.1

r 125 10 2.1 0.6 1.4

D +25 10 10.1 2.9 7.3
-55 10 18.1 6.4 13.6

+125 10 4.3 1.0 2.9

7.3.6 Strobe Current (ISTROBE)

Specification: 3.3 mA maximum at +25 0C, -55 0 C and +125 0C

Conditions: VSTROBE 0.4 V, VID = -5 mV
Results:

Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 2.65 2.25 2.45
-55 10 2.20 1.85 1.99

+125 10 2.10 1.65 1.81

D +25 10 2.40 1.35 2.11
-55 10 2.05 1.60 1.84

f125 10 1.85 1.35 1.57
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7.3.7 Common Mode Rejection Ratio (CMRR)

Specification: 80 db minimum at +25 0C, '-550 C and +125°C
Conditions: VOUT = 1.5 V, VIN (common) = +5 V
Results:

Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 100 88 96
-55 10 108 87 95

+125 10 100 91 95

D +25 10 120 88 101
-55 10 114 81 96

+125 10 120 86 104

S 7.3.8 High Output Level (YOH)

Specification: 2.5 V minimum to 5.5 V maximum at +25°C, -550C and +125°C

C .onditions: VDI +5 mV, IOH = 400 ;IA
Results:

Samples
Vendor TA(°C) Tested Max Min Avg

A 1-25 10 3.93 3.67 3.83
-55 10 3.62 3.37 3.54

+125 10 4.23 3.95 4.11

D +25 10 4.27 3.73 4.00
-55 10 3.95 3.43 3.71

+125 10 4.58 3.95 4.30

7.3.9 Low Output Level (VOL)

Specification: 1.0.V maximum at +250C, -55 0 C and +125°C
Conditions: VID -5 mV, 'OL = 50 mA
Results:
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Samples

Vendor TA(°C) Tested Max Min Avg

A +25 10 .541 .458 .504
-55 10 .534 .426 .487

+125 10 .643 .551 .600

D +25 10 .579 .453 .516

-55 10 .629 .474 .549
+125 10 .726 .551 .635

Specification: 0.4 V maximum at +25°C, -550C and +125°C
Conditions: Vi 1)= -5 mV, 1OL = 16 mA
Results:

Samples
Vendor TA( 0C) Tested Max Min Avg

A +25 10 .282 .232 .25t)
-55 10 .268 .212 .242

+125 10 .327 .274 .299

D +25 10 .295 .247 .274
-55 10 .307 .241 .268

+125 10 .351 .275 .312

7.3. 10 Strobe ON Voltage

Specification: 0.9 V minimum at +25°C, -55 0 C and +125 0 C
Results:

Samples
Vendor TA( 0C) Tested Max Min Avg

A +25 20 1.35 1.25 1.30
-55 19 2.14 1.62 1.70

+125 20 .985 .900 .931

D +25 20 1.46 1.37 1.41
-55 20 1.78 1.64 1.71

+125 20 1.04 .911 .984

NOTE: Each device has two strobes; one strobe from Vendor A
did not operate at -55 0 C.
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7.3. 11 Strobe OFF Voltage

Specification: 2.5 V maximum at +25 0C, -550C and +125 0C
Conditions: IOL 16 mA I•-; ~Results: •

Samples
Vendor TA (°C) Tested Max Min Avg

A +25 20 1.67 1.60 1.62
-55 19 2.39 1.82 1.92

+125 20 1.33 1.21 1.25

D +25 20 1.73 1.62 1.66
-55 20 2.02 1.81 1.93

"125 20 1.38 1.21 1.30

NOTE: Each device has two strobes.

7.3. 12 Output Leakage Current(ICEX)

Specification: 1.0 pA maximum at +25 0C, 100 14A maximum at
-55°C and 4125°C

Conditions: ViD = 5 mV, VOUT = +24 V
Results:

Samples
Vendor TA(°C) Tested Max Mtn Avg

A f25 10 0.180 0.042 0.086
-55 10 0.250 0.115 0.199 1N

+125 10 93.0 29.5 62.8

D +25 10 0.110 0.048 0.062-55 10 0.250 0.020 0.114

4125 10 28.0 20.0 24.0

7.3.13 Positive Supply Current (+Icc)

Specification: 10 mA maximum at +25 0C, -55 0C and +125 0C
Conditions: VID = -5 mV
Results: I
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Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 6.0 5.4 5.7
-55 10 6.2 5.4 E. 8

+125 10 4.8 4.3 4.6

D +25 10 5.6 4.6 5.3
-55 10 5.9 5.0 5.6

+125 10 4.6 3.9 4.4

7.3.14 Negative Supply Current (-Ic)

Specification: 3.6 mA maximum at +25 0C, -55 0C, and +125°C
Conditions: VD = -5 mV
Results:

Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 1.5 1.2 1.4
-55 10 1.6 1.3 1.5

+125 10 1.0 0.8 0.9

D +25 10 1.4 1.1 1.2
-55 10 1.6 1.3 1.4

+125 10 0.9 0.8 0.87

7.3.15 Response Time - Output Saturated High Level to Threshold
Level (tHTHR)

Specification: 60 nsec maximum at +25 0 C
Conditions: 100 mV step, 5 mV overdrive
Results:

Samples
Vendor TA(°C) Tested Max MAn Avg

A +25 10 35.0 29.0 32.3
-55 3 27.0 25.0 26.0
+125 10 47.0 40.0 43.8

D +25 10 35.0 30.0 32.6
-55 3 28.0 28.0 28.0

+125 10 44.0 40.0 4,2. 6
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, 7.4 Analysis of Test Results

Vendor A - All devices except one met all the specifications; one .Lrobe did not
operate at -55 0C. On two parameters, the results were marginal. For Strobe ON

[ .Voltage at +125°C, the requirements is .90 volts min. and the device read .90 volts.
For output Leakage Current at +1250C, the requirement is 100 ua max., and one

Sdevice read 93 ua.

Vendor D - All devices met all the specifications. On three parameters, the

results were marginal. For Offset Voltage Temperature Sensitivity, the requirement
from +25*C to -550C is 10 uv/°C; one device read 9.4 uv/OC. For Common Mode
Rejection Ratio at -550C, the requirement is 80 db min.; one device read 81 db. For
Strobe 0' Voltage at +1250C the requirement is .90 V min.; one device read .91 V.

1181
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Section VII

723 REGULATOR EFFORT

The rough draft of MIL-M-38510/102 received from RADC was reworked into

a final format. All the tables were redone to the format of MIL-M-38510/101 and
the figures were redrawn. Major effort went into preparation of the test circuits for
d. c. electrical testing. This includes a test schematic and a complete test table.
A.c. parameters and test procedures were added for voltage and current transient
response. The specification can be found in the Appendix of this document.
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Sectoion TY•.

MEMORY C3 NSflERATIONS

9.0 introduction

The test problems associated with semiconductor memories are the same as
those of LST devices in general. The major problems are high circuit density with
few access points and the exact realization of the internal logic circuits that are un-

}• known or kýnown at one point in time but changes as technology advances. Fortunate!;',
the memory is an extremely orderly function, and functional testing of the devices

shou" :'i jvlde a high Testing Confidence Level (TCL). Functional testing i.-

finW ni.:• ,ati-- oi, at a repetition rate (dynamic) commensurate with the inc inot .'
or eyll, time. Unique tests would be required that depend on the technology ,:Sed,
construA' a particular device, topology, or the organization.

1 t fimnetional test does imply however that hundreds and thousands of F ats

nreear - and, in some instances, at high repetition rates. This also indinat-" %h:
need f:r juio-matd test equipment if the devices are to be evaluated p.qpvrk'.,

Tine approach used to analyze the functional test problem is to consider the
memory as a 'black box" with smaller internal black boxes, i.e., memory eel s,
decoders, sense amplifiers, etc. The integrity of the basic memory function of dat•
storage and data recovery must be verified under various conditions of supply voltagos,
temperature, etc. Several levels of functional testing and a variety of test patterns
to analyze the memory as a "black box" will be discussed:

Pattern Sensitivity Testing

,Vo mory Pattern Testing

W a g king-One-Walking-Zero Pattern Testing
G u top lug-One-Gall Iping- Zero Pattern Testing

Fif•, Recovery Pattern Testing
"'i. Retention Pattern Testing

"I. -,effectiveness of each test pattern relative to detecting poteirtial i
thr OF. . required to perform these patterns are also giv..,

9.' C., siderations

9.- atic FonIional Tess N

12'

• ,,, ,,.- , •,i~-•r•'• ,:t ¢'-o se(,: of termin.ils ,:. "i .'','' ;:;'."
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1. Data Input Terminal

Number of data input lines is equal to the word length (bits per wor

S2. Data Output Tcrminal

Number of data output lines Is equal to the word length (bits per word)

3. Address Input Terminal

Number of address lines is equal to N, where 2N equals the number
of words.

4. Read/Write Terminal

Assume Read/Write terminal requires one control line.

Chip Select Terminal

Assume Chip Select Terminal requires one control line.

'rhi RAM performs two basic functions:

A. Data Storage
B. Data Recovery

A. DATA STORAGE 2
A DA TA

tADDRESS r77" [9 I--

WRITE -, .i •-:j

ENABLED
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In the storage mode, the data to be stored is loaded on the data input lines (1).
The address lines (3) are loaded with the storage location data. The chip select input
(5) is in the required state that enables the device. When all the above conditions are
met the data can be written into Its required location by the application of a write
signal to the Read/Write input.

B. DATA RECOVERY

41

ADDRESS 3 2 DATA OUT

READ 4 5

CHIP
ENABLED

To recover a word from memory, the chip select input Is set to the required
state that enables the chip; the read/write input is set in the read mode and the loca-
tion of the desired word is loaded on the address lines. The desired word is then
accessible from the data output lines (2).

NOTE: If the chip select input is at the level that disables the
chip, it is impossible to write in or read out data and
the data output lines will be at the same logic level
(assume a Logic 1).

If the exact configuration, relative placement on substrate, and the most pro-
bable failure patterns of a RAM were known, it would be relatively easy to develop a
test that would have a high confidence level with a minimutm amount of test vectors.

Under normal circumstances, the above information is not available. Even if
this information were known for a particular RAM, at some time, a change by the
manufacturer in his processes, layout, or circuit design (Variable factors of produc-
tion) would reduce the confidence level previously obtained. If it Is assumed that the
devices used are to be functionally specified, it is more than likely that the same
manufacturer, at different times, and different manufacturers will have different
variable factors of production. It is impossible, under the above conditions, to ob-
tain an optimized set of test vectors based on the factors of one configuration that will
guarantee a high confidence level on all other configurations.
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Based on the above, various approaches to testing might be considered, the
most stringent being pattern sensitivity testing.

+ Pattern sensitivity, a relatively new term to semiconductor people, is
not necessarily related to memories but to LSI, and memories happen
to be of the first LSI forms available. Pattern sensitivity is the sensi-
tivity to data or address patterns that cause device malfunction. Pattern
sensitivity is caused by unique circumstances or combinations of events
that cause parameter(s) to shift to extreme values. These results of
the circumstances could yield electric fields, hot spots due to power
dissipation, or cumulative charge on a line due to a long sequence of
ones or zeroes. Each memory design will exhibit unique pattern sensi-
tivities and the same design using two different processes could yield
different pattern sensitivities. Also, the same supplier can cause many
variations of sensitivities due to normal processing tolerances.

'ro perform this type of testing on a functionally specified memory, an indeter-
minate number ( ® ) of test vectors would be required.

Another level of testing would be memory pattern testing. The objective of this
tvpe of testing is to check that all possible bit patterns are obtainable and would show
complete static independence of each bit.

In order to derive an equation for the number of test vectors* required for
testing a W x Bw (Number of Words X Number of Bits per Word) RAM using memory
pattern testing, a 2 X 2 RAM will be evaluated.

SA Vector is a pattern of l's and 0's that contains the required
information to either Write in a Data Word or Read out a Data Word.

** These diagrams are pictorial descriptions of the contents of the
memory and are not an attempt to describe organization.

Lauffer, Don and Lim, Peng: "A User's Look at MOS-RAMS for
Main Frame Memory" IEEE 71 International Convention Digest,
March 1971.
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'11)f- • T!,at iber of bit t,.• n, pt i 2 X Bw which for a X 2 R.'M

a b c d

0 0 0 0i", o o o
1 0 0 0

0 o 1 0
1 0 1 0

o 0 1 0

1 1 1 1S0 0 0

1 0 1 l•

The nuniter of test vectors required to write in data for the entire test is:

z (W-1) z= (w-I)
2WXBw2 W w (W - Z)

Z = 0 2 B) /
Bw Z

rh-4 iiunrber of test vectors required to read out data for the entire t(<-t i•k.

2Wx~w ,

2xW

"rheref.•re, the total number of test vectors (Vt) required to teqt ,
," - * .,, vectors required to check out the Chip Select Termin,1) is-

Z = (W - 1) •
W xBw W" x Bw

(2Bw) z
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To emphasize the impracticability of this ty)pe of testing, a 32 word x - bit arra%
%%o u)l1d require 1a2:Z Z 31

2128 128)14
Vt(2 x32)+ (2 = 1.124x1040

i262
If the tests were run at 1M 1iz, it would take approximately 3.56' x i" Years

to complete the tests.

Since the above approaches are impractical, the Walking-One-Walking-Zero
method of testing will be used as a baseline for further study.

The objective of Walking-One-Walking-Zero Pattern testing (Writing a One in a

field of Zeroes and a Zero in a field of Ones) is to show the independence of each bit
in both the zero and one state with respect to all other bits which are in the comple-
ment state.

mn order to derive an equation for the numhbr of test vectors required for testing
\ ,, i(Ntilier of Words x Number of Bits por Word) RA. x , 3 >: :A• I

!. Deterninie that the entire memory can be loaded with all "O"'s.

o IV

A. 3 Vectors required to write in data
B. 3 Vectors are required to read out data

W + WI
(Write In) (Read Out)

Data Data

II. Determine that a single location in memory can be uniquely loaded with a 11".

S1 0 0

0 0 0

0 0 0
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A. 1 Vector is required to write in data.
B. 3 Vectors are required to read out data.

III. Determine that the next location can be uniquely loaded with a "1"

0 1 0

0 0 0

0 0 0

A. 1 Vector required to write in data
B. 3 Vectors required to read out data

IV. Determine that the next location can be uniquely loaded with a "1"

0 0 1

0 010

L 0 0 O

A. 1 Vector required to write in data
B. 3 Vectors required to read out data

V. Determine that the next location can be uniquely loaded with a IT"

0 0 0

1 0 0

0 0 0

A. 2 Vectors required to write in data
B. 3 vectors required to read out data

VI thru X. Continue above procedure until a "1" has been walked through the entire
memory.
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The total number of vectors required for steps I thru X is:

2W + WB (W + 1) + W- 1

3W + WBw (W + 1) - 1

For steps X1 thru XX the same procedure as steps I thru X except a "0" is
valked thru a field of ones.

The total number of vectors (V) required for steps I thru XX is:

V = 2 [W + WBw(W + 1) - 1"

V = 6W+2WBw(W+ 1) -2

Since W x Bw = total number of bits (Bt)

V = 2Bt (W + 1) + 6W- 2

.!)termine that chip select is operable

0 010 I

0 0 0

0 0 01

A. 3 Vectors required to write in data
B. With chip disabled and in the read mode, 3 vectors are required to

read a logic 1 on each data output line for each address.
C. With Chip disabled, in the Write mode and data input lines at aI Logic 1. it requires 3 Vectors to attempt to Write in a Logic 1

in each memory location.
D. With Chip enabled and in the Read mode, it requires 3 Vectors

to ensure that a Logic 0 Is in every memory location.

W + W + W + W = 4W

(Write In) (Read Out)
Data Data
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Tlhe total number of Test Vectors (Vt) required with this test appro),-,-h .s.

V= 2 Bt (W+ 1) + 100W -2

Using the same 32 x 4 bit RAM as an example, 8,254 test vectors aie required.
Testing at a 1 M Hz rate, it would take 8.25 milliseconds of test time.

9. 1. 1.2 Dynamic Functional Tests

A Walking-one-Walking-zero method of testing was developed and has been dis-
cussed. The objective was to show the independence of each bit in both the zero and
one state with respect to all other bits which are in the complement state. Dynamic
Functional tests considerations were not previously discussed.

One of the most important test considerations for a RAM is its access time.
Access time is the time required in a read cycle to guarantee valid output data after
its respective address is stabilized. The access time in one cycle is affected by the
previous cycle and the data pattern stored In the memory. A different effect will be
obtained depending on whether the previous cycle was a read or write.

In order to test access time adequately, it is necessary to check all pos)i,1l-44
.,dcess transitions (addressing) from a read cycle to a read cycle, and all po'P'-.

.4 Adress transitions from a write cycle to a read cycle.

A program that fulfills the first requirement above would be as follows:

1. Write a pattern of all zeroes into all memory locations.
2. Write a pattern of all ones into word location one.
3. Read word two
4. Read word one
5. Read word three
6. Read word one.

After every pair of transistions is checked:

1. Write a pattern of all zeroes into word location one.
2. Write a pattern of all ones into word location two.
3. The previous sequence is repeated by checking all transitions

with the second word.

The above procedure would be repeated for the entire memory. The patterns
would then be reversed and the entire procedure is repeated. Macrodata Company
has developed a program that implements the above and has named it Galloping Ones
atnd Zeroes.
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in order to fulfill the second requirement for testing access time, a program
such as the tollowing is used.

1. Write a pattern of all zeroes into the entire memory.
2. Write a pattern of all ones into the second word location.
3. Read the first word.
4. Write a pattern of all zeroes into the second word location.
5. Read the first word.
6. Write a pattern of all ones into the third word location.
7. Read the first word.

Repeat this procedure until the entire memory is checked. The entire procedure
is then repeated with the patterns reversed. This program tests for write recovery.

By performing a walking-one-walking-zero pattern, galloping-one-galloping-
zero pattern, and a write recovery pattern, a comprehensive functional check of a
static RAM is attained. This combination of test patterns performs an excellent
check for bit independence, access time, write recovery, and addressing.

TIn, ntumber of test vectors required for each of the above patters is ai, z1: S:

Walking-one-Walking-Zero 2 BT (W + 1) + l0W - 2

Gallopirig-one-Galloping-Zero 4W2 + 4W + 3

Write Recovery 6W2 + 4W + 4

9.1.2 Dynamic Memory

The test considerations discussed previously apply to dynamic memories as well.
Additional test considerations must be made since dynamic memories use capacitor
storage. This technique of storage has a time constant associated with it in which
the stored data (charge) decays. Therefore, the data must be updated or refreshod
at a rate commensurate with the associated time constant or the data would be lost.

As an example, the 1103 memory cells are dynamic and require periodic data
refreshing. This is accomplished by cycling through (Read Cycle) the 32 addresses
of the A0 through A4 inputs at least every 2 milliseconds. Only 32 addresses are re-

3 quired because the 1024 bit memory is arranged in a 32 x 32 bit matrix and a comn-
plete row is refreshed at one time. The 1103 memory is organized as a 1024X1 for
normal operation and as a 32 x 32 for refresh.

A test for verifying the circuit time constants or data retention could be Imple-
mented In the following manner. Write a test pattern, (this pattern Is chosen to mini
mize the data output signal), wait maximum delay time (refresh time), read to verify
data pattern, write test pattern complement, wait refresh time, read to verify test
pattern complement, etc.
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In general, a set of test patterns that will provide a comprehensive functional
test for a dynamic memory are:

1. Walking-one-Walking-zero Pattern
2. Galloping-one-Galloping-zero Pattern
3. Write Recovery Pattern
4. Data Retention Pattern

9.2 ROM Test Considerations

9.2.1 Masked Generated

Remove the write capability from a RAM and you create a ROM. However, it is
still a random access device, because the access time is independent of data location.

There are two functional test requirements for a custom-masked ROM. One is
obvious and that is to verify the proper stored data at the respective address (location).
The second is a test for Access Time. This test is essentially the same as indicated
for the RAM and would be implemented as follows:

Read location 2
1J

I, 3

ty tt 4

Read location 1 etc.

then

Read location 1

2
f t t, 42IS" " 4

Read location 2 etc.

Continue the above sequence of testing throughout the entire memory. The number of
test vectors required for the above pattern is 2W2 .

9.2.2 Field Generated PROM

Electrically alterable or field-programmable ROM's commonly called Program-
mable Read Only Memories (PROM's) once programmed have the same functional test
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requirements as the factory masked generated ROM, i.e., pattern integrity and

access time.

Howevr, PROM's have a unique testing problem in that when they are unpro-
grammed, all outputs are in one state regardless of address. Therefore, testing does
not detect many faults in the internal circuitry such as decoders, memory array, and
sense amplifiers.

It is recommended that adding an extra bit to each word for testing purposes, is
an excellent way to provide for functional and dynamic testing. A 64 word, 8 bit
memory would be expanded to 64 words by 9 bits. This extra bit used properly would
provide a high confidence that the internal circuitry is functioning and a sampling that
the links can be blown.

A recommended comprehensive test utilizing the extra bit would be as follows:

* Read all word locations
* Program extra bit in LOCATION 1
* Read location 1
* Read location 2

Read location 1
Read location 3

* Read location 1

etc. throughout the memory

* Program extra bit in LOCATION 2
Read location 2

. Read location 1

. Read location 2
Read location 3

. Read location 2
Read location 4

. Read location 2

etc. throughout the memory

Program extra bit in LOCATION 3

etc. throughout the memory

The entire above sequence would require

2 (W2 + W) test steps

Reading the entire memory will show that all outputs are zero. Addressing the
first location, programming the extra bit, and then verifying it (Read location 1) will

show that a location was programmed. Reading the remainder of the memory in the
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above sequence at a speeIfLc repetitian rate will check the addressing and access time
'elative to location 1 and that no other bit was programmed.

Addressing the second location, Programming the extra bit and verifying it
(Read location 2) will show that a second location (in sequence) was Programmed.
H~ea•ing the remainder of the memory will verify again access time, addressing and
that no other bit wa.s programmed.

When the entire memory has been gone through in this fashion, all the previous
tests become meaningful in that it proves the correct number of unique locations exist.

A second alternative, which would not be as complete a test, would be to have

the vendor program a specific pattern utilizing the extra bits. The object of the
pattern would be to detect a fault at any of the address lines, and again a sampling
that the links can be blown.

Obviously, variations of the above tests will provide for different confidence
levels.

To determine that chip select is operable, the chip would be disabled and the
entire memory would be read ensuring that the output lines were in the proper state.

D
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Section X

MSI/LSI TEST CONSIDERATIONS

10.0 Introduction

MSI/LSI devices will require tests similar to those performed on the present
SSI devices: input leakage current, input threshold levels, output voltage levels, and
propagation delay. However, these new devices with their increased complexity,
number of gates, and memory elements present test problems of a different nature.

The functional level at which component procurement testing must be done will
bp much higher than the present. The greater complexity of the devices result in
more possible failure modes. Consequently, the complexity of the test procedures
necessary to guarantee the integrity of the component will be radically increased.
Furthermore the fact that large portions of the circuitry of each device will be
"buried" within Its package without direct access terminals raises fundamental qu,.•
tions about the very existence of a means of testing it.

3 V/hat complicates the problem further is that multiple sources-supply identica!
functions of different designs. For any given state table or Boolean equation th( re ire
a large number of possible circuit realizations which are functionally equivalent, some
of them differing quite markedly from one another in types, numbers and interconnec-
tions of logic circuit elements.

Based on the above indicated problems it is recommended that for an MST/riST
device a logic flow diagram depicting the exact realization of t'.. internal circuitr- he
part of the device specification.

With a logic flow diagram(s) for a specific function an economical appr,:-h t.,
functional testing can be established. The method of functional testitng which
gained widest acceptance in the IC industry is vector testing. A "Vector" i' t
of ones and zeroes that contains input and output information for the device ,;,:, r (c,.I.
The input portion of the Vector is applied to the device and the output portio - ,
pared with the outputs of the device. There are many available Vector Testc:-,,
various options available such that implementation of such a test technique is
a problem.

Another vector test method advertised is presenting all comblinati;n or i" A -

(2NAP and comparing the outputs of the device under test (DUT) with a knox% n go .1'

ice. There are many fallacies with this method, the two most obvious is 2'. 'an
h'come too large, and the method falls apart when testing sequential circuits. Ill'h-
test tec'lniqun has applic.tlon for combinational circuits with a relatively small nw,-

o'f inputs.
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The problem has now been reduced to the determination of the test ve' )r set
for a specific logic network. Before this can be accomplished, some rati -ale ns to
the potential failure modes and how they may be detected must be realiz-i.

Analyzing the problem from a circuit stand point, one question to be answered
is, "How in an MSI/LSI device does a buried standard electrical fault (high leakage,
high saturation voltage, voltage breakdown, etc.) manifest itself?"

Generally, no topology information is available, i.e., how a gate is actually
designed, the exact metalization runs, or placement of the gates (circuits) on the sub-
strate. Usually a gate level mechanization (logic flow diagram) is published for an
MSI/LSI device. Since this is the case, the question now becomes, "How do the
standard electrical faults manifest themselves as faults at the gate level?" For any
particular logic network under known conditions, one can assign a logic 1 or 0 state
to every node within the network for every set of input conditions. If a specific node
should be a 1 and the remainder of the network responds accordingly, then it is a 1.
If the remainder of the network responds as if it were a 0 then a fault exists somewhere.
In this manner detection of a fault is accomplished. Since all nodes are not accessi-
ble, all faults must be detected via the accessible nodes or pins of a device. It appears
then that if a fault occurs it will manifest itself as a logic "state" error.

The next step is to analyze the device at the gate level under known input/output
conditions. Determine what potential faults would cause the" wrong logic state at any
specific node. The potential faults are:

1. Open nodes
2. Nodes shorted to a voltage that is interpreted as a logic 0.
3. Nodes shorted to a voltage that is interpreted as a logic 1.
4. Node to Node shorts.

The above faults, with the exception of the Node to Node fault always manifests
itself as being stuck at a 1 or a 0. The node to node short may took like a "stuck at"
fault, but in order to test for all Node to Node shorts 2 N (where N equals the number
of inputs to a network) number of test vectors would be required for combinational
,networks and an even larger number of vectors for sequential netwvr-ks.

If the majority of the potential node to node faults manifest themselves as a
"stuck at" fault then there exists a high probability that these fa'ulto will bo ,1'tecte,'
with a "stuck at" test.

It is Implied that if a test can be implemennted that will check naeh ondc in the
network for a "stuck at" condition then a high testing confldenec levo,,, ':n be aftt•i' Wd.
This approach to testing has gained wide occeptance In industry as bi;tg effectiwv a.:i'd
economically feasible. Basically, the objective of developing a "stuch a1" test for a
particular node is as follows:
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1. Select a node.
2. Sensitize a path from the input pins of the network to the output pins of

the network. In other words determine a set of input conditions such that
at least one output is dependent upon the logic state of the node selected.

3. Specify whether checking for stuck at a 1 or 0 (assume stuck at 0).
4, Set input conditions for a logic 1 at selected node.
5. Check output to see if the selected node is stuck at a 0.
6. Repeat above to check for a stuck at 1 condition.

The entire network would be gone through in the above fashion in order to design
a complete "Stuck at 1", "Stuck at 0" test.

The problem now is how to generate the above sequence of tests for MSI/LSI

logic networks.

10. 1 Automatic Test Generation

Currently there are three options available for designing a test procedure for
logic networks. They are:

1) Manual design and verification of the Test Vector Set
2) Manual design of Test Vector Set with computer aided verification,

via a fault simulation program
3) Automatic Test Vector Generation by computer program.

The first option rapidly becomes economically impractical and unreliable due
to human error. Therefore computer aids such as those mentioned in options 2 and
3 are becoming a must.

The computer program used at GEOS to generate the "stuck at" tests is the
Automatic Test Vector Generation (ATVG) program. The program was used to
evaluate the 934-X (4 by 2 multiplier), 9341-54181 Arithmetic Logic Unit (ALU) and
the 2 bit and 4 bit Full Adders under this contract. The detailed evaluation of these
devices will be discussed later and a brief discussion of the program follows.

The ATVG Program is a combination of Options 2 and 3 in that is generates test
vectors and has a fault simulation option. The test vector set is generated to test for
a failure condition of "stuck at 1" or "stuck at 0" of every possible lead of the net-
work. It is assumed that only a single failure is present at any one time.

For test vector generation, the following Inputs are required:

1) Module description file - description of the logic elements in the
network
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" '.-ule location file - location of tl..- *0-ments in the net-c,'rk
3' n connection file - interco.mt:ation of tiOr elements in the nl, .o0 k.

For rdhe fault simulation option, an additiona: input 3f a vector set wonldi b.•,.-
quired.

The typical way the program was used is best described by the evaluation of two

alternate mechanizations (Vendors E and D) of the 4 bit full adder.

1) Generate the card decks fcr both network mechanizations of the adder.
2) Input the ATVG with one mechanization (Vendor E) for vector generation.

Obtain test vector set.
- l,1:-ig the fault simulation and vector generation eption, the p.",g- .

iaiitted to evaluate the effectiveness of the Vendor E v-ctor ;iA i
N'enrlor D mechanization and to generate vectors for am- to.!:. no'Ia,-'omplished.

S,, h- s point a set of test vectors has been generated that provides vr -, ,
per",,- !"'tirg Confidence Level (TCL*) for both mechanizations of the ldd,.,r

S; ik not intended to imply that programs like the ATVG prorram is -,

and can be used blindly. It is an excellent engineering tool and with it, effc,,

economical function tests can be generated.

10.2 Functional Testing of the 4 X 2 Multiplier

T7,e 034 X chip, Figure 10. 1, is an LSI array of 93 gates d(eslignwer h V-"-,
us1 , 'le 1': ol,.-r Micrormnoa' TM concept. The basic Thip i ,ict .d.. '-o'

1imillpilies a 4 [it number X by a 2 bit numb?.wr Y ",J ;v
n,,-hor K and ali,, a 2 bit number M to the pr,,d' .
hil ," tGI S.

XO) flMiN + K

td F" have a range of 0 to 15
•. have a range of 0 to 3

:s' ase this generates (15)(3) + 15 + 3 63
"*-qutres a 6; hit output

• 1 '-'%01rir(' 12 inlpu~t::.- -ai 6• ottpl|lts

I I - 1i('~ i fI) t e pin.) 1,11
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Two sets of test vectot's were generated, one manually and one using the
Automatic Test Vector Generation (ATVG) program.

The criteria used to generate the tests manually was to put at least one "0" and

"•L on all inputs and outputs based on the function. In addition, multiplication by zero

and the maximum product was checked. The total number of test vectors required to
perform the above was 21. Five chips were tested successfully using these vectors.

The second set of test vectors was generated by the ATVG program. The set
consisted of twenty-six vectors. The five chips were retested successfully.

Three tests were listed in the "Test Not Accomplished List" of the ATVG out-
put. The three not possible were three inputs to two AND gates (gates 23 and 39).
In order to test these inputs, a logic 0 has to be present on the input under test while 0
all other inputs of that respective gate are held at Logic 1. It was noted that if any
,)f the untested inputs were at a Logic "0", another input of its respective gate was
Also at a Logic "0". See Note 1.

Therefore these inputs can not be tested as separate entities. In other words,
if an "op'n" occurs at these inputs, no malfunction occurs. However, if a "short"
occurs, a fault will be detected at the output.

Based on the ATVG testing criteria, there are 341 tests that should be per-

formed to check the 93 gates in the device. Since the three tests not accomplished

are irrelevant to the function of the device, the Testing Confidence Level (TCL) will
be based on 338 tests required.

Tests Accomplished
Tests Required x 100 percent

The following is a summary of TC L's and approximate costs in comparing the I
two sets of test vectors generated.

TCL Man hours Computer Time

Manual Set 75 8
percent*

ATVG.Set 100
percent* 12 $215

*The Fault "Simulation Option" (See Note 2) of the ATVG progrni

was used to determine the effectiveness of the manually genertterl
test vectors. It must be noted that the TC L was unknown until
this was done and the cost to determine the TCL is not included
In the eight hours.
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If an attempt were made to generate the test vectors, fault dictionary and docu-
mentation equivalent to that provided by the ATVG program, it is estimated that one
(1) man-month of engineering effort would be required.

NOTE 1: The Boolean equation for the untested inputs are:

Inputs 1 and 2 =Y + Y1 + X, + (X2A)(X 2 B)

nput S A)(X2B) + (X3A)(X3B)
LflfldL .SYO. + Y1 + (X2 fl

Lnother input that is common to the two AND gates has a Boolean equation
as follows:

Input 4 = (Y1 + X1) Y + (X2A)(X 2 B)

In order to test inputs 1 and 2, it is necessary to hold the input under
test at a logic "0" and all other inputs, of that respective gate, at a
Logic 1.

For inputs 1 and 2 to be a Logic 0, the following conditions must exist:

Yo=

Y = 1

XI 1

X2AorX2 B = 1

When Y1 and X1 are at a Logic "1", input 4 is at a Logic 0. Therefore,
inputs 1 and 2 cannot be tested.

Whenever input 3 is at a Logic 0 the following conditions must exist:

Y = 1
Y = 1

X2AorX2 B = 1

X3AorX 3B = 1

When Y and X2A or X2B are at a Logic "1" input 4 is at a Logic 0.
Therefore, input 3 cannot be tested.
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"2 FULT SIMPL' )N CpPT (,'N

Using this option, the Vector Generation phase of the ATVG Pr . i,
inhibited. The manually generated input vectors are inputte-i in l
specific format and a fault simulation of the vector takes place. Whe\,I
the end of the file is reached, a dictionary is printed. This option is
used to determine the integrity of the manually generated vectors.

10. 3 Functional Testing of the 9341-54181 Arithmetic Logic Unit

The Vendor B pA 9341, Figure 10.2, and Vendor E SN 54181 are four bit, high
speed, Arithmetic Logic Units (ALU). These Chips p6rform all 16 logic operations

. , des plus a variety of aritthntin operations, the most imprwtar'i bie;

Ftuc mde select lines and an active low carry enable line control ie .UI,,
• , , t..rnal carries enabled arithmetic operations are performed, ,& n,.

, tire performed. The arithmetic operations are perfor"-.i i I .
,. r.;,; logic operations are on a 11t basis.

A 4ign*rl is provided from the ALI! which indicates logic equivaler:cC ;-, tv"
,ts vihci Iene unit is in the subtract mode. This signal can be used tog.thcr wt •-t
c'rry ont signal to indicate A > B or A = B.

Vendor B and E's ALU's, although identical in function, have slightly different
logic flow diagrams. Therefore, two sets of test vectors were generated.

TI fi,-t q0Ct of vectors gencr:-vte, wa,; for the Vendor E ALU. B..ed -.i 01
S". g ,..tderiak of the ATVG Prograin, there are 282 tests that should !',. p.; , I

",;h g:.tcs completelh. Due to module: configuration, eight of the 2.-i I I.
1(t t( perform. Since the eight tests not possible are irrelevant. t. .

, on: 2714 tests are required. The A'TVG Program generated 31 veclnrs '.0-i
+ h. 22.5 tests (six tests not a, 'm;-,hed). This represen, " To ".

*" .;ev* (TCL) of 97.8 percent. The remaining six tests -- ' .:

u .. 1.1h relative east!,resulting i:. a TCI1 of 100.0 percent.

'h(.- o1 Vectors was genratod for the Vendor B ALT:. Base.! -' j
S-";teWria of the ATVG Program, 265 tests are required (all te,

.,: P;,rra.,tt generated 26 veeto~s which accomplished 251 t,vst.
Spi,-he.). This represpnts a TCL of 94.7 percent.

- t; rk r; Program, the numbcr of t,,sts needed to Ow-1. 'i
i,--.l Pz piyal to Opl. total umlber of znrte pins plus connector r.:ns.

x let: ; 1 rc'40t

I' * 140

- - - - --



I .lcl 4' A

Ld

R*1 - -.

'-4

a2 9 8a a a 8 4

141~ .=~ i~~ --



To determine the TCL that could be obtained by testing one device with the test
vectors generated for the other and vice versa, two additional runs were made using
the Fault Simulation Option of the ATVG Program. First the vectors generated, by
ATVG, for the Vendor E ALU were run using the Vendor B ALU logic flow diagram.
A total of 260 of the 265 tests required were accomplished resulting in a TCL of
98. 1 percent. When the Vendor B ALU generated Vectors were run using the Vendor
B ALU logic flow diagram 256 of the 268 required test:; were accomplished resultingI in a TCL of 95.5 percent. It should be noted that the Vendor E ALU has a five input
gate where the Vendor B ALU has a four input gate. Therefore, the Vendor B ALU
vectors did not test the extra input of the Vendor E ALU. The vector set generated
for the Vendor E unit provided for a 100 percent TCL for both logic mechanizations.
Table I is a tabulated summary of the above discussion.

Vendor Vendor B Tested E Tested
E B with E Vectors with B Vectors

Tests Necessary 282 265 ..

Tests Relevent to 274 265 ..
the Function

"rests Accomplished 268 251 260 256
by ATVG

Tests Accomplished 6 *14 ..
Manually

Number of Vectors 31 27 ....
Generated by ATVG

Number of Vectors 4 *10

Generated Manually

ATVG TCL 97.8% 94.7% 98.1% 95.5%

ATVG + Manual TCL 100% 100% 100% 99.6%

* Those specified as manual were determined both by hand and sorting

the tests accomplished by cross checking the Vendor B and E test vectors.

Table 10. 1. Tabulated Summary
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NOTE 1: The purpose of the following discussion is to explain the differences
between the Vendor E and Vendor B ALU's.

A Ac

Vendor E Vendor B

H ~The truth tables for both G20 ts are as follows:

Vendor E Vendor B

A B CA IB C

1 0 0 00 0 0

2 1 1 01 1 0
43 1 0 11 0 1

4 0 1 10 1 0

It slioild be noted that for condition 4, a ditfterent output. is obtaii~ed.

Vor bo0th G20' s to be logically equivalent, condition 4 must be p rohibited by the

The driving logic for both G20'Is is

it D

E

G ___ 4
H _ _ _
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+ 'The Boolean equations for the last are:

F+ Boolean Equations:

A= (D F I) + (E FI) = (D+F+I) (7+F+1)

A + F F+

B = (F G) + (F H) + () =(F + G) (F+H) (I)

B = FH ++ l+GHI

It can be seen from the Boolean equations that condition 4 cannot be attained.
When B is a logic 1, Tmust be a logic 1. However, ifTis a logic 1, A is a logic 1.
Therefore, as *far as the function is concerned the Vendor B G20 is equivalent to the
Vendor E G20.

The same condition exists for gates G36, G54 and G55.

The "Exclusive OR" in the Vendor E device was modeled as:

A

C

BA
I I

>I
Since all possible input patterns cannot be applied to gates G20, G36, G54 and

G55, input A of the NAND gate and Input B of the OR gate cannot be tested and are
irrelevent to the function.

The Vendor E and Vendor B devices also differ as follows:

A 0 A G

B G-

Vendor E 07Vendor B
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The following two sets of Boolean equations c.a, derived to show that both net-
works in the previous drawing perform the same function.

"Vendor E

G=A

1H= (A) (BC DE F)

H = A+(BCDE F)

I =CDEF

Vendor B

G=A

H = ((C D:74FA) + (BA)

H = (CDEF••A)(B+A)=BCDEF+ABCDEF-,AB-,A

l -- BCDEG+A(BCDEG+B+1)

H = A B BCDE F)

I CDEF

Since the expressions for the respective outputs are identical both circuits per-
form the same function. As noted previously, vectors developed for the Vendor B
device which has only a 4 input gate did not test the extra input of the Vendor E con-
figuration which is a 5 input gate.

10.4 Functional Testing of the 2 and 4 bit Full Address

Test vector sets were generated for the 2 bit and 4 bit full address via our ATVG
program. The generation of the vector sets were straight forward; however, when
comparing the vectors for the two mechanizations of the 4 bit adder, a discere t:ry

was found. The copy of the Vendor D logic flow diagram had errors such that it did
not function as an adder. The corrections were obtained from the vendor and a re-
run was made on the ATVG program.

The final output was:

1) A set of test vectors that provide for a 100 percent TCL for the two
different mechanizations of the 4 bit adder.
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2) A set of test vectors that provide for a 100 percent TCL for the two
different mechanizations of the 2 bit adder.

10.5 Logic Integrity Test (LIT)

The Logic Integrity Test is a test established to assure that a logic network is
exercised to detect any Stuck "1" or Stuck "0" conditions on all logic element leads
relevent to the network function. However, the logic realization of the function r.iust
be known. As previously demonstrated with the 9341-54181 ALU and the 2 bit and
4 bit Full Adders, one LIT can be generated for more than one logic realization of the
same function.

Using the 9341-54181 ALU preliminary Slash Sheet as an example, the 700 or
800 test conditions in the procedure did not check the entire logic network. Approxi-
mately 16 percent of the logic could be defective or missing and the device would
pass all tests in the procedure. The LIT would not only exercise the entire network,
but would prevent exercising a lengthy test procedure before finding a static functional
defect. It is therefore recommended that a Logic Integrity Test be added to each

logic device specification.

Many of the d.c. parameter tests could be performed concurrently with the LIT

and therefore reduce the number of test steps in the test procedure.

F rhe Logic Integrity Tests for the 54181/9341 ALU's, 2 bit Full Adders, 4 bit
Full Adders and the 934X 4 x 2 multiplier are given in tables 10.2, 10.3, 10.4 and
10.5 respectively.
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VECTOF YO 3 S 3 S 2 SlSO Cl 4 To Ij F2  hO 73 AS P ,, E 7 3 21 IT ,

I L L L L L L L L H L L GND L L I IL L L L L L L VCC

2 L L L H L H H H H H H H H L H L L L L L L L

3 L L H H 1. L H H H H H Hf H H L H L H L L L L

4 H H H I. L H L I. H L L L L H L H H L H L I H

) L 1 If L H L L H H L L L H L H H L I. H 1 1

6 L L IH H It P L L L L L L L L L II H L II L It L

H' If L H H L H H L H H I L L L H L L L L n I.

8 L L H L L L H H H H H L L L H L L H L L L L

9 L L H H L L H L L L H H L H It L L L H L H

10 L H H H H L L L H H N H H H H L L L H L L H

11 L L L H L L H H H H H L L L H L H H L L L L

12 L L H L L H L L H H L H L L H L H 1. L L HI

13 L H H H L H H L L L H L L H H L L L L L H L

14 1. L mn H L L H L L L H L L H H L H L L L L H

15 L LL HI H L L H H H H H H H L H L H L L L

ao L L 1. H I. H H L L H H H L L H L H H H HI d H

17 L H H td 1 H H L L L L H L H H . L L H L H I

18 1, 11 L H H I L L H H H H H H H 1 3 L L I K L

01 L H H H H H I L L L L L H L H H L H L L L

20 L L L H L L H L L . L H L H H L L L L H L L

21 L L H H L H H1 L L L L H L H it L L L H I. H H
22 L L H L L H H L L L H H L L H L H L L H L L

21 L H H1 H If H H L L L L L L H L. It I 1. H I, H L

24 H L H L L H H L H H It H H L H H H I H L H 1.

25 & L H 11 L H H L L L L L L H L H H L H 11 L L

26 IH It L H L L H L H H H H H L H H H H H H H H

27 L 1. H L . L H H H H H H H H L H H H L L L L

21 L H L L H H L H H H H H L 3! H H L H L H L

29 H L I L L 1. It H H H H H H L H H H H H L L

30 L t A & H H L H L H L H L 11 It H H L H H

,)I H L H H L L H I H H I H I L 1, IL

32311 H t' L P P L H L H L L 1 L It II

33 L L L L L L 1 L I li H I L L H L L1 L 1 L H

34 L It H I1 H H L H H L 11 GND I 3 1. iH L H L 11 1. 11 L 1, VCC

101',IC INTEGRITY TESTS M'R 54181/9341 ALU'S

TABI.E 30.2
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INPUTS 01' PUTS

VECTOR NO. YO y XOXIX2A X2BX 3 B X3 A MlKoMO KIK 2  K3  So 5 S 4 S3 SSt

L L L L L L L L L L L L L L L L L L L L.

3 L L H L H L H H L H H H L L H L

4 L L H L H H H H H L L H L HL L

5L H H H L L L, H H L L L H H 11 H U I.It1 H

6 L L L L L L H H L L H L L L ItL If H L L

L L L L L L H H L H L LI1. L If I. H H L I

8 It . H L H L L L H H H L H H H H L LI1, L

9 L L 1L L H H L H L L L L H 1, 1. L H LiL L

10 L L L L L L H H L H L L H H 1111f L L It L

11 It H L L L H L L L H H H L L H Hf H 1. L 1.

12 L L L L L L H H L H H L L L 1, 1, H Hi. H

13 L H L L H H L L L L L L H L 1. Hi. L H H

14 L L H H L L L L H L L H H L Hi H L 1 I1 . L

15 L L H L L L H H H H L L L Ht L 11L L H HI

16 L L L L H L L L H L H H H L H LI1. H LI1,

17 H L L L L H L Ht H H L H L L L L H L H L

18 L H H L H L H L H L H H H Ht 1. H H L L.i.

19 L H H L H H L 1. L L L H L if H1IfL H H L

20 H L L L L L H.ý L LI1. L L L L H L L H 11 H

21 H L L H H L L H L H H L L H H 1. 1 H Iflt

22 L H L L L L L L L H H LI. L L ItI. L, 1. L

23 LI1, L H H L H L H H L LU L HI.,?. 14 tf 1

24. L L H H H L H H L H UHH LU H If L It 11L

25 H UHL L L L H LUH HUL L L H If H L I I.

26 1 L LUH L L L H LUH LU Hi L HU 1 L LU H LJ

27 L L L L L L U U LUH H LUH 1. 1. LU If 11 H it

3L It L L H H H H H L'L H If U LIIf 1H 1, LIf

LOGIC INTEGRITY TESTS FOR TTi.'MSI 9344. 4x2 Ml;?TiIN IP-

TABLE 10. 5
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SECTION XI

Rewrite of Section 3000 of MIL-STD-883

NOTE: To the index of sheet 9- add 3000 .................

................. General Instructions....
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METHOD 3000

GENERAL INSTRUCTIONS

FOR TESTING DIGITAL MICROELECTRONIC DEVICES

t Purpose. This method establishes the general instructions used -
i ' J .,ital microelectronic devices.

2 Apparatus. The test instrument shall be capable of "hi-.,'i",.:
the k-ýzf. ,cir(uit at any temperature between -55 0 C and +1250 C of a!.v:',worst c'ise power supply voltages, and bf applying worst ca-, level-.a, <.0 a'
input-i A'ien specified.

3. Procedure. The circuit under test shall be stabilize( ,
ter-'-P'cIature specified in the applicable procurement docume r t. 'e'nt. wr,
power supply voltage(s) shall be applied and the inputs and outputs sha•la be
conditioned as stated in methods 3001 through 30n of this standard and t hee
applicable procurement document.

4. Summary. The following test tolerances shall be observed un.les-
otherwise stated herein or in the applicable procurement document;

(a) Ambient test temperature held to withir 3 "c'.
( b) Power supply and bias voltages h00. to wn' x
(cW Tnput conditioning voltages held to Wit.hj- 1

1W Input pulse parameters, repetitic'n r'n'
to within (5%.0.

,,e) Breakdown voltages helM 'o wit.i .-
(f) Output load currents. - Precaution shall bI n "., . -

that the maximum output load current f1i wr :-.
case output voltage conditions.

,) Resistive loads shall be ±I-%.
(n; :.apacitive loads shall be ±5% or I pi wrcincv,,r i'- ,
':',I ,nductor 3oads shall be ±5% or 5 iH whi "•e "

0. WX parameters shall be measured to wj!;"
-1:ef-urI shall 4'c
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METHOD 3001[ DRIVE SOURCE, DYNAMIC

41. Purpose. This method establishes a drive source to be us,:,
n)'nasuring dynamic performance of logic gating and flip flop circuits.

2. Apparatus. Each driving source shall be capable of suppl~ing
flat top and bottom signals with rise transitions that are linear from 10., to
90% and fall transitions that are linear from 90% to 10%. Each source shall
have controlled frequencies, duty factors, signal levels and transition timeis.

TTL, DTL. The imped-aw-v of the driving source. shall isý-
,M tlv ow to maintain the signial levels and transition tjn imieni

li-.=' 1 herein or in the applicable procur-ement document. The line used,~
Sthe driving signal shall be terminated in it's characteristic

aeance at the test jig. Figure 3001 -1 shows nominal signal. para~nm'Ž

2.2 ECL. The driving source shall have the capabilitv of s~vJiqitL X
tri an hhe voltage levels defined herein or in the applicat.P pros'urcý

-niei t. Particular care shall be ufaken with the source t-ansmissior,
'11d line termination to prevent ringing. The line shall be terminated ii, its
characteristic impedance at the test jig. Fig"- 3 u01-2 shows nomninal signal

2. 3 RTL. The driving source shall have the capability of having, an
:;level of VOH and a down level of V(-)( as specified hereini or in Lhe

*'wiJ, procurement document. !, ,gure .3001-3 shows nomiinatl siijria

f C-MOS. MOS (N-Channel). T1he driving source shall ha ii
* .irvof having an up level of V01 and a down level of Vol,, The

1; Iff ' the driving source shall 10- sufficiently low to niai-.J,.;inz
trasiio tme inartiý- deind erinor in tflC appi lilt:lI ;r -e? L document. The line used to transmit the driving signa: 0I

c~in its characteristic imped.ance at the test jig. Figure 3001 =
=. imcal nominal parameters.

MOS (P-Channel). The driving source shall have the ap~
San Tln I 3e of VOH and a down lev-el of Vpb rhe inmpcdar., '

m ;urce shall býe sufficiently lwto mainflai signal levels nn,

- 'i' ies as specified lierein orY ;, the app.sic-lbh' rcC -l~-ent di-"
)w~lit 1lie line used to Lram.snmtt. Ihe dIriving si-Inai shall be ter!nT-1k :r 111 i
charletvristic 1unpedaiwee at the Lest jig. Fiu 30-01 -`j zzho-,ýs~ rio-i-i;,z1



3. Procedure. When using the driving sources of paragraphs 2.1
through 2. 5, the parameters shall be adjusted according to Figures 3001-1
through 3001-5 respectively unless otherwise stated in the applicable pro-
curement document.

3.1 TTL, DTL. The driving source of 2.1 shall be used. Level
V shown in Figure 3001-1 is critical to delay measurements and shall be
hed to within ±20 mV. Level VB shall be specified as a nominal VOH.
The driving signal shall be measured at the input terminal of the device
under test.

3.2 ECL. The driving source of 2.2 shall be used. Voltage levels
VA and V shown in Figure 3001-2 shall be adjusted so that the thresholdBIpoint of the device under test is always in the center of the transition region.
The driving signal shall be measured at the input terminal of the device
tnder test.

3.3 RTL. The driving source of 2.3 shall be used. Voltage levels
VA and VB shown in Figure 3001-3 shall be specified as nominal VOL and
VOH respectively. The driving signal shall be measured at the input terminal
of the device under test with the device removed from the test jig.

3.4 C-MOS, MOS (N-Channel). The driving source of 2.4 shall be
used. Voltage levels VA and VB shown in Figure 3001-4 shall be specified
as nominal Vol, and VOH respectively. The driving signal shall be
measured at the input terminal of the device under test.

3.5 MOS(P-Channel). The driving source of 2. 5 shall be used,
Voltage levels VA and V shown in Figure 3001-5 shall be specified as
ro;ninal VOL and VOH Respectively. The driving signal shall be measuredf -t 'ht-. input terminal of the device under test.

4. Summary. The following details, when applicable, shall be

!-,,I -0Vof i, in t fie applicable procurement document:

(a) Levels VA and VB"
(b) Driving signal transition times.
(c) Repetition frequency.

| ~(d1) Minty factors.

(e) Specific pulse generator required.

150
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K I -I- t*- B(100%)

VA(O%)

90% 90%

50%1 50%

I I
'i <. 05 (VB -VA)

PW -..

Nominal Driving Signal Parameters

Repetition Frequency = 100 K Hz ±10%

Pulse Width - 1 # sec
VA - OV

VB - 4V

tr= 1 0 n sec

Figure 3001-1 Drive Signal for TTL, DTL
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+ V - --- (10o%)

I I ;

I I .

50% 50 1
vA (%) .. .... •,1,0%

V I L Noise ( 0 to peak)

.• I <. ~~~05 (VB-V)I d.

14- PW ".--

Nominal Driving Signal Parameters
/1

Repetition Frequtncy = 1 MHz ±10
Pulse Width 100 n sec:vA -1.65 V*

VB =-0. 75 V*. -,

tr tf 2 n sec [

Te~se voltage level values are generally used with the VCC termina I
, d v;i"ce under test connected to 0 V.

Figure ;3001-2 Drive Signal for ECL
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jii

Al

U -~ r I f ý4-
I - j- -- 1- 13(100%')

9 900 I 0

50% 5V O.

SI I,05(v -VA10%1

VA(A%)
r Noise (0 to peak)

4

Nominal Driving Signal Parameters

Repet-ition Frequency 10 =z:07

Pulse Width1Ase
V A - OV

VB CAl

tr tf - ne

Figure 3001-3 Drive Signal. for RTL

153



• • • tr • 4tf *

S50TO 50% O

I

V A(0 0/) 0 -.-----
S! I Noise (0 to peak)

<- 05_ v- VA__).

i Nominal Driving Signal Parameters

:•Repetition Frequency 1 0 K Hz 1 001

Pulse Width = 10 p secA
VA = OVReptiio Feuny = 10KOzV 10

tr tf 20 n sec

Figure 3001-4 Driving Signal for C-MOS, MOS (N-Channel)
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S--4 tf •- •tr' Ijt I 'd-

V ,B(IO00,/

9 -0o% ! 190o%1

( 0%) I -'90

i- 10%(10%

Noise (0 to peak)14
S <. 05 (VB= VA)

Nominal Driving Signal Parameters

Repetition Frequency = 10 K Hz i 10%

Pulse Width - 10 1 sec
VA = -20 V

VB = OV

tr tf 20 n sec

44

Figure 3001-5 Driving Source for MOS (P-Channel)
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METHOD 3002
LOAD CONDITIONS

1. Purpose. This method establishes the load conditions to be
used in measuring dynamic performance of logic gating and flip flop circuits,
such as TTL, DTL, RTL, ECTL and MOS.

2. Apparatus. The load for static tests shall simulate the worst
case conditions for the circuit parameters being tested. The load for
dynamic tests shall simulate nominal conditions for the parameters being
tested. These loads shall be specified in the applicable procurement
document.

2.1 Discrete comronent load. The load will consist of any com-
bination of capacitive, inductive, resistive, or diode components.

2.1.1 Capacitive Load (CL). The total load capacitance of the
circuit under test shall include probe and Lest fixture capacitance and a
compensating capacitor as required. The value of the capacitance,
nuasured at 1 MHz i10%, shall be specified in the applicable procurew-n,•document.

2. 1.2 Inductive Load (LL). The total load inductance of the cih ic
under test shall include probe and test fixture inductance and a compensatilg
inductor as required. The value of the inductance, measured at 1 MHz ±10'7,
shall be specified in the applicable procurement document.

2.1.3 Resistive Load (Ri). The resistive load shall represent the
worst case fan out conditions of the device under test for static tests and
nominal fan out conditions for dynamic tests. For sink loads, the resistor
shall be connected between the power supply (VCC or VDD) and the circuit
output for TTL, DTL, RTL, ECL, C-MOS, and MOS (N-Channel) and
between circuit output and ground for MOS (P-Channel). For source loads,
the resistor shall be connected between circuit output and ground for TTL,
DTL, RTL, ECL, C-MOS, and MOS (N-Channel) and between VDD and circuit
output for MOS (P-Channel).

2. . 4 Diode load (DL). The diode load shall represent the input
diode(s) of the circuit under test. The equivalent diode, as specified in the
applicable procurement document, will also represent the base-emitter or
base-collector diode of any transistor in the circuit path of the normal load.
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2.2 Dynamic load change. The load shall automatically change its
clctrical parameters as the device under test changes logic state if this is
ile normal situa(:,: for the particular family of circuits being tested. One
method of accomplishing this inamic change is to simulate devices from the
same logic family equal to the nominal fan out as the load. I

3. Procedure. The load will normally be paralleled by a high
impedance voltage detection indicator. The indicator may be either visual
or memory storage.

4. Summary. The following must be defined in the applicable
procurement document:

(a) CL, LL, RL, DL and equivalent circuit (see 2.1).
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METHOD 3003

DELAY MEASUREMENTS

1. Purpose. This method establishes the means for measuring
propagationdelay -o7flogic gating and flip flop circuits.

1.1 Definitions. The following definitions for the purpose, of this
test method shall apply.

1.1.1 Propagation delay ( tpLH). The time measured with the
specified output changing from the defined high level to the defined low level
with respect to the corresponding input transition.

1.1.2 Propagation delay (tH The time measured with the
specified output changing from tle defed low level to the defined high level
with respect to the corresponding input transition.

2. Apparatus. Equipment capable of meajuring elapsed time
between the input signal and output signal at any percentage point or voltage
point between the maximum low level and minimum high Level shall be provid,
The input shall be supplied by a driving source as described in method 3001 o.f
this standard. It is desirable for this equipment to have data logging capability
so that circuit dynamic performance distribution can be monitored.

3. Procedure. The test circuit shall be loaded according to
method 3002 of this standard. The driving signal to the test circuit shall be
provided according to method 3001 of this standard.

3.1 Measurements at a Voltage Point. tnLH and tpHL shall be
measured from the threshold voltage point on th riving signal to the thres-
hold voltage point on the test circuit output signal for both inverting and non-
inverting logic. These delays shall be measured at the input and output
terminals of the device under test. The device uider ' shall be conditioned
according to the applicable procurement document witu 1 "minal bias voltages
applied. Figures 3003-1 and 3003-2 show typical delay measurements.

3.2 Measurements at Perceu~age Points. ti adpHLsale
measured from a specified percentage point on the Wiving signal to a

specified percentage point on the test circuit output signal for both inverting
and noninverting logic. These delays shall be measured at the input and
output terminals of the device under test. The device under test shall be
conditioned according to the applicat--e procurement document with nominal
bias voltages applied. Figures 3003-1 and 3003-2 show typical delay
measurements.
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4. Summary. The following details must be specified in the

applicable procurement document:

(a) tpLiI and tPHL limits.

(b) Parameters of the driving signal, when applicable.
(c) Load conditions.
(d) Conditioning voltages.
(e) Measurement points (see 3.1 and 3.2).
(f) Power supply voltages.
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Voltae orDriving Signal
Voltage or
Percentage Point

tp L - pL -

: 1 Oufput of Test Circuit

Test Circuit

Voltage or (I_ __ ( ll(nverting)
"Percentage Point

Figure 3003-1 Propagation Delay
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Voltage or .Driving Signal

Percentage Point

i• • pLH t p HL

Votgeo Output of Test Circuit

Percentage Point (Inverting) t

I I•,~o t HL tp • LH '

SII
Output of Test Circuit

Voltage or - - - (nv g
Percentage Point (Non inverting)

I I

Figu.re 3003-2 Propagation Delay
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METHOD 3004

TRANSITION TIME MEASUREMENTS

19 Purpose. This method establishes the means for tneasuring the
output transition times of logic gating and flip flop circuits.

1.1 Definitions. The following definitions shall apply for the purpose
of this method.

1.1'. 1 Rise time (tr). The transition time of the output from 10% to
90% or 10% to a specified value of output voltage with the specified output
changing from the defined low level to the defined high level.

1.1.2 Fall time (tf). The transition time of the output from 90% to 101%
or 90% to a specified value of output voltage with the specified output changing
from the defined high level to the defined low level.

2. Apparatus Equipment capable of measuring the elapsed time
between the 10% to 90% or 10% to a specified voltage on the rise transition
and the 90% to 10% or 90% to a specified voltage on the fall transition of the
test circuit output shall be provided. It is desirable for this equipment to have
data logging capability so that circuit dynamic performance distribution cal be.
monitored.

3. Procedure. The test circuit shall be loaded according to
method 3002 of this standard. The driving signal to the test circuit shall be
provided according to method 3001 of this standard.

3.1 Measurement of tr and tf. The rise transition time (tr) at
the output of the test circuit shall be measured from the 10% points to the 90%
points or from the 10% points to a specified voltage point. Fall transition
time (tf) at the outputs of the test circuit shall be measured from the 90% point.:
to the 10% points or from the 90% points to a specified voltage point. These
measurements shall be made at the test circuit terminals. The devic, ,inds-r
test s.:.all be conditioned according to the applicable procurinent dcnfAment :.'
nominal bias voltages applied. Figures 3004-1 and 3004- 2 8•h)v t. pic.1 trarn.:
tion time measurements.

4. S'ummary. The following details must be specified in tlhe
applicable procurement document:

(a) tr limits
(b) tf limits
(c) Transition time measurement points if oth,, :h,, i 1O0. or P'.9-
(d) Parameters of the driving signal, wvhen iplIc abl.

o) Conditioning voltagf-s.
(f) Load condition.
(g) Power supply voltages.
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IX
METHOD 3005

POWER SUPPLY CURRENT

1. Purpose. This method establishes the means for measuring
power supply currents of logic gating and flip flop circuits such as TTL,
RTL, ECTL, DTL (kcc), and MOS (IDD and IGG).

2. Apparatus. Equipment capable of applying prescribed voltage
to the test circuit power supply terminals and measuring the resultant
currents flowing in these terminals shall be provided.

3. Procedure.

3., ICCH (Logic Gate). Inpvts -, the device under test shall be
),dW-ited in such a way as to provide xn up level at the output, the v :; •;

,.se supply voltage(s) shall be applied and the resultant current flow in the
suopAv Lerminals measured.

2.2 ICCL (Logic Gate). Inputs of the device under test shall b,
--mclitioned in such a way as to provide a down level at the output, the worst
case supply voltage(s) shall be applied and the ' .ultant current flow in the
_slpply terminals measured.

3.3 ICCQH (Flip Flop). Inputs of the device under test shall be
-t'iditioned in such a way as to provide rin up level at the Q output; the

S• "'-:e voltage(s) shall be applied and the resultant current flow in 6,•-
,' rininals measured.

S 2CCdH (Flip Flop). IDip-,s --f f.he device under test shall be
i,'..'d in such a way as to provide an up level at the Q output: the Wv',

. "e) shall be applied "and the "esvltant current flow iii t0-e
", - rrMeasured.

" - IDD (MOS Logic Gate). Inputs of the device under test sh,'l .
"'d in such a way as to provide an up lc-4el at the output of M''.OS
--:•el and C-MOS) or a down level at the output of MOS (N-Chann, :

C worst case voltage(s) shall be applied and the resultant cuirrent ''".

*., •pply terminals measured. A

• G (MOS P-Channel and N-Chanmel Logic Gates). Tnputs ,.
.,' .ice unrder test shall be conditioned in such a way as to provide an up le.

' ,. .. ',ut "of MOS (P-Cthannel) or a down level at the oulpu.t of MO, "N-
.-..." "'or Ae v-)lt.,v(sl) o br :appr j -d and the resu rt ,- ,.

. %.upplv Lerminals mea'sure.
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3.7 !DDQL (MOS lip Flop). Inputs of the device under test shall
1.ý conditioned in such a way as'to provide a down level at the Q output;
worst case voltage(s) shall be applied and the resultant current flow in the
supply terminals measured.

& 3o nID6-L (MOS Flip Flop). Inputs of the device under test shall be
conditioned in such a way as to provide a down level at the Q output; worst
case voltage(s) shall be applied and the resultant current flow in the supply
terminals measured.

3 IGGQL (MOS (N-Channel and P-Channel) Flip Flop). Inputs of
the device under test shall be conditioned in such a way as to provide a down
level at the Q output; worst case voltage(s) shall be applied and the resultant
i.akage current flow in the supply terminals measured.

3.10 IGGdQL (MOS (P-Channel and N-Channel) Flip Flop). Inputs of
the device under test shall be conditioned in such a way as to providk a down
level at the Q output; worst case voltage(s) shall be applied and (ho residl.,n1t
leakage current flow in the supply terminals measured.

3.11 IDD Dynamic (C-MOS Logic Gating and Flip Flop Circuits). The
driving signal to the test circuit shall be provided according to method 3001
of this standard; the worst case voltage(s) shall be applied and the resultant
current flow in the supply terminals measure.

4. Summary. The following details must be specified in the
applicable pronurk..,ent document:

(a) Test temperature.
(b) Power supply voltages.
(c) ICCH, ICCL, IDD, and IGG limits.
(d) Conditioning of inputs.

i
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METHOD 3006

HIGH LEVEL OUTPUT VOLTAGE

1. Purpose. This method establishes the means for assuring
circuit performance to the limits specified in the applicable procurement
document in regard to high level output drive, which may be specified as a
minimum value VH mm or as a maximum VOH max. This met."hod
applies to TTL, NE, RTL, ECTL, and MOS logic gating and flip flop
circuits.

2. Apparatus. An instrument shall be p:. vided that has the
capability of forcing current from the output terminal for TTL, DTL, RTL,
ECTL, MOS (N-Channel) and C-MOS and forcing current into the output
terminal for MOS (P-Channel) of the test circuit and measuring the resultant
output voltage. Magnitude and tolerance of this current shall be defined in
the applicable procurement document.

3. Procedure. Worst case power supply voltages and worst caseinput levels inclMudg guaranteed noise margins shall be applied to the test

circuit to provide an up level. Forcing current, equal to the circuit worst
case high level fan out, shall then be applied to the test circuit output
terminal and the resultant output voltage measured. For an inverting gate,

every input shall have the maximum low level voltage applied individually
with the output measurement being made after each input is conditioned.

4. Summary. The followi.g details must be specified in the
applicable procurement document:

(a) Test temperature.
(b) Current to be forced from or into output terminal.
(c) Power supply voltage.
(d) Input levels.
(e) VOH min or V0 1H max limits.
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LOW LEVEL OUTPUT VOLTAGE

1. Pu ose. This method establishes the means for assuring
circuit perfdr-mance-o the limits specified in the applicable procurementdocument with regard to low level output drive which is specified as a
maximum value (VOL max) or a minimum value (VoL Min). This methodapplies to TTL, DTL, ECTL, RTL, and MOS logic gatng and flip flopcircuits.

_ A atus An instrunMeut shall be Provided that ill s?• pandJety of forcing current into the Outpqit terminals for TTL, )TI,, ,X,•-.fhannel and C-MOS and forcing current from the output forRTL,M (P-Channel) of the test circuit and measuring the. resuftint out-q~
"--R'. ,Magnitude and tolerance of this current shall be defin-ur- ,pp 1i~ bl~e )vrocurement documlnent.

r ~3. Procedure. Worst case power supply voltages an. ',;:-'•t ,
nut l'eis 'nc aranteed noise margins shall be applied to U.h i.

ci rciit to provide a low level output. Forcing current, equal to the circui!
worst case low level fan out, shall be applied to the test circuit output and
the resultant output voltage measured. For a non-inverting gate, every input
shall have the minimum high level voltage applied individually with the outputmeasurement being made after each input is conditioned.

""'u. nmary. The fol 'owing details must be specified it: ,'.•,vp; ru rement documetit:

4) Test temperature(b) Current to be forced into or from the output terl-nJ11.1(c) Power supply v, r.•,(d) Input levels and noise margins.•'e) VOL max or VOL nin limits.
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MEiTHOD 3008

BREAKDOWN VOLTAGE, INPUT OR OUTPUT

1. Purpose. This method establishes the means for assuring
i device performance to the limits specified in the applicable procui,-inent

document in regard to input and output breakdown voltage symbolized as
(BVIN) and (BVOUT), respectively. These tests shall be the first tests
performed on any device.

2. A4pparatus

2.1 Method A. This test is generally performed to assure that
breakdown does not occur on a device. An instrument shall be provided that
has the capability of forcing a specified voltage at the input or output terminal
of the test circuit and measuring the resultant current flowing in that terminal.
The test instrument shall also have the capability of applying voltage levels to

Alal other terminals. Care should be taken to assure that the test equipment
( oj..s ttot inevertently apply voltage to the device under t.est that will exceedI
iiir- -tav.inum rating of each terminal and that the current from 1.- i- t eui:-
,nent is suffioiently limited so that the device is not destroyed. T!di mnethod

,i~ also) be used to test the ability of pow~cr supply terminals to wit;Li--&1d a
voltage overload.

2.2 Method B. This test is generally performed to assure that break-
down does occur on a device as specified in the applicable procurement
document. An instrument shall be provided that has the capability of forcing
a specified voltage and source impedance at the input or output terminal of the
test circuit and measuring the resultant voltage at that terminal. The test
instrument shall also have the capability of applying voltage levels to all other
terminals. Care should be taken to assure that the test equipment does not
iradvertently apply voltage to the device under test that will exceed the
maximum rating of each terminal so that the device is not destroyed.

3. Procedure
S3.1I Methed A, All terminals, with the exception of the test terminal,

shall be conditioned according to the applicable procurement document. A
prescribed voltage shall be applied to the designated input or output terminal
and the resultant current measured. When testing for breakdown, all input and
output terminals shall be tested individually. At the conclusion of the test, the
device shall be functional.
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3.2 Method B. All terminals, with the exception of the test
terminal, shall be conditioned according to the applicable procurement
document. A prescribed voltage with a prescribed series source impedance
shall be applied to the designated input or output terminal and the voltage at
that terminal measured. At the conclusion of the test, the device shall be
functional.

4. Summary. The following details must be specified in the
applicable procurement document:

(a) Test temperature.

(b) BVIN and BVOUT.

(c) Conditioning voltages for all other terminals.
(d) Source impedance (Method B).
(e) Maximum breakdown current lii-'*s or minimum

breakdown terminal voltage.
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METHOD 3009

INPUT` CURRENT, LOW LEVEL

. Purpos This method establishes the means tor assuring
circuit performance to the limits specified in the applicable procurement
document in regard to low level input load which may be specified as a
minimum value (OIL min) or as a maximum value (IIL max).

2. Aparatus. An instrument shall be provided that has the
capability of applying the worst case down voltage to the input terminal of

SI the test circuit, (and worst case levels on the other inputs) and measuringI i-the resultant current flowing in the input terminal. Magnitude and

tolerances of these voltages shall be defined in the applicable procure-
[ j ment document.

3. Procedure. Worst case power supply voltages and worst case
iapit( voltages shall Fe applied to the test circuit and the resultant current

• t,.•vi.• ini Ow input terminal shall be measuired. All inputs shah be tested

4.. Summry. The following details must be specified in the
applicable procurement document:

a) Test temperature.

(b) Power supply voltages.
(c) Input voltages.
(d) Worst case voltages at other input terminals.
(e) IlL max or IIL min-
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METHOD 3010

INPUT CURRENT, HIGH LEVEL

1. Purpose. This method establishes the means for assuring
circuit performance to the limits specified in the applicable procurement
document in regard to high level input load which may be specified as a
maximum value (IIH max) or a minimum value (IIH mind.

2. pparatus. An instrument shall be provided that has the
capability of applying the worst case up voltage to the input terminal of the
test circuit, and worst case levels at the other inputs, and measuring the
resultant current flowing in the input terminal. Magnitude and tolerance of
these voltages shall be defined in the applicable procurement document.

3. Procedure. Worst case power supply voltages and worst
case input voltages s-Fl be applied to the test circuit and the resultant
current flowing in the input terminal shall be measured. All inputs shall
be tested individually.

4. Summar. The following details must be specified in thti
applicable procurement document:

(a) Test temperature.
(b) Power supply voltages.
(c) Input voltage.
(d) Wcrst case input voltages at other input terminals.
(e) IIH max.
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METHOD 3011

OUTPUT SHORT CIRCUIT CURRENT

S. Purpose. This method establishes the means for assuring
circuit perfornance to the limits specified in the applicable procurement
document in regard to output short circuit current (1o0). This method
applies to TTL, DTL, ECTL, RTL, and MOS logic gF.ing and flip flop
circuits.

2. Apparatus. An instrument will be provided that has the
capability of orcing a voltage specified in the applicable procurement
document at the output terminal of the device under test and measuring the
resultant current flowing in that terminal. The test instrument shall also
have the capability of applying specified voltage levels to all other inputs.

3. Procedure. Each output per package shall be tested individually.

3.1 TTL, DTL, ECTL, RTL, MOS (P-Channel and N-C.aiuiel).
bnputs of the device under test shall be conditioned in such a way a,; -to
provide a high level at the output for TTL, DTL, ECTL, RTL, and !O0:
(N-Channel) and a low level at the output for MOS (P-Channel). 'The output A

ternihial shall be forced to 0 volt potential and the resultant current flow
measured.

3.2 C-MOS -0SH. Inputs of the device under test shall be con-
ditioned in such a way as to provide a high level at the output. The output

t }:terminal shall be forced to 0 volt potential and the resultant current
flow measured.

r

3.3 C-MOS IOSL. Inputs of the device under test shall be
conitioned in such a way as to provide a low level at the output. The output
terminal shall be forced to a voltage potential specified in the procurement
document and the resultant current flow measured.

proureme nmar. The following details must be specified in the applicable

(a) Test temperature.
(b) Input conditionhig voltages.4• (c) Power supply voltages.
(d) 1OS ma J. J 'OS min limits.
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METHOD 3012

TERMINAL CAPACITANCE

1. PuMs. This method establishes the means for assuring
circuit performance to the limits specified in the applicable procurement
document in regard to terminal capacitance. This method applies to all
logic gating and flip flop circuits.

2. Appatu An -instrument will be provided that has the
capability of a-pp-lyinga 1 MHz controllable amplitude signal superimposed
Son a variable plus or minus DC voltage. The instrument will also have the
-capability of measuring the capacitance of this terminal to within the limitsi and tolerance specified in the applicable procurement document.

3. Procedure. This test may be performed at room temperature.
The capacitaince meaisuring bridge shall be connected tlween the input or
output terminal and the ground terminal of the test 6ircuit. The bridge shall
Ite adjusted for a signal of I MHz, 50 MV in amplitude riding a bias level
specified in the applicable procurement document. With no device in the
test socket the bridge shall then be zeroed. For capacitance values below
"" 0 pf, the device shall be connected directly to the bridge with leads as short
as possible to avoid the effects of lead inductance. After inserting the device
under test and applying the specified bias conditions, the terminal capacitance
shall be measured and compared to the limits listed in the applicable pro-
curement document.

4. Summary. The following details must be specified in the
applicable procurement document:

(a) Circuit bias conditions.
(b) Bias level at which measurements are to be made.
(c) Maximum capacitance limits.
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METHOD 3013

NOISE MARGIN MEASUREMENTS FOR
MICROELECTRONIC LOGIC GATING AND FLIP FLOP CIRCUITS

1. Purpose. This method establishes the means of measuring the
DC (steady state) and AC (transient) noise margin of microelectronic logic
gating and flip flop circuits or to determine compliance with specified noise
margin requirements in the applicable procurement document. It is also
intended to provide assurance of interchangeability of devices and to eliminate
misunderstanding between manufacturers and users on noise margin test
procedures and results. The standardization of particular combinations of
test parameters (e. g., pulse width, pulse amplitude, etc.) does not preclude
the characterization of devices under test with other variations in these
parameters. However, such variations shall, where applicable, be provided
as additional conditions of test and shall not serve as a substitute for the
requirements established herein.

1.1 D)efinitions. The following definitions shall apply for the pur-
p,-s of this test niethod:

(a) Noise margin. Noise margin is defined as the voltage amplitude of
extraneous signal which can be algebraically added to the
noise-free worst case "input" level before the output
voltage deviates from the allowable logic voltage levels.
The term "input" (in quotation marks) is used here to refer
to logic input terminals or ground reference terminals.

(b) DC noise margin. DC noise margin is defined as the DC
voltage amplitude which can be algebraically added to the
noise-free worst case "input" level before the output exceeds
the allowable logic voltage levels.

(c) AC noise margin. AC noise margin is defined as the
transient or pse voltage amplitude which can be algebraically
added to the noise-free worst case "input" level before the
output voltage exceeds the allowable logic voltage levels.

1.2 S The following symbols shall apply for the purposes of
this test metod and shall be used in accordance with the definitions provided
(see 1.2.1, 1.2.2, and 1.2.3) and depicted in Figures 3013-1, 3013-2, and
3013-3.
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1.2.1 Logic levels.
VIL max: The maximum allowed input "low" level in a

logic system.

VIL min: The minimum allowed input "low" level in a
logic system.

VIH max: The maximum allowed input "high" level in a
logic system.

VIH min: The minimum allowed input "high" level in a
logic system.

VOL max: The maximum output "low" level specified for a
logic gating or flip flop circuit.
VOL max is also the nolse-free worst case input
"zero" level.

VOL max g VL max

VOH min: The minimum output "high" level specified for a
logic gating or flip flop circuit.
VOH min is also the noise-free worst case input
"high" level.

VOH min VIH min

1.2.2 Noise margin levels.

VNL: The "low" level noise margin which can be algebraically
added to VOL max before the output level exceeds the
allowed logic level.

VNH: The "high" level noise margin which can be algebraically
added to VOH min before the output level exceeds the

allowed logic level.

VNG+: The positive voltage which can be algebraically added to
the ground level before the output exceeds the allowed
logic level determined by worst case logic input levels.

VNG..: The negative voltage which can be algebraically added to
the ground level before the output exceeds the allowed
logic level determined by worst case logic input levels.
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VNp+: The positive voltage which can be algebraically added

to the noise-free worst case upper power supply voltage
before the output exceeds the allQwed logic level
determined by worst case logic: input levels.

VNP.: The negative voltage which can be algebraically added to
the noise-free worst case lower power supply voltage
before the output exceeds the allowed logic level
determined by worst case logic input levels.

1.2.3 Noise pulse widths.

PWL: The "low" level noise pulse width, measured at the
VIL max level.

PWH: The "high" level noise pulse width, measured at the
Vi mrin level.

2. Apparatus. The apparatus used for noise margin measurements
shall -nclude a suitable source generator (see 2.1), load (see 2.2), and
voltag detection devices for determining logic state.

2. . Source eenerator. The source generator for this test shall be
capable r'' supplyin the required AC and DC noise inputs. In the case of
_pulsed hlpats the rise and fall times of the injected noise pulse shall each be
maintained to less than 20% of the pulse width measured at the 50% amplitude
level. For the purpose of this criteria, the rise and fall times shall be
defined as the transition times between the 10% and 90% amplitude levels.
The pulse repetition rate shall be sufficiently low that the element under test
is at steady-state conditions prior to the application of the noise pulse, For
the purpose of this criteria, doubling the repetition rate or duty cycle shall
not affect the outcome of the measurement.

2.2 Load. The load for this test shall simulate the circuit I.ar i-

-meters of thte -normal load which would be applied in application of the -.:i,,•c
under worst-case conditions. The load shall automatically change its
electrical parameters as the device under test changes logic state if thi- is
the normal situation for the particular device load. The load shall be
paralleled by a high impedance voltage detection device.

3. Procedure. The device shall be connected for operation usia!.-,
a source generator and load as specified (see 2), and measurements shall be
made of VNL, VNH, VNG, VNP, PWL and PWH following the procedures for
Nath AC noise margin and DC noise margin (see 3.2 through 3.3.3).

A
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S3.1 General considerations.

3.1.1 Non-propagation of injected noise. As defined in 1 1, noiseL margin is the amplitude cf extraneous signal which may be added to-a

noise-free worst case "input" level before the output breaks the allowable
logic levels. This definition of noise margin allows the menasurement of
both DC and AC noise immunity on logic inputs or power supply lines or
ground reference lines by detection of either a maximum "low" level or a
minimum "high" level at the output terminal. Since the output level never
exceeds the allowable logic level under conditions of injected noise, the
noise is not considered to-propagate through the element under test.

3. 1. 2 S'perpositionof simultaneously injected noise. Because the
logic levels are restored-after one stage, and because the noise margin
measurement is performed-with all "inactive" inputs at the worst case logiclevels, the proper system logic -levels are guaranteed in the presence of

simultaneous disturbances separated by at least one stage.

3.1.3 Characterizatio-nof AC noise margin. Although the purpose of
this standai d test procedure~is to insure interchangeability of elements by a
single-point measurement of AC noise margin, the test procedure is well
suited to the measurement-of AC noise margin as a function Of noise pulse
width. In particular, for very wide pulse widths, the AC noise margin
asymptotes to a value identically equal to the DC noise margin.

3.2 Test procedure for DC noise margin.

3.2.1 Worse case configuration. The measurement of DC Poise
margin using a particular logic input terminal should correspond to the worst
case test configuration in the applicable procurement document. For example,
the measurement of "low" level noise margin for a positive-logic inverting
NAND gate should be performed under the same worst case test conditions as
the DC measurement of VOH min- If the worst case DC test conditions for
VOI1 min are high power supply voltage, all unused logic inputs coanrected to
VOH nin and output current equal to zero, these conditions should be applied
to the corresponding DC noise margin measurement.

3.2.2 "Low" Level noise margin, VNL. The "low" level noise margin
test is nt•,r•lly performed during the VOH test for inverting logic and during
the VOL test for non-inverting logic. The noise margin is ,;c~i!P#',i from thp
following exprt'Psion:

VNI - Vfl(max) - VOL (max)
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3.2.3 "High" Level noise margin, VNH. The "high" level noise
Smargin test is •Xrmed. during the VOL testfor inverting logic -and during

the V0 11 test for non-inverting logic. The noise margin-is calculated from
the following expression:

VNH= VOH(min)" VIH(min)

3.2.4 Negative ;.'ound noise margin, VNG.. With all power-supply
ar.. output terminals connected, to the appropriate worst case conditions, i
a VOL(nvnxr tV the inputs specified in the applicable module document
anc dcecrea•e "whe voltage aprlied to-the ground terminal until the output levels
e.;u.l Vj•j(pn~ %r inverting logic and VIL(m a) for non-inverting logic. The-
DC ground r,- margin is the voltage measured at the device ground terminal.The C surc~reistaceo th inb, ted ground line-volItage shallibe negligible ;

3ý :.5 Positive ground noise margin,- VNG+. W4 ith all power-supply
and--output terminals connected to the appropfiate worst=case conditions, apply
VOH(min) to t6e- inputs specified in the applicible module document and
increase the voltage- applibd to the ground terminal untiLithe -output levels equal
VIL(max) for inverting logic and ViH(min) for non-inverting logic. The DC
ground noise margin is the voltage measured at the device ground terminal.
The DC source resistance of the injected ground line voltage shall be negligible.

3.2.6 Power supply noise margin, VNP+ or VNP_.. With all input, power 2
supply, and output terminals connecte to the appropriate worst case conditioihs,
increase (or decrease) the power supply voltage(s) until the output level eqUaiS
the appropriate logic level limit. The power supply noise marg'* is the
difference between the measured supply voltage(s) and the appropriate noise-free
worst case supply voltage level(s). If more than one power supply is required,
the noise margin of each supply should be nmeasured separately.

3.3 Test procedure for AC noise margin.

3.3.1 AC noise margin test point. If, for any combination of noise pulse
width or rise anda fall times, the AC noise margin is less than the DC noise
margin, the noise pulse amplitude, pulse width, and rise or fall time which
produce the minimum noise margin shall be used as the conditions for test.
If the AC noise margin exceeds the DC noise margin, the DC noise -margin tests
only shall be performed.
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3 2 -"Low" Level noise margin, PW. With all unused io c imnpu'.A
-power supply, and output terminals connected to the -appropriate' orst case
-conditions, a positive -gohig noise pulse shall be applied to the 4put uncle
-test. The-pulse amplitude shall be equWtl ti,.-V 011 mini m'inus VOL m",; Ul"
-pulse shalt be superimposed ona--DC leval-equal to VOL max; and ters
and fall times shall be much less~ than the minimum -transition times of the
device under test. The test is pe_-formed by initially adjusting the input pulse
-width at the .9 amplitude level -tc cs~e and one quarter -times the rise time.
The pulse -width is increased until tIo :,rutput =voltage is- equal to VmH max for
inverting logic and- equal to VI mini for non-inverting logic. The- noise margin
:pulse width is then measured at the input pulse VIL max level.

3.3.3 7High"- Le-vel, noise- margin,_ PWH. Wth all unused logic mu.
ýpower supply, andoutput terminals connected to the-appropriate worst calse
ý_conditions, a negativet~-going-nois ýpulse-sha'1l be applied to th~e inpiut unde,
test. The pulse ampltude-shal~llbe equal to 'l0H miiimn S VOC~
puse shall be supeffidiposed on aw DClevel-equal to-VOHt min; and the risr' fa",
times shall be- much--146issthan the -minimum transition timies -ol the- device under
-test. The-test is-per~fOrmed by intivaly ajsigteiptplewdha
.1 _amplitude- level to-one and -one -quarter times the-ris-e time. TIe pse
vidth- is increased until the -output-voltage is -equal to ViL min for inver ting

-logic and VIH max-for non-inverting-logic. The- noise -margin pulse width is

then- measured at the Input -pulseý VjI{ thin level.

4. Summary. The following details., when applicable., shall beI
specified in -the applicable procurement document:

(a) '(IL-max

'b) VIL min

(c) VIHmin

(d) VmHmax

c) VOL max

() V011 mlin

(e,) VNL

h) VNIH

(i) VNI-

U) V'NP
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(k) PWL

() PWH •1
(m) Test.temperature. -Unless otherwise specified DC noise

margin measurements shall be madleat the rated operating
temperature extremes in addition to-any other nominal test
temperatutres.

(n) Specific noise margin- measurements-and conditions which are,--
to-be performed.

(o) Power supply voltages.

(p) Inputiconditioning voltages.

(q)~ Output -loads

(r) Parameters of noisedsignal.

18
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"Low" Level V-In
Nose- Margin _A

ot *9..-P L~- O a

"High1 ' Level 6-M -
Nose Margin

Figure 3013-1 Definitions of Noise-Pulse-Width
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METQ1~~1)3 -Continued

C-; Test points in Logic Gating format

0 Test points for DC Noise Margin

vim VNH DC voltage below VOL mi at
the -gate input that will -result
in an-output-above VLmamax VNL = DC voltage added to VOLmax

Sthatwill cause-the gate-output

VIH to go-below VWflmin

UNITY GAIN

0

VIL Limiting Transfer
max Characteristic

VOL
max

v - r
ran" VOL max VIL max Vm VOH VIH

min min max

INPUT

FIGURE 3013-2. Inverting logic-gate transfer characteristic defining

test points.
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MET'OiD 3013 - Continued

V

-Limiting Transfer
Characteristic

min

M, rain • 0 Test points in Logic Ga ing~~~f b••'i Nfr-mat.

SNH--s• Test: points for DC Noise

IDU- GAINIT VN = DC-voltage below VOH rino0 
at the gate input that will

L • t result in an output belowI

, VNL DC Ivoltage added to Vthat will cause the gate.5"output to exceed VU, e 
1

V 1H VOH -it/ V , win VOL Vra in mrin max

max nax I

S FIGupIT 3013-3. Non-inverting logic gate transfer characteristic

d2finng _tes Pints.

184



METHOD 30-Na

LOGIC INTEGRITY TESTING

1. Purpose This method establishes the means for assuring that a
-:nplex logIc network Is exercised to de-L,Žct any open, S~uck .- ,
stuck low level conditions on all logic element leads relevant to the net~vo~rk
funci~ton.

2. Apparatus. An instrument shall ýbe provided that has tlie
capbilty f aplyng seueniallogic-pattern to the-inputs as specified i

T the applicable procurement document. The test instrument shall also be
cap-able of -applying nominal pwer supply -es and-of monitoring -the outpt
forý the -resultant -logic pattern.

3. Procedure. The -circuit ýunder -test shallibe stabilized to the-test
teperatureý specified inzathe aplgicable procurement document. Nominal po*er

sup-ply voltages and the input lgcpattern shall -then be applied to the-test--circui:_
andtheouput -pattern monitored. Figures 30&1-4, 30X1-2 and 30M-~3 fllusLteac

the- objectivie of the-logic integrity test. The test sequence mnay be performed
coneurrently whcn~performing Method 3006, High Level Output, Vo~tag and

Ive-od 30071, Low Level Output Voltage. of this document.

4. -Summary. The following details -shall be specified mn me
applicable procurement document:V

(a) Test temperature
(b) Power supply voltages
(c) Input conditioning voltage levels
(d) Input logic patterns (when applicable)
(e) Output logic patterns (when applicable)
(f) Output logic levels (when applicable)
(g) Input logic levels (when applicable)

__ __ __ __ __ _
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SB > 66 D
B D
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LOGIC FLOW DIAGRAM

FIGURE 30XI -I

FAILURE
VECTOR INPUTS OUTPUTS RESPONSE

-A -B C -D D

I L H H L

2 :H L H I L
3 H H H L H

4 L H L L H

INPUT VECTORS AND OUTPUT RESPONSE

FIGURE 30X1-2
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S~METHOD 30X[2

FLIP FLOP FUNCTION TESTING

I. Purpose. This method establishes the means for assuring
circuit performance to the limits specified in the applicable procurement
document in regards to functional operation, i. e. a J-K Flip Flop operates
as a J-K Flip Flop.

2. Apparatus. An instrument shall be provided that has the
capability of applying a sequential logic pattern to the inputs as specified in
the applicable procurement document. The test instrument shall also be
capable of applying nominal power supply voltages and of monitoring the
outputs forthe resultant logic pattern.

3. Procedure. The circuit under test shall be stabilized to the
test temperature specizied inithe applicable procurement document.
Nominal power supply voltages and the input logic pattern shall then be appli ed
to the test circuit and the output-pattern monitored. Typical input/output
patterns are shown in Figure 30X2-1 through 30X2-3. This test sequence may
he performed concurrently when performing Method 3006, High Level Ou.tp.+.
Voltage, and Method 3007, Low Level Output Voltage, of this document.

4. Summary. The following details shall be specified in the
applicable procurement document:

(a) Test temperature
(b) Power supply voltages
(c) Input conditioning voltage levels
(d) Input logic pattern (when applicable)
(c) Output logic pattern (when applicable)
(f) Output logic levels (when applicable)
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~-4 -____

J.IK. TRUTH TABLE

tn tn +
J K Q

L L

L H L

H L H

_H H

Notes: 1. tn = Bit time- beore clockpulse.

2. tn + 1 = Bit time after clock pulse.

FIGURE 30A2-1

l D TRUTH TABLE

th tn +1

DQ

L I>- EH

" Notes: 1. tn = Bit time before clock pulse.
2. tn +1 = Bit time after clock pulse.

FIGURE 30X2-2
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R. S. TRUTH TABLE

tn tn +l
- -i

R S Q
L L Qn

L H H

H L L

H H Ind.

V

Notes: 1. tn = Bit time before clock pulse.

f 2. tn + I = Bit time before clock pulse.

3. Ind. = Indeterminate

FIGURE 30X2-3
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MIL-M-38510/103(USAF)

MILITARY SPECIFICATION

MICROCIRCUITS LINEAR,

DIFFERENTIAL VOLTAGE

COMPARATOR.

MONOLITHIC SILICON

1. SCOPE

1.1 Sco pe This specification covers-the detail-requirements for monolithic,
L• silicon voltage comparator. Three product assurance classes and a choice of

case outline and lead finish are provided for each type and are reflected in the
complete par, number.

1.2 Part wiimber. The complete part number shall be as shown in the following
example:

AM38510 /103 01 B A C

•-Military Detail Device Device Case Lead finish
k designator specification type class outline (3.3.2)

(1.2.1) (1.2.2) (1.2.3)

1.2. 1 Device type. The device type shall be as shown in the following:

Device type Circuit
01 Single Differential Voltage Comparator
02 Dual Channel Differential Voltage Comparator

03 Single Voltage Comparator, Buffer

1.2.2 Device class. The device class shall be the product assurance level as
defined in MIL-M-38510.

1.2.3 Case outline. The case outline shall be designated as follows:
F Case outline A - (1/4", X 1/4" 14 lead flat pack) ' •

Case outline C - (Dual-in-line pack) _I
Case outline G - (8 lead can)
Case outline H - (1/4" X 1/4", 10 lead flat pack)
Case outline I - (10 lead can)

A I



MIL-M-38510/103 (USAF)

1. 2.4 Absolute maximum ratings.

Typel 01 1ypeO02 TypeO03

Positive-Supply Voltage ------------ +14. OV + 14. OV + 15. OV
Negative Supply Voltage------------ -7.OV -7. OV -15.OV
Output Voltage ----------- +24.OV
O~utput to-Negative- Supply Voltage -- 30. OV
Input Voltage Range---------------- ±7. OV ±7.OV ±7.0V
Differential Input Voltage----------- ±5. OV 1-5. OV ±5.OV
Peak Output Current -------------- 10 m-a 50-ma A
Sink Current -------- 100 ma
Output-Short Circuit Duration ------- 10 sec l0-sec 10 sec
Strobe Voltage------ ----------- ----- 6O -6.O0V
Storage--Temperature Itange -------- -65*C t +150*C A
Junction Temperature---- ----- 1500C 15000 4500C
Lead Ternperature(soldering, 60-sec) 300*C 3000C -3000C 1

1.2. 5 Recommnended-operating conditions.

Supply voltage range ------------ .Vcc =12.OVdc,-Vcc =-S.OVdc(type 01+02)
Supply voltage range --------- +--Vcc =12.OVdc,-Vcc =-3.Oto 12.-OVdc
Operating temperature range--- 55 to + 12150C (type 03)

1.2.6 Power and Thermal characteristics.

Case Package Maximum- allowable Maximum Maximum
outlitie ____powerdisiption 0 J-_C 9 J-A
-- _-iTel-ladFP 420 w.Tc =120-C ý 1"

C Dual-in -line 500 mw, Tc = 1250C 50OC/W 150001W
G 8 lead can 360 mw, Tc = 1250C 70OC/W 220OC/W
H 10 lead FP 420 mw, Tc =1250 C 60OC/W 2200 Cl/W
1 10 lead can 360 mw, Tc 125*C 70OC/W 1850CI/W

2. APPLICABLE DOCUMENT

2.1 The following document, of the Issue in effect on date of invitation for bids or
request for proposal, forms a part of this specification to the extent specified herein.

SPECIFICATION

MILITARYI

MIL-M-38510.- Microcircuits, General Specification for.

(Copies of specifications, star.,Lirds, drawings, and publications required by suppliers
in connection with specific prtc~urement- functions should-be obtained-from the procuring

activity or as directed by the contracting officer.)

A2



MTL-M-3 85 10/103 (IISA F)

3. REQUIREMENT

3.11 Dtispcifications. The individual item requirements shall be in accordance
With W~M ,a as specified herein.

3.2 Design, construction and physical- dimensions. The design, construction,
and physicaldim-ensions shall be-as specified in MIL-M-3 8510-a-nd herein.

3.2.1 Crutdsrmantemalconnections. The circuit-diagram and terminal
conecd-EE-W beasspec ife on figure-S

-3.2.2 Schematic- circuit,. The- schematic -circuit shall be as-specified on-figure 6.

-3.3 Lea-d material- and finish.

-3.3.1 Lead material. Lead material shall conform to one of -the- following chemical
compositions:

-(a) Komai - TAlL-STD-1276, TyIpe K 8
(b) Alloy 42 -

Nickel -- ---- -- -- -- --- 41 to 43 percent.
Manganese- -- -- -- ---- 0. 50 percent, maximum.
Carbon -- -- -- --------- 0. 10 13ercent, maximum.A
Silicon -- -- -- -- -- ---- 0.25 percent, makimum.
Iron -- -- -- -- -- ------ Remainder.

3.3.-2 Lead finish.

Finish letter Lead-frame material-and coatigg

A Kovar-or Alloy 42-with hot-solIder dip
B Kovar or Alloy 42-with bright-tin- plate
C Kovar or Alloy 42 With gold plate-I

The lead finish shall conform to one of-the following, as applicable:Ia o odrdp iiu hcneso 0 irice fsle
(a) 6 H otodr dip 3 Mvenimum y thicnisesso 300 accroanchewt of) solr

(SN) beorwN. )oe rmr iihs nacrac ih()o(c) b-low(b) Bright acid tin plate - Thickn -ess between 100 and 400 microinclhes.
Nickel underplating is optional.

(c) Gold plate - In accordance With Type KC requirements of MIL-STD-11276.
except that the thickness of the nickel undercoating, if used, shall be
100 inicroinches, maximum.

AaA



MIL- M-3 8511, 103 (USAF)

-3.4 -Electrical performance characteristics.; The following electrical performanceA
characteristics apply over -the full operating ambient temperature- range of -55*C to
1250C and for supply voltages of +Vce = 12.OVdc and -Vcc = -6.OVdc, unless
otherwise specified (see table 1).

-3.5 -Rebonding-. Rebonding shall be in accordance with W[L-M-38510. The total
number -of rebondýattempts~shall be limited to a maximu m_ of 10- percent of -the total
_numberWo bonds -n the-microcircuit. The- 10tpercen~t-limit on rebonds may be
interpreted as the- nearest-whole number to the-10 percent value. A bond-shall be
-defined as a wire-to post or wire to pad bond (i.e., for-a 14 lead--wire bonded
packamge-thertn Pre '28 bonds). Bond-offs required to clear the bonder after-an
unsuccessful firstibond- attemnpt need not be conside-'-as rebonds provided-they can
be identified as bond-offs by -being phjysicallyioff the plated post o-r if they contain-a-
non- typical number of-wedkO marksý. -The -initial bond itempt ned not be-
visible-. -A replacement-oflone wire ýbonded :a-t o-bne-end or-an unsuccessful --bond attempt
-at one enid of the-w=iire-counts as one reibond; a~replaceiiieOnt of-a- wi1re bonded at both-
-ends co-uhts-as t-o-r-ebon~de-.- A ball-bond-on-to-p- of a-ball bond- is-n-ot -perm issibl e.
-No mlor e than -ono~el--boni attempt shill be-periinitted at any pad ort post and! no rebonds
-shall be-ma'Je whe're-pad metallization -has been-li -fted. _

3.6 reurmetlý Electrical test requirements shall be-as

specifiedT ýirtabile- Ill or the-applicable device-itype-and-device -class. The Subgroup3
-of _table-ifi and- limits of -table w which-cousti-iute the-minimum electrical test
-requirements for screening,- qualification and -quality -conformance, by device class
are specified in table 1H.

TABLE Hi Electrical test require-ments _______

Class -A class B IClass C t

MIL-STD-883 test -requirement -devices devicc"z devices

Inter im- elec trical-parameters I None
(Pre Burni-Th) (Method 15094)

-Final e'lectrical test parameters 1*,2,3,4 1*.2,3, 4 1
-(Method 5004)

Group A te-st-requirements 1.213,4, 1,2.3,4.
(Method- 5005) -5,6,7 5,6,7
Groups B and C end point 1,2,3 and Table TV Table TV
electrical-parameters table TV delta- I iinit' delta limits
(-Method 5005) delta limits and-limits and limits A

IAdditional electrical subgroups None None 5,6C
fo ropC periodic inspections __

SPDA applies to subgroup 1 (Ree 4.3(h)).

'-4 11 anid 6 do nint niml*v -'%r T--~03.
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MIL-IM-3 8510/103 (USAF)

3.7 -Marking. Marking shall-be -in accordance with MIL-M-38510 and 1. 2. At
the option of the manufacturer, the -following- marking may be omitted from-the
body of the micru.irc-uit, but shall be retained on--the initial container.

-(a) Country -oforigin.

_(b) Manufacturer's identification.

4. PRODUCT ASSURANCE PROVISIONS

4.1 __Samplng~auid-i-ns-ection.- Saýmpling and inpection proc-edures shall be-in
accordance wIIWMiL W3510-and Method 50-05 of =-MIL STD.-88:3--except-as-
modified herein.

4.2 Qualificatio-n Iidisection. -Quialification Winpection shallibe in accordance with
MIL-M _ _5i-nse tioi be peiormed shall bme-those-specifie~d-herein for=

grus ,B adC p~ections &R&C4.4. 4.-4 2,and-4.4.3).- After-qualiffittion
of on-e oý-r-more -el-ec'tAi~ill and st W~rally -similiir types -with-a-single- lead JIMis~h,
other -lead -finishes -ofithe- same -case- outline-mayr bqualified- byi submitting-a
single itpe in-thie quallified case outline tothe grou -B, subgroup 3 tst and the
group C, subgroups 1,j 3, and 4 tests.

4.3 Screening. ceeigshallibe -in accordance with Method-5004- of MIL-
-STD.-8937 ad-sia-1-Abe c-onducte d-on-all devices prior to-qualific~tion-and quality
conformance IAnspection. -The-following additional--criteria shall_ apply:

(a) Test-samples for-the-g-r Oup B bond stirength test specified in
Met -hod 5005 of MlLa-_SfD-883- may, kth aufcue's option
be _randoiiily_ selected iffmiediately followIng the internal visual
(precap)- fisection and prior to sealiiiCg (see-4.4.2(b)).

(b) Temperature cycling (Method 1010 of -MIL-STD-883hý
(1) Omit Seal -test- as post-test measurement.

(c) Thermal shock- (Method 10611 of MIL.-STD-883), when- substituted
for te mper-ature cycling.
(1) Omit seal test as os-test measurement.

Wd Burn-In Test (Method 1015 of MIL-STD-883).

-,) Reverse bias burn-in and interim electrical test in accordance
with 3. 1.10 -of Method- 5004- of MIL-STD-883 shall be omitted.

Mf Interim and final electrical- teat parameters shall be-as specified
in table It, except interim electrical parameters test prior to

1k, ~burn-in -is- optional -at-the discretion of--the manufacturer.
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_MIL-M-3851 r103(USAF)

(g) External vi~ual inspection shallinot Include Arieasurement-of
caseand lead dimension-s.-

(h Percent defective allowable (PDA) -1 The PDA is sp ecified as
5-percent for class A deirices-and 10 ercent-ifor-class-B- devicles-
based--on failures-from lrou A~ ubg~ours4 Lest after' cool- down-
as final electrical-testilivaccordance witk.Method-5004-of!
MILST D--883, and- with no in-tervening, electUrical -m-e-asurej-e:nts.-,
If interim -electrical par amete r tests aire performed prior-to
burn-Tin _failures resultir'g ii. iueburn-in screening -may- be-
excluded-fr-om the 1PDA.- If -interim elbectri~al paramete r -t~sts
prior toburn-in -ar omWitted the all sceening-failures- shall -be--
-included in the PDYA. The -verified failuires-of g-ý-roup A,-ss-W-roupi1
afteib~u~rn-ij~i_ in tAtM lot shfall be ui-sed t-o-detFerm-iine the( p erceent
-defective fo tha-t lot,and -t-h-e-lo-t fsh-a-ll bg-e-acc~epted or rjee ae
-on the-PDA1for-the appicble- deWvice class.

4. 4- iiaity conforii Lceii ection._ Q~lity cnformancei-petok hUe
-in:.,-uc-o-rdance -with -- HrM-38510-
4.4.1 -Gfoup-A-.-nspection. _Group -- A uneto-hl~bss~fteetsb

{ ~~groups -and LTPD -values-.,;own-in bable-1 I-of MetOW 05o LS~83~i
C as'follows:

W-) -Subgr-oups 9, 1I0,_.and 11 -shall be-omitted.
()Tests -shallb -as- ~ecified intble 11.

F4.4.2- Group-B -inspection. -GroupilB -inspiectionishallt co-nsist~'of -the Aest- s-ub-
grups and- LTPD -values -shown -in- table -11 -fMethod 505of MIL-TY48e3 And

(a) End -dint -electricAl-paramfeters -shall be-as sjecified in table, J1.
(b) Lbond-stren-gth-te~st-miay-be condtucted on samples-co'iehztedpri~or

sealing (see-4. 3(a)). A
()Operating life test, (Metnod -1005.of- MIL-STD-883).

4.4.3 Group C-inspection. -Gro-up-C inspWton shall- cOnsist-QL ths-test su-
grourTs andi LTPD values-shown in table III o-f-Methfod 5005 of MIL-STD-88U3 a;ud

Wa Entd point electric -al parameters -shall be as spc'cifiled in- tab-le U.
()Lead- torsion initia-l- cond-itioning prior tomoisture re-sistance and

salt atmosphere tests may be omitted.
(c i Omit-stea-dy~state-r-everse bias test.

I. Mehds -of - xaminatijon-and test. Mthod~ of -examrjiantion and -Les t sha i br
as5 specifflea in the- ppropriate tables. Electrical- test circuits as p~rescribcd-hnerck.r

er in he roferenced test mnethods of MIL-&TD-883 shall-be accept-Lih12.Ote
~ ~~P"U1 $ ~li:r¶~uir-e t." approval of-the :ealifvint ?,clivi-7,
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4.R5.1 Voltaue and current. All voltages given ara referenced to the micro-
circuit ground terming. Currents given are conventional current and positive
when flowing into the referenced terminal.

4.5.2 Life test cool-down procedure. When devices are measured at 25 0 C
following application of the operating life or burn-in test condition, they shall
be cooled to room temperature prior to removal of the bias.

4.6 Inspection of preparation for delivery. Inspection of preparation for
deliverv shall be in accordance with MIL-M-38510. except that the rough handlii:
test shall uot apply.

5. PREPARATION FOR DELIVERY

5. t Preservation-packaging and packing. Microcircuits shall be prepared for
delivery in-accordance with MIL-M-38510. Level C requirements shall be used
unless otherwise stated in the ordering data.

6. NOTES

(16.1 Notes. The notes specified in MIL-M-38510 are applicable I., this
specification.

6.2 Intended use. Microcircuits conforming to this specification are inteaded
for use for Government microcircuit applications (original equipment) and

4- logistic purposes.

G6.3 Ordering data. The contract or ,order should specify the following:

Sa) Complete part number (see 1.2).3

(b) Requirements for delivery of one copy of the quality conformance
inspection data pertinent to the drvice inspection lot to be supplied
with each shipment by the device manufacturer, if applicable.

(c) Requirement for certificate of compliance, if applicable.

"" (d) Requirements for notification of change of product or process 1o
procuring activity in addition to notification to the qualifying
acti"ity, if applicable.

(e) Requirements for packaging and packing, if other than level C of
MIL-M-55565.

,f! Requirements for failure analysis (includin!t required lest condiHionOf Method 5003), corrective action and reporting 0 C resuls, fI

applicable.
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(g) Requirements for product assurance options.

(h) Requirements for carriers, special lead lengths or lead forming,
if applicable. These requirements shall not affect the part
number. Unless otherwise specified, these requirements willnot apply to direct purchase by or direct shipment to the
Governmnent.

6.4 Abbreviations, symbols, and definitious used herein are defined inMIL-sTID-1313 and MIL-STD-1331.

6.0 Substitutability. Microcircuits covered by this specification aresubstitutablu for the folllowing commercial device types:

Device type Commercial type

01 710
02 711
03 106

ABA



DEVICE TYPE 01

CASE G CASE C CASE H

NOTIE: Pin 4 €onnfttsdtoA.

DEVICE TYPE 02

CASE I CASE C CASE H

S.' a Jom.

S.C~

NOte, Pon 4 connected t camo.

DEVICE TYPE 03

CASE G CASE AE

wet ~ 1 1 .

FIGURE 5 TERMINAL CONNECTIONS

CASE CASE9



DEVICE TYPE 01

"' 1 4

N ON

DEVICE TYPE 02

49
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TYPE 01 AND 02

RZ ~45V

•= ~TYPE 0' S •

'0

5+Vcc

t-V 47 0

TEST CONDITIONS (TA - +125°C) +Vcc 12 V, -Vcc - -6 V _

S~~~SIG GEN f-=5 HZ, OUTPUT = 10OV(P-P)-

• NOTES:1. ALL RESISTORS ARE 57, TOLERANCE.
NOE:2. INPUT APPLIED TO BOTH CHANNELS OF DEVICE TYPE 02, -

+24 V

STROBEINPUT OPEN

SI
GEAl+



.,eE 01 AND 02

+V -cc

V+

RL - 500 S2

TYPE 03

+V +24 V

470 n

-Vcc

TEST CONDITIONS (TA -+125
0 C) +V~-1 ,-~--6 V

VIN - 5 Vdc (SEE NOTE 1)

NOTES: 1. FOR DEVICE TYPE 02, VN SHALL BE POSITIVE INTO ONE CHANNEL
AND NEGATIVE INTO THE OTHER CHANNEL, STROBE INPUTS OPEN.

2. FOR DEVICE TYPE 03, STROBE INPUTS OPEN. V IN shall be negative.

FIGURE 8.- TEST CIRCUIT, BURN-IN (STEADY STATE POWER
AND REVERSE BIAS) AND OPERATING LIFE TEST
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TABLE IV

GROUP 3 AND C, END POINT ELECTRICAL PARAMETERS
(TA - 25 0 C, V+ - +12 Vdc, V. - -6 Vdc)

TEST TYPE 01 TYPE 02 TYPE 03

LIMIT DELTA LIMIT DELTA LIMIT DELTA

V1o 2.5 mY -*0.5 mV 4.0 mV +0.5 mV 2.5 mY ±0.5 mY

I"B 20 /A *2-••A 75/LA *7.5 IA 20giA J21A

1o 3 9 .-. 3 PA 1o A *1.0 0A 3 p *0.3M A

IF

Nw

122

FA44

N . .. .. . . . -SO
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DEFINITIONS

IO(;IC THRESHOLD VOLTAGE - The approximate voltage at the output of thM
Ei comparator at which the loading logic circuitry changes its digital state.

INPUT OFFSET VOLTAGE - The voltage between the input terminals when the
output is at the logic threshold voltage. The input offset voltage may
also be defized for the case where two equal resistances are inserted in
series with the input leads.

INPUT OFFSET UPURRENT - The difference in the currents into the two input
terminals with the output at the logic threshold voltage.

INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RAINE - The range of voltage on the input terminals for which
the comparator will operate within specifications.

SINPUrT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to
the maximum change in input offset voltage over this range.

S•,FFERFNTIAL INPUT VOLTAGE RANGE - The range oz voltage between the L.autQ
rtrminals for which operation within specifications is assured.

V(iLTAGE GAIN - The ratio of the change in output voltage to the change in
voILage between the input terminals producing it with the DC output Level in
a.e vicinity of the logic threshold voltage.

RESPONSE TINE - The interval between the application of an input step function
and the time when the output crosses the logic threshold voltage. The input
step drives the comparator from some initial, saturated input voltage to an
Input level Just barely in excess of that required to bring the output from
saturation to the logic threshold voltage. This excess is referred to as the
voltage overdrive.

POSITIVE OUIPUT LEVEL - The DC output voltage in the positive direction with
the input voltage equal to or greater than a minimum specified aount.

NEGATIVE OUTPUT LEVEL - The DC output voltage in the negative direction with
the input voltage equal to or greater than a minimum specified amount.

OUTPUT SINK CURRENT - The maximum negative current than can be delivered by
the comparator,

PEAK OUTPUT CURRENT - The maximum current that may flow into the output load
without causing dage to the comparator.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with
the DC output level at the logic threshold voltage.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The
DC power will vary with signal level, but is specified as a maximum for the
entire range of input-sign.al conditions.

A45
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40 V

V + VC
OUT - -o VOUT

Cl.

CS I
)I

%5 K

-N. Div INV

SV- COMP

1000 Pf

Pin Number Designatw~nsI I II<O ,I

Case CS INV N.INV VREF V- OUT VC V .I
- - -I4----1 2 3 4 5 6 7 8

! 1 A13. C& 3 4 5 6 7 10 Ii i,

FIGURE 10 - BURN-IN AND OPERATING LIFIF TEST, TEST 2-ION

[I



RIX

20VU

CL K

Cs

1~~~~~ 2K j

B49



I9

0-

0404

0 C

z

Ak~

'Il

8101

------



-- ý - 4~~- - x

0>0 >0 >0>0>

"4 "4 "4cl "4 La coLý "

C4ci C~ C14 I " 4 141

v q V) U') 1 "4oU; % c qeWr -1 "4 V-4 V4 V-0CI

4):

ii F
i,4 >.I _ -- - - - -

cl M) N u



NOTES:

1. Unless otherwise specified:

VIN V+ VCl 12V, V 0V. ILL I mA, RSC iut, CI1 100pF

and CREF = 0.

2. Resistor values required to set output voltage.

a) For VOUT = 2 to 7 V dc, RI, R2, R3, and R4 are determined as follows:
- v H2 VREF

VOUT VREFx R1 + n2 I + R2 =ImA•- ~RI R2
R3 10 K S1 R4 = Open Circuit

b) For VOUT 7 to 37 Vdc, R1, 1?2, R3, and R4 arc deternined as [.mlo'&.4

g •UVUT= REFxRR 4• R4 = ImA _

11 I3 114 -RI 10 K R12 =Open Circuit
R3 + R14

i l to determine the resistor value required to obtain a given nominal output

VOUT SI(A) St(B) SI(C) S1(D)

-E -4r -R

2V 5R 15 K 2K 1. 45CK rcu "

S5V 2.15 K 5 K 1.50 K

7.5V 0.33K _ 0.35K 7.15K

57V 5.77_K 29.85 K 7.15Kif I , resistors are used nomitial VOUT will be achieved willin -5

J. Pi, chosen to obtain required IL f -r .,iven nominal output volt;ie.
VI . 25VC.- 11 V @ 125°C ÷ C

250)( to 125°C VOUT @[ 25°C

5.TCour VOUT C. -5 "1"( - VOUT ( 'P 25°C _•80 0C ",r-,
T0 ~~~~ ~OT____sP OUT@C 250C-55"C to 25 0 C 1 OUT @ 25°C

FIGURF 12 - Test Circuit for Static and Dynamic Tests 1C,0ntinucd)
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A-

[~ 012 V

,.%r]'VINS ]

V+ Vc

vSEi OUT

CL

CS

2,15K S~1. 50

COMP a100 P

Non lnv - -

IC
T 1 REF 5 Kg 5KA

_ __

1. For ripple rejection
VINS= 2 V rms, 10 K Hz

RIPPLE REJECTION (db):= 20 log E rms _
INS

2. For noise
ViNS = 0 V rms
Erms (filtered to 100 Hz to 10 K Hz) = noise 1i V rms :

FIGURE 13 - RIPPLE REJECTION AND NOISE TEST CIRCUIT

8131



+12 V

LO
3 V

500 ~'- ...ri.... Pulse 1

To Scope

V+ Vc 0

VREF OUT

. CL .

CsI
2.15K 1

COMP
lOpF

INV 2

75 a
C 5> KA

REF 5
Pulse2 2 ,F 5K

____ _ __ ____ ___50 fl

1. For line transient response, S1 in position 1
Pulse 1 equals 3 V high, 25 p sec wide, 3% duty cycle

2. For load transient response, S1 in position 2
Pulse 1 = 0
Pulse 2 equals -750 mV, 25 gsec wide, 3% duty cycle

FIGURE 14 - TRANSIENT RESPONSE TEST CIRCUIT
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N 15 V

Voltage 1. mA

i~yTA 2500
j 25 Lsec R 0 sc

W Outout 3 my max changeN• ~ ~Voltage __

5 V

LINE TRANSIENT RESPONSE

Load /VIN 12 V
Current TA 250C40 mA RSA 0fA[-. 25 gsec

5 V
S~Output

S~~Voltage .•

r 15 mV max change

LOAD TRANSIENT RESPONSE

Figure 14 (Continued)
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