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included in this report.

in this report.

The objective of this study has been to deveiop 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.
sheets to MIL-M-38510 were prepared for DTL and T“L-SSI logic circuits, Thl Opsra-
tional Amplifier, T10/711/IM106 Differential Comparator, and the T23 Regulator.
The results of the vendor comparison, test circuits, and nroposed slash sheets are

New or modified slash

Test profiles vere prepared for a broad range of birolar and MO5 semiconductor
memories., ROM's, PROM's, and static and dynamic RAM's were considered.
profiles cover static and dynamic functional test requirements.

MSI/LSI test considerations were based uvon the develooment of a minimum set of
logic tests, based upon & stuck-at-one, stuck-at-zero philosoohy in order to pro-
vide a rapid and accurate functional test of complex devices.
teria termed "logic Integrity Tests" is described and is aproposed for inclusion in
MIL-STD-883. Test Vectors based uron the Logic Integrity Test for the 2 and b bit
full adders, & x 2 multiplier and the 9341/54181 Arithmetic logic Unit are included

The test

This testing cri-
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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
modified slash sheets to MIL-M-38510 were prepared for DTL and T2L-SSI
logic circuits, T4l Operational Amplifier, 710/711/LM106é Differential
Comparator, and the 723 Regulator. The results of the vendor

comparison, test circuits and proposed slash sheets are included in
this report.

Pest profiles were prepared for a broad range of bipolar and MC:S
sepiconductor secasries. ROM's, PROM's, and static and dynamic RaM's
were considered. The test profiles cover static and dynamic
sunctional 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, Microcircuits) detatl specifications

for generic classes of devices. A detailed review of the test methods contafned
in the 3000 and 4000 serfes of MIL-STD-883 (Test Methods and Procedures for
Microelectronics) was to be conducted and recommendations for changes, additions
«ud/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 MIL-STD~-833 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
by (E and RADC., This resulted in MIL-M-38510/101, the military specification
that will be used to procure 741's, 747's and LM101's (commercial operational
aaplifiers). New test methods were added to the 4000 series and others were
.nanjed, EIA and AIA committees are presently reviewing the methods for
possible inclusion into the 4000 series of MIL-STD-883, GE reviewed and
rrovided test data when needed to verify the electrical parameters specified
‘n the first group of military digital specifications (MIL-M-38510/1 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
requlator 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 studying the 54181 and 9341 arithmetic units, it
was determined that vendors only t. * 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, AWACS B-1, Minuteman III and Poseidon programs,

onis O Nlo™

RE@IS C. HILOW
Solid State Applications Section | .
Reliab{ility Branch
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Section 1
SUMMARY

The characterization of complex microcireuits study covered a broad range of
microciccuits of varying complexity inciuding analog and digltal circuitry. Either
detailed clectrical tests were performed or guidelines for testing the various micro-
cireuits were developed. Interchangeability tests were performed where equivalent
parts were 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-T2L circuits. For the newer
paits, major differences can be correlated to the time a vendor decided to become a
secotid seis e for a particular device type.  1is entry into the marketplace would

Lo use of {he Yatest design and processing - apability available to hine at tha' tim.,

Tono 0w devices were considered, e, devies Spes that e Ladvanoage of a aow

Stes wran techoigue and/or clreuit design L aiibrough, a parae oot ool siteas
Nar s fcd, cathe rush to macket these devices, the bugs in the desion, p:acessing.
: £ il ano o, and test techniques have nol beon worked out.  The device witl me-derge
34 . 1 3pid redusign eyele to improve performance or alleviate manufacturing problems
4 and the associated spacification sheet will vary accordingly, Particular care is also
3 requived {o properly assess the test requirements in this case since the.problem is
2 noL “hds the vendor met his data sheet ?” but "is he testing the correct parameters?'.

it should be noted that this problem is not necessarily confined to the new de-
13 vices hecause it appears to a lesser degree cven in mature devices, For example,
3 i tests to check if a flip flop performs its intended function, f.e., is it working as a
: 3 memory element, strobe line gating function in comparators, noise tests for opera-
2 tional amplifiers, function testing of digital logic networks, etc. The general problem
E: is that specifications generated by the vendor are supplier-oriented and not user-
o 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-
mental questions about the very existence of a means of testing it,




E
z
2
2
3

SO R R

E
EE_

- iy e e T e A T T T e S, EN R LT PIrae Ao NCe 12 L LT T L ST > B R rare P ol 3 : - A aoe
Tt R O T i I o T R A T T i D T i T S Sl R IR R T L TS R CEA T T T T LA T T LS L s R V- T

2r o=

Multipie scurces supplying identical functions of differing desiga further com-
vlicate the situation. For any given state table or Boolean equation there ave alarpe
number of possible circuit realizations which are functionally cquivalegt, The user
is faced with the dilemma of either performing exhaustive testing of all possible logic
states or the utilization of computer techniques which may be prohtbitively expensive,
‘This is often resolved by performing a heuristically determined set of tests that he feols
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 <evices a logic flow
diagram depicting the exact realization of the internal circuitry be made part of the
device specification, Associated with thie logic diagram, a minimum set of test
vectors should be included that will exercise each gate of the givex loegic 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 mechanizations 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 test
considerations, The magnetic memory test techniques are not directly applicani-,
it 13 difficult to specify a single sct of "worst case patterns' when the memary . |
jecoders, and sense amplifiers are contained in a single monolithic structure that
can have completely different circuit designs and topology from several vendors
supplying equivalent devices, The entire area of pattern testing is not incluuad in
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 I
INTRODUCTION

2.0 Obiective

The objective of this study and investigation was to develop guidelines for the
electrical characterizaiion and testing of microcircuits of varying degrees of complex-
ity and to aid in assuring conformance to their detailed specification. For digital
circuitry, this included a detailed static, dynamic, and functional analysis of the
various logic arrangernent witkin and between the various logic configurations, For
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
developed and reported in a format.

This effort developed general knowledge regarding the optimum clecirica - st
conditions for microcircuits, and provided criteria for selecting and cvatvar:rg interim
eritical and end-point electrical parameters for use in Government or cortiz - o,
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
of,a minimum number and type of electrical parameters for linear or digital micro-
circuits. This standard references the 3000 and 4000 se.’=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 quantificd with
respect to a given test method. For example, worst case situation per a test mcthod
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 °nhancing microcircuit
procurement specifications,

Complex microcircuits in the MSI and ..SI categories need to be electrically
characterized on a circuit basts and/or functional basis according te established guic-
lines. it was the intent of this effort to provide these guldelines for both complex bi-
polar and MOS microctrcuits,
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In general, this effort eliminated, or acccunted 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,

O]t W]
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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,

P latas

The program included study and evaluation of the following work elements: 4
e 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,

e  Review of MIL-STD-883, MIL-STD-1331, and MiL-M-38510.

e 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 amplifier, a general purpose amplifier
for a linear circuit, and a MOS device.

A bR A oA g Ay B 1y

e Device Characterization: Those devices mentioned immediately above except
for ECL were electrically 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.

Wit s Mgt w
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o Interchangeability: Sufficient effort was expended to determine the variations
in circuli de<ign, testing, and specified electrical parameters for families
of devices manufactured by different vendors. Initial emphasis was placed
on the 930 DTL eeries, 54 TTL series, thc standard ECL series, and on
the 741 operational amplifier and the 106 differential comparator in the
linear category.

VN e B,
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e Complex Microcircuits: This tack 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 4x2 multiplier were tested,
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¢ OGtandardization of Tests: A review of the electrinal parameter tests re-
quired in Groups A, B, and C tests of the 5004 and 5005 tests of MIL-STD-
883 was conducted to determine if additional tests need to be specified,
-present tests ueed to be deleted, or present tests need to be modified. In
addition, the 3000 and 4000 series test procedures of MIL-STD-885 were
reviewed to effect changes, additions, and deletions. Results of this task
5 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

3.0 Introduction

Many vears of experience with DTL on the Poseidon and Naval Electronic
Standard Hardware Program (SHP) has led to a2 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 consisied of a compléte
‘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
a buffer gate, Many of the limits used in these specifications are tighter than those
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
of flip flops was included in the proposed changes, In fact three compietely new
methoi 3000's were added to cover some of the aforementioned problems. Expericnce
also dictated a complete change to the methods for measuring noise margins, Method
3013,

. 3.3 Vendor Comments

The proposed DTL specti. icz'ions were sent to all the major manufacturers for
comments, Since these specifications closely follow the reguirements of the 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
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the expense of preparing newv specifications nor qualifying to them. The projected
dollar velue for 1972 is thirty-two million dollars based on a volume of sixtecn
million units. This corresponds to a T¢L valye of fourteen million dollars based -
on twenty million devices. Furthermore the rgr. usage is growing while the DTL i
usage is declining. On the other hand DTL has been designed into military equip-

ment vhich will continue to need replacement parts for at least 10 years. It

vould 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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IT SEMICONDUCTORS

ELECTRONICS WAY, WEST PALM BEACH. FLORIDA

------ et AND  TEL < TION

Ref. No.: G/69%4

13 December 1971

Mr. Herb Labb
General Electric
P. O. Box 606
vittsfield, Mass.

ST T Tk LN AL D U e L WS AT Db L et be A

4

Dear Herb:

I would like to make some formal comments on the proposed MIL-M-38510
DTIL specs which you sent. These comments will be in iine with ou

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.

b Lk D A Ot 222

P
s AL ot

" "
e 46 0

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
2
£
X
z

A ) T o B 1

I am concerned, however, about the extensive dynamic (AC) testing you
propose, especially over the full temperature range. Good, repeatable re-
sults can be obtained with room temperature testing, but the added equip-
wment (ovens, special sockets and fixtures) required for full-ranga testing
make repeatability and correlation between vendors very difficult. AC
temperature testing at best is slow, unwieldy, and expensive,

fa W D¢

L ety S G b 2 S

5 As an alternative, I would recommend that a comprehensive design quali-

fication and characterization be required on a one-time basis, and only lot

4 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 .
2 a scheme similar to this with very good results.
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The 945 flip-flop spec presents a good example of what I consider to he )
unnecessary testing. You have proposed testing clock to output propagation
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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. Thesec

limits are based on our experience with NAD Crane and can be guaranteed
by room temperature tests.

Tpdt ~ Tpd-

930, 962, 946 25°¢C 25- 80ns 10-30ns
125°C 25-110 ns 7 - 35ns
-559C 25- 80ns 10-40ns
944 25°C 15- 80ns 10~ 35us
125°C 15-100ns 10 - 35 ns
~559C 10~ 45ns 10 - 30 ns
945 250C 35~ ?5ns 30-75ns
125°C 35-110ns 30 -90ns
-55°C 20~ 90ns 25 - 65ns
932 25°C 25~ 80ns 1i5-40ns
125°C 25 ~-140 ns 1S~-45ns
-55°C 20- 80ns 15-40ns

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

ITT SEMICONDU?ORS

Michasl 1. Wier
Product Engineer

MIiwW/bp

Copies to:

F. DiGesualdo
R. Morey
J. Paschal
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~31 nal Semiconductor Corporation

Decamber 16, 1971

‘ Mr, Herbert C. Labb

- General Electric Ordance Systems
H Advanced Components Engineering
i Room 2072T, 100 Plostics Ave.

A Pittsfield, Mass. 01201

REF: 5070-381
Dear Mr, Labb:

-]
| just received a preliminary choracterization of the 930 DTL family for inclucion in
MiL-M-38510 slash sheets. | must say | was surprised if not shocked to see this.

The MIL-M-38510 slash sheets originally were, ond | believe still ore, to be prugurnd
for widely used integrated circuits. The 930 DTL fomily is certainly not o popular
family of devices. The 930 DTL useoge reached its peak approximately 2 years cqo.
Since then it is been replaced by the faster ond more versatile 54 series, TTL

integroted circuits, os the industry stonderd bipolor digital logic fomily. The 930
family is used only in old designs and the majority useage here being for the commerciol
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 bosic functions. MSI (medium
scale integration) circuits are not availoble in the 930 series. The attached curves
depict the ropid demise of 930 DTL series total factory soles in both dollors and unite.

{0 P

MIL~-M-38510 slash sheets have been prepared for the popular 54 series TTL devices
with more on the way. [t appear: to be an unwise move to prepare specifications, ot
a substantial cost, that would not find ony useoge, | sincerely hope you will sericusly
consider the industry trends for the 930 DTL integrated circuits before deciding to
incur the cost of preparing ond releasing MIL-M-38510 slash sheets,

o
L

ity

Very truly yours,
NATIONAL SEMICONDUCTOR CQR?.

EUGENE R, HNATEK
MILITARY/AEROSPACE PRODUCT
MARKETING MANAGER

ERH/jos )
7965 Samicanductor Orive, Santa Clara, California 95051 (408] 7325000/ TWX (910) 339-9240 CABLE MATSEMICOM TELEX 17
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Section IV

EVALUATION OF T2L - 88! LOGIC CIRCUITS

4.0 Introduction

Data was taken on radiation hardened and normal low power T2L devices and
normal standard T2L 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°C, +25°C, and
+125°C, In addition to the specification, pictures were taken of transfer character-
istics at the above three temperatures, Some limited testing was done on four input
ng smeed T21. nand gates in order to provide a three-way comparison on input

. g characteristics and transter characteristics.

the: tost limits and loading for the vormal low-power and radiation-hesdened
ey -power devices were extracted from the "Integrated Circuits Catalog for Dusipn
Eungineers' written by Vendor E (1971); Catalog No. CC401, Test results were ana-
lvzed 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 aid 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,

1,1 Summary

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 (Vo) that are0.1 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 iow-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 RH devices is a design feature requested by
the Air Foree,
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The RH device input leakage is an order of magnitude greater than it is for
i devices; yet the maximum limits are the samme, 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 genmetry. 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 wser 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 ve taken when screening RH devices initially to post irradiation
tizaits. The third and fourth paragraph above illustrate both dilemmas of the problon:

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

b) Fourth paragraph - screening initially to broad post irradiation limits
can allow devices which could he 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 (tpyy) and turn-off (tpy ) 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 supplied
by RADC were not irradiated,

hry W
R

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 runr on 2 sampled basis on vnits that have been
e irradiated to verify the magnitude and direction of change,

F 4.1.1,2 Normal Low Power

(N) low-power device input logic "6'" 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
‘, : sume short comings. First of all, the logic 0" noise margin for the low-power de-
. . vice iz decreased by 0.1 volts (the opposite is true for the high-spced and stundard

devices),

Secondly with standard device logic "0 input voltages 0. 1 volts higher, the jow-
3 , ov.or e ice will be operating on one of the negutive sloped portious .f chie segrentec
3 t1anster Characteristic (+125°C characteristic), This will cause low -puw.t logic '"17
g output voltages to he lower, This in turn causes logic '"1" noise margins to decrease,
% Refer to Figure 4.5, Part B.
E
=
B
E

W,

ot df o B o

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

The dynamic load for normal low-power devices should be simplified. Sece
Figure 4,12,

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

k=
3
L
E

Lane LT

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

.

I

i

L iy

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 maximum limits, In
some cases there were failures, More testing should be done with other lots to
determine how delays vary between lots.

ol g

-
o i

17

]
5

|
s
W«w W o R RO 2 b e R A i 4L et




4.1, 2 Standard Devices (Normal)

Several logic ""1" level faflures occurred at both temperature extremes, ‘fhe
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 eifect. Therefore, Vo measurements at +125°C are important; setting

of the initial conditions of the Gate Under Test (GUT) input thresholds is eritical
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 (Ijy2) reflects circuit breakdown and not normal leakage current. Ata
glance, the limits would appear to be too high, but in fact are not,

The MIL-M-38510/1 turn-off delay maximum limit (tpy,g) at 25°C is sati. -
factory, The limit extension for the temperature extremes (A of 2ns) is adequate,
however, data shows that in order to be on equal terms with the 25°C limits, the
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 T2L integrated circuits under consideration,

4.2 Input Clamping Characteristics -Summary

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

Basically, two lots of standard Vendor E devices were tested. One lot vas
known to have clamp diodes and passed V.1.C. test requirements easily, Another
lot procured off the shelf (7013A) failed on all but one iunput 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 devicas without
clamp dlodes to pass V,I1,C, requirements; if a 1ot 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.1.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,
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Parameter Trend, Min/Max

Parameter versus:
Temperature

-55°C +25°C +125°C

Vor, - Low Level

Output Voltage Min - Hax
Voy - High Level — *
Output Voltage Min e
Ips = Output Short Min - -
Circuit Current

1141 - High Level Min - hfax

“Input Current

L PG T,

— e o s i e et 20

i
{iig2 - High Level

,Input Current Min - M
gilL - Low Level | (RH) - Min
Input Current (N) Max - 1 Min
IccH - High Level _ Min _
Supply Current Drain

IccL - Low Level (RH) - Min -
Supply Current.Drain (N) Max - —
tpHI, - Propagation Delay —

Time, High to Low Level Output Max Min
tPLH - Propagation Delay (RH) - Min --
Time, Low to High Level Output (N — 1 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
versus:
Temperature
«55°C +25°C +125°C

Parameter

VoL - Low Level Min — Max
Output Voltage

VoH - High Level Min — Min*
Output Voltage

[os = Output Short _
Circuit Current Max Min

Iiy1 - High Level Min L Max
Input Current

Ij2 - High Level Min ~— Max
Input Current

111, - Low Level o - .
Input Current Min

IccH - High Level - Max .
Supply Current Drain

IccL = Low Level . Max -
Supply Current Drain .

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

tpLy - Propagation Delay -
Time, Low to High Level Output Min 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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Vendor E indicated that, eventually, all standard TZL devices will have clamp
diodes with the exception of SN54/74-83. Old deésigns.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 (-1,0ma @ Vj, - 1,2V to -1.6V) however
do not appear to be compatible with these devices. Secondary high impedance diode
hreaks were observed at relatively low current levels, thus precluding those devices
from meeting the above criteria, If, in fact, all low-power, radiation-hardenecd 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
old lesigns will not be recycled.

Since the normal low-power devices tested were of an old design, they shoul-d
not have had clamp diodes. The clamp characeristics were similar to those for the
radiation-hardened, low-power devices., One noticable difference was thot 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 (-3.0V) 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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Low Power Devices
Measurement (R.H,) and (N) Standard Devices

L araik criaast - ek st it
; SRAR A

VOL (to 1.C. VCC) (to I.C, VCC)

g Output voltage 2.1K +1% 259 Q
] ¢ low £1%

% ‘ to1.C. 0utput to I.C. (}utput

: Vo toI.C. Output toI.C. Output
j Output voltage 23, 7K +1% 8. 19K

< high 1% i f
3 { tonr, (toL.C. Vi) (o L.C. Vgo) )3
‘ Propagation delay time 4K £1% 3838 Vi
1 high to low level output +1%

¢ * * 3
PLH 50pf] 30pf 50 i
9 Propagation delay tiine - 134 T

: low to high level output Diodes ~1N4148 Diodes - 1N4148

*Including scope probe, wiring, and strap capacita=: -: v:ithout package in test fixture. :,
Figure 4.3, Tntegrated Circuit Test Loeds ,
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Comments

All Vg 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
SN54L00T's at +125°C, Referring tothe +125°C transfer characteristic, Figure
4,39 shows that the gate thresholds are a woist case low at elevated tempera~
tures. The break in the transfer characteristic which defines the beginning of

a low oufput impedance region occurs at approximately 3.0 volts., Therefore,
the minimum acceptable Vyy 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 SN54L00T'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 Vo readings were except~
ionally low (1.4 volts - see raw data) at +125°C,

The tabularized average Vop readings for the SN54L00T'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,

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 nccurs at a Voy of approximately 2,0 volts and an input voltage of 1,40
volts,
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- eminents ‘

.mtput short circuit current for low-power devices (normal and radiation-
hardened) appears to peak up between +25°C and +125°C, This is an indicaticr
of the resistivity change of the output collector reaistor with temperature s
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 juaction 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 the
Lweer limit for radiation-hardened devices from -3ma to -1ma, Vendor E ex-
»idined that the limits reflect user application. That is, after exposure to
rardiation, the output short circuit current can be expected to drop. This means
that the logic ""1" fanout can be expected to decrease, There are two incousist-
sucies: 1) The first is that both the normal and radiation-hardened device out-
puts are rated at Voi's of +2,4 volts at -110pa (a fanout of 10), It seems appr~ -
priate that a change in fanout is due for one of the two devices. Also, the rauge
of the limits appears to be excessive, even when concidering data variation with
temperature and lot, 2) The second inconsistency is that 100 percent screeuning
should be done to the pre-radiation limits which are tighter. There should also
be user design limits which reflect post rediation circuit changes.

The resistivity of the collector resistor for intermediate power devices appears
to increase at +125°C, A bottoming out may occur between -55°C and +125°C.
This resistivity characteristic is diffcrent from the low-power characteristic

AL tow and intermed;iate power devices met their respective requiremenis. i*-
~ondings varied between mid range and the low end of the specified limits,
rhere were no major differeices between the two lots of low~power, radiilicn-
ke doned devices or between these devices and the normal low-power devisis

an

aF




4,3.4 Jig1-_High Level Input Current

Test
Device Tested and Limit ' Reduced Data
Lot Identification -55°C to +25°C - #125°C
+125°C
RSN54L00 10ua 2.84ua 3.98a
(7026) max
RSN54L00 10ua 2,59ua 4,37ua
(7051) max .
SN54L00OT 10ua .25ua .49%ua
(7033A) max
SN5400F 40ua 2.74ua 5.99%ua
(7013A) max

Figure 4.7. Ijy1 - High Level Input Current
MIL-M-38510/1 Test Conditions 17~-24

Comments

1.) The raw data taken at -55°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 leakage
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.
wWater condensation was not a problem at 0°C,

2.) The leakage current levels for the low-power, radiation-hardened devices ware
similar to those for the stundard devices and approximately an arder of magrnj
tude higher than the normal low power devices., Although RH, low-power Jdiata
were similar to the standard device data, the manufacturcr's maximum limits
for the two are different: (10ua versus 40pa). 10ua is also the maximwn Yiwit
for normal low power devices. It was explained by Vendor E that the dopa timit
rcflects process variables, The 10ua limit can be held by the RH devices he-
causc it is more of a geometric variable which is more contrallable than a pre-
¢es§s variahle, The reason why the leckage {8 actually higher for RH devives
{s heenuse the inverse gain of the input transistor was made higher to increase

28
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the threshold of the device from 0, 7v, for normal low power, to 0.8v, This
was done per Air Force request. The inverse currents become greater with
high inverse gains,

No outstanding differences were noted between the two lots of RH devices.
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e A R L Ay N R L P S B Ry N e VAL LT L e M ey o R ST G A D

— = - B < -o- -

Frio_~ High Level Inpul Current

Test
Device Tested and | Limit Reduced Data
Lot Identification | -55°C to 0°C* +25°C +25°C 125

)
. N . )
L B T 5t 2 e SR T € R AR

+125°C Retake Retake | Original

R

RSN54L00 100ua 2,58ua 3.36ua | 4.59ua 6. 87ua
(7026) max

A3

RSN54L00 100ua 2,80ua 3.57ua | 3.84ua 7.07ua
(7051) max

SN54L00OT 100ua . 16ua .22ua . 34pa . 692
(7033A) max

SNG400F | 1ma 4,42ua 5.53ua | 5.41ua 10, 15u2
{(7013A) max

SN54H20S | 1ma ——— ——- 4.59ua** | 9,45
(T119A & | max
71054)

MR CR S T o 0 g o A P e e T T e o P S B R
3 !
A I o S it VO I IR Ny
4
[}
L]

e

*This dala
{at 0°C).

[
St S b B T N A e K e Y08 S AR L AT,

is an average taken on two samples in order to supply a third data point
It is intended to show that maximum current readings will occur at elevated

E temperatures. Moisture problems were encountered in the test chamber at tempera-
g tures below 0°C,

**See comment #4,

Figure 4.8, Ty - High Level Input Current

MIL-M=-28510/1 Test Conditions 25-32

'+ The leakage current levels for the low-power, radiation-hardened devices » -

similar to those for the standard devices and approximately an order of niney,
Fide higher than the normal low-power devices,

2.3 Jo cutstanding differences were noted between the two lots of racintio- Sl bevedd
dovices,

Some of the gate input pairs for the low-power and standard devices (aii iwn i
rut nands) reacted strangelv. The data for one gate input pair for somple =37,
lot. 7026 (RSN54L00), has been retabulated below,
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Test*** I IIH2 Testrt
Cond, 25°C 125°C 25°C 125°C Cond,
21 3.3ua 1. lpa 5.4pa 1. 75pa 29 ‘
22 3.2a | 11.4pa 5.3ua 58,5ua | 30 :

**xNote - test conditions 21 and 22 (IIH 1) correspond to test conditions 29 and 30 for
test IIH 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-

Mo ML S A AR

, 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°C)
Cond.

Vee = 4.5V Vee = OV

i VOO :

2y 2, 1ua 3. lpn 5.5v _®.,__.__ ™ i
ot b :

- / 7

= e

Vee

30 51,0pa 51.0pa N ey WO
= GUT

550 -B———|

i

29 6.2ua 0,8ua 0 Vee
5.5v GUT

30 26. 5ua 51.0ua 0

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

fe 5] g ity e

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- i
fore, in order to prevent skewing of "normal" gate data, they weze excluded
from the data breakdown,

;
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Data were normally far below specification limits, When leakage current

readings are made with high input voltages (Ij2), input gate breakdown may
occur. These limits therefore reflect current levels incurred during input
breakdown,

Because transistor action was not found 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,

Measurements made for test requirements Ijyy1 showed similar "maverick"
gate problems; however, the results were more dramatic for Ijya.
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2 § 4.0,7 Jeeop=_High Level Supply Current Drain
,, % Test 3
. Device Tested and Limits
T e rature :
‘ Lot Identification -55°C to Tempe
+125°C -55°C +25°C +125°C
: RSN54L00 0.8ma .540ma .455ma | .494ma
;- (7026) max
: RSN541L00 0.8ma .542ma .496ma | .534ma
(7051) max
- SN54LOOT 0.8ma .495ma .478ma | .495ma
(70334) max
SN5400 F 8ma 5.08ma 5.26ma | 5.11ma
(7013A) max l
Figure 4,10, Iccy - High Level Supply Current Drain
_ MIL-M-38510/1 Test Condition 41
s -lomments
' i) Power supply current measurements (high and low level) were ail we.l withiza
limits, Readings for the low-power, radiation-hardened devices wers 1 maxi-
mum at the temperature extremes while the current peaked up at room tempera-
ture for the normal standard devices, The normal low-peower devices did not
heve a definable trend,
1,3.8 Iccr. - Low Level Supply Current Drain
Test
Device Tested and Limit :
Lot Identification =55°C to Temperature
+125°C ~55°C +25°C 125°C
RSN54L00 2.04ma 1.26ma .986ma | 1.30ma
(7026) max
RSNE4LO0O 2.04ma 1.28ma 1.0lma | 1.43ma
(7051) max
SN54L00T 2.04ma 1.32ma 1.28ma 1,20ma
(7033A) max
SN5400F 27ma 15,9ma 16, 3ma 15.4ma
(7013A) max
Figure 1.11, Igqy, = Low Level Supply Current Drain ;
MIL-M-38510/1 Test Condition 42 i
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4.3.9. tpy, - Propagation Delay Time, High to Low Level Output
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Comments i

1.) The louds specified in the manufacturer's catalog for normal low=power and
radiation-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 tpy, measurements and 2, 75ns to tpyyy measurements, This data is i
tabulated in the section for RSN54L00 (7026). See the Appendix.

PRSP T IV E ST

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. :

Wherever the manufacturer has not supplied test 1imits, an X has been entered
in the figure,

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,

The standard devices were comfortably within specification requirements, The
increase in the turn on delays at -55°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.

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 (tpgr) is 2 minimum at 25°C and increuases at the temperature :
extremes, Instead the minimum occurred at +125°C and the maximum at -55°C, ;
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,

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

37




R EGE RN R bt R S S M AN K RO AR BT B0 AR N s RO R L Bt S0 2 R P R S TR B LI T A O g STy ST S0 SR ) SRR ES s e e 2 e e RS

T

g,.xe.v e TERD Y ety o=

o e - s e it e e b e . .

that the delays should be similar, They were in fact similar at +25°C and at
+125°C, however thke 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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Comments

1.)

2,)

3.)

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

Curves in the manufacturer's catalog showing the temperature dependency of

this measurement were satisfactorily veritied for normal low-power devices.
That is, the turn-on delay is 2 minimum at approximately +25°C 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.

The 25°C readings were similar to the typical advertised nunibers. No twpical
numbers are given for the RH, low-power devices. The delays for the RIi de-
vices were significantly longer than for the normal devices at -55°C; this was

also true for turn on delay (tpyy).

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

The maximum (tpr,py) specification 1imit was increased hy 2ns for ~55"C and
+125°C delays from the 25°C limit for standard devices in MIL~M-38510/1.

The difference between the 25°C 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 tempera-
ture testing. The amount of the {ncrease 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 stendard devices are now being manufactured with
similar iriput characteristics.

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

Enclosed are some pictures, with supporting data, which illustrate several
different types of clamping characterigtics.

1,4.2 Results -

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 V;,
= 1,5 volts., Some intermediate power devices met the V.I.C. test requirements;
whereas all high~power samples met them,

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

° No diode characteristic - high impedance curve (Figure 4. 25)

e A diode characteristic breaking initially at approximately 0.7 volts
followed by a low impedance region and then a secendary break followed
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 ‘han -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
compounded by an additional break through scme 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. 1t
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 T013A - sce Figure 4, 14) had input characteristics similar to the
third characteristic described above, The secondary breakthrough accurred at higher
currents than it did for the low-power devices (sce Figure 4,28), One tnput of all
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those sampled met the V,I.C. requirements. Several of these samples were ais#
evalusted to determine what input voltages were required in order to draw -12ma o
it current. In this case, 1,76 volts to -2,0 volts was required (see Figure =. 1"
Cue Vendor E sample (Figure 4,30 - dual J-K flip flop - date code 70254) is illus-~
‘rated in Vendor E's 1969-1970 catalog as not having input clamping diodes; howeve. .
it did meet the V,1,C, specification requirements and did exhibit a simple diocde 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-powey devices (Figures 4.31 and
+4,32),

The curves shown in Figures 4, 31 and 4, 32 are good examples of low-impedance
' sharacteristies, The knees of the curves are very sharp, and all curves rese®
* 1« it approximately 0.9 volts, The Vendor E J-K flip flop (Figure 4. 30) mct th-
i. (. criteria at a higher input voltage of -1.2 volts. Note that the current offsct
-1volts input voltage is primarily a function of the device low level (logic ""0") irpu!
.~ rend and is dependent upon the power supply voltage of the device,

in conversations with Vendor E representatives, concerning input clamping
-iexjes, the following details were discussed:

. 23
Standard digital T°L devices

All standard devices with the exception of the SN54/74 - 80, 82, 91, 94 and 96
wiii have input clamping diodes. All new devices will have clamping diodes; sche-
matics will reflect this, Old designs wili have clamping diodes put in, The SN54/74 -
% will be the last of the recycled designs and will be completed by the fourth quarter

nre vear (1971), Because recycling oid schematics is an "unnecessary" cost. " -
vitl noet be recyeled for the sake of illustrating clamping diodes,

.«wrmal low-power devices

New devices will probably have clamping diodes. Old designs and schem‘ins
aoout be recycled,

Radiation-hardened, low-power devices

il rvadiation-hardened, low-power devices have clamping diodes, There will
*« .mjv one clamp diode per gate, indepceundent of the number of gate inputs, The dieds
.-} he located between the collector of the multi~emitter input transistor and grow.i.
in. lictertrically isolated inputs on the radiation-hardened devices makes placemer!
£ v jamp dicdas in the conventional tocation (from each input to ground) imprasii-ai

i'nst criteria for the verification of clamp diodes was discussed, The voltage
check print would probably he =1, 2 to -1,6 volts. The current should be signifirantis
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greater than Ijp+ (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 300ua. With secondary breaks occurring at such low currents,
~1ma is not a realistic check point; however, 300ua 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 l Minimum Maximum No. of Data
Reading Reading Reading Samples Averaged
E=-1.5v E=-1,5v E=-1,5v
RSN54L00 -4,6Tma -3.50ma -5.40ma 71 i
(7026) |
RSN54L00 -4,35ma -1,1ma -5.8ma 97
(7051)
SNS4L00T -3.35ma ~-0.88ma -5.7ma 60
(7033A)
SN5400 F -8.04ma -4,80ma -12,0ma 72
(7013A)
SN5400J1 — - -— -
(7T119A)

*See: Figure 4.21 this section

Figure 4,15, Data Breakdown-V,.I.C, Input Current
with Input Voltage Set at -1,5 volts

*Note that for standard devices the difference betweea Iy, and the V,1.C, current
check point is approximately 1 to 10 (1, 6ma vs. 12ma).
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: 1 Average | Minimum Maximum No. of Data
: Reading Reading Reading Samples Averaged |

I=-12ma I=-12ma I=-12ma F

RSN54L00 || -4.02v -3.64v -5.01v 8
{(7027) J
RSNS4L0O || -3.56v -2.47v -4,87v 16

(7051)

A R e e, s e a ot

SN54LO0T -4,05v ~1,99v -7.11v 8
(7033A)

(7013A)

3 2 3 g B e L4 8

2 SN5400J -.874v -.828v -.959v 8
(7119A)

Rarif e TR

L ey N

*Readings which deviated erratically from the norm were excluded from the data
breakdown,

T TR TR

ann 53 e bl

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

with Input Current Set at ~12,0ma
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Figure 4,22 Photo 1

Vendor E 5400 radiation-
hardened, low-powe. inte~
grated circuit - although it is

not shown in the picture, this
sample failed the clamping
specification of -12ma @ Vi,

€ -1,5v for standard devices,
Not shown on curve B 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 criteria
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,

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
breaks seem to occur at low current
levels for the RH, low-power devices,
not much latitude is left for specifying
reasonable test limits,
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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
secondiry break similar te that
on waveform B, The break
occurred at -56ma and -1, 7 volts,
Refer to Figure 4,17, test no, 43,
(for this sample) for backup data
for waveform "A",

Figure 4,26 Photo &

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,

Figure 4,27 Pheto 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.LC. test criteria,
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i Figure 4,28 Photo 7 :

2 Vendor E 5400 stu-dard inte-

;’ grated circuit. This lot of

3 devices did not meet test :
criteria - Note the secondary

& break,
5 ‘%— ;
‘

Figure 4,29 Photo 8

i Vendor B Diode - transistor )

900 series integrated circuit.

This picture affords a compari~

son for T2L circuitry, Note

, . _ that the characteristic breaks
ce=or o G : ‘ ' at approximately -1,2 volts.
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Figure 4.30 Photo 9
Vendor E 7400 series standard
integrated circuits,
Waveform A - low forward :
impedance characteristic ;
: (All inputs including :
S clocks - no sec, breaks) )
- Waveform B - high forward
E . impedance characteristic
: Figure 4,31 Photo 10
Vendor G and Vendor H 7400
? series high power integrated
: circuits,
. | Secondary breaks were not found
: in these samples, even at several
{ hundred ma of current,
H
H
: 3
: :
Figure 4,32 Photo 11 ‘
: Vendor H 7400 series stundard
g integrated circuit, ‘
AN B
This device probably has clamp
\ : di(’dcs. j
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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.

Figure 4,34 Photo 13

Vendor E 5400 high-speed inte~-
grated circuits,

Figure 4,35 Photo 14

Veundor E standard 5400 inte-
grated clrcuits, These units
were sent as samples having
input clamp diodes,

|
3

These curves and further test
results verify this (sce Fiymree
4,15 and 4. 18 this scntion),
Refer to pictures #15 and #14,
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Figure 4,36 Photo 15
Vendor E standard 5400 inte- i

= s grated circuits.
e : These units were sent as
] samples having input clamp
3 diodes. ;
{
Figure 4, 37 Photo 16

Vendor E standard 5400 inte- ‘

grated circuit. This unit was

sent as a sample, having input :

clamp diodes. Note that it :

passes V,I.C, test criteria

(-12ma at Vi, -1.5v) and has

no secondary hreak at a

current of ~350ma and a

voltage of -3.5 volts, Test i

results verify the clamp diode

(see Figures 4.15 and 4,16 E

this section).
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4,5 Transfer Chaiacteristics

The following curves display typical transfer characteristics of low-power,
standard, and high-speed Vendor E T2L general-purpose nand gates, Each picture
is a triple exposure illustrating a gate's performance at each of the following tem-
peratures: -55°C, +25°C, and +125°C,

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 Vo, measurements (Figure 4, 14) did show that the low
power devices had Vgy,'s 0. 1 volis lower than the standard devices (Vop, 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 Vg,
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 transfer
characteristics for all devices, At an input voltage of approximately 0,3 volts, the
output voltage starts dropping. The resulting minimum Voy 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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Figure 4,38, Transfer Characteristics for Vendor E's
Low-Pcwer, Standard, and High-Speed 5400 Series T2L Integrated Circuits
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4,68  Vendor Survey

Four vendor's lines of standard T2L nand gates were compared., Standard nar:

sales were compared for similarity of test and specification and ultimately for com-
patibilit.  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,
parison should still be valid for other devices in those families,

Vordar D stresses low temperature range devices., Therefore, manv of thei:
provincts are specified with min/max power supply voitages of +5 percent aver a ¢
e 70°C temperature range. The same test limits, however, apply to full temper:
< e range units (=55°C to +125°C) with £10 percent power supply toleranccs.

Ai" of the above vendors tested all specified parameters identically and o the
same limits, except for power supply current drain and propagation delay.

Shown below in tabular form are the individual vendor specifications for power
supply current drain. The test configurations are the same,

Logic (1) (Icaop)

1
1
»

Vendor E Vendor C Vendor F Vendoy 1
i =53°C to +125°C ~55°C to +125°C 25°C ~55°C to i7"
3 v = ="35 7 = ; = 5, 3%
fL- Veg = 5.5V Voo ='3.0V Vee =5.0V Veg =5 A
' Iy s, | 22ma max 20,4ma max 12ma 20, 4mn 1o <
oo 8ma max 7.2ma max - 4ma 1.2ma -~

Figure 4,48, SN5400 - Power Supply Current Drain

Given the same voltage and environmental conditions the power supply : -
draiu {'mite would probably all be the same, The circuit designs are the s,
cuit tesistor 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.

v

Propagation Delay Time

tpuL! trrl

P

\
erl BTGy

5.0v

ST TR e P v T
po

2,4v

I

VPP W
m
TN

Pulse
Genera-

S

R N 153

Figure 4.49. Vendor E -~ Test Circuit
5.0v
390Q
S,
Pulse ‘ -
Genera-] E=3 )j = :q GUT
tor
== 15pf —— 50pf
2,4v —e

Figure 4,50, Vendors C and F-Test Circuit
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S5v
5v
400Q
Pulse === LA
1 ).’: n 4
Generator LGL T N
, — — 50pf
Figure 4,51, Vendor D - Test Circuit
Propagation Delays Vo = 5,0V Temperature = #125°C i
Vendor E Vendor C Vendor F Vendor »_|
tPHL 15ns 15ns 15ns 5ns !
max max max max
tpLH 22ns 29ns 20ns 25ns2
; 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 tpy g limit with this 1oad 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, i
o Lut they are configured differently from. the other vendor loads. The main ditference *
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. 3
: The exact increase in time has not been determined; however, previous experience
3 (see cominents, Figure 4, 12) has shcwn that it should be small relative to the actual d
; delay, The maximum tpy y limit with this load is several nanoseconds longer than it :
is for the sume 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 3
: 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 }
3 for the input clamping diodes. They each used different device power supply voltages 3
for the same limits (less than -12ma at -1, 5 volts min, input voltage). The limits
F specified are used in MIL-M-38510/1 (V,1.C. tests). Since device power supply K
E voltage is not an important constraint for this measurement, the input clamp char-
acteristics for the Vendor F and Vendor 1; devices are specified to the same !amping A
riteria,
ve vior's D and E are the only vendors that displayed typica! pertorimaic: -urv. - ]
in their « talogs. The propagation delay chara.cteristics for these tuwe vendors are
Shaped ditlerently over the temperature range of the devices, The Vendor 1) charac- %

teristics are somewhat cup shaped while the Vendor E delay characteristics are more f

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 1oad compares to the Vendor D
curve for a 50pf load. Notc that propagation delay tests performe:t to MIL-M-28310/t
specify 50pf capacitive loads and a 25ns (tpp, ) maximum limit. ‘This is the same
limit that Vendor D specifies. Tests perforimmed in earlier sections of this report
show that Vendor E devices will meet these delay requirements.
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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 vericrs could probably pass the
MIL-M-38510/1 tpyy delay requirements,

5400 series T2L devices from the above vendors are compatible with each
other and are, in fact, specified in similar manners to similar limits,
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Section V

VENDOK ANALYSIS OF 711 OPERATIONAL AMPLIFIER

5.0 General

Forty 741A operational amplifiers were puirchased "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 cun,
The date codes for each vendor's part was as follows: A(7117), B(7111), C(7021),
and D(7106), Froiu 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-
elght were also tested at -55°C and +125°C,

Paragraphs 5,1 and 5.2 will include the test circuit and test equipment used and
the conditio:ss ander which each test was performed; ‘n addition these paragraphs v 1!
outline some of the troublesonie areas in testing and in calculating test resulto.

. . " v & o 1 ¢ m fad anp b b 4
AR SNSRI B SR A MR ek 20 NSO O a0t i e L

Paragraph 5.3 will include, parameter by parameter, results of testing the:
various samples. The vendore are listed in alphabetical order for each conditior .
not in order of results, I¢ should be noted that ir the conditions applicable, absotur.
numbers were used in order to give a meaningful analysis of the data, The test data
is presented as follows:

1
N

a) Number of sampies tested, b) number of samples allowed
(this was done to weed out the obvious errors in testing; for
example, if all readings for irput impedance were around 10
Megohms and one ieading wa3s 2000 nfegohms, then it would be

A et Y A o St S0 B e A o g

~

disaliowed, c) rain aad max readings over the samples taken, ;

\ d) average A from 25° (this would be a measure of change of K
: the two units which were checked at the {emperature extrenies £
as well as 25°C), e) maximum A from 25°C,

Paragraph 5.4 summarizes the results obtained on all tests and establishes a E

figure of merit for each of the four vendors investirated. 4
Finally, paragrap!: 5,5 will show the results of noise mcasurements taken for 4

all vendors. General Electric Ordnance Systems (GEOS) feels it is of extreme im- é
portance in sensitive analog applications and should be controlled ber ause it puts a
definite limit on usefulness of amnlificrs in high-gein and high-impedance circuits, ﬁ
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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 (E1, E2, etc.) to spec requirements,

The following test equipment was used for all tests:

. d.c. supplies - Harrison 6200B

R REPTT

° DV voltmeter -~ Fairchild 7000A
° DV ammeter - HP 428B

° .Tem‘perature chamber, Statham

COKOLS O AL T el

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°C,

5.2 Analysis of Test Circuit

3.2, 1 Measurement Accuracy Determination

All measurements except Power Supply Rejection Ratio (PSRR), Common Mode
Rejection Ratio (CMRR), and Input Iiri, .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 measurements of PSRR, CMRR, and Zis is determined below,

Power Supply Rejection Ratio (PSRR) ~ Given that

15 X 108
accuracy required tc measure E; and Eg to insure two-place accuracy of PSRR.
(i.e., d(PSRR) = %, 1 when PSRR = 86)

6
15X 10
PSRR = 20 log }=’43."-2010g {E -E}and E; -E.|=.752
JF‘L"ESl 120w ll 5| '1 5|

when PSRR = 86, Taking the Jerivative of the above equation

d(PSRR) = (~20 log €) dIE; - Egl)
lEl - Esi .

PSRR = 20 log } our problem is to determine the equipment

A(|Eq - B4 )

= -, 1152 d(PSRR)
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For | Eq - Eg| =.752 mv; d(PSRR) = %, 1db

d(| E1 - Es|) = +8.67 mv

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

Similarly, the measurement for CMRR will require four-place readout. The
measurements requiring four-place readout with +1 mv accuracy are E;, Eg, Egy Eq,
and Eg.

Input Impedance

|E11 - E1]| X 100

Zis =
l(E1 - Eg) - (41 - Eq0)|
_ lEp-Ef ] x 100
ligo - IiBvI
dzis= LBO=I ouleg S E | x 100 d 50
IIpo - i1gv

- - gis SUBO
Iso - BV

d Zis - dIIBQ
Zis IIpo = IiBv

Scaling accuracy for Zis and IjgQ is the same, Observation shows that the
scaling accuracies for Zis and Ifgy are also the same, Three-place accuran il
be sufficient for measurements of £3, Ey9, Ejp and Ejg.
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5.2.2 Analysis of Circuit to Measure E; and E4

50K
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e
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|

5
o ¥ GVig=G (Ve-1 _ (107)

’ - 5 1 \{1+Recs
{G Vip= 8 (Vg =T, (10 )}{'ﬁb’) \"is_—D

3 __E A [1+RCS
RC{VIO 1001 - (10} 3

.G (.1 1 + Rcs) 1+ RCS
£ {1'30(1001)( sCS}} RC{ 10" - (10)( 'EBC"}

E hd
1001 "to lb (10)

o]
]

1

If the 100K resistor is shorted,

Ib (0) = 0

Lo v
1001 10

TP R T Gl ¢ T et A o = 1% 4 S ,,g___r;;ﬁc:aai“s}/‘.f-‘i'i—“sﬁjp R I A T TN IT S VI o -
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If the 100KQ resistor is not shorted,
] L4 5
1001 - 10+ 10
L4 By 5
001 ~ 1001 "% (10)
: _‘E4-Ej
3 b 108
g |
4 If E, and E, are in millivolts,
17774

_ E4-F1
L 00 ne

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:

AAAY
50KQ
Rx
ef | VAVAVAV. - <
I.A-pe l
50 ]
Rx
eq = G (A pg)

If Rx >» 50Q

2
- BeZy/¢ N _ 2L
Then & pg = I, {:Rx/z " Z} ef{z R, + 7
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Analysis of Circuit to Measure Voltage for Calculation of Zis/(-)

SOKQ

S (o]
,"/ . | Samma— + G \/\-M ) ¢ +\
o 100K \ ;
;’-"' // i :“
i )
Vio o |
— 100K < luf !
“ i .

S1 open

_ 5
e T =GV (10))+ GV,

] 5
= G{Vlo”b(m)"f}

A .Y..i.s.ﬂ. (—1—
. )

v o B {vredl 31 (__1._
¥ 1001 2 RC/J \ 1001

veg{o* Iy (10°) - E/1000f 1
2 RC
e |, 0% 00 GE}]

i
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] b0 TTe [Eupm
2| {RC /| 1001
1
v/2 RC 5
1+G\ )|t 1001V, 10015 (10°)
3 RC| | 1001
H

Alse

ele b

_E_ Lv/z) RCH 1001) 5
1001 ( ) ) y T 100)
RC|| 1001

E]
ith S1 « =
With S1 short E-= Ell’ \Y 10 1001

R R E )

Eu 1_V/ R)(IOOI

1001 G ¥ 1001
2 1001

1
Ej1-E] _ (V/2) RCN 1001)

e[l e

With S1 open  E = E13;~é- = —]ij&ﬁ“l P Vg 1_E'ol'

A
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Eig. . I~.11-E1 E1
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5. _ Eja-E1
L, 10) = =600

LN W 1)

Zis = If’—‘-'
i

With 81 short e, = E11 - Eil

: 1000

i = v~ o
-JE13-Ej1 _ E4-Ej {1
{ 1000 1000 [ 100

[Ey - Eq 5
Zis = 10
{I(Ela - Eq1) - (4 - Ey)

If En is expressed in millivolts

T g o

IS ST TR

DA E AN Ry

3
b
9

sts = | E11 - Eqlx 100

= Meg ohms
|E13 - E1p) - (E4 - Ep)| €
s ¥ §.2,5 Settling Time of Vcltage Readings
] 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 E 1 through E4 weve 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 (+ VCC) was applied simultaneously (manually)
and resuits were plotted using a Visacorder., All units were tested at 25°C, The
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E « < Wig 97¢ shown in accompanving figures . ti.ough 5.6, For each test, uper-

i ~ge cus coleulated based on the Jdrift from time 0 with respect to the stalilizes

3 ="+ (pe-cent change), For example, E, from Vendor C changed frem 7770 rev »?

E “ir- 0 0 2300 mv at time , 5 minutes and finally settled out at 2100 mv after three

4 -
1 percent change (at .5 min) = 2430 - 2300 x 100 3.5% 3
; , 2100 ;
3 Also, the A percent hetween each increment of time was also calculated ]
( A percent change). ;i
3 NOTF The first .05 min was disregarded due to switching :

transients, this is considered time zero.

The results of these tests indicate that the parameters which take the Teny 0 F
- lewre By and Eg and especially the Vendor C and Vendor B parts. it was “urt!
~otpd 00t the drift was not drastically changed by allowing the units to cont /e g
sotedh for one hour before applying power,

A2t wth e et

st 3 32 b v

Fiar nmalyzing the data, it seems that a wait of at least 30 secornds will ~ilo=
uoel of “he units to ackieve 75 percent ic 50 percent of their totaj drift. After ‘hreoo
1. mntes. ne appreciable 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: £3 mv at 25°C, +4 mv at -535° and +125°
Results: :
Tp Samp Samp Avg Avg Avg Max
Vendor °C Tested Allowed Max Min "X" "Y" A from A from ;
25°C 25°C
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 3
-55 2 2 .56 .02 .29 NA -,88 -2,0

+125 2 2 2.3 56 1.45 NA +.18 +,50
¢ 25 7 7 8.25 Dz 2,72 2.0 NA Ry
B85 2 1 - -- 1,60 NA +5.6 -
2 2 1 ~—— .- 4,70* NA 2.7 -
D 25 7 7 1.5 .18 .55 .44 NA NA
-5 2 2 .63 .05 .34 NA -,10 - 11 :
+1256 2 2 1.0 M .85 NA +,41 .54 )

NOTES:

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

D T T S

b) *indicate out of spec conditions,
c) Signsin A columns indicate direction from 25°C*

d) Only one sample on Vendor C was allowed because
of burn out of one device at +125° after ~-55°C and
almost all ¢t 125° data taken, Data was not re-
peatable (this: iote applies to paragraphs 5 3,1
through 5. 3. 19.

e) It was noted that if the VCC for the Vendor C units
was reduced from £20v to =15v, all offset readings
dropped well within spec.
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L3.2 Input Otfset Voltage Temperature Sensitivity

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

£EY
PRI Te TR0 O CPIERFLONELAR S (LIS 54

wliEe

gt

Vendor Results

+ 2,3
-12,9

oaQwm»

LA e 2 £, 2 AT E i, 0 A P D AT e 4

+16, 1*

- 30 60

NOTES:

g a)  The total spread of each of the two modules
tested at -55° and +125° was divided by 180°,
. Results are for worst of the two modules

(not average).

b) Sign of results were determined as follows.

2
K
3
5

+ if reading at +125° was ore positive thin
reading at ~55°

- if reading at -55° was more positive than
reading at +125°

c) * i{ndipates out of.spec condition

20 R o  Plalrn gl K s g e

-
(AT

O R L ST AR R L AR LT AT RIg PP T

A KR Chebiand oo (SR I
o s o NP TS 4

81

. S e ALATE T firaie e g _
e vee sE A N P ¥ el e F R e e P T




G et L 27 Bt TRUISIANRE JRSe sk BT R 0L ot e P e ERUESEREAL B TIIRGANEE a s S ettt sprt mrar T R DA LR T S M A A ORI e VTR s SR v S s teg2 wF ud Sl e T )

A e
i,
!

)

[

+

n

y

A R R R R G
PR T e S T .-r»,,l ’

ey sin o a oo Sl A0y . e o n PR
T i et TP 20 ke pd b iR

5.3.3 Input Offset Current
MIL-M-38510/101 Ref: Table III, tests 2, 16, and 26
: 1 Specification: 30 na max at 25°C; 75 na max at ~55° and +125°
Fo Results: UZ
Ty  Samp Samp Avg Avg Avg Max ‘
Vendor °C Tested Allowed Max Min "X" "Y" Afrom A from g
: 25°C 25°C
2
A 25 17 7 4.4 .173 2,49 2.8 NA NA ,
=55 2 2 47,5 39,6 45,0 NA +42,2 +47.0 B
+125 2 2 13,5 2,1 8.3 NA +56.5 +9.0 ‘
B 25 7 1 35.6 4.5 16,04 17.0 NA NA 34
~55 2 2 15,1 2.8 7.7 NA ~9.3 -10.1 31
+125 2 2 10,4 1,3 5.8 N3 -11,2  ~15,0 3
s c 7 7 8.8 3.24 6.4 9.0 NA  NA !
=55 2 1 -- - 244 NA 4235 - %
+125 2 1 -- -- 2,15 NA -6.85 ~-- 4
; D 25 7 7 2.3 ] 1.7 1.45 NA NA
-55 2 2 2.4 08 1.6 NA +.15 +o 33
+125 2 2 05 03 .4 NA -1005 -107
; NOTES:
: ¢ a)  Avg "X" is the average (absolute) for total samples
A allowed, Avg "Y" is the average (absolute) for two
- 1 samples used in temperature tests, A's for -55° and
’ +125° were calculated by comparing Avg ""Y" at 25°C

with Avg "X" at -55° and +125°,
b) * indicate out of spec condition,
c) Signs in A columns indicate direction from 25°C,
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: 5.3.4 Input Offset Current Temperature Sensitivity

:‘ MIL-M-38510/101 Ref: Table III, tests 18 and 28

o Specification: +,5na/°C from -55° to +125°

g +,5na/°C from 25° to +125°

{ Results:

Vendor -55° to +25° +25° to +125°

3 A + .596% -.047

v B +,125 -.15

;, C +3. 15* +.09

D +,0125 -.024

NOTES:

a) The total spread of each of the two modules tested

4 at (-55° to +25°) and (+25° to +125°) was divided

hy 80° and 100°, respectively. Results are for

- worst of two modules (not average).

3 b) Sign of results were determined as follows:
t if reading was more positive at 25° than at -55° E
~ if reading was more positive at ~55° than at 25* 2

3 + if reading was more positive at 126° than at 25°
3 - if reading was more positive at 25° than at 125° 3
; E
4 c) * denotes out of spec condition, §
= a‘
< 3
g {
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5.3.5 Input Bias Current

MIL-M-38510/101 Ref: Table I, tests 3, 18, and 28

QLW TP ISR Ll s NG I T VA L AW R T T, S R PR
Y A ) R A R

(3

i

3
.
-
fin
Ad
5
4
b
[
A
3
-
b
-

Specification: 80na max at 25°; 210na max at -55° and +125°
Results:
3 Ty Samp Samp Avg Avg Avg AMax
5{ vendor °C Tested Allowed Max Min "X" "Y" A from A from
25°C 25°C
A 25 17 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 3
+125 2 2 7.2 9.5 13,4 NA -11.3  -16.4
B 25 7 7 72,8 28.5 49.25 50,5 NA NA g
-55 2 2 178 177 177.5 NA  +127 +51
+125 2 2 30 13 21 NA  -29.5 -42 4
4
c 25 7 7 149* 52,6 93,2~ 65.7 NA NA
-55 2 1 ce=  wee 43 NA 22,7 -
+125 2 1 e ===  66.5 NA +.8 --
3 25 17 7 95* 17,5 47.7 35 NA NA
-55 2 2 34,5 13,5 24 NA -1l -18
+125 2 2 20.7 11,25 15.9 NA -19,1  -32
i
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. A's for ~55°
and +125° were calculated by comparing Avg "Y"
at 25°C with Avg "X" at -55° and +125°,

b) * indicate out of spec condition.

s s
) A ORI BN 0

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 III, test 4
S Specification: 86db min at 25°
E Results:
F Avg Max
‘ Ty,  Samp Samp Avg Avg Afrom A from
Vendor °C Tested Allowed Max Min "X" "¢¥" 25°C 25°C
A 25 7 7 105  79.2* 90.8 90.9 NA NA
F =55 2 2 ~06 96,7 101,3 NA +10.4 +24,5
+125 2 2 118 93,2 105,86 NA  +15,1 +36
B 25 1 7 96.2 89.7 917 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
. o 25 7 7 111.5 63,6* 83.1* 76.5* NA NA
~55 2 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:
2) Avg "X" is the average (absolute) for totzl samples
! allowed, Avg "Y" is the average (2bsolute) for two
samples used in teraperature tests, A's for -55°
- and +125° were calculated by comparing Avg "Y" at
; %f 25°C with Avg "X" at -55° and +125,
& b) * indicate out of spec condition.
c) Signsin A columns indicate direction from 25°C,
E d) Although not called out, temperature data taken on urit <.
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5.3.7 Power Supply Rejection Ratio (=)

MIL-M-38510/101 Ref: Table IlI, test 5
Specification: 86db min at 25°C

4
4
A
3 Results: P
: Avy Max %
: 4 Tp Samp Samp Avg Avg A from A from 5
: Vendor °C Tested Allowed Max Min "X" "y" 25°C  25°C :
= A 2 7 7 92,15 81.5% 89.1 89.7 NA  NA :
-55 2 2 100.4 92.1 96 NA 4+ 6.3 +11.3 g
3 +126 2 2 90.4 89.5 89.9 NA + .2 + .81 ;
3 A
B 25 7 7 101 81,24* 87,4 84,5 NA NA b
-55 2 2 95.9 76 85.5 NA  + 1 + 7,2
+125 2 2 87.0 80 88 NA -1.5 -1,5
2
C 25 7 7 92 62,7¢ 82.2%84,8* NA NA
-56 2 1 — - 69.6 NA  -15,2 ~-
+125 2 1 — e 72.1 NA  -12.7 --
3 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

o BT s v b
S e e e W n b

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. 4A's for -55°
and +125° were calculated by comparing Avg "Y"
at 25°C with Avg "X" at -55° and +125°,

b) * indicate out of spec condition,
c¢) Signs in Acolumns indicate direction from 25°C.

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

MIL-M-38510/101 Rei: Table I, test 6
Specification: &3db min at 25°; ~55° and +125°

R

TR R R et S T S O e R S N A e A R G IO R Sl AU e A IR s B ST TR AT

ST D RS o 2 L PSS b T o I S

b) * indi-ate out of sp=c condition,

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

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

Results:
Avg Max
Tp Samp Samp Avg Avg Afrom Afrom
Vendor °C Testzd  Allowed Max Min "X" "Y" 25°C 25°C
A 25 7 7 1i2.6 90,23 96,5 94.2 NA NA
55 2 2 25,6 95,2 95.4 NA + 1.2 -1.4
+125 2 2 33.,8793.1 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 2 89.3 79.6 84,0 NA -8 ~ 8,5
C 25 7 1 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
NOTES:
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8 5.3.8 Adjustment for faput Offset Voltage 4
3 MIL,~M~38510/101 Ref: Table III, test 7 ;
5 Specification: 10mv min at 25°C; -55° and r125° ]
- Results: 3
3 Avg Max 1
3 Tpo  Samp Samp Avg Avg 4 from Afrom %
& Vendor °C Tested Allowed Max Min "X" " 25°C  25°C %
X PUPERY “‘j
’ 7 7 18.6 16,8 17.6 17.19 NA  NA 2

2 2 12,85 11.73 12,29 NA  -4,9  -5.8 3

2 2 19.33 18.8 19,01 NA  +1.82 32,5 2

7 7 16.36 12,5 15.12 14.7 NA A ;

2 2 10.1  7.4* 8,7 NA  -6.0 -3 ;

2 2 21,2 17.0 19.1 NA 4,1 % 8

7 7 27.1 15.9 18,87 16.8 NA N

2 1 -  ~-- 111 NA 5.7 .-

2 1 -~ -~ 150 NA  -1.g& -

. 7 19.3 16.2 17.4 16.7 NA NA

2 2 15.6 14,7 15.15 NA  -1.55 -2,0

2 2 16.3 14.3 15,3 NA  -L4  -1.9

NOTES:

a) Avg "X" is the average (absolute) for tofal samypic=
allowed, Avg "Y" is the average (absolute! {for (v
samples used in temperature tests. A's for <57
and +125° were calculated by comparing Avy %
at 25°C with Avg "X" at -55* aud *{85°.

b * indicate out of spec condition.

c) Signs in A columns indicate direction from 25°C.
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LT ©.2.10  Adjustment for Input Offset Voltage (-) A
¢ *{L~M=38510/101 Ref: Table III, test 8
5‘ Specification: 10mv min at 25°C; -55° and +125° 3
. Results: : 3
Avg Max
E To Samp Samp ‘Avg  Avg Afrom Afrom j
E i} Vendor °C Tested Allowed Max Min "X" "¥" 25°C 25°C K
A 25 7 7 17.39 16.18 16.21 16,7 NA NA 3
: ~-55 2 2 12,54 12,06 12.30 NA -4,1 -4.6 g
1125 2 2 17.2 16,9 17,056 NA + .35 + .¢9 ;
; B 2% 7 7 15.78 12,29 14,61 13,2 NA  NA i
: -55 2 2 10.3 17.4% 8.84* NA  -4,4  ~4.9 %
: +126 2 2 7.1 14,5 15,8 NA +2,6 +4,8 %
2 25 7 7 20.5 15.0 16,49 16.4 NA NA ;
-55 2 1 -- == 12,3 NA 41 -- p
=125 2 1 - - 21.8 NA +5, 4 ~- ;j
N
3‘:
D 25 7 7 17.7 15.8 16.88 16.9 NA NA
-55 2 2 12,75 12,27 *.,5 NA -4,4 -4,65 >
+125 2 2 17.6 15,8 16,7 NA - 42 - .6
NOTES:
i a) Avg "X"is the average (sbsolute) for total samples
& allowed, Avg "Y" is the average (absolute) for two
fg; samples used in temperature tests, A's for -55°
E: and +125° were calculated by comparing Avg "Y"
= at 25°C with Avg "X" at ~55° and +125°,
3 b) * indicate out of spec condition,
n) Signs in A columns indicate direction from 25°C.
39
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5,3.11 Output Short Circuit Current (+)

£
]
3
3
&
E
o
]
:

e~

MIL-M-38510/101 Ref: Table I, tests 9, 19, and 29

Specification: 15-30ma at 25°C; 15 ~35ma at -55° and +125*
Results:

Avg Max
TaA Samp Samp Avg Avg Afrom Afrom
Vendor *C Tested Allowed Max Min "X" wyv 25°C 25°C

A 25 7 7 20 17 18.4 17,8 NA NA

PRI IR
fer ot Y st T 2VEL NSRSt i B

-55 2 2 30 24 27 NA 9.2 +1..8
+125 2 2 13.2% 12,5% 12,8%* NA  -5.0 - 5.7 3
3
<1
B 25 7 7 20.5 14,5% 17.02 18.2 NA NA '{’
-55 2 2 22 14 18 NA -.2 -2.0 }
+125 2 2 11* 9 10+ NA -8,2 -8.5 ;’j
C 25 See note (d) below ;3
-55 3
+125 2
D 25 See note (d) below :
-55
+125
NOTES:

a) Avg "X"{s 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 "X at -55° and +125°,

G VA S e ed et T it 0 A ahR LA

b) * indicate out of spec conditions,
) Sigus in A column indicate direction from 25°C,

dj) Vendor D's units blew when performing this test at

25°C (two units). Vendor C's units blew at +125°
(two units).
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5.3,12 Output Short Circuit Current (<)

MIL-M-38510/101 Ref: Table 1II, tests 10, 20, and 30
Specification: 15-30ma at 25°C; 15-35ma at -55° and +125°
Results:

Ta Samp Samp Avg Avg A from Afrom
Vendor °C Tested Allowed Max Min "X" "Y" 25°C 25°C

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 14* 10.5% 12,2* NA -4,1 -4,5

e N S EIN IR R EREER ER AR K

os}

25 7 7 20,5 14,0 16,91 17.2 NA NA
-55 2 2 22,5 16.3 12.4 NA +
+125 2 2 12* 7.0* 10* NA -

) ™

4D it

o

o

AR Dr/e

25 See note (d) below
S -85
5, +125

£ELE

D 25 See note (d) below
-55
+125

TR A
e

. .

. o e gAY
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NOTES:

i
f
{
i a) Avg "X" is the average (absolute) for total samples
é allowed. Avg "Y" is the average (absolute) for two
§ samples used in temperature tests. A's for -55°
4

. oy
T O Al R A

and +125° were calculated by comparing Avg "Y"
at 25°C with Avg '"X" at -55° and +125°,

o3
4
.
:
b

b) * indicate out of spec condition,

I T ) PR

¢) Signs in A columns indicate direction from 25°C,

Rtz

d) Vendor D's units blew when performing this test ax

25°C (two units). Vendor C's units blew at +125°C
(two units).

91

o SRS el Sl IICTEN TRkt § A S o T R vty
PR Tt e S 15 P dehstiiectans




edy SN TR AR TTacta bohTL e mE e arf e TR e el WA WL n et LU R Tass T cled s S AR e S O LT AT e I e U AN L e i e el B MY e FIL UL T RTRIS A # R 10

~

3.3.13 Jd,c. Power Disuipation

Mi11,-M-38510/101 Ref: Table I, tests 11, 21, and 31
Specification: 150 mw max at 25°C, 165 mw max at -55°C

N »
SR R AN e 2 Tho e o e

135mw max at +125°C j
Results: "i
Avg Max ?
TpA  Samp Samp Avg Avg Afrom Afrom !
Vendor °€ Tested Allowed Max Min "X" vy 25°C 25°C a
g
A 25 7 7 112 88 100 110 NA NA ;;
-55 2 2 120 112 116 NA + 6 + 8 Y
1125 2 2 88 80 84 NA -26 ~28 ‘
B 25 1 7 116 88 1021 111 NA A 3
-55 2 2 136 132 134 NA 423 +27 ?1
: V125 2 2 90 88 89 NA  -20  -20 ﬁ
r 25 7 7 120 69 83.6 70 NA NA, :j
, 2 1 - -- 74.0 NA  + 4 - 3
~125 2 1 -~ - 64,4 NA - 5,6 -~ 3

D) 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:

a)  Avg "X" is the average (ahsolute) for total samples
allowed, Avg "Y" is the average (absolute) for two
samples used in temperature tests, A's for -55°
and 1125° were crlculated by comparing Avg "Y' at
25°C with Avg "X al ~55° and +125",

b) ¥ indicate out of spec condition.

! 2)  Signs in A column= indicate direction from 2577,
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5.3. 14 Single Ended input Impedance (%)

HA A R

MIL-M-~38510/101 Ref: Table III, tests 1, 22, and 32
o Specification: 1 Meg ohm min at 25°, .5 Meg ohm min at -55° and +125°

Results:

: A olas

¥ b )

R ToA  Samp Samp Avg  Avg  Afrom  Afrom
. Vendor °C Tested Allowed Max Min X" "y"  20°C 25C

——— — . T—— A——t S T ——  +% & — n a —

; A 25 7 6 360 49 192 180 NA NA
-55 2 2 4 1,09 2,5 NA -1 T =329
+125 2 2 91 9.0 50 NA -13v  -341

19.3 .313* 8,45 7.8 NA NA
10,0 10.0 10.0 NA + 2,2 + 9.3

-3
=2}

B 25
: -55

[\
3]

+125 2 2 100 86.3 93 NA + 85.2 + 96
4 C 25 7 6 2.7 1.26 2.1  1.26 NA NA
; ~55 2 1 — - LOGNA =« T -
ol 125 2 1 -- - 20.5 Na COL 04 -
g ' a5 7 5 100 R B R
55 2 2 6.1 5.2 6.6 NA = T .
125 2 2 20,1 bb 15.7T NA - 65,6 - 44

oS N e

i L paaciia s
ERESeA Ny s ;
R M ATt s ggoiin .+

NOTES:

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

b) * indicate out of spec condition.

LA b 8 a8

d

c) Signs in A columns indicate direction from 25°C,
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5.3.15 Single Input impedance (=)

MIL-M-38510/101 Ref: Table III, tests 13, 23, and 33
Specification: 1 Meg ohm min at 25°C, .5 Meg ohm min at -55° and +125°

Results:
Avg Max
Ta Samp Samp Avg Avg Afrom A from ,
Vendor °C Tested Allowed Max Min "X" "y" 25°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 a7 NA - 95 ~301
B 25 7 3 15,5 1.2 8.5 7.5 NA NA

N B . . | " N h N
L et 4 Lo R e AR A1 RSB W e S I et Sa Sk U] Wrsbenh oo Mot pr g

-55 2 2 0 10 100 NA + 2.5 + 5.1
; +125 2 2 0 63.5 67 NA +59.5 + 60,7
E C 25 7 6 109 3.4 46.8 3.4 NA NA
§ -5 2 1 - - 16.6 NA  + 13.2 --
+125 2 1 - —— 13,7 NA + 10,3 -~
0 95 7 6 100 1 60.2 26.3 NA NA
-55 2 2 5.7 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 +125° were calculated by comparing Avg "Y"
at 25°C with Avg ""Y" at -55° and +125°,

b) * indicate out of spec condition. \
c) Signs in A columus indicate direction from 25°C,
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5.3. 16 Outnut Voltage Swing (Ry = 10K)

MIiL-M~38510/101 Ref: Table III, tests 34, 38, and 42
Specification: 32v P to P at 25°C; -55° and +125°

L o PRI L AV Frn s SRS AR LT S B S b s o P e S i st

E Results:
o . Avg Max
§ Ty,  Samp Samp Avg Avg Afrom Afrom
E ; Vendor °C Tested Allowed Max Min ."X" Nyt 25°C 25°C
E : A 25 7 7 37.01 36.36 36,73 36.71 NA NA
T ~55 2 2 36.24 36,19 36,21 NA  -.5 -.52
£ +125 2 2 37.63 37.63 37.65 NA  -.06 -.08
7 B 35 7 7 37.06 36.38 36.84 36.80 NA  NA
"55 2 2 36. 46 36. 42 36. 44 NA hat' 46 “e 52
+125 2 2 37.14 36,95 37.04 NA  +.,24  +,60
7 7 37.8 37.0 37.44 37.2 NA  NA :
2 1 - 37.0 NA -7 -
2 1 - - 36.3 NA -9 - ;
7 7 38.0 7.2 37.55 37.50 NA NA
2 2 37.5 37.0 37.25 Na  -.i, .56
2 2 38.3 38,1 38,2 NA  +7 +,8
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 "X'" at -55° and +125°,

b) * indicate out of spec condition,

T e

c) Signs in A columns indicate direction from 25°C,
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5.3.17 Output Voltage Swing (R}, = 2K)

MiL~M-38510/101 Ref: Table III, tests 35, 39, and 43
Specification: 30v P to P at 25°C; -55° and +125°

Results:
Avg Max
Tp  Samp Samp Avg Avg aAfrom Afrom
Vendor °C Tcsted  Allowed Max Min  "X" "Y" 25°C  25°C
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
+125 2 2 36,6 35.7F 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 -
D 25 (' ( 36,5 36.2 36.6 36,55 NA NA
-55 2 2 36,5 36,1 36,3 NA -.25 - f
+125 2 2 37.5 37.4 37.45 NA +.8 1,9

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 of Avg "Y' at
25°C with Avg ""X" at -55° and +125°,

b) * indicate out of spec condition.

c) Sigas in A columns indicate direction from 25°C,

{
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.38 Open Loop Voltage Gain (Viy = 15v)
MIL-M-38510/101 Ref: Table III, tests 36, 40, and 44
Specification: 31,6v/mv min (90dL) at 25°C, -55°, and +125°
e Results:
S Avg Max
i Ty  Samp Samp Avg Avg Afrom 4 from
o Vendor °C Tested Allowed Max Min "X" "Y" 25°C 2:°C
Y A 25 1 7 242 81 113 95  NA NA
-55 2 2 202 119 167 NA + 72 +102
: N +125 2 2 123 83 105 NA + 10 + 30
- B 25 7 7 365 62 127 108 NA NA
-55 2 2 3175 75 150 NA + 42 +300
+126 2 2 100 60 91 NA - 17 - 40
c 25 1 6 57.7 2,42* 19,32* 15,6* NA NA
-Hd 2 1 -~ - 4.5* NA ~ 1 .-
-~125 2 1 - - 4,5* NA -1l -
I3} 25 7 7 258 8.5* 145.9 175 KA =
-85 2 2 75 51 63 NA -112 167
-125 2 2 166 68.2 117 NA - 28 -1235

NOTES:

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

b) * indicate out of spec condition.

c) Signsin A columns indicate direction from 25°C,

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 II, tests 37, 41, and 45 3
Specification: 10v/mv min (80db) at 25°C, -55° and +125° 3
Results: g
Avg Max k:
- | TA  Samp Samp Avg Avg Afrom A4 fcom 1
;& Vendor °C Tested Allowed Max Min "X" "Y" 25°C 25°C }3
} A 25 7 6 400 95 183 255 NA NA 3
& -55 2 2 17%6 29 105 NA -150 -175 :
i B +125 2 2 119 28 75 NA  -180  -250 4
H :la
: 5 B a5 7 7 500 18 125.4 100 NA NA 4
B4 -55 2 2 25 83 180 NA -8 -125
‘B +125 2 2 200 30 122 NA + 22 +150 g
£y &4 i3
c 25 7 6 200 20  57.4 133 NA  NA :
' 2 1 - - 25 NA 107 - , 4
13 2 1 - - 41 NA  -92 - :
B 3
3 d
: ) 25 (i 6 250 26 110 55 NA NA 3
-55 2 2 100 16 58 NA o+ 3 +44 b
+125 2 2 200 19 109 NA  +54  +219
NOTES: 2
2
a) Avg "X" is the average (absolute) for total samples
allowed, Avg "Y" is the average (absolute) for two q
samples used in temperature tests. A's for -55° 3
and +125° were calculated by comparing Avg "Y" at !
25°C with Avg "X" at -55° and +125°, 4
b) * indicate out cf spec condition. i

c) Signsin A cclumns indicate direction from 25°C,

5 d) The gain tests were taken on both inverting and

non-inverting input, and then averaged.
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5,3,20 Siew Rate

MIL-M-38510/101 Ref: Figure 13
Specification: 0,4v/usec min at Vyy = +15v@ 25°C

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 MIL-M-38510/161, Vendor A's

cevices came closest: his failed only three tests.

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

‘4'}5 {"

g L T T

Tests Passed Tests Failed
Total
Vendor No. Easily Normal Margin | Badly Normal Marginal
Tests
A 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 ali temperatures, i.e. offset would include three

tests 25°, -55°, and +125°,

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
g 50 percent or greater over the limits,

er

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

]

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

a

A

g; % of Spec

- Used 50% 90% 100% 110% 150%
o

s,

=

¥

E

.

i

E | Test adder

Ci or +3 +2 o |-1 -5 -10

. b Subtractor

Figure 5.8, Vendor Comparison Clarification

The above method of poinf, 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 25° were not, then the
weight of the -55°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 ;;arameters (using

less than 50 percent of ik spec) would be
303.
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5.5 Noise Investigation

v Integrated circuit operational amplifiers such as the 709 and 741 exhibit two
. distinet kinds of noise, White or normal noise can be readily measured with a noise

analyzer and broken down into & voltage and current component, This noise occurs
over & wide frequency range,

I R UL A7 S T SO W RSP VL LIRS P by AN &~

TR R AT

LA

The other type of noise, commonly called "popcorn", is characterized by
erratic bursts or shifts in the d.c. output level. It occurs at a low frequency and the
bursts last for 100 useconds 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,

My

e A A R T

oz

' When popcorn noise was first noticed, it was feared by many users that it indi-
i cated either a cracked or contaminated chip and would adversely affect reiiakbility.
GEOS on the Poseidon Program performed many life tests on 709's beirg careful to
separate units exhibiting popcorn noise from those that had only white noise, o
difference in either failure rate or drift of parameters were noted, These tests have
since been repeated by the Naval Ammuniticn Depot, Crane, Indiana with the same
results, It is now commonly believed that popcorn noise is caused by flaws in either
3 the crystal or oxide passivation near the surface occurring in the area of the input
3 transistors, an NAD Crane report is available cn the subject.

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

On the Peseidon Program, noise for 709's was specified with a 10 K Q source
impedance, It was found that white noise was always below 15 u v peak referred to
the input and popcorn noise almost always above 50 1 v peak and sometimes going to
several hundred u v's. Consequently, the specification was set at 20 u v peak and
over 10,000 devices have been purchased to this requirement. This parametet is
10C percent tested for. Many vendors had no yield to this requirement but sone eml
lost 10 percent of their product because of it. The price per part increased ;- roxi-
mately 20 percent, The requirement has become less of a handicap now than it vas

n few years ago since less than 1 perccut of the most recent devices have exhii {od
popcorn noise bursts between 15 and 20 u v.

The data for the 741 devices, Figure 5.9, shows that white noise is sinil:i v to
709's in that it is always below 15 u v's, Popcorn noise at a source impedarnce
100 K appears in almost all devices and ranges from 12 u v to 44 p v peak. Th «
iz lower than 709's because the 30 pf internal capacitor limits the bandwicth below
“hat of 2 709, Two vendors have devices which would meet 25 p v peak with a 00
percent yield for the devices tested, The other two vendors would have almost no

vieid to this requirement, Other not tested vendors guarantee no popcorn above
2% u v peak,
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It is our recommendation that a noise requirement of 25 u v peak be 7 aded to
‘ M38510/101. That this parameter be tested for using a shiclded 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 cr not this
parameter could be measured on automatic test equipment, The time required to per-
form the test (i.e. 30 seconds) would make automatic test equipment impractical for
this parameter,

Tl e X s A

v
X e B e

S S o i
RTT

.
v 2 DR s WNCS APV e S D SIS A

SAVES

2NE el pA e D S Y

8 S S G s Sy
L AT
-

PSR RS S A
TN A e SETIE T WA et et ST A s
S

..

T

3
.,
4

wreoepy
IS AN

LA

4N

P

5

PALATLS LWL SEM)

I
- ax anpeging
6oy

v

wrha

ERN o ron s s IR BTG

Al

e

[ A s o

()

eI R i

e
-

ndors ZHALOPEERN

102

ST,

3
2
.

R e I Lo N N T




LAy 3 TR

AECLIRTR Yy

Noise Daia: 741 Operational Amplifier

Data {5 expressed in u v peak,

1%
%
]
3
X

Vendor A

R VT T TG TR SRS ST I T R T SRR SRR

Unit No, @1 KQ @100 K9

RN PN e o

? 20 15 popcorn 20 popcorn
- 21 15 popcorn 18 popcorn 2
1 g
f 23 15 popcorn 20 popcorn 3
; 24 16 popcorn 17 popcorn ;
Eov 25 15 popcorn 16 popcorn g
A 26 15 popcorn 16 popcorn §
‘ “ Vendor B ;
; % 27 15 popcorn 40 popcorn
a 28 6 white 16 white

3 r 29 15 popcorn 40 popcorn

H 30 10 popcorn 34 popcorn

32 24 popcorn 36 popcorn

E: Vendor C
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24 popcorn
35 popcorn

30 pepcorn
40 popcorn
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! 43 36 popcorn 44 popcorn
g &
F 45 15 popcorn 40 popcorn
:'i .)“ ;‘3
Figure 5.9. Noise Data for 741 (Continued)
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Figure 5.9. Noise Data for 741 (Concluded)
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Section V1
- ECL REVIEW
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* 0 lutroduction '3
: Information presented in this report was obtained from a variety of sources, ’4
vendor catalogs, application notes, discussion with manufacturers, and visit to a
military user of these devices.
“ Emitter-coupled logic is a non-saturating fcrm of logic circuit which is generally
f "t tzedd by extremely fast rise and fall times of four nsec or less and » ¢
3 . setween output high and low levels of less than one volt, In contrast to <ai-. . -
2 ' -+ logic such as DTL and T2L, ECL is extremely susceptible to noise «ud,. - o+
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sten is strongly dependent upon interconnection methods.

Thermal Considerations

TR Fa i P A

. Non-saturating logic, output levels and input thresholds are dependent on ir -~
L nerature  This becomes a serious problem for example when devices running at -
¢ ~«imperature interface with devices at another temperature. In these cases the ncize
§ 1 2rgins can be greatly reduced and render the circuit ivoperable, This problem is b
% § compounded by the fact that ECL circuits dissipate cousiderably more power per gaie g
: “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, 3
5 junetions can be maintained within reasonable limits to each other. ]
w3 o
j i« reonnections :
: i quse of the high speed and susceptibility to noise, interconnections ar 1
P vt sde through terminated transmission lines. One advantage of ECL ¢ir.- - 3
R - o= -at d logic is the capability of driving matched - impedance transn:ics’: *i
N - »f transmission lines retains signal integrity over long distances, ¢ 5
E .. . irevit boards, transmission lines are formed in two ways - either microt-: ’1
‘, - risine techniques., The microstrip is formed by a constant width conductor « 3
- ¢ ~“a circuit board, with a ground plane on the other side. Stripline ic wee’ j
5 o, “ilaver circuit boards; the stripline consists of a-constant width conducic - e
3 <« tueen two ground planes. Interconnection between boards are made by the cong'e i
) - »tai v catputs of the ECL circuit driving a twisted pair line with a line receives '
% Faie ot - and, ;
: :
-0 wi%k Distribution i
"i "iack Distribution for any high-speed logic is often a major svstem proeblemn E

Father ~ooxinl cable or twisted pair line can be used to distribute clock sians’z
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throughout an ECL system. (lock line lengths should be controlled and matched
when 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 New Types 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 compensaticn
allows variation in the supply voltage without change of the output or threshold levels,

6,5 Future of ECL

Even though some of the higher speed saturated logic types such as Schottky
clamped T°I 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 multi-

sourced as well as offering performance advantages, the use of ECL should grow
rapidly in t.2 next few years.
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Section VII
; VENDOR ANALYSIS Of LM 106 DIFFERENTIAL COMPARATOR y
" 7.0 Introduction 2
f Twenty LM 106 differential comparators were purchased "off the shelf" equally J
3 from two different vendors, These vendors were not informed of the proposed use of
3 their devices nor were samples selected. All units were in standard eight pin metal i
‘ 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 *
4 proposed MIL~-M-38510/10303 at 25°C, -55°C, and +125°C.
Paragraphs 7,1 and 7, 2 will include the test circuit and test equipment used and D
the conditions under which each test was performed; in addition, these paragraphs f‘
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 ;
f various samples. The vendors are listed in alphabetical order for each condition and :
; uot in order of results. The test data is presented as follows: 4
a) Vendor, b) Ambient Temperature, ¢ Number of samples tested, :

d) max. reading, e) min. reading and f) average of readings. E

E

Section 7,4 summarizes the results obtained on all tests, x

7.1  Test Setup 9

The test setup of Figure 7.1 was used in conjunction ivith the switch positions “

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

':j

The test setup of Figure 7.2 was used for the response time, . ‘

4

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

A0 % T O e

ey

=
E
.
3
B

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

£3°C.
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7.2 Analysis of Test Circuit

r et e A S ey 4 e L L

Gy TRy

7.2.1 Measurement Accuracy Determination

e

All measurements except Common Mode Rejection Ratio (CMRR) require simple 3
formula conversions to yield the calculated parameter. For two-pliace accuracy on the
parameter, three places are required on the measurement,

10 X 105

Since CMRR = 20 log'E(;:-l":—'_- s
. {

K T WLt

gt

IR R St x

Eg and E; must be measured to four place accuracy to insure two place accuracy to
CMRR.

7.2.2 Self-heating

The specification for Vqy, at 100 ma is 1.5V maximum and at 50 ma is 1,0V
maximum, Both of these readings must be taken quickly since the added power of
150 mw and 50 mw respectively heats the unit enough to alter the reading,

L it B0 S5 ) s g 5N o D W 3 A N U

(3 Strove Test
Test Figure 7,1 tests the strobe on a go-no go basis, It insures that at :
.9 volis the strobe is on and at 2,5V the strobe is off, For vendor comparison puts~ 7
posus the actual voltages that turn the strobe on and off were measured instead, %
7.3 Test Results :*
7.3.1 Input Ofiset Voltage (Vi) ;
Specification: +2 mV at 25°C, +3 mV at -55°C and +125°C
Conditions: Rg=502 , Vouyr = 1.5V
Results:
Ta Samples E
Vendor °C Tested Max Min Avg 4
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

+125 10 1,77 0.16 0.94
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7.3.2 JAoput Offset Voltage Temperature Sensitivity (A Voyr/ AT

Specification: 10 pV/°C maximum from #25°C to -55°C and +25°C to +125°¢
3 Conditions: RS =50 Q, Voyr=1.5V

s Results:

Samples )

3 Vendor TA(°C) Tested Max Min: Avg

A +25 to +125 10 7.3 0.2 3.2

h +25 to =55 10 4.2 1.2 2.8

: D +25to +125 10 8.0 0.8 5.0

+25 to =55 10 9.4 0.4 3.1

7.3.8 Input Offset Current (I;y)

b LS d

Specification: 3,0 pA maximoum at +25°C, 7.0 gA maximum at -55°C,
3.0 pA maximum at +125°C
Resalts:

Samples
Vendor  Tp(°C) Tested Max Min Avg

A +25 10 . 142 005 .053
-65 10 . 163 .009 .072
+125 10 . 120 .000 . 057

D +25 10 .224 .016 .081
-55 10 .276 .012 . 138
+125 10 . 154 .020 .086

SR A s b
3 g -

7.3.4 Input Offset Current Temperature Sensitivity (Aljo/ AT)

Specification: 25 nA/°C at +25°C to +125°C and 75 nA/°C at +25°C to ~55°C
Results:
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Samples
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
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7.3.5 Input Bias Current (Ijg)

Specification: 20 pgA maximum at +25°C and 45 pA maximum at -55°C

and +125°C
Results:
Samples
Vendor TA(°C) Tested Max Min Avg

A +25 10 7.2 2.4 4,8
-55 10 15.3 5.1 10.1
ri25 10 2.1 0.6 1.1
4] +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°C, -55°C and +125°C

Conditions: VSTROBE = 0.4V, Vip = -5 mV

Results:
Samples

Vendor Ty(°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
+125 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°C, '-55°C and +125°C
Conditions: Vqoyp = 1.5V, Vpy (common) =45 V

AT RN K S S A L o

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

7.3.8 High Output Level (Vop)

Specification: 2.5 V minimum to 5.5 V maximum at +25°C, -55°C and +125°C
Conditions: Vyp = +5 mV, Igpy = 400 pA

. -
el 2 AN NP Aty e RN e e e LV et S I AT TR T AT SRR L e RO M T

Results:

114

Specification: 1,0.V maximum at +25°C, -55°C and +125°C
Conditions: Vpp = -5 mV, Ig; =50 mA

Results:
Samples
Vendor Ty (°C) Tested Max Min Avg
A +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 3.7
+125 10 4,58 3.95 4,30
7.3.9 Low Output Level (VoL)
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j 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, =55°C and +125°C
Conditions: ‘Vip= -5 mV, Iy = 16 mA

Results:
Samples

Vendor Ty (°C) Tested Max Min Avg

A +25 10 . 282 « 232 . 259

) 10 . 268 .212 242

+125 10 . 327 . 274 . 2499

D +25 10 . 295 . 247 274

R =55 10 . 307 .241 «268
: +125 10 . 351 «275 .312

8% 52 AR Ry G s iz, >

7,3.10 Strobe ON Voltage

PRI L o T AR
-,

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

Results:
{
7 § Samples

N Vendor TA(°C) 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 .231

D +25 20 1.46 1,37 1,41

+125 20 1,04 911 .984

NOTE: Each aevice has two strobes; one strobe from Vendor A
did not operate at -55°C,
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T.8,11 Strobe OFF Voltage
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: Specification; 2,5 V maximum at +25°C .' =55°C and +125°C
: Conditions: IOL =16 mA
Results:

. Samples
Vendor Ty (°C) Tested Max Min Avg

“a

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
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D +25
-56
+125

20
20
20

1,62
1,81
1.21

NOTE: Each device has two strobes,

7.8,12 Output Leokage Current(lcpx)

Specification: 1.0 uA maximum at 125°C, 100 pA maximum at
=556°C and +125°C

Conditions: Vip =145 mV, Voyp =124 V

Results:

Samples
Vendor  Tp(°C) Tested Max Min Avg

A +25
-55
+125

D +25
=55
+125

10
10
10

10
10
10

0. 180
0.250
93.0

0.110
0.250
28,0

0.086
0.199
62,8

0.062
0.114
24.0

7.3.13 Positive Supply Current (+Inc)

Specification: 10 mA maximum at +25°C, -55°C and +125°C
Conditions: Vip = -5 mV
Results:
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Samples ¥
Vendor T,(°C) Tested Max Min Avg i
A +25 10 6.0 5.4 5.7 g
-55 10 6.2 5.4 £.8 4
+125 10 4,8 4,3 4,6 &
i
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 3
3
7.3.14  Negaiive Supply Current (-Inq) d
Specification: 3.6 mA maximum at +25°C, -565°C, and +125°C R
Conditions: Vyp = ~5 mV
Results: By
Samples 4
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 3

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 (tyTHR)

Specification: 60 nsec maximum at +25°C
Conditions: 100 mV step, § mV overdrive

g Ut ol du rab AR o AN

Results:
Samples
Vendor T, (°C) Tested Max Min Avg
A +25 10 35.0 29,0 32,3
~55 3 27.0 25,0 26.0
+125 10 47.0 49.0 43,8
D +25 10 35.0 30.0 32.6
-5§ 3 28.0 238.0 28.0
+125 10 44,0 40,0 42,6
1i7
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7.4 Analysis of Test Results

Vendor A - All devices 2xcept one met all the specifications; one strobe did not
operate at ~-55°C. 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 +125°C, the requirement is 100 ua max,, and one
device 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 -55°C is 10 uv/°C; one device read 9.4 uv/°C. For Common Mode
Rejection Ratio at -55°C, the requirement is 80 db min. ; one device read 81 db. For
Strobe ON Voltage at +125°C the requirement is , 90 V min, ; one device read .91 V.
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Section VIII
723 REGULATOR EFFORT
?ﬁ The rough draft of MIL-M-38510/102 received from RADC was reworked into
a final format, Ali the tables were redone to the format of MIL~M-38510/101 and A
. the figures were redrawn. Major effort went into preparation of the test circuits for 3
k: d.c. electrical testing. This includes a test schematic and a complete test table. 1
- A.c. parameters and test procedures were added for voltage and current transient 5
response, The specification can be found in the Appendix of this document, a
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Section I

MEMORY C:INSIDERATIONS

9.0 Introduction
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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 kunown at one point in time but changes as technology advances, Fortunately,
the memory is an extremely orderly function, and functional testing of the devices
shoule 1 avide a high Testing Confidence Level (TCL). Functional testing iy »
fined 2z ati- or at a repetition rate (dynamic) commensurate with the me¢mory e
or cycl” time, Unique tests would be required that depend on the technology nsed i
construct a particular device, topology, or the organization,

Bep BUAL et

e, e
o

1.+ functional teat does imply however that hundreds and thousands of ssts  «
requwr- . and, in some instances, at high repetition rates, This also indicai-¢ *he
necd 7 r suivimated test equipment if the devices are to be evaluated pooperis,

AN T I T L PR L I LSRR A

‘The 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 cells,
decoders, sense amplifiers, etc. The integrity of the basic memory function of da{n
storage and data recovery must be verified under various conditions of supply voltages,
temperature, etc, Several levels of functional testing and a variety of test patterns
to analvze the memory as a '"black box" will be discussed:

inittern Sensitivity Testing

A% mory Pattern Testing
Walking-One-Walking~-Zero Pattern Testing
Gultoplug-One~-Galloping-Zero Pattern Testing
~rite Recovery Pattern Testing

i+ a itetention Pattern Testing

e 2ffectiveness of each test pattern relative to detecting potential 19 ili= -
the v e 7 ste required to perform these patterns are also givewn
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‘atic Funclional Tests
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Data Input Terminal

Number of data input lines is equal to the word length (bits per wor *
Data Output Terminal

Number of data output lines is equal to the word length (bits per word:.
Address Input Terminal

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

Read/Write Terminal

Assume Read/Write terminal requires one control line,

Chip Select Terminal

Assume Chip Select Terminal requires one control line,

The RAM performs two basic functions:

A. Data Storage
B. Data Recovery

A, DATA STORAGE

DATA -—+—1{1

ADDRESS -——»—-—--L—@ E“}_—_—_—.

WRITE ——»——r {4 5]

|

1

CHIP
ENABLED
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In the storage mode, the data to be stored is loaded on the data input lineg (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

._.._.—.——.

£

ADDRESS ——— [Z}-——e-= DATA OUT

B @

READ —p |

¥
L

CHIP
ENABLED

To recover a2 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).

1f 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 minimum amount of test vectors,

Under normal circumstances; the above information is not available. Even if
this information were known for a particular RAM, at scme 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
manufactuver, 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 2 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.

b " - T A gt o oo
ol e b B o B N A A A s B S 1 BRI iy

To perform this type of testing on a functionally specified memory, an indeter-
minate number ( » ) of test vectors would be required,

A T oy <y

Another level of testing would be memory pattern testing, The objective of this
type cf testing is to check that all possible bit patterns are obtainable and would show

complete static independence of each bit.

LB R ke e

X

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.

*‘— B\V__’1

a b

W *x

c d J—

T .
L+ TR L LRI L U AL LA g e w5

SR Bt

* A Vector is a pattern of 1'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,

U g e

+  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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E : 0 0 0 0 j;g
: L 1 0 0 0 E
- 0 1 0 0 :
‘ 1 1 0 0 ﬂ
: 0 0 1 0 ;
= 1 0 1 0 :
; 0 1 1 0 :
1 1 1 0
Z 0 0 0 1 “
x 1 0 0 1 :
P 0 1 0 1 A

1 1 0 1

0 0 1 1

{ 1 0 1 1

z 0 1 1 1

1 1 1 1

G -

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

Ly

e 1 e ol e 1
o i K it e 02 B, ST

Z=(W-1) 2= (W-1)
WxB

2 "-—Y =ZB\V(W~Z)

4 {2Bw)z

Z=0

plied G Lot

oty

Py

Z2=0
Th- number of test vectors required to read out data for the entire test i<

o - o
AT s A e £ SV 2

AR S

W x Bw
2 %W

Tharefore, the total number of test vectors (Vy) required to test 2 ¢
@t ap the vegtors required to check out the Chip Select Terminnl) is:

Z=(W-1.
x_-t,_z\VABw,(WJ, V o WX By
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To emphasize the impracticability of this type of testing, a 32 word x - Lil array
would require @

Z=31

_ 0128 128
Vt-(2 x32)+§ _12___)_= 1.124"1040
2% )
Z2=0

l) ;
If the tests were run at 1M Hz, it would take approximately 3.562 x 1()’( 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,

in order {0 derive an equation for the number of test vectors required for testing
v o~ 1w (Nuniber of Words x Number of Bits per Word) RAM, a3 x - RAD?

¢ i
v v dlualed,

f. Determine that the entire memory can be loaded with all "0™'s,
le——B,, —] T
o To [T
0 0 0 w
0 0 0 _l‘
A, 3 Vectors required to write in data
B. 3 Vectors are required to read out data
W + W
(Write In) (Read Out)
Data Data
I1.

Determine that a single location in memory can be uniquely loaded with a ""1"",

1 0 0

0 0 0

0 0 0
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v,

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

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

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

0 0 1
0 0 0
0 0 0

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

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

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:

SW+WB, (W+1) +W-1

3W+ WB,, (W+1) -1

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

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

v =2 [3W+WBW(W+ 1)-1]

V= 6W +2WB, (W+1) -2

Since Wx B = total number of bits (By)

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

Al Dotermine that chip select is operable

.
0 0 0
0 0 0
0 0 0

3 Vectors required to write in data

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.

With Chip disabled, in the Write mode and data input iines at a
Logic 1 it requires 3 Vectors to attempt to Write in a Logic 1

in each memory location.

With Chip enabled and in the Read mode, it requires 3 Vectors

to ensure that a Logic 0 i{s in every memory location,

w + W + W + W = 4W
(Write In) (Read Out)
Data Data
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The total number of Test Vectors (Vt) required with this test appro.ch is-
Vp = 2B (W+1)+10W-2

Using the same 32 x 4 bit RAM as an example, 8,254 test vectors are required.
Testing at a 1 M Hz rate, it would tike 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 heen 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 cvcle was a read or write,

In order to test access time adequately, it is necessary to check ali possibie
ildeess transitions (addressing) from a read cyele to a read cycle, and all pousir,
address transitions from a write cycle to a read eycle,

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

1.  Write a pattern of all zeroes intc 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 repeatad 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

and Zeroes,
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In order to fulfill the second requirement for testing access time, a program ;
such as the tollowing is used. 3
3
1, Write a pattern of all zeroes into the entire memory. ﬁj
2. Write a pattern of all ones into the second word location. 4
3. Recad the first word, :
4, Write a pattern of all zeroes into the second word location,
5. Read the first word,

o~
“r

. 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.

2O A T el B e | fn g A AR AR D T

The number of test vectors required for each of the above paticras is us foli- | s

L R A T

Walking-one~\Walking-Zero 2Bp(W+ 1)+ 10W -z

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

Write Recovery 6W2 + 4W + 4
9.1,2 Dynamic Memory

The test considerations discussed previously apply «o dynamic memories as well.
Additional teet 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 refreshed
at a rate commensurate with the associated time constant or the data would be lost,

¢
L

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 Ag through A, inputs at least every 2 milliseconds. Only 32 addresses are re-
quired because the 1024 bi: 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 i{s 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:

. Walking-one~Walking-zero Pattern

. Galloping-one-Galloping-zero Pattern
. Write Recovery Pattern

. Data Retention Pattern

> o BN =

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 ti:ne is independent of data location.

i3 R Aol i B O A A e ot s R SR B B, B S A,

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
1" 11" 1

1t 1

3
1 1" 1
4

o Bt ¢ i et 0 S

1"t 1"

b
%
b
B
i
s

Read location 1 ete.
then

Read location 1
1" 17"t 2

1" \A 3
1" 17" 2
4

1" 1"

Read location 2 ete,

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

9.2.2 Field Generated PROM

Electrically alterable or field-programmable ROM's commonly called Program-
mable Read Only Memories (PROM's) once prograramed have the same functional test

130




. S 4 . T ian . v T oy S LT T T e TV T LSl e T RN R P T e s S P g™
TEPREA P AT TATTLITAVITI STEAG T Y e = BTN P TRETIWNSITY ErPAr i 5 DANPEF PRSP S 24 1l ¢ /Ot THLP L Lt ML bty ol ol L1002 AN Tyl

requirements as the factory masked generated ROM, i.e,, pattern integrity and
access time.

AL 4] e g P e

Howev.r, 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 hit
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,

R e klw:&g{.«,,gm AT ISR LR L

PPN

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

S TG
.

" e et
SRR 300 1 ”M.W“ﬁ“ﬂ‘ P

The entire above sequence would require
2 (W° + 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 specific repetiticn rate will check the addressing and access time 2

“? selative to location 1 and that no other bit was programmed, g
Addressing the second location, Programming the extra bit and verifying it
3 (Read location 2) will show that a second location (in sequence) was Programmed,

Reading the remainder of the memory will verify again access time, addressing and
that no other bit was programmed,

3 g Aof e
TR AT

W A

i 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,

LT STEm L P

: A second alternative, which would not be as complete a test, would be to have
3 3 the vendor program a specific pattern utilizing the extra bits. The object of the

3 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,

3% To determine that chip select is operable, the chip would be disabled and the
14 entire memory would be read ensuring that the output lines were in the proper state,

[T ROy T
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i Section X :
MSI/LSI TEST CONSIDERATIONS
10.0 Introduction
. ;
MSI/LSI devices wili require tests similar to those performed on the present "
SSI devices: input leakage current, input threshold levels, output voltage levels, and ’j
L propagation delay, However, these new devices with their increased complexity, 4
number of gates, and memory elements present test problems of a different nature, g
- The functional level at which component procurement testing must be done will
. be much higher than the present. The greater complexity of the devices result in 3
i more possible failure modes. Consequently, the complexity of the test procedures j
? necessary to guarantee the integrity of the component will be radically increased. 3
- Furthermore the fact that large portions of the circuitry of each device will be ’5
“"buried" within its package without direct access terminals raises fundaniental qu-s- K
- tions about the very existence of a means of testing it, §
e K
4 What complicates the problem further is that multiple sources supply identica! 3
7 functions of different designs. For any given state table or Boolean equation the re i« ,;
a large number of possible circuit realizations which are functionally equivalent, some 4
“ 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 MSI/1.SI

5. device a logic flow diagram depicting the exact realization of ti:~ internal circuvitr: be

part of the device specification.

" With a logic flow diagram(s) for a specific function an economical apprcach t.

functional testing can be established, The method of functional testing w hich s
gained widest acceptance in the IC industry is vector testing, A ''Vector' i<« satte; -
of ones and zeroes that contains input and output iaformation for the device e r tet,
The input portion of the Vector is applied to the device and the output portion i+ <rm-

‘ pared with the outputs of the device., There are many available Vector Testc:+ with

-~ oo Aok
G AT L s T

‘ various options available such that implementation of such a test technique is i ooy
- a problem,
Another vector test method advertised is presenting all combination of i1 ¢

2Ny and comparing the outputs of the device under test (DUT) with a known go <de
vice, There are many fallacies with this method, the two most chvious is 2N ~an
hecome too large, and the method falls apart when testing sequential cireuiis, Thie
4 test technique has applicstion for combinational circuits with a relatively small num-
3 t e of inputs.
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The problem has now been reduced to the determination of the test ver ur set
for a specific logic network, Before this can be accomplished, some rati-nale as to
the potential failure modes and how they may be detected must be realizzd,

Analyzing the problem from a circuit stand point, one question to he 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 7" 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 somewhers,

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 iogic state at any

specific node. The potential faults are:

. Open nodes
Nodes shorted to a voltage that is interpreted as a logic 0.

Nodes shorted to a voltage that is interpreted as a logic 1,
Node to Node shorts,

e L0 DD

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 {o node short may took like a *'stuck at"
fault, but in order to test for all Node to Node shorts 2N {(where N cquals the nuniber
of inputs tv a network) number of test vectors would ke reguired for combinational
networks and an even larger number of vectors for sequential netwarks,

If the majority of the potential node to ncde fauits manifest themselves as a
"stuck at" fault then there exists a high probability that these faults wil] he detectad

with a "stuck at" test.

It is implied that if a test can be implemented that will check ~ach nede in the
network for a "stuck at" condition then a high testing confidence level can be attelned.
This approach to testing has gained wide scceptance in industry as being effective and
economicaily feastble, Basically, the objective of developing a "stuck at™ test for a

particular node is as follows:
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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.

. Specify whether checking for stuck at a 1 or 0 (assume stuck at 0).

Set input conditions for a logic 1 at selected node.

. Check output to see if the selected node is stuck at a 0.

. Repeat above to check for a stuck at 1 condition.

<

3
4
5
6

The entire network would be gone through in the above fashion in order to design
a complete "'Stuck at 1", "Stuck at 0" test,

.
e 3 G AR T S a2 A ML A E vl RS I AN R e s, st B SR

AL

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 ccomputer 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 possikle lead of the net-
work, It is assumed that only 2 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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VieJule location file - location of th »lements in the netucrk
¢ n connection file -~ interco.mection of the elements in the net L ork,

VR

¥

For the fault simulation option, an additiona. input of a vector set would 5o re-
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 for both network mechanizations of the adder,
2) Input the ATVG with one mechanization (Vendor E) {or vector genzration,
Obtain test vector set,

LN MR I

Lo et
ETA L Lo o s o S EA S

¥ Ursing the fault simulation and vector generation cption, the pr-g -
inputted to evaluate the effectiveness of the Vendor E vector «ot 1
1‘»: 1 Vendor D mechanization and to generate vectors for anv tests not
£ ac-omplished.
=1 rhiz point a set of test vectors has been generated that provides “or « "¢
per~rn Toatirg Confidence Level (TCL*) for both mechanizations ¢f the adder
L i it i= not intended to imply that programs like the ATVG program is g zvre--

and can be used blindly. It is an excellent engineering tool and with it, effertive
economical function tests can be generated.

10.2 Functional Testing of the 4 X 2 Multiplier

The 934 X chip, Figure 10,1, is an LSI array of 93 gates designoed hy Vions

ug ¢ agie 5ooler Mieramogaic TM concept. The basic chip is dett ood

I+ -nuttiplies a9 bit number X by a 2 bit number Y and o0«

nuvrber K and also a 2 bit number M to the produet = ¢ - °
hit reenic 8,

S =Xyt M+K

3 V¥ : ¢ K have a range of 0 o 15
A have a range of 0 to 3
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Two sets of test vectors 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
1" 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
all other inputs of that respective gate are held at Logic 1. It was noted that if any

of 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 "open' occurs at these inputs, no malfunction occurs. However, if a "short"
oceurs, 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
he based on 338 tests required,

_ Tests Accomplished
TCL = Tests Required

X 100 percent

The following is a summary of TCIL's and approximate costs in comparing the
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” (Sec Note 2) of the ATVG program
was used to determine the effectiveness of the manually generated
test vectors. It must be noted that the TCL 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:

TR e

e o S TR
N e P B oot Foresty v,
A ey i A S ST

Inputs 1and2 = ¥+ Y, +X + (')-(;K)(-fz_ﬁ)

e ;nl,»u’,-r, 3

Inpat & Y-o + Y, + (XA)NX,B) + (X A)(XB)

Another input that is common to the two AND gates has a Boolean equation
as follows:

I RN RO I X TR P )

TR AR A

INAEA S0
CTA A

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:
Y1 =1
X, =1
X2A or X2B =1

When Y, and X, 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:

Yo = 1

Y 1

1

X2A or X,B

2 1

When Y0 and X2A or X,B are at a Logic "1" input 4 is at a Logic 0.
Therefore, input 3 cannot he tested.
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3 Using this option, the Vector Generation phase of the ATVG Program o
inhibited, The manually generated input vectors are inputted in n

3 specific format and a fault simulation of the vector takes place. When

3 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

é The Vendor B uA 9341, Figure 10,2, and Vendor E SN 54181 are four bit, high
3 speed, Arithmetic Logic Units (ALU). These Chips pérform all 16 logic operations

e tinbles plus a variety of arithmetie operations, the most imporiani bes -

e subtreaat,

eIy ST A e R

Four mode select lines and an active low carry enable line control oper -tio

w ' .aternal carries enabled arithmetic operations are performed, wuse: ag

W ooperetions are performed,  The avillietic operations are perfor~e.i oo i
is vk orons logic operations are on a b busis,

A signad is provided from the ALU which indicates logic equivalense  veu tor e
iris vhen loe unit is in the subtract mode. This signal can be used toge ther weth the
carry out signal to indicate A > Bor 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,

A Ll

g
[

- first set of vectors generated was for the Vendor E ALU, Based -m th

« ~devia* of the ATVG Program, tiere are 282 tests that should be ey -
sl gutes completely, Due to modwe configuration, eight of the 2-. 1 1.
<=« o {« perform, Since the eight “ests not possible are irrelevant t¢ . -
©om, on'y 274 tests are required. The ATVG Program generated 31 veclors ahi !

: ¢ ched 268 tests (six tests not @ « cmylished), This represents « Tre ‘. g

.t Leve** (TCL) of 97.8 percent. The remaining six tests were »oon o
~7 . wo wilh relative ease, resulting in & TCL of 1060.0 percent.

i« "’-'ls

33 e

~!

.

. fhee 2ot of Vectors was generated for the Vendor B ALEG, Based =0t
< corideria of the ATVG Program, 263 tests are required (all te=* »

Vit Froream generated 26 vectors which accomplished 251 test: - o4
“npiiched). Tois represents a TCL of 94, 7 percent.

M v ma h W e ewe e ———— .

iy At ATV Program, the number of tests needed to ohenlt 5 ¢
i) ’

i LU

L -

prtoly ca eynal to ihe total pumber of gate pins plus connector rins,
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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:s were accomplished resulting
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
Tests 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 — A
—_— .
[

Vendor E Vendor B

The truth tables for both G20's are as follows:

Vendor E Vendor B

O N
=00l
O = OO0

It should be noted that for condition 4, a difterent output is obtained.

i'or both G20's to be logically equivalent, condition 4 must be prohibited by the
dcive legie.

The driving logic for both G20's is

e TR LTI AT VR LAY T G TS Y

" i 2 . N, [oia s, 2, s . v o b U
TR R R 2 2SR N e S R S B M RS
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The Boolean equationg for the last are:

Boolean Equations:

A= DFD+EFD) = O+F+D (E+F+7)

A=DE+DF+EF+T

FO+(FH+(M=(F+G (F+H O

o
1l

B=FHI+FGI+GHI
It can be seen from the Boolean equations that condition 4 cannot be attained,

When B is a logic 1, T must be a logic 1. However, if T is 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
B

}—L: C
T

Since all possible input patterns cannot be applied to gates G20, G36, G54 aund

G55, input A of the NAND gate and input B of the OR gate cannot be tested and are
irrelevent to the function.

The Veundor E and Vendor B devices also differ as follows: .

A G A

1T G

So

H
E Gl4 ] G16
E

mEDO
l i

G15 1

bos)

Gs7

Vendor E Vendor B
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The following two sets of Boolean equations o & derived to show that both net-
works in the previous drawing perform the same function,
Vendor E
3 G = A
i § H - % BCDED
; H=A+BCDEP
Vendor B
G=A
H= (CDEHA + (BA
H= CDEF+AB+A) =BCDEF+ABCDEF-ABX
1 =BCDEG+A(BCDEG+B+1)
H=A+BCDEPF
1 = CDEF

Since the expressions for the respective cutputs 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 ard 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 discrepancy
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.

n B . ferT T LRI T s o s e
en e me AT G AL e i s e 5 B TR

. e g < - - T R e s TR TEG A T T PR T I R P T G P A R e e i S T
L AR TR AR T R R ST A e e o VTRV AR £ 2 YRS TS AT Y eIl b s Pl | RS ST T LR A A b

e

3 ke b

o o o e e SRR T I R T A0 e 0 2V et Y S0

N

fud b e L B e e e S e i S

b S A R R

K LW P 7



e A T 7 S BT T AT I R A S IO @

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)

T D
o) mi‘i»h;%uwwx Bt g Ay B A R ek A5 oy

: The Logic Integrity Test is a test established to assure that a logic network is
3 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 rust
be known, As previously demonstrated with the 9341~54181 ALU and the 2 bit and

i 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 gixample, the 700 or

E: 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
3 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,

The 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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METHOD 300C

b RS b el S

GENERAL INSTRUCTIONS

FOR TESTING DIGITAL MICROELECTRONIC DEVICES

1. Purpose.  This method establishes the general instructions used
in '+ -.nz digital microelectronic devices.

2 Apparatus. The test instrument shall be cap'tbln of mainwini,.-
the test circuit at any temperature between -55°C and +125°C of apnlsin

worst ¢rige power supply voltages, and of applying worst case Ie"e.slz.‘ at!
inputs wvhen specified.

3. Procedure. The circuit under test shall be stabilizec ve e
ter -~ cature specified in the applicable procurement document. The wors:
power supply voltage(s) shall be applied and the inputs and outputs shali be

conditioned as stated in methods 3001 through 30X2 of this standard and H::e
applicable procurement document.

4. Summary. The following test tolerances shall be observed unlesg
otherwise stated herein or in the applicable procurement document:

(a) Ambient test temperature held to withir 3¢C.
{h) Power supply and bias voltages held to wirl, - 1
(e} Tnput conditioning voltages held to witkir 1 -
'dY Input pulse parameters,rep titirn o
to within 5%.
t2) Breakdown voltages held to witain 17
{f) Output load currents. - Precaution ghall b* av ., .
that the maximum output load current i we
case output voltage conduv‘ns.
Resistive Joads shall be +1%.
Zapacitive loads shall be 5% or 1 pi whichcver i« g~ o,
Inductor loads shall be 5% or 5 1tH whi "hever oo
DC parameters shall be measured to withis *
melery shall W nwearured co wiki,
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METHOD 3001
DRIVE SOURCE, DYNAMIC

1. Pug_gose. This method establishes a drive source to be us. .

measuring dynamic performance of logic gating and flip flop circuits.

2. Apparatus. Each driving source shall be capable of supplay;ing
flat top and botfom 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 times.

3 TTL, DTL. The impedance of the driving source shajt o=
wociently low to maintain the signal levels and transition time lineariice
.- we-ed herein or in the applicable procurement document. The line used
za3n.t the driving signal shall be terminated in it's characteristic
apedance at the test jig, Figure 3001 -1 shows nominal signal parameters

2.2 ECL. The driving source shall hiwve the capability of swinga -
rrom and to the voltage levels defiuned herein or in the applicatde procure ;.-
“-umert, Particular care shall be tiken with the source t-ansmission }:
ana line termination to prevent ringing. The line shall be terminaled in ils
characteristic impedance at the test jig. Fige - 31001-2 shows nominal signa!l
parzmeters.

2.3 RTL. The driving source shall have the capability of having an
5 level of Vo and a down level of Vey(, as specified herein or in the
‘bt e procurement document. ¢ .gure 3001-3 shows nominal siyna

Yroaem ﬁ;_..rs.

g C-MOS, MOS (N-Channel).  The driving source shall ha e
~aic ity of having an up level of V(j and a down level of V i+ Lhe
st t 2 of the driving source shall be sufficiently low to maiiiain o7 -
-+ o5z i gransition time linearities deiined herein or in the appicabie
r vent document. The line userd to transmit the driving signa: st 1.
= “re s in its characteristic impedance at the test jig., Figure 3091 -4
=* -+ «pical nominal parameters.

LR MOS (P-Channel). The driving source shali have the capsi i -
wee vy an up t2vel of Vo and a down level of V L The impedar.
i source shall be sufficiently lew to maingun signal levels nix
.~ v 'impes as specified herein 03 . the apulicable procu- =ent do
ment  Phe line used to itrarsmit the driving signal shall be ternuaated in .-
characteristic unpedance at the test jig. Fimee 3091-5 shows nonnnal
signal narameters.
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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.

4 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
g held to within +20 mV. Level Vg shall be specified as a nominal Vgop.

The driving signal shall be measured at the input terminal of the device
under test.

e R v L h e
e St S S SR L £ S LA

3.2 ECL. The driving source of 2.2 shali be used. Voltage levels
Vp and Vg shown in Figure 3001-2 shall be adjusted so that the threshold
point 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
under test.

3.3 RTL. The driving source of 2.3 shall be used. Voltage levels
VA and Vg shown in Figure 3001-3 shall be specified as nominal Vgy, and

, Voy 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

vt e SR B DR B S0ty S Rt AL AR SIS,
" 7

used. Voltage leveis V4 and Vi shown in Figure 3001-4 shall be specified

as nominal Vo1, and Vgy respectively, The driving signal shall be
measured at the input terminal of the device under test.

B

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
noiminal Vor, and VOH respectively. The driving signal shall be measured
- { at the jnput terminal of the device under test.

Wiy a8 G e A LR b

1
PR
AL Y

**s: 4, Summary. The following details, when applicable, shall be
i =toeified in The applicable procurement document:

- (a) Levels VA and Vpg.

(b) Driving signal transition times.
(c) Repetition frequency.

(d) Duty factors.

(e) Specific pulse generator required,
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Repetition Frequency = 100 K Hz +10%

Pulse Width = 1 usec A

Vg = 4V

ty = tf = 10 n sec

Figure 3001-1 Drive Signal for TTL, DTL
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‘ = These voltage level values are generally used with the Vo terminal
: the device under test connected to 0 V.

Figure 50061-2 Drive Signal for ECL
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METHOD 3002
LOAD CONDITIONS

1. Purpose. This method establishes the load conditions to be
used in measuring dynamic performunce 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 component load., The load will consist ¢f any com-
bination of capacitive, inductive, resistive, or diode components.

2.1.1 Capacitive Load (Cy,). 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,
measured at 1 MHz +10%, shall be specified in the applicable procurcireat
vocument.

2,1.2 Inductive Load (Ly,). The total load inductance of the ¢ircus
under test shall include probe and test fixture inductance and a compensuiing
inductor as required. The value of the inductance, measured at 1 MHz +10%,
shall be specified in the applicable procurement document.

2.1.3 Resistive Load (Ry,). 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 (Voo or Vpp) 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 Vpp and circuit
output for MOS (P-Channel).

2.1.4 Diode load (Dy). 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 trangistor in the circuit path of the normal load.
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2.2 Dynamic load change, The load shall automatically change its
vlectrical parameters as the device under test changes logic state if this is
the normal situaliog for the particular family of circuits being tested. One
method of accomplishing this # namic change is to simulate devices from the
same logic family equal to the nominal fan out as the load.

3. Procedure, The load will normally be paralieled 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 docur:ent:

(a) C1,, Ly, Ry, Dy, and equivalent circuit {see 2.1).
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METHOD 3003
DELAY MEASUREMENTS
1. Purpose. This method establishes the means for measuring
propagation delay of logic 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 ( The time measured with the
specified output changing from the c?efmed high level to the defined low level
with respect to the corresponding input transition.

1.1.2 Propagation delay ( #H ). The time measured with the
specified output changing from the J'éfmed low level to the defined high leve)
with respect to the corresponding input transition.

2. Apparatus. Equipment capable of measuring elapsed time
between the input signal and output signal at any percentage point or voltage
puint between the maximum low level and minimum high lcvel ghall be provid
The input shall be supplied by a driving source as described in method 3001 of
this standard, It is desirable for this equipment to have data logging capability
so that circuitl dynamic verformance distribution can be monitored.

3. Procedure. The test circuit shall be loaded according to
method 3002 of this standard. The driving signal {o the test circuit shall be
provided according to method 3001 of this standard.

3.1 Measurements at a Voltage Point, tg and tpHy, shall be
measured from the threshold voltage point on th ]arxvmg 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 under ‘..<' shall be conditioned
according to the applicable procurement document witu 1 yminal bias voltages
applied. Figures 3003-1 and 3003-2 show typical delay measurements.

3.2 Measurements at Perceuniage Points. 3 and tpyH1, shall be
measured from a specified percentage point on the driving 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 applica!le procuremen: 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:

4 (a) tpLy and tpyy, limits.

(b) Parameters of the driving signal, when applicable.
(e¢) Load conditions.

(d) Conditioning voltages.

(e) Measurement points (see 3.1 and 3.2).

(f) Power supply voltages.
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METHOD 3004 ;
TRANSITION TIME MEASUREMENTS 3
1. Purpose. This method establishes the means for .neasuring the :;3
output transition times of logic gating and flip flop circuits. 5
1.1 Definitions.  The following definitions shall apply for the purpose ;
3 of this method. H
1.1.1 Rise time (t,). The transition time of the output from 1% ic
2 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. J
1.1.2 Fall time (). The transition time of the output from 90% to 10

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. Apgaratus. Equipment capable of measuring the elapscd 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 can be
monitored.

AU L A ) A ST S T e 3

2
ks
B
H

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.

£ sl b

3.1 Measurement of tr and tf. The rise transition time (ty) at
the output of the test circuit shail be measured from the 10% points to the 907
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 {rom the 90 point.:
* to the 10% points or from the 90% points to a specified voltage poinl. These
P measurements shall be made at the test circuit terminals. The device undsor
| 2 test s:.all be conditioned according to the applicable procurement docunient it

nominal bias voltages applied. Figures 3004-1 and 3004-2 show typical transi
tion time measurements. '

4, Summary. The following details must be specified in the
applicahle procurement document:
3 (a) tr limits

ot s 0 e 8 e LS S e 1, SRRt A0 SRR AL Lk Pl A 0

g (b) tf limits .

(¢) Transition time measurement points if other t+an 10% ar @04
5 (d) Parameters of the driving signal, when appicable,

; {r} Conditioning voltages.

PRIl KNE S

‘. P g:
2 (f} Load condition, g
; (g) Power supply voltages. %
| B 2
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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 (Icc), and MOS (Ipp and Igg)

2, Apparatus. Equipment capable of applying prescribed voltage
to the test circuit power supply terminals and measuring the resultant
currenis flowing in these terminals shall be provided.

3. Procedure.

3.1 Ipcy (Logic Gate). Inprts ~f the device under test shall be
Juiditiuned in such a way as to provide «n up level at the output, the v .

«use supply voltage(s) shall be applied and the resultant current flow in the
sugply terminals measured.

3.7 I¢cL (Logic Gate),  Inpuis of the device under test shall be
~oncitioned 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
supply terminals measured.

L R P LI . - T o -
e B e b S AL N R b e Kt AT LaSRARLS 3 attanditored SR G0 A N e Srhatissl B et
b i LS Ao

3.3 Igcqn (Flip Flop).  Inputs of the device under test shall be
- ~nditioned in such a way as to provide an up level at the Q output; the
“nyut e e voltage(s) shall be applisd and the resultant current flow in {n-

- iv t. yminals measured.

& AR

*t IpcQy (Flip Flop).  Inputs of the device under test shall be
~ ! jured in such a way as to provide an up level at the Q output: the wen

N

* 3;0(n) shall be applied and the ~esvltant current flow in the su;,

»»»»» N

“ain: < rreasured.

3.3 Ipp (MOS Logic Gate).  Inputs of the device under test shall b

=" 1 -od in such a way as to provide an up level at the output of MGS
~“i2wnel and C-MOS) or a down level at the output of MOS (N-Chann»? ::

v =L worst case voltage(s) shall be applied and the resultant curren’ * .

w o ply terminals measured.

,G (MOS P-Channel and N-Channel Logic Gates).,  Inputs ai ic
<o under test shall be conditioned in such a way as to provide an up iev |
2 e cv'put of MOS (P~Channel) or a down Jevel at the outpl of MOS {N-
Draresty worst ease voltage(s) - hall be appl 43 and the resultart ¢ o

to 7L supply lerminals measure.
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3.7 IppQL (MOS *lip Flop). Inputs of the device under test shall
be conditioned in such 2 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.

3.8 IDD@L (MOS Flip Flop). Inputs of the device under test shall he
conditioned in such a way as (o 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.

3.9 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
ieakage current flow in the supply terminals measured.

3.10  IgGQL (MOS (P-Channel and N-Channel) Flip Flop). Inputs of
the device under test shall be conditioned in such a way as to providv a tdown
level at the Q output; worst case voltage(s) shall be applied and the resnitant
leakage current flow in the supply terminals measured.

3.11  Ipp 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 procurd....ent document:

(a) Test ternperaturve.
(b) Power supply voltages.

(¢) IccH, Iccr Ipps and Igg limits.
(d) Conditioning of inputs.
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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 V min OF as a maximum Vo maxe This metihod
applies to TTL, D E, 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 case
input levels including guaranteed noise margins shall be applied to the test
civcuit 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 followiag details must be specified in the
applicable procurement document:

(a) Test temperature,
(b) Current to be forced from or into output terminal.

(e) Power supply voltage.
(d) Input levels.

(e) VOoH min °° YOH max limits.
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METHCD 3007
LOW LEVEL ouTPUT VOLTAGE

i. Purpose, This method establisheg the means for assuring
circuit performance to the limits sp

» and MOS logic gating and flip fiop

? Apparatus, An instrument shall e provided that hag the
repability of forcing current into the output terminals for TTL, DT, ag
-Channel) and C-MOS and forcing current from the output for RTL, ROy
MO8 (P-Channel) of the tegt circuit and measuring the resultunt ouinnet

“wndle. Magnitude and lolerance of this furrent shall be defined in e
pplicabie procurement document,

3, Procedure, Worst case

tul levelg including guaranteed noise ma rgins shall be applied to e togt
cirenit to provide a low level outpat,

Forcing current, equal to the cirey;t
worst case low level fan out, shall be applied to the test circyit output and
the resultant oulput voltage measured, For a3 non-inverting gaie, every input
shall have the minimum high level voita

ge applied individual}y with the output
Measurement being made after each input ig conditioned,

bower supply voltages an- whrst uvn

Temr Hlowi
summary.  The foils wing de

. tails must be specified in o
wpiwanie p rocurement document:

N o ORI A0 16\ et WA
e Aty ah 20 v

«2) Test temperature

{b) Current to be forcod into or from the output terinjnai,
{c} Power supply volty; g,

{d) Input levels and noise marging,
¢} VoL max or VoL wmin lmits,
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METHOD 3008

BREAKDOWN VOLTAGE, INPUT OR OUTPUT

1. Purpose. This method establishes the means for assuring
device performance to the limits specified in the applicable procui=ment
document in regard to input and output breakdown voltage symbolized as

(BVIN) and (BVgouT), respectively. These tests shall be the first tests
performed on any device,

2. anratus

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
all other terminals. Care should be taken to assure that the test equipment
405 cot inaivertently apply voltage to the device under test that will exceed
fie maximum rating of each terminal and that the curreat from {he test equipy-
ment is sufficiently limited so that the device is not destroyed. Thi- methed
v a-t also be used to test the ability of power supply terminals to wilisand a
voltage overload.

2,2 Method B, This test is generally performea 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

3.1 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
ierminal, 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
fuiictional.

4, Summary. The following details must be specified in the
applicable procurement document:

(a) T'est temperature.
(b) BViy and BVgyrt.

(¢) Conditioning voltages for all other terminals.

(d) Source impedance (Method B).

(e) Maximum breakdown current lin..s or minimum
breakdown terminal voltage.
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METHOD 3009
INPUT CURRENT, LOW LEVEL

1. Purpose.  This methed establishes the means for ussering
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 (Iff, min) Or as a maximum value (IIL max’*

2. 'I_s_ggaratus. An instrument shall ke provided that has the
capability of applying the worst case down voltage to the input terminal of
the test circuit, (and worst case levels on the other inputs) and measuring
the resultant current flowing in the input terminal. Magnitude and
tolerances of these voltages shall be defined in the applicable procure-
ment document,

3. Procedure. Worst case power supply voltages and worst case
inpul voltages shall be applied to the test circuit and the resultant curcant
tewlyg in inc anput terminal shall be measured. All inputs shaii be tested
mndivicually,

4, Summary. The following details must be gpecified in the
applicable procurement document:

{a) Test temperature.

(b) Power supply voltages.

(c) Input voltages.

(d) Worst case voltages at vther input terminals.
(¢) §L max or Iyj, min:
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METHOD 3010

PLLCE Y

INPUT CURRENT, HIGH LEVEL

1. Purpose.  This method estublishes 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

PEERTE S LA CRUR RS 3

maximum value (Im max) or a minimum value (Im min)'

2, aratus.  An instrument shall be provided that has the
capability of‘ applying the worst case up voltage to the input terminal of the E
test circuit, and worst case levels at the other inputs, and measuring the
resultant current flowing in the input terminal. Magnitude ard tolerance of 3
these voltages shall be defined in the applicable procurement document.

3 Procedure. Worst case power supply voltages and worst 5
case input voXages shall be applied to the test circuit and the resultant
current flowing in the input terminal shall be measured. All inputs shall 3
be tested individually.

4.  Summary. The following details must be specified in the

applicable procurement document:

FUATRTEY

(a) Test temperature.

(b) Power supply voltages.

(c) Input voltage.

(d) wcrst case input voltages at other input terminals.
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(e) Iyq max.
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METHOD 3011 ;
OUTPUT SHORT CIRCUIT CURRENT
1. Purpose. This method establishes the means for assuring ;
circuit performance to the limits specified in the applicable procurement 7
document in regard to output short circuit current (I.o). This method 3
“: applies to TTL, DTL, ECTL, RTL, and MOS logic gating and flip flop
o circuits. ?
2. Apparatus. An instrument will be provided that has the

A capability of forcing 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.

g AL L A et b e

3. Procedure. Each output per package shall be tested individually,

3.1 TTL, DTL, ECTL, RTL, MOS {P-Channel and N-Chaunel),
inputs of the device under test shall be conditioned in such a way as {o
- provide a high level at the output for TTL, DTL, ECTL, RTIL, and 208
E (N-Channel) and a low level at the output for MOS (P-Channel). ‘F'he output
;. terminal shall be forced to 0 volt potential and the resultant current flow
3 measured.

g G, WS N AT P L

- 3.2 C-MOS Ingy. 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
terminal shall be forced to 0 volt potential and the resultant current
flow measured.

0 e Y

3.3 C-MOS Igsi. Inputs of the device under test shall be
cenitioned in sucha way as to provide a low level at the output. The output H
terminal shall be forced to a voltage potential specified in the procurement |
document and the resultant current flow measured. E

4. Summary. The following details must be specified in the applicable i
procurement document: :

{a) Test temperature. 4
(b) Input conditioning voltages.
(c) Power supply voltages. E
(d) 10S a: "3 10S min limits. :
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‘METHOD 3012
TERMINAL CAPACITANCE

1. Purpoge. 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 (o all
logic gating and flip flop circuits,

2. El_&ggaratus. An instrument will be provided that has the
capability of applying a 1 MHz controllable amplitude signal superimposed

on a variable plus or minus DC voltage., The instrument will also have the
capability of measuring the capacitance of this terminal to within the limits
and tolerance specified in the applicable procurement document.

3. Procedure. This test may be performed at room iemperature,
The capacitance measuring bridge shall be connected ticlween the input or
output terminal and the ground terminal of the test circuit, The bridge shall
be adjusted for 4 signal of 1 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
20 pt, the device shall be connected directly to the bridge with leads as short
as pussible 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 follewing details must be specified in the
applicable procurement decument:

(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
9 MICROELECTRONIC LOGIC GATING AND FLIP FLOP CIRCUITS

FOFRRIRERTE N NN IO

1. Purpose.  This method establishes the means of measuring the
DC (steady stafe) and AC (transient) noise margin of microelectronic logic
gating and flip flop circuits or to determine compliance with specified noise 5
margin requirements in the applicable procurement document. 1t is aiso
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,
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: 1.1 Definitions.  The following definitions shall apply for the pur-
1 poses of thes test method:

I R e

(a) Noise margin. Noise margin is defined as the voltige amplitude of
extraneous signal which can be algebraically added to the

4 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.

Wt XTSI

St NP R T

(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,

MBI

(c) AC noise margin. AC noise margin is defined as the

7 transient or pulse 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 %mbols. The following symbols shall apply for the purposes of
this test me and shall be used in accordance with the definitions provided

- gsee 1.2.1, 1,2.2, and 1,2,3) and depicted in Figures 3013-1, 3013-2, and
013-3.

e 20 S AT N 8 s Ll SN RS P 90 o M

by 175




JR Tt e AL TV, Lol Ul SUMMICIMER A, -~ < T [25.. % ) M T SO SRa (W LT 1.1 £t L a AN R Sl
ro PRLAR 1of PRI OT L DA T e R T TEAFRSRRT el B M e e IR A A 3

R - T g ETT —=

W

1.2.1 Logic levels, f

t 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 noise-fres worst case input
"zero" level.

VOL max <= Vi max

VOH min: The minimum output "high" level specified for a
logic gating or flip flop civrcuit.
VOH min i8 also the noise-free worst case input £
"high" level.

VOH min = VIH min
1.2.2 Noise margin levels.

VyL: The "low" level noise margin which can be algebraically
added to Vg3, max before the output level exceeds the

allowed logic level.

Vng: The "high' level noise margin which can be algebraically
added to Vo min before the autput 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.

il Y L L
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VNp+: The positive voitage which can be algebraically added
to the noise-free worst case uppex power supply voltage
before the output exceeds the allowed 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 legic input levels,
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1.2.3 Noise pulse widths.

PWy: The "low" level noise pulse width, measured at the
\4 I, max level.

PWy: The "high" level noise pulse width, measured at the
ViH min level.

2, Apparatus.  The apparatus used for noise margin measurements
shall include a suitable source generator (see 2.1), load (see 2,2), and
volzaz i detection devices for determining logic state.

’
Y“”V"Wﬂ!‘\«‘ N A YD Y Sy S B
o i . i

]

-
L

2.%  Source generator. The source generator for this test shall be
capable "} supplying the required AC and DC noise inputs. In the case of
pulsed inuuts 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,

A

2,2 Load., The load for this test shall simulate the circuit j.a::1-
meters of the normal load which would be applied in application of the szvice
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 shal! be
paralleled by a high impedance voltage detection device.

3. Procedure. The device shall be connected for operation using
a source generator and load as specified (see 2), and measurements shall be

made of VNL, VNH, VNG VNP, PWj, and PW following the procedures for
both AC noise margin and DC noise margin (see 3.2 through 3.3.3).
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3.1 General considerations.

3.1.1 Non-prop dgatiﬁ’n of injected noise., As defined in 1,1, noise
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 measurement of
both DC and AC noise immunity on Jogic 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:prcpagate through the elemeiit under test.

3.1.2 Superposition of-simultaneously injected noise.  Becausc the
logic levels are restored:after one stage, and because the noise margin
measurement is performed-with all ""inactive' inputs at the worst-case logic
levels, the proper:system:logic levels are guaranteed in the presence of
simultaneous disturbances:séparated by at least one stage.

3.1.3 Characterization:of AC noise-margin,  Although the purpose of
this standa:d test procedure-is to insure interchangeabihtv 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 noise

the measurement of "low' level noise margin for a positive-logic inverting

the NC measurement of Voy min. I the worst case DC test conditions for
VOH min ire high power supply voltage, all unused logic inputs coanected to
VOH min and output current equal to zero, these conditions should he applied
to the corresponding DC noise margin measurement.

3.2.2 "Low" Level noise margin, VN1,.  The "low" level novisc margin

following, expression:

VNI, = ViL{max) - VOL (max)
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margin using a particular logic input terminal should correspond to the worsl
case test configuration in the applicable procurement document. For example,

NAND gate should be performed under the same worst casc test conditions as

test is normally performed during the Vo test for inverling logic and during
the Vi, test for non-inverting logic. The noise margin is calentared {from the
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3.2,3 "High" Level:noise margin, Vnge The "high' level noise

margin test is:perormed:during the VoL test:for inverting logic and during
the Voy test for non-inverting logic. The noise margin-is calculated from
the following expression:

VNE = VOH(min) - VIH{min)

3.2.4 Negative ground noise margin, Vyg.. With-all power:supply
ard output terminals connectec to the appropriate worst case conditions,
arply V()L(-mf, ) t¢ the-inputs specified in the applicable:module document
“nc‘ decrease ‘he veltage:aprlied to the ground-terminal until the output levels:
equal Vm(mr‘ for inverting logic and VIL(max) for non-inverting Jogic, The
' DC ground ris« margin is the voitage measured at the Gevice ground terminal.
The DC source-resistance of the-injected ground line-voitage shall-be negligible.

3.%2.5 Posgitive ground noise-margin, VNG+. With-all power:supply
and- output terminals connected to-the appropriate worst:case conditions, apply
VOH(min) to tiie inputs-specified in‘the. applicable. module document:and

increase the voltage applied to-the ground terminzl until‘the -output levels equal
VIL(max) for inverting logic- -and VIH(mm) for:non-inverting logxc “The DC

ground noise margin is the voltage measured at the device ground terminal,
The DC source-resistance of the injécted ground line voltage shall be negligible.

3.2.6 Power supply noise margin, VNp+ or VNp-. Withall input, power
supply, and oufpuf terminals connecfed to the appropriaté worst case conditiois,
increase (or decrease) thé power supply voltage(s) until the output level equals
the appropriate logic level limit, The power supply noise marg'n 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 measured 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 and fail 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 ncise margin shail be used as the conditions for test.

If the AC noise margin exceeds the DC noise margin, the DC noise margin tests
only shail be performed.
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‘power supply, and output terminals connected to the approprmte orst case
-conditions; a positive-going noise pulse shall be applied to the *-put undex
'test The pulse amplitude shall- be eqa&! te VOH min minus VOL m%, the

‘width at the .9 amplitude level t¢ oas and one quarter ‘times the rise time.

pulse width is then measured at the input pulse Vy1, max level.
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2.7 2 "Low" Level noise margin, PWy,.  With all unused lo: i¢ inyut,

o
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and fall times shall be much iesa than the minimum- transxtlon times of the
device under test. The test is pevformed by initially adjusting the input pulse

The pulse width is increased untii ti:> ~utput voltage is equal to VIH max for
inverting logic and-equal to VIL min for non=inverting logic. The noise margin

3.J.3 "High" Level noige:margin, PWg. With all unused logic ixut,
power supply, and-output terminals connected to the appropriate worst case
conditions; a negative~-going noise pulse:sha'l be applied to ihe inpui undes
test. The:pulse amplitude shallibe equal to-'VOH min-Minus Vo, ‘max: the
‘puise shall be superimposed on:a:DC level-¢qual to VOif min; andithe tise faii
:times shall be- much less than th mmimum transitmn txmes of Uxe "ewce ‘m(’e;
test,

.1 amphtude level: to one and ohe:quarter- tunes the rise tlme. The pul.:‘
udth is increased until the output voltage is equal to VIL min for- inverting
logic and Vi max for non-inverting logic. The noise margin pulse width is
ithen measured at the-input pulse Vig min level.

4, Summary. The following details, whea applicable, shall be
specified in the appli icable procurament document:

(@)  VIL max
th)  VIL min
() VI min
) VIH max
‘) VOL max

) VoH min

(8) VNL
) Vng
() VNG
(Y Vyp
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(k) PW,
1y Pwy

(m) Test:temperature, :Unless otherwise:specified DC noise
margin measurements shail be made:at the rated operating
temperature extremes in addition-to:any other nominal test
temperatures.

(n) Specific noise margin' measurements-and conditions which are
te-be‘performed. .

(o) Power supply voltages. :
(p) Input:conditioning voltages.
{q) - Output loads

(r) Parameters of noisé:signal. :
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METHOD-3013 - Continued

& Test points in Logic Gating format
® Test points for DC Noise Margin

VN1 = DC wvoltage below VoL iiin 2t
the-gate input:that will Tesult
in an:output above VIL max

VNL = DC voltage added to Vo1, max

that-will cause:the gate-output

to go:below Vizi:min

Limiting Transfer
Characteristic

- N EE |

. g —— - flilAi_“?“ﬁ

oy

min

(] ""ﬁ:,& )

VG d o

VoL max VIL max ViH VoH VH

INPUT

FIGURE 3013-2, Inverting logic gate transfer characteristic defining

test points.

! .
% i,
e it

Wl e oL

ey

i . . ] 4 R bl bt g \‘n‘u A e
SRR o' e s i ot i, SO e I Pt A7 R S O R L e s bt




e )

e

y. ol g e
“M”u«‘ R

»
o g e DAL TS

R e Lo
o

Rt

e 2
W AT

[k

it A

g

PR s vy

5.
£
%
£
£
£
Al

IH

meay

OH
min

-

4

-

METH®OD 3013 - Continued

‘Limiting Transfer
Characteristic

24

© Test:points in Logic Galing
v _ format
«— 'NH—»| (@ Test:;points for DC Noise
Maigin

P-VNL‘ v ‘éﬂg‘y VNH = DC'voltage below Vou min

at the gate input that will
result in an output below

VPH min
VNL = DC voltage added to Vor. max
that will cause the gates
oufput to exceed Vi, roox

4

3013 -

v m  Vou Vin
IL min min max

INPUT

3. Non-inverting logic gate transfer characteristic

d=fining test points,
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METHOD 30X1

LOGIC INTEGRITY TESTING

1, oge This method establishes the means for assuring that a
~zmplex logic network is exercised to detect any open, stuck high level, <

stuck low level conditions on all logic element leads relevant to theinetvo*k
funcetion.

2, rl}gg ratus, An instrument shall-be provided that has the
capability-of applyliig 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 ;es and-of monitoring-the outputs
for:the resultant logic pattern.

3. Procedure. The circuit-under test shallibe stabilized to the test
temperature specified in:the applicable procurement document.. Nominal power
supply voltages and the input logic pattern shall:then beé applied to the:test cireui:
and the oufput-pattern monitored. Figures 30X1=1,30XI-2 and 30XI-3 illustrate
the-objective of the logic integrity test. The test sequence may be performed
concurrently when performing Method 3006, High Level Output Voltage, and
Method 30067, Low Level Output Voltage. of this document.

4. Summary. The following details shall be specified 1 tne
applicable procurement document:

-

(a) Test temperature
(b) Power supply voltages :
(c) Input conditioning voltage levels
(@) Input logic patterns (when applicable)
(e) Output logic patterns (when applicable)
(f) Output logic levels (when applicable)
(g) Input logic levels (when applicable)
. Y

a

3
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METHOD 30Xx2

FLIP FLOP FUNCTION TESTING

1. 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.

ratus. An instrument shall be provided that has the

2. Appa
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 for:the resultant logic pattern.

3. Procedure. The circuit under test shall be stabilized to the
tést temperature specitied inithe applicable procurement document.
Nominal power supply voltages and the input logic pattern shall then be applied
to the test circuit and the output pattern monitored. Typical input/output
patterns are shown in Figure 30X2-1 through 30X2-3, This test scquenca may
be performed concurrently when performing Method 3006, High Level Output
Voltage, and Method 3007, Low Level Output Voltage, of thls 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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MIL-M-38510/103(USAF)
MILITARY SPECIFICATION
MICROCIRCUITS LINEAR,
DIFFERENTIAL VOLTAGE
COMPARATOR,
MONOLITHIC SILICON 3

1. SCOPE

1.1 Scope. This specification covers-the detail-requirements for monolithic,
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 pari number, )

1.2 Part number. The complete part number shall be as shown in the following
example:

M38516 /103 01 B A

1o

Military Detail Device Device Case Lead(inish
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:

Case outline A - (1/4" X 1/4" 14 lead flat pack)
Case outline C - (Dual-in-line pack)

Case outline G -~ (8 lead can)

Case outline H - (1/4" X 1/4", 10 lead flat pack)
Case outline I - (10 lead can)
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MIL-M-38510/103(USAF)

1.2.4 Absolute maximum ratings.

L e e R Y o i M N SR YA

Type01  Type02  Type 03 3
Positive Supply Voltage------~-==--= +14,0V +14.0V +15.0V 3
Negative Supply Voltage --------~--- -7.0V -7.0V -15,0V -
Output Voltage---=-====caccococccan +24.0V 2
« Output to-Negative Supply Voltage---- B ) 30.0v
. Input Voltage Range ~======creemcaaa  +7,0V £7.0V +7.0V
: Differential Input Voltage ~~---=---=~ £5.0V 5.0V 5,0V
Peak Output Current ==c-ccvecccacae 10 ma 50 ma
; Sink Current ---=cess=c-emececouens ) 100 ma
N Output-Short Circuit Duration ~-=---- 10 sec 10-sec 10 sec
. Strobe Voltage-~--c-=viccaco-cziaa- _ 6.0V 6.0V
' Storage-Temperature:Range ---==-~-- -65°C to +150°C_
Junction:Temperaturé.-----~-=s<5-==  150°C 150°C 150°C
Lead Temperature(soldering, 60-sec) 300°C 300°C 300°C
. 1.2.5 Recommended. operating conditions.
‘ Supply voltage range =~-----+-==3.Vec = 12.0Vdc,-Vee = -8,.0Vde(type 01+02)
: Supply voltage range =---------=3Vee = 12,0Vde, -Vee = -3.0t0=12.0Vde
’ Operating temperaturé range---- -55 to +125°C (type 03)
1.2.6 Power and Thermal characteristics.
Case Package Maximum-allowable Maximum ‘Maximum
outlive = _ er dissipation 0J-C 0J-A
A 19 Tead FP me. T¢ = c 0°C/W 210°C/W
C Dual-in-line 500 mw, Tc = 125°C 50°C/W 150°C/wW
G 8lead can 360 mw, Tc = 125°C 70°C/W 220°C/w
H 10lead FP 420 mw, Tc = 125°C 60°C/W 220°C/w
I 10 lead can 360 mw, Tc = 125°C 0°C/wW 185°C/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.

AR HAHTN o P I s G A e M o L e =

SPECIFICATION

G

MILITARY

S alda o]

! MIL-M-38510-- Microcircuits, General Specification for.

i (Copies of specifications, starsirds, drawings, and publications required by suppliers
! in connection with specific prccurement functions shculd-be obtained-from the procuring
activity or as directed by the contracting officer.)
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MIL-M-38510/103(USAF)

3. REQUIREMENTS

3.1 Detail specifications. The individual item requirements shall be in accordance
with MIL-M-? ,-and as specified herein.
3.2

Design, construction, and physical dimensions. The design, construction,
and physical dimensions shall be as specified in MIL-M-38510 and herein.

3.2.1 Circyit disgram and terminal connections, The circuit-diagram and terminal
connections shall be-as specified on figure 5.

'3.2.2 Schematic. circuit. The schematic circuit shall be as specified on figure 6.

3.3  Lead material and finish.

3.3.1 Lead material, Lead material ahall conform-to one of the following chemical
compositions:

(a) Kovar ~ MIL-3TD-1273, Type K

(b) Alloy 42 -
Nickel « « = = = = v =« = = 41 to 43 percent,
Manganese =~ -« =~=-- .- 0.50 percent, maximum.
Carbon « - == = v = = = < 0.10 percent, maximum.
Silicon- -« v s s cc v 0.25 percent, makximum.
Iron= ~--«=~==«s--- Remainder,

3.3.2 Lead finigh,

Finish letter " Lead frame material and coating
A Kovar-or Alloy 42 with hot solder dip
B Kovar or Alloy 42 with bright:tin-plate
C Kovar or Alloy 42 with gold plate

The lead finish shall conform to one of the following, as applicable:

(2) Hot solder dip - Mintmum thickness of 360 microinches of solder

(SNE0 or SN 63) over primary finishes in accordance with (b) or
(c) below.

(b) Bright acid tin plate - Thickness between 100 and 400 microinches.
Nickel underplating is optional.

(¢) Gold plate - In accordance with Type K requirements of MIL-STD-1276,
except that the thickness of the nickel undercoating, if used, shall be
100 microinches, maximum,
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MIL-M-38510/103(USAF)

‘Electrical performance characteristicS. The following electrical performance

charactevistics apply over-the full operating ambient temperaturé range of -55°C to
125°C and for supply voltages of +Vce = 12.0Vde and <Vee = ~6.0Vde, unless
otherwise specified (see table I).

Rebonding. Rebonding shall ke in accordance with MIL-#-38510. The total

number ‘of rebond-attempts:shail be-limited to-a maximum of 10:percent of the total

number-of bonds:in the-microcircuit; The 10:percent-limit cn-rebonds may be

interpreted as the:nearest-whole number to the 10 percent value. A bond shall be

package:thore are:28 bondé)

-defined-as a wire:to post or wire to:pad bond (i.e., for:a 14 lead:wire bonded
. Bond-offs required to cl2ar the border after an

neuccessful f irstfbond attempt need:not be- considered as rebonds provided they can

No more than onegreboni_

3.6

specified in table:1ll for the-applicable device:type and-device class.

-shall be made wheére- pad nietallization- has been- lifted

‘Electricalitest requirements;. Electri¢al-test requirements shall be as
The-subgroups

-of table-TI and limits of table IV which-constiiute the miniraum electrical test
requirements for-screening;. qualification and:quality conformance, by device class
are specified in table II.

_TABLE I,

Electrical test requirements

Class C

L . Class A Class B

MIL-STD-883 test requirement _-devices devices devices

Interim electrical parameters 1 1 None

,(Pre Burn-ln) (Method 004) 7

‘Final e! eétrical test parameters 1%,2,3,4 1%*.2,%,4 1

*(Method 5004‘

Group A test. requirements 1,2,3,4, 1,2,3,4, 1,2.3.4,7

(N'ethod 5005) -5,6,7 ,5,6,2

Groups B and C end point 1,%,3 and | Table WV Table TV

électrical-parameters table IV delta limits] delta limits

(Mothod ‘3005) celtalimits | and limits and limits
i Additional electrical subgroups None None 5,6

for Groug C periodic inspections

* PDA applies to subgroup 1-(see 4.3(h)).

Sabgr--ps 4 B and 8 do nat apply for Teoe 03,
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MIL=M-38510/103(USAF)

3.7 -Marking, Marking shall'be in accordance with MIL-M=38510 and 1.2, At
the option of the manufacturer, the following: markmg may be omitted from-the
body of the microzireuit, but shall be retained on-the initial container.

(a) Country of-origin,
‘(b) Manufacturer's identification.
4. ‘PRODUCT ASSURANCE PROVISIONS
4.1 ?Samglln -and:ins ection.

accordance with-MIL=M=
modified-herein;

1q§pectxon procedures shall be:in

"Sampling and-i
d:M :

smgle type in the quahned case outline to-the group ‘B, subgroupi3 “test and the

group C, subgroups 1; 3, and 4 tests.

4.3 Screening. Screening shall:he in accordance with Method 5004 of MIL=
‘STD-883; and-shall- .be-conductad-ofirall-devices prior to- quahfxcatlon and quality
conformance inspection: “The following additional:criteria shall-apply:

(a) Test samples for the group B bond stfength test spécified in
Method 5005 of MIL-STD-883 may, at:the manufacturer's option
be randomly selected immediately following the internal visual

(precap)-inspection and:p :prior to sealing (see-4. 4.2(b)).

(b) Temperatire cycling (Method 1010 of :MIL-STD-883):
(1) Omit-geal test as post-test measurement.

(¢) Thermal shock-(Method 1011 of MIL-STD-883), when substituted
for temperature cycling,
(1) Omit:seal test as post-test measurement,

(d) Burn-In Test (Method 1015 of MIL-STD-883),

:2) Reverse bias burn-in and interim electrical test in accordance
with 3.1.10 of Method 5004 of MIL-STD-883 shall be omitted.

(f) Interim and final electrical test parameters shall be-as specified
in table II; except interim electrical parameters test prior to
burn-in iq optional-at-the discretion of:the manufacturer.
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‘MIL-M=<3851 7 103(USAF)
(¢) External viSual inspection shall:not include measurement of

case-and- lead dimensions.

(h) Percent defective allowable (PDA) ’rhe PDA‘is specxfied as

based on faxlures from: group:A«; :
as:fi nal eiectrical:testi U gcordance witlL et hod 5004 of

4.4  Quility conformanca: mspectmn. Quality conformance-inspection- shaii-be
in-Accordance with-MIG=M-38510.

4.4:1 -Group.A.sinspection: (Group;A: mspectmn shall_ éonsistiof-thes test sub-
groups -and LTPD- values-shown:in-table-I -of-Method=5005:0f-MIL- B
as‘follows:

(a). -Subgtoups-9; 10,.and’11 :shall-be-omitted:
(b) Tests:shall: be as-gpecified in-table II;

-~ ¥ o
s N e A T
i

4.472 Group B ‘inspection. :Group:B- inspéction:shall-consist-of thestest siib-
groups and LTPD- values shown-in table 1I'of Method-5005-of MIL=STI=883 3ad
agfollows:

(a) End point eléctrical: parameters:shall be-as-specified in table JT.

(b) Dond:strength test:may be-conducted oh samples-coilested prior tu
~ sealing (seé4.3(a)).

(¢) Operating life test:(Metnod 1005.0f MIL-STD-883);

4.4,3 Group C_ingpection. "Group:C inspection shall-consist:of the-test sit-

grouns ana LTPD values.shown in table III of Method-5005-0f- MIL STD-883 aud
a5 {ollows:

(a* End point electrical parameters shall'be as specified in-table i1

(b) Lead-torsion.initial conditioning;prior to moisture resistance and
salt atmosphere tests may be omitted.

{c] Omit-steady-state reverse bias test,

gt

4. M=theds of cxamination anditest, Methods of examination and-lest shail be
as speeified in the appropriate tables. Electrical-test circuits as prescribed-herewn
s | or ;: the referenced test nethods of MIL-STD-883 shall:be acc-:',:‘.. ble, Other
- E t2gt rir-uits ghnil require the appraoval of e qualifying aelivies
{ Ab
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MIL-M-38510/103(USAF)

4,5.1 Voltage and current. All voltages given ar2 referenced to the micro-
circuit ground terminal. 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°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.

-
‘F\P

ot S WL M B R G 1,

i

b 4.6 Inspection of preparation for delivery. Inspection of preparation for ;
= delivery shall be in accordance with MIL-M-38510, except that the rough handling b
g test shail not apply. i
E 5. PREPARATION FOR DELIVERY F
f{ 5.1 Preservation-packaging and packing. Microcircuits shall be prepared for b
3 delivery in-accordance with MIL-M-38510. Lecvel C requirements shall be used E
T unless otherwise stated in the orderiny data. 4
6.  NOTES :
¥ 6.1 Notes. The notes specified in MIL-M-38510 are applicable U this ;
= specification., 3

6.2 Intended use. Microcircuits conforming to this specification are inteaded
for use for Government microcircuit applications (original equipment) and
logistic purposes.

b

o

5.3 Ordering data. The contract or nrder should specify the following:

N ey

‘W!\E? il ’r‘: unﬁ:‘.‘ mr;,,ﬂ,” wﬂ;‘@ﬁh‘rﬂ?“’h‘

1a) Complete part number (see 1. 2),

SRR e g Atk b B A

{b) Requirements for delivery of one copy of the quality conformance
inspection data pertinent to the device 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 (o
procuring activity in addition tu notification to the qualifying
activity, if applicable,

{¢) Requirements for packaging and packing, if other than level C of
MIL-M-55565,

i} Requirements for failure analysis (including required test condition
of Method 5003), corrective action and reporting of results, if
applicable.
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MIL-M-38510/103(USAF)

(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 will

not apply to direct purchase by or direct shipment to the
Governient,

" 6.4 Abbreviations, symbols, and definitions used herein are defined in
MIL-STD-1313 and MIL-STD-1331.

6.6 Substitutability. Microcircuits covered by this specification are
substitutable Tor the Tollowing commercial device types:

Device type Commercial type
=evice lype

01 710

02 11

03 106
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NOTE: Pin 4 connected 10 caee.

Note: Pin S connected 10 caee.

FIGURE 5 TERMINAL CONNECTIONS
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TEST CONDITIONS (T = +125°C) +Voo = 12V, Voo = =6 V
SIG GEN £ = 5 Hz, OUTPUT = 10 V (P-P)

1. ALL RESISTORS ARE 5% TOLERANCE.

2. INPUT APPLIED TO BOTH CHANNELS OF DEVICE TYPE 02,

STROBE INPUTS OPEN.
3. FOR DEVICE TYPE 03, STROBE INPUTS OPEN.

7. - TEST CIRCUIT, BURN-IN AND OPERATING LIFE TEST
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TEST CONDITIONS (Ty = +125°C) +Vgo = 12V, ~Vgo = =6 V
Vy = 5 Vdc (SEE NOTE 1)

NOTES: 1. FOR DEVICE TYPE 02, Viy SHALL BE POSITIVE INTO ONE CHANNEL

AND NEGATIVE INTO THE OTHER CHANNEL, STROBE INPUTS OPEN,
2. FOR DEVICE TYPE 03, STROBE INPUTS OPEN. le 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

et

GROUP 3 AND C, END PCINT ELECTRICAL PARAMETERS
(T, = 25°C, V4 = +12 Vdc, V. = -6 Vdc)

TEST

TYPE 01

TYPE 02

TYPE 03

LIMIT

DELTA

LIMIT

DELTA

LIMIT

DELTA

2,5 av
20 uA
Jua

40.5 mV

+2 A
+0.3 1A

4.0 mV
75 pA
10 A

+0.5 mV
+7.5 A
+1.0 pA

2,5 mv
20 uA
3

+0.5 mV
12 pA
0.3 pA




DEFINITIONS

LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output uof the
comparator at which the loading logic circuitry changes its digital statc.

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 defined for the case where two equal resistances are inserted in
series with the input leads.

INPUT OFFSET ZURRENT - 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 RANGE - The range of voltage on the input terminals for which
the comparator will operate within specifications.

INPUT COMMON MODE REJECTION RATIO ~ The ratio of the input voltage range to
the maximum change in input offset voltage over this range.

GIFFERENTIAL INPUT VOLTAGE RANGE - The range oi voltage between the ainput
rziminals for which operation within specifications is assured.

VOLTAGE GAIN - The ratio of the change in output voltage to the change in
voitage between the input terminals producing it with the DC output Llevel in
the vicinity of the logic threshold voltage.

RESPONSE TIME - 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 witn
the input voltage equal to or greater than a minimum specified amount,

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 damage to the comparator.

OUTPUT RESISTANCE = The resistance seen looking into the output terminal with
the DC output level at the logic threshold voltage.

POWER CONSUMPTICN - 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-sigral conditions.
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NOTES:

1. Unless otherwise specified:
VIN S V+=Vp =12V, V- =0V, I; =1 mA, Rge. = v 3, C1 = 100 pF
and CREF = 0.

2. Resistor values required to set output voltage.

a) For VouT = 2to TVde, Rl, R2, R3, and R4 are determined as follows:

- R __ VREF
Vour ” VREF ¥ RI + R2 Ri+Re - 1mA
Rl R2 - N
AL 1 1SN < e = "
YA R3 < 10K @ R4 Open Circuit
f o) For VOUT = Tt037 Vde, Rl, R2, R3, and R4 are determined as [sllows-
1 R3 + R4 v -
3 v =y X 5 =1 mA
our * VRer *~ S
BRI BRI _ R 10k R2 = Open Circuit
- R3 + R4
E? ¢) For the purpose of this specification, the following table shall be used
to determine the resistor value required to obtain a given nominal output
voltage. Ri R2 R3 R4
Vour SYA) S1(B) SK(C) si(D)
2y 515K 2K 1.45K et
5V 2.15 K 5K 1.56 K e
7.5V 0.33 K 0.35K 7.15K
3V 5.TTK o 29.85 K 7.15 K
¥ 1% resistors are used nominal VOU’I‘ will be achieved within 57,
3. Ry, chosen to obtain required I; for given nominal output voltuge.
T ol 3 0 . L
B TC Yy - Vout @ 25°C Voug @125°C | . 1%c o
= N c
E 259 to 125°C Vour ¢ 25°C
= P P .
5. Tee Voo = Vour @ -53°C - Voyr @ 25C_ | s goc < V¢

.659C to 259C

FIGUR
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1,50K
COMP ——-—] Q
100 pF

4 Non Inv INV I

LA
_’!‘1
&/

5K @

\§
aa

0

1. For ripple rejection
ViNs = 2V rms, 10K Hz

£
RIPPLE REJECTION (db) = 20 log —08
INS

2. For noise
VINS =0Vrms
Erms (filtered to 100 Hz to 10 K Hz) = noise 1V rms

FIGURE 13 - RIPPLE REJECTION AND NOISE TEST CIRCUIT
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1. For line transient response, Sl in position 1
Pulse 1 equals 3 V high, 25 1 sec wide, 3% duty cycle
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2, For load transient response, Sl in position 2
Pulse 1 =0

Pulse 2 equals -750 mV, 25 usec wide, 3% duty cycle

FIGURE 14 - TRANSIENT RESPONSE TEST CIRCUIT
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