AD-A069 161

.. UNCLASSIFIED
f oF |

AD)
ACB3 16/

HUGHES AIRCRAFT CO FULLERTON CALIF GROUND SYSTEMS GROUP F/G 14/2

EVALUATION OF ELECTRICAL GUARDBAND TESTING. (U)

APR 79 6 ALLEN: J ANGUSr B CLARK F30602-76-C 0336
RV RANC=TR=79=123

END

DATE
FILMED

779

[




g e b aiias ey o

ADA069161

ODC FILE COPY

RADC-TR-79-123
Final Technical Report
April 1979

EVALUATION OF ELECTRICAL
GUARDBAND TESTING

Hughes Aircraft Company

Greg Allen
John Angus
Bruce Clark

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

ROME AIR DEVELOPMENT CENTER
Air Force Systems Command
Griffiss Air Force Base, New York 13441




This report has been reviewed by the RADC Information Office (0OI) and ~ ‘
is releasable to the National Technical Information Service (NTIS). At NTIS 1
it will be releasable to the general public, including foreign nations.
; i {
3
|

RADC-TR-79-123 has been reviewed and is approved for publication.

5

; gg&m,,//?c%‘w@/
EDWARD P. O'CONNELL
Project Engineer

s P,

JOSEPH J. NARESKY
Chief, Reliability and Compatibility Division

1 ‘ FOR THE comunm%} Vi
i JOHN P. HUSS
% : Acting Chief, Plans Office

If your address has changed or if you wish to be removed from the RADC
mailing 1list, or if the addressee is no longer employed by your. organization,
3 please notify RADC (RBRM), Griffiss AFB NY 13441. This will assist us in

3 maintaining a current mailing list. :

© e |

Do not return this copy. Retain or destroy.




T

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE R

. REPORT NUMBER W/ — 7 IPIENT'S CATALOG NUMBER
| RADETR-79-123 1T - 2
4. TITLE (and Subtitle) i

- 1 Final Technical Fep@lte
EALUATION OF £L’ECTRICAL gUARDBAND ESTINGO ( Jul 76 - Sep 7

7
= 7 - S
N/A

23 . CONTRACT OR GRANT NUMBER(s)
\ D Creg 7A11en 5 [ »)

s AT g

E John JAngus F3}$6;§2-76-c-)o336 e

g Bruce flark

4 " PROGRAM EL EMENT, PROJECT, TASK
J \ 9 PERFORM"{G})“GANlZATION NAME AND ADDRESS ARER & WORL'( UNIT N ERS

b s Hughes Aircraft Company

2 Ground Systems Group / 2F 'gl
o Fullerton CA 92634 R1320106

11. CONTROLLING OFFICE NAME AND ADDRESS 12

” Apr 1979

'\f

Rome Air Development Center (RBRM)
i Griffiss AFB NY 13441 83

4. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CL ASS. (of this report)

s | ,

| Same 9 [p /.7: UNCLASSIFIED

¥ 15a, DECLASSIFICATION/ DOWNGRADING
CHEDULE

N/a°

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

Same

18. SUPPLEMENTARY NOTES

RADC Project Engineer: Edward P. 0'Connell (RBRM)

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Guardband Limit

Compliance

Parameter Distribution

20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

Electrical guardband testing of microcircuits in lieu of 1007% testing at the
device temperature extremes has long been championed by device manufacturers as
a cost effective means of guaranteeing reliable device performance in military
systems.

This report describes a detailed study of the validity of the guardbanding
concept and the effects of manufacturer, datecode, and reliability grade

DD , 28", 1473 UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

394 4710




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

[ upon these devices. Through the utilization of intensive testing techniques
in conjunction with the development of a series of linear, log-linear, and
exponential mathematical models a high degree of guardband test limit
validity was established. Further analysis of the data utilizing advanced
statistical techniques resulted in the development of a method for accurately
setting guardband test limits on most parameters. Additional correlation
analysig wos performed on the test samples resulting in the establishment

of theignterchangeability of JAN, 883B processed, and commerical devices.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

5
7
s
x
A
L

3

Nt

sl

R

.'1
E
8
4
4




CONTENTS

Section 1 -~ INTRODUCTION ]
2 Program Background and Overall Objectives .. .............. e 1-1
? S0ntlie PROBTAIY' TOBRE v - « + c6. o s o5 s st v s nouinnnednnsnnssssnne s 1-2
TS DO TUBE o o fidi e n e e T R e 1-2
Applicable Military Specifications Electrica.l Test - R 1-2 S
; DRI RoBOREME . . « . o i« v vnnnanene RN 1 s i S 1-4
TRy 1 = o e o g RS e Rt e s 1-5
o e T R B R L AR 1-5
mmuw.-..........-...--.......--......... ------ 1"6
DM“/&IW...-¢...................... ooooo v e s e 1"8
: y ¢ Section — DATA ANALYSIS DESCRIPTION
: Process (FlowofData) . . . ............ A o P Rl P S TR 2-1
| e R i U N A AR : 2-1
’ Descriptive Statistics, Histog’ra.ms e T S | e N I AT e | E 2-1
Regression Analysis, Setting of Guardbands, Fxsher-Irwm
FRAALISERTINEI xS TRl e Tt e e e T e 2-3
Equations for Fitting Models to Data by the Method of Least
Squares, Measures of Goodness-of-Fit, Using the
Empirically Derived Fits for Finding Guardband Limits . .. ... .. 2-6
Presentation Format ... .. R R O L A i e S ) ¢ 2-9
T e S R S et s S T s TR e e S R 2-10
Gaardbendsimitar T s TR e e G R B e R el 2-10
Variations due to MAnUERCIUTET. . . ': .o iiv v vt v sras als s oo v s Fae 2-10
Comparison of Parameter Distributions. . . .. ... ......00vu.... 2-14
| ' Sample Calculations of Guardband LimitS . . ... .o e v v e envnonnne.. 2-19
i SOOI Lty v el AR e Sl e SRRt iy o 2-22
Failure Analysis ......... o T b e e LS AR A WL T L 2-27
3 o L R S G PR e Y S ol N S et L e 2-29
ERVIEY I ERUREION s et o8 2 o0 o o s e e o e R B e B e s 2-31
ENNBIORE ¢ 5 L T e i e e s S S e A e L R-1
SPENRENE K- CRIDRGL. 4 5o g e B o o e e rR L e e e e T Al-1
Appendix 2 -~ EXCERPTS FROM COMPUTER REGRESSION AND
BITOUGRAM ANAEYEES | o v v oov v olemanvaing & o wmvamns T R e . A2-1
Appendix 3 = PROPOSED MIL-STD-833 TEST METHOD
GUARDBAND LIMIT DETERMINATION ... ..t vvvvoenennns St e s A3-1
Appendix ¢ -~ SPECIAL ELECTRICAL STRESS TESTS ..... e gl SASERPEC Ad-1
2 e RN S L R T R ST CRCARTES S T G-1
ACC
White Section
Db Bufi Sestion 03
WRANNBUNCTD 0
JUSTIFICATION oo e e
WRWJI‘ ’!\h m“’n s ‘
3 - — ] |
-
! iii (iv BLANK)

bt i Pk i




LIST OF ILLUSTRATIONS

A
%.
¥

Figure Page |

§ 2-1 FIW Of Data L I L I S T S R R T S T S S PR 2-2 »
, 2-2 mns ity Cuwes L N I I I I I ® 0 0 0 0 0 0 s 0 0 0 e v e s s s oe e 2- 14

LIST OF TABLES i

Table Page :

l-I TabIOOfTGStSa-mplepal'tNumbers @+ 0000000000000 000000eescestss O S 1-3 $

.............................. 2-23
2-VII  Failure Classification by Failure Category and Procurement Grade .... 2-28

1-II Manufacturer Serial NUmber Code. « . . . . v v v v o v v v o s o0 oecenenns 1-5 { J
! 1-m Device Type Serial Number Code ............... NIRRTy 1 o e . 1l-6 |
’ ’ 1-IV  Force and Measure Ranges with 2V/2mV Option . ......... sk mprtir i 1-7 : 9
) 1-V Period Range, Scale and Resolution. . . ....... O R hs At a sk o am e o ‘
: ! 1-VI Timing Generator Range Scale and Resolution. . . . ........000.0... 1-8 ‘
i 2-1 Test for Variation due to Manufacturer for JAN 5410

DAVIGE: o, o5 G i sy S s bt Wi s et S < 5 B g A ir2e12

| 2-II F-Values for Testing Variations due to ‘Vlanufacturers
1 1O JAN BRENE . . .. bir i §55 ivs Wi Tr Sa e s LT < ] LERE B 2-13
| 2-1I0 F-Values for Testing Variations due to Manufacturers
| Jor SRR PREIE .. ooy e vhia i R e e e ke % e 2-13
i 2-1V Variation of Parameter Distribution Comparison. .. ............. g 2=15
d 2-V 90% Confidence Intervals for the Probability of Defective Part .. .. .. i @=21
?' 2-VI Failure Analysis Results .

-
1
!
v
]

|
»
l e




EVALUATION

RADC has recognized the need to continuously evaluate new quality
assurance procedures that offer potential for simplifying solid state
device testing requirements without compromising the overall reliability
performance of the devices in military equipments. This study addresses
a specific type of electrical testing, commonly referred to as guardband
testing, that many microcircuit vendors have recommended be approved as
an optional substitute for 100 percent electrical testing of static
parameters at temperature extremes.

The objective of this effort was to determine if the electrical
performance of microcircuits can be adequately characterized by testing
only at room temperature conditions to guarantee their electrical per-
formance across a specified operating temperature range. The results
of this study will be utilized to evaluate what simplifications, if any,
should be made in the electrical test requirements of MIL-STD-883,
"Military Standard Test Methods and Procedures for Microelectronics"
and MIL-M-38510, "Military Specification Microcircuits General
Specification For."

This investigation has shown that for the microcircuit types studied,
electrical guardband testing is feasible. Reliable guardband limit
determination depends on such factors as device family maturity, magnitude
of temperature dependent parameters, device to device variations in
parameters and selection of a valid mathematical guardband model. All
devices tested in this program were from mature bipolar transistor-
transistor logic families consisting of small and medium scale complexi-
ties. However, there appears to be no reason why similar techniques
could not be used to obtain guardband test l1imits on devices for other
mature technology families having the same level of complexity.

The proposed test method for establishing guardband limits that was
developed as part of this study, will now be made available for industry
evaluation. Since most microcircuit manufacturers have been employing
guardband test techniques on their commercial product lines, it is
anticipated that they will cooperate in evaluating this proposed new
guardband test method and be in a position to provide meaningful comments
and supporting test data. RADC does not propose to recommend changes in
existing MIL-STD-883 and MIL-M-38510 electrical testing procedures until
microcircuit manufacturers have demonstrated that guardband test techniques
are suitable for their products and that performance of the microcircuits
at temperature extremes can be reliably predicted based solely on room
temperature measurements.

Etsironst PO rmelf
EDWARD P. O'CONNELL
Project Engineer
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Section 1

INTRODUCTION

PROGRAM BACKGROUND AND OVERALL OBJECTIVES

Microcircuit vendors have indicated that significant cost savings could be
realized, if they were permitted to substitute equivalent or guardband test pro-
cedures for the more costly temperature extreme test requirements of MIL~
STD-883 and MIL-M~-38510. Data submitted by one vendor, covering an evalua-
tion that he designed and conducted, appears to support this contention. The
ability to perform effective guardband tests is a function of the vendor process
control, technology acd device maturity. Therefore, guardband testing can only
be prepared for an individual circuit by performing a detailed analysis of the
test data as the device reaches a reproducible state. In many cases the test
procedures that are used for guardband testing are proprietary and would not be
made available for inclusion in military specifications as alternate tests. How-.
ever, if it can be determined that guardband tests provide an adequate assurarnce
of microcircuit performance over the full operational temperature range, then
it may be possible to establish methods by which a vendor can qualify to use his
alternate or guardband procedures without divulging the exact methods of testing.
This study is intended to provide a2 comparison of the electrical performance
capabilities of select microcircuit types that have been tested to both "JAN' and
various vendor procedures.

The objective of this study is to validate the technical acceptability and assess
the reliability risk, associated with using vendor equivalent of guardband elec~
trical testing procedures for monolithic microcircuits, in lieu of 100 percent
electrical testing of static parameters at temperature extremes.

This effort is designed to generate data for select microcircuit types, indi-
cating if the electrical performance can be adequately characterized by testing
only at ambient temperature conditions, to guarantee their electrical perform-
ance across the full operating range. The resuits of this effort are to be
utilized in determining what simplifications, if any, can be made in MIL-STD-
883 and MIL-M-38510 electrical test requirements, without compromising the
operational and reliability performance of military equioments.

The electrical interchangeability of 863B and commercial grade devices with
JAN devices shall be determined through an analysis of the parameter
distributions.




The compliance of each 883B and commercial devices to its our procurement
specification and to the corresponding MIL specification will be determined.
This information is to be used as an indication of the overall performance of
883B and commercial devices as compared to the corresponding JAN devices.

The procedure for setting guardband limits will be determined, as well as a
method of determining when guardband test techniques can be applied. Examples
of the calculations required are included in the results.

SPECIFIC PROGRAM TASKS

This program was designed to establish the validity of guardbanded device
testing limits at 25°C as substitutes for the temperature extreme test require-
ments (-53°C and +125°C) of MIL-STD-883 and MIL-M-38510. The guardband
test limit characterizations were developed to 2 mumber of different digital
device types including 2 and 3 input Nand gates, flip~flops and 8 input multiplexer
integrated circuits from seven different manufacturers. >

The resultant data base was analyzed for compliance to guardband test limits
as well as parameter distributions and compliance to JAN Mil Slash Sheets Spec
limits as well as manufacturers data sheet performance limits.

Applications of this effort can result in simplification of MIL-STD-883 and
MIL-M-38510 electrical test requirements without compromising the operational
and reliability performance capabilities of military systems.

PARTS FOR TEST

All components listed in Table 1-I were tested for compliance with the elec-
trical performance characteristics to which they were procured. In addition,
all components were tested to the applicable military JAN slash sheet specifica-
tions for compliance with electrical performance characteristics of MIL-M-38510
Table I in accordance with the electrical test requirements of Table I for Class B
devices and the Group A inspection conditions of Table I except that Sub-~
groups 10 and 11 were performed on 2 100 percent basis. Tables I, II, and III
are contained in the applicable military specifications referenced below.

Applicable’ Military Specifications Electrical Test Plan (Typical)

Military Specification MIL-M-38510/1B, device type 03 was used to test the 3
following microcircuits:

JM 38510/00103 BCX
9N10 DM

9N10 DM QB

ITT 54109

ITT 5410J/B2

MC 5410 L

MC 5410 BEX

DM 5410 J
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TABLE 1-L

TABLE OF TEST SAMPLE PART NUMBERS

Part Number - Part |Minimum i
As Required Ident Samples !
by S.0.W. Manufacturer Code | Tested*
JM 38510/00103 BCX Fairchild AJ 50
9N10 DM QB Fairchild AE 100 §
9N10 DM Fairchild AA 100 %
JM 38510/00103 BCX LT BJ 50 ;
ITT 5410J (B2) ITT BE 1 100
ITT 5410J ITT BA 100 |
JM 38510/00103 BCX Motorola CJ S0 3
MC 5410 BEX'S Motorola CE 100
MC 5410 L Motorola CA 100 s
JM 38510/00103 BCX National Semiconductor DJ 30 )
DM 3410/883 B National Semiconductor DE 100 1
DM 5410 National Semiconductor DA 100 J
JM 38510/00103 BCX Signetics EJ 50 :
RB 3410 F Signetics EE 100 .
SS5410 F Signetics EA 100
JM 38510/00103 BCX Texas Instrument FJ ! 50
SNC 5410J Texas Instrument FE v 100
SN 5410J Texas Instrument FA 100
9S10DM QB Fairchild AH 100
9S100DM Fairchild AD 100
SNC 54S10J Texas Instrument FH 100
SN 54510J Texas Instrument FD 100
JM 38510/00104 BEX Fairchild AN S0
9312DM QB Fairchild AF 100
9312DM Fairchild AB 100
JM 38510/01402 BEX Motorola CK 30
MC 9312 BLX S Motorola CF 100
MC 9312 L Motorola CB 100
JM 38510/01402 BEX Advanced Micro Development GK 30
0713931251X (883B) Advanced Micro Development GF 100
0713931251 Advanced Micro Development GB 100
JM 38510/00201 BCC National Semiconductor DL S0
JM 38527./00201 BCX Signetics EL 30
S 5472F/883B Signetics EG 100
S5472 F Signetics EC 30
SNC 5472 J Texas Instrument FG 100
SN 5472 J Texas Instrument FC 100
DM 5472J/833 B National Semiconductor DG ! 100
DM 3472 J National Semiconductor DC {9100
JM 38510/00201 Texas Instrumant L 1. %
JM 38510/00602 Texas Instrument FP | 30
JM 38510/00104 Signetics EN 50

*Includes 3 or 10 additional samples per part type depending on initial sample
size used as test program verification etc.

‘5
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DM 5410 J/883B
S5410 F

S 5410 F/883B
SN 54104

SNC 54104

Military Specification MIL-M-38510/1B, device type 04 was used to test the
following microcircuits:

JM 38510/00104 BCX

Military Specification MIL-M-38510/2E, device type 01 was used to test the
following microcircuits:

JM 38510/00201 BCX

DM 5472 J

DM 5472/883B and 5472 F

S 5472 F/883B and N 5472 J and NC 5472 J

Military Specification MIL-M-38510/6B, device type 02 was used to test
the following microcircuits:

JM 38510/00602 BCX

Military Specification MIL-M-38510/14A (USAF), device type 02 was used
to test the following microcircuits:

JM 38510/01402 BCX
9312 DM

9312 DMQB

MC 9312L

MC 9312BLX
0713931251X
0713931251X (883B)

Military Specification MIL-M-38510/70 (USAF), device type 05 used to test
the following microcircuits:

9S10DM
9810DMQB
548104
SNCS54510J

Data Recording

All tests and measurements performed above were recorded in hard copy
form along with datalogging to magnetic tape for further data analysis. All
devices with out-of-specification parameters were retested for failure
verification.




Description

Device Selection: All microcircuits that were used in this study were sealed
in hermetic, dual-in-line, 14 or 16 pin packages with operating temperature
range of -550C to 1259C, These microcircuits were procured either from the
contractor's in-house store or a manufacturer's authorized distributor and,
whenever possible, the test samples consisted of devices from two or more dif-
ferent data code lots. Table 1-I identifies the manufacturer, part number,

part serial code number and quantity of microcircuits that were tested during
this study.

! Device Traceability

i S5 SIS, L AN AN

All test sample devices were marked according to the following master code
| system. For traceability during the test and evaluation program each device

| was assigned a five character code. The first character was a letter corre-

! sponding to the manufacturer of the device as shown in Table 1-II. The second

! character was a letter corresponding to the device type as shown in Table 1-III

4 The last three characters were numbers corresponding to the device serial

i number beginning with 001 and continuing in sequence through the last device in
H the test series. A new serial number sequence was started for each combina-
tion of the first two characters of the code: {.e. AA001 . . . AA050, ABQOL . . .
AB050, BA001 , . . BA050, BB001 . . . BB050, etc.

S T

The following is an example of a typical device code:
0f 2503

A D
T ‘ T, Device Serial Number (023)

| 1
Manufacturer  Device Type
g (Fairchild) (54810)
: (Comm)

TABLE 1-II. MANUFACTURER SERIAL NUMBER CODE

Manufacturer Code

- Fairchild
ITT
Motorola
National Semiconductor '
Signetics '
Texas [nstrument
Advanced Micro Development

QMDD OW 3

- ": Rt

R ——




TABLE 1-II. DEVICE TYPE SERIAL NUMBER CODE

Device Type Code

5410 A
9312 B
5472 }Commercm Parts C
54510 D
5410 E
9312 F
5472 MIL-STD-883 Class B Parts G
54S10 H
JM 38510/00103 BCX J

JM 38510501402 BEX K
JM 38510/00201 BCX L
IM 38510/00205 BCX (¢ AN Parts M
JM 38510/00104 BCX N
JM 38510/00602 BEX P

INSTRUMENTATION

The equipment which was used for the Guardband test program included the
Fairchild Sentry 610 IC Test Evaluation System which was used for device testing
and the IBM 370 which was used for data analysis.

The Sentry 610 IC Test Evaluation System is a powerful computer controlled
test system which is programmed by means of a higher level language called
FACTOR which is similar to PLI and FORTRAN to perform DC parametric, AC
parametric and functional tests. It can also be programmed to do data analysis.
The Sentry 610 specifications are given in Tables 1-IV, 1-V, and 1-VI.

An important part of the Sentry 610 IC Test Evaluation System is the auto-
matic handler and environmental chamber. The automatic bandler inserts the
device under test into the contactor inside the environmental chamber. This
chamber provides a temperature stability of + 1%C from -73°C to +150°C.

Although the Sentry is capable of performing analysis, to increase efficiency,
the IBM 370 was used to perform off-line data analysis. To facilitate this
processing, data was recorded by the Sentry on magnetic tape on 9 tracks at
800 bpi which is an IBM compatibie format. Hard copy data was also recorded
by the Sentry using the Data Products Model 8428 high speed line printer.
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TABLE 1-V, PERIOD RANGE, SCALE AND RESOLUTION

Range Scale Resolution
0 40 usec 10 nsec
1 400 usec 100 nsec
2 4 msec 1 usec
3 40 msec 10 usec

TABLE 1-VI. TIMING GENERATOR RANGE SCALE AND RESOLUTION

Range Full-Scale Resolution
0 10 usec 0,16 nsec
1 100 usec 100 nsec
2 1 msec 1 uysec
3 10 msec 10 psec
DIFFICULTIES/SOLUTIONS

Problems in a study as complex as RADC guardband are to be expected and
the problems encountered were not unusual. Mechanical difficulties with the

automatic handler, room temperature fluxuations, and test equipment deficiencies
were all corrected to facilitate the completion of the study,

The device handler, being a complicated mechanism {s subject to failure at
temperature extremes. Heat causes the expansion of metal which induces fric-
tion and the eventual jamming of the moving parts in the handler. Even more
troublesome is the low temperature extreme. At temperatures below freezing,
the moist environment of the test chamber causes a layer of frost to
accumulate on the handler mechanism, as well as on the parts themselves. This
not only causes jamming, but continuity problems as well, as the frost prevents
effective contact to the device pins. Jamming due to metal expansion can be pre-

vented by precise clearance adjustment of the mechanism, but the low tempera-
ture failure is more complicated.

The problem was eliminated by producing a dry environment in the chamber.
The chamber was first purged of moist air by opening the door and forcing dry
N2 into the cavity at a fairly high flow rate. Then the door was closed and the
flow rate reduced so that only a few pounds of positive pressure was maintained

in the chamber. This prevented any moisture laden air from reentering the
chamber.

The sample devices themselves presented difficulties to the handler, in that
many devices of the same sample group were of different dimensions. Package

thickness and package end-to-pin spacing, both critical to proper handling, varied
in many groups. Realignment for these variations was necessary in some

instances, while others required odd parts to be tested separately.

S i, A s
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The Sentry 610 tester itself, caused an occasional problem. The tester
would sometimes fail due to temperature fluctuations in the test area. It was
finally necessary to enclose this area, isolating it from the remainder of the
Lab. Separate temperature and humidity controls were installed to allow a
more stable environment to be maintained.

Documentation presented some difficuities which were mainly operator
induced. A few of the magnetic data tapes generated during the study were
written in error. These errors included: improper computer control and
termination marks, incorrect parametric limits and data format and wrong
device numbering. These errcors delayed some tapes from being used in the
computer assisted data reduction. The improperly written tapes were cor-
rected with separately generated software, which allowed a tape to be altered
without destroying the data it contained.

Due to its complex nature, the Sentry 610 Tester is limited in its time
measurement accuracy. Delays from the system electronics to the device
under test become significant when testing propagation times in the 5-10 ns
range. However these delays are consistent and can be measured. Software
which measure and stores the delay between each pin the tester was used in a
"de-skew" routine in each program where a high speed device was to be
tested. This routine allowed the system accuracy of 160 ps to be achieved for
all time measurements.

Although these difficulties did cause some unexpected delays, the validity
of the end results of the study was not adversely affected.
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Section 2

DATA ANALYSIS DESCRIPTION

ol e

PROCESS (FLOW OF DATA)

Before the mathematical analysis of the test data could be conducted it was
decessary to create a data base, containing all parametric measurements along
with their corresponding test specifications, which could be utilized by the
Hughes-Fullerton [BM 370/AMDAHL 470 computer system.

Since all test data was generated by the Fairchild Sentry 610 tester it was
necessary to translate the raw data into IBM compatible format. The flow of
data is shown in Figure 2-1. Following translation, the data was sorted and
""preprocessed" to obtain the fraction defective (according to the given specifica-
don, e.g., JAN, Commerical, etc.) for each lot of parts. Next, the parameter
measurements are stored (along with their specified upper and lower limits,
test temperature, and test description) temporarily on disk where they remain
until descriptive statistics, histograms, and regression analyses can be gener-
ated. Following this, the data oa disk is stored on an IBM library tape for future
reference,

REDUCTION METHODS
Descriptive Statistics, Histograms

. .

Notation:

i 3 xl. xz. Sy Xu - are independent, identically distributed random variables
: corresponding to repeated measurement of a given parameter.

X, =X

1S X(g)=--+ =Xy, - the sample above ordered from smallest to

largest.
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maximum value X(n). range x(n) - X(l). 0. 10 quantile X(r)
where ' J

r = the greatest integer less than or equal to (0.10) x n,
and
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if n is even, are computed. In addition, a histogram is printed to show the :
approximate distribution of the parameter. Some histograms along with descrip- :
tive statistics are shown in Appendix 2.

median. or 0. 50 quantile X( ) if n is odd

P

The histograms are generated by partitioning the real line segment between
preselected limits into equal segments, and counting the number of the Xy's
which fall in each interval. In each case, we used 20 equal '"class'' intervals,
and our preselected limits were chosen as the sample 0.95 quantile and 0. 05
quantile. X(1) and X(n) were not used as preselected limits since for large n,
X(@m) = X(1) Was often so large as to cause the individual intervals to be to large
t oLtatn adequate ''spread" in the histogram. By using the 0.05 and 0.95 quan-
tiles, 90% of the observed mass is effectively utilized in the histogram and this
is enough to obtain a fairly good picture of the distribution.

- Regression Analysis, Setting of Guardbands, Fisher - [rwin Test Statistic

Notation:

Y = parameter measurement at an extreme temperature
(1. e. =859C or 125°C)

parameter measurement at 250C

XL' X = specified lower and upper (respectively) limits for
parameter at 25°C

specified lower and upper (respectively) limits for
parameter at extreme temperature
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An electrical guardband test is deacribed as the imposition of upper and/or’
lower limits on a parameter at 25°C which if passed would guarantee a meas-
ured value at the extreme temperature which is within its specified limits.
Stated precisely, guardbands are determined by finding values Gy, Gy (if they
exist) such that

| % x
PiY, SYSY |G, SX=G | =1 (1)

where P lB }danotel the conditional probability of event A given that B has
occurr

Our approach to this problem has been to postulate the existence of 2 con-
tinuous monotone function g such that

Y=8X. @)
Under this assumption, from (2) we have

sXsGu} = P{YLsg(X)sYu |6 =X sGu}

p{q“ (¥ =X=g"t (¥ |G, =X =G, } If g is increasing

*

Plg™ (v =x=g7" (¥7) |Gy SX =G, } I g 18 decreasing.
It is now apparent that (1) will be satisfied if we take

G ), G =g (Yu) if g is increasing.

e br
or

~ B w g G e g (¥;) if g is decreasing.

a1 -1
(+) denotes the inverse funcdon of g, {.e., g (§ (X)) = x
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Three candidates for the function g were selected on the basis of
tractability and preliminary analysis. They were

(LIN) gX) = aX+b

(LLIN) gX) = bX*(orlng(X)=lnb+alnX)

EXP)  gX) = =P ior lngE =b-ax)

(LIN) was selected since it provides a first order approximation to any true
function g which is twice continuously differentiable in a neighborhood of a value
¢ since by Taylor's theorem,

y g(X) = gle)+g'(c) X =c)+ o(X)

where

e

2K %
X -0 Q as X —-c.

The two other models were selected to account for possible curvature in g
and were chosen specially to facilitate the use of least-squares estimates of
the parameters a and b. The method of least squares as applied to (LIN),

3 (LLIN), and (EXP) will be discussed in the next section.

Non=-monotonic models for g were not considered, i.e., models such as
higher degree polynominals, because many of these are difficult and costly to fit
to data and/or their inverse functions are not available explicitly.

For functional tests where the measured parameter tikes on only two possi-
ble values (0 for pass, 1 for fail), guardband analysis is not applicable. Instead,
we test to see whether the probability of passing the functional test at 25°C is
the same as the probability of passing the functional test at the extreme temper-
ature., To state this precisely, the following notation is used:

| pumber of parts being tested

)

] : XE = pumber of 1's* (failures) observed at temperature extremes
| XN
.v] ‘ m = xE + XN

PN = probability of observing a 1 (failure) at 25°C

number of 1's* (failures) observed at 250C

| Py = probability of observing a 1 (failure) at temperature extreme

*These are not to be confused as Logic State 1 and 0. H
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We wish to test the hypothesis

HO: pN T pE
versus
Hl: PN < PE

When Xg and Xy are observed such that Xp = Xy, the following statistic is
computed:

o BRIt
i=Xg i=0

Q is not computed when Xg < Xy since this shows a tendency of the parameter
to test better at extreme temperatures.

It is clear that 0 = Q =1, Values of Q close to 0 support Hj. It was not
found to be necessary to obtain critical values for Q since in nearly all cases
where Q was computed, it was quite obvious whether to reject H,, i.e. values
of Q on the order of 10~ and lower were quite common (indicating acceptance
of Hy) while most other values were 0.5 and higher (Indicating acceptance of
(Hg). Q is called the Fisher-Irwin statistc.

Equations for Fitting Models to Data by the Method of Least Squares, Measures

of Goodness-of-Fit, Using the Empirically Derived Fits for Finding Guardband
Limits.

Notation: (X1, Y1)y ..... (X3, Yn) are paired measurements of 2 param -
eter; X;'s being taken at 25°0C, Yi's being taken at one of the extreme
temperatures,

Each of the three models (LIN), (LLIN), EXP) were fit to every sequence
of paired observations at each extreme temperature using the method of least
squares to estimate the unknown quantities a, and b. The method of least
squares involves minimizing the quantity

a

K . Z (Y1 ~g (Xi))z
j=1
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For the (LIN) case, g (X;) = aX{ - b and the values of a and b which minimize
E are solutions to the equations

a
2
%Z(Yl -ax -b)® = 0
=1

4
'aaBZ(Yx -aX, -b? = 0

=1

@)

The values which satisfy (3) are

o a n
‘E 5y ‘inz"x
f=1 i=

bl 1:1 a ;
2
xS
t=1 f=1

b= ¥-aX

For (LLIN) case, gX)=b X2 and the solutions to 9E/da = 0 and

3E/3b = 0 are not available explicitly, However, if we seek to minimize

2
Bon -Z (8 Y, -b -alnX)
j=1

we obtain, as solutions to aELLlN/aa = aELLm/ab' =0,

n o n
nz (8 Y, In X)) - thE n X,

=1 =1

i=1
a n 2
n
n E (ln xl)" - In X
f=1 j=1
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b = exp EE mYI-EE l.llxl
i=1

f=1

For the (EXP) case as in the (LLIN) case, the solutions to 3E/3a = 3E/3b = 0
are not available explicitly. So, the quantity

n
2
'Z (Y, -aX -b)
=1

is minimized. The solutions to GEEXP/Ba = aEExp/ab = ( are

a n o
nZ X oy, -Z xiz oY,
I =1 =1
* n o 2
> x5
1 i
f=1 j=1
a
1
b = ;Z lnYi-&X
j=1

For each fit a goodness of fit measure R calculated according to the formula

1.3
( ;—1—;)2 (Y, -8 (Xl))2
f=1

(ﬁ)z:; -7

RBAR= R =

R measures the average observed mean-square error in using g to predict Y
relative to the sample variance of the Y"l.
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For (LIN) the correlation between X and Y is computed by the formula

o n n
IR e e

Correlation = {=1 jm1 j=] (4)
n n 2 a 5 2
2 2
°Z xl-le nz Y, ZY1

For (LLIN) the correlation between In X and In Y is computed from (4) by
replacing X; with In Xj, and Y by In Yj.

For (EXP) the correlation between In Y and X is computed from (4) by
replacing Y with In Yj.

A value of correlation close to 1 in magnitude along with a small value of B
(RBAR) indicates extremely good fit by the model in question and hence, that that
mode!l should be used to select guardbands. Examples are shown in the next
section.

PRESENTATION FORMAT

Appendix 2 contains an example of the computer printouts that were generated
containing regression analyses, descriptive statistics, and histograms for every
parameter at each temperature for all device types and manufacturers. Print-
outs were indexed by a code (e.g., 4-6, or 4-14) from which vendor, type of de-
vice, procurement grade, and test spec utilized may be ascertained, Table A-1
in Appendix 1 lists all codes with corresponding information. For‘each code,
two sets of regression analyses were performed. The first set contained regres-
sion analysis for (LIN), (LLIN), and (EXP) models with the parameter measure-
ments at 25°C as independent variables, and the parameter measurement at 125°C
as dependent variables. The next set contained regression analyses for (LIN),
(LLIN), and (EXP) models with the parameter measurements at -55°C as depend-
ent variables, and the parameter measurements at 25°C as independent variables.
The Fisher - Irwin Statistic was computed twice — once with Xg as the number of
failures at 1250C, and once with Xg as the number of failures at -55°C.

On each regression printout the parameter sequence number could be used to
determine for what type of parameter the slope, intercept, RBAR, and corre-
lation coefficient were computed. Table A-2 in Appendix 1 lists parameter
sequence numbers with their corresponding parameter types for each code.
Parameter types are described in Table A-3 of Appendix'l. Table A~4 in
Appendix 1 shows how to determine the unknown quantities in the (LIN), (LLIN),
and (EXP) models from the regression analysis printouts.




Included with the regression printouts for each code was a histogram for each
parameter measured (excluding the functional tests and cases where only one

SPECIFIC RESULTS
: Guardband Limits

b After examining the regression results it was seen that a large number of

i curve-fits were accomplished with correlation coefficients in excess of 90% indi-
1 cating the validity of the models ((LIN), (LLIN), (EXP)) selected over a wide
variety of parameters. Ideally, of course, to discover the exact nature of the
functional relationship between the parameter measurements at 25°C and some
extreme temperature is desirahle and would require more research, This re-
search would involve a detailed analysis of device physics to determine the exact
relationship between each parameter and temperature. For very simple devices,
this approach might be possible. For more complex devices this approach would
become an almost insurmountable task. What we have found in fitting our three
models is that in many cases, these simple, easy to fit models provide accurate
approximations to the exact functional relationships, The only disadvantage to
this approach has been the fact that good fits are rarely found on every parameter
for a given device (though often half OT moTe parameters are predictable with high
correlation). The advantages are that these models are easy to fit by least

squares, they are easily invertable and in all probability are easier to implement
than the exact relationships,

The general method of determing guardband limits is explained in detail in
Appendix 3.

Variations due to Manufacturer
~—=222003 due to Manuiacturer

Much thought was given to discovering a meaningful way in which to quan-
tify variations in parameter distributions due to different manufacturers.
Comparing histograms was one possibility, but after examining the histograms
and descriptive statistics many cases were found where sample means and
standard deviations were close but corresponding histograms were extremely
heterogeneous. For this reason, comparison of histograms was rejected.

2-10
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Instead, the following method was used based on the ratios of sample means to
standard deviations. Visual comparisons of parameter distributions based on
histograms can be easily carried out by utilizing the results in A-pendix 2.
The advantage to the approach we used is that the test statistic has a known
distribution which is extensively tabled.

Xy, Xo, o0y are independent, identically distributed measurements
of a pattli'cular parameter on a particular device from a given manufacturer,
then by the central limit theorem (see [3]),

Vo - 1)
g

is approximately normally distributed with mean 0 and variance 1 for suffi-
ciently large n (Here we've assumed that E(X; - EX;)2 =02<wand E |X;|< =.
We've taken EX; =y, X as the sample mean). It follows that for large n,

Z = Vi X/o is approximately normally distributed with mean va 4/c and’
variance 1. Given that n is large enough to justify the accuracy of the limiting
distributions, we may form the following matrix of observations:

Zu 212 213 Zlc
Zn Z92 Zog Zoe
zrl Zr‘.’. ZrS zrc

where Zij = the Z statistic defined above computed for the ith parameter for
the jth manufacturer. We assume that EZjj =c + aj + by, i.e. that the mean of
Zjj is a constant plus an effect due to the nature of the parameter and an effect
due to the manufacturer. (All Zij have variance=~l1.) A test for variations due
to manufacturers is now reduced to testing the hypothesis that

by=bg=... =bg=0. (Itisalso assumed in this hypothesis that the variance of a

given parameter measurement does not change with respect to manufacturer.)

Let

c
§.=%ZI%;

ij
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has the F- distribution with parameters V; = (c-1), V3 = (c=1) (r-1) (see
ref. (1], {2]). The test is then to reject the hypothesis that by = b -
if the computed value of F is larger than K, where K is selected to achieve the

desired size of the test.

=....=b =0

Table 2-I gives the matrix of values used to compare manufacturers of the
3410 JAN device along with the corresponding F- statistic indicating no signifi-

cant variation due to manufacturer in that case.

Tables 2-II and 2-III contain F

values for the JAN and 883B parts, respectively, along with accept/reject

criteria.
TABLE 2-I. TEST FOR VARIATION DUE TO MANUFACTURER FOR
JAN 5410 DEVICES
Manufacturer
Texas
Parameter | Fairchild ITT Motorola | National | Signetics | Instruments
VOH 2672.34 |2131.63 | 2664.39 | 2611.81 | 3298.48 2642.01
VoL 159.40 | 147.22 | 170.21 138.05 | 148.89 184.56
ViC * -668.46 |-735.55 | -822.16 | -674.38 | ~595,02 -630.72
oL -354.54 |-348.07 | -390.42 | -353.12 | -363.87 -388.04
IH 83.40 59.79 55.36 39,08 37.62 37.11
o 60,74 22.77 8.53 8.13 6.87 2.35
108 ~208.28 | =-202.90 | -236.78 | -215.48 | -209.61 ~222,82
ICC 166,76 | 166.01 | 186.34 109.12 | 170.45 186,02
TPD 432.93 | 512.42 | 453.42 449,73 | 472.45 429.16

Value of F statistic is 1.12 which is insignificant so that no significant varia-
tion with respect to manufacturers is observed here. Critical values K corre-
sponding to sizes 0.95 and 0.99 are 2.45 and 3.51, respectively, for

V,=5V

& 2

he i oy e

= 40 as parameters for the F - distribution.




TABLE 2-lI. F-VALUES FOR TESTING VARIATIONS DUE TO
MANUFACTURER FOR JAN PARTS

Parameters for 0.90
F - Distribution F Quantile of F
Part Number Vl’ Vz Value Distribution
3410 3, 40 1.12 2.00
9312 1, 19 18.63 2,99
! 5400 1, 10 1.22 3.29
}u
! 5472 2, 30 1.38 2.49

In each case if there is indeed no real variation due to manufacturer an observed
: value of F in excess of the 0.90 quantile would occur an average of only 10% of
| the time. In each case, except the 9312, F is not significant, sc the hypothesis
of no variation of the type discussed with respect to manufacturer is retained.
f The F statistic for the 9312 JAN PARTS (involving only the manufacturers
| National Semiconductor, and Advanced Micro Devices) is extremely large indi-
cating gross differences in parameter distributions. To find out which param-
eters caused these differences, suspect parameters were removed from the
F-test until those remaining would pass the F-test at the .90 level (parameters
most suspect are those with the largest difference in their Z statistic when
calculated for both manufacturers). The parameters removed were the IIL,
IIH, O, and seven of the twelve TPD parameters. The Z-statistics for each of
these parameters differed most between the two manufacturers. The remaining
eleven parameters passed the F-test with an F value of 3.10 (for V=i,
Vg = 9, the .90 quantile of the F-distribution is 3. 36).

T

TABLE 2-[lI. F-VALUES FOR TESTING VARIATIONS DUE TO
MANUFACTURER FOR 883B PARTS

| Parameters for 0.90
! F - Distribution ) ke Quantile of F
Part Number Vl' V2 Value Distribution
i : 5410 5, 50 1.80 *1.975
’; 54510 1, 10 1.85 3.29
]
Ef 5472 2,28 0.26 2.50
q 9312 2, 12 1.38 3.18

| *Values were interpolated from tables in 2],




As in Table 2-I0I, no F-value exceeds the 0.90 quantile of the corresponding
F-distribution. Indeed, the F-values are insignificantly small except for
possibly the 5410 value, This value does not, however warrant rejection of
the hypothesis of no variation with respect to manufacturer.

Comparison of Parameter Distributions

Table 2-IV contains the sample mean (X) and standard deviation {S) for
comparing distributions of parameters for all manufacturers from whom part
lots were procured at the JAN, 883B, and/or COMM levels and tested to JAN
test specifications. In general, when sample means are '"close' and within
the limits given in the test specification but one lot shows a smaller standard
deviation, then that lot has out-performed the other lot (or lots) with respect to
the particular parameter in question. This is true because the lot with the
smaller standard deviation will have, on the average, a higher percent of
values within the specified limits. Figure 2-2 using symmetric distributions '
illustrates this concept.

H Table 2-IV shows that except for the ITT, SIG, and TI 5410's, the
; TI 5472's, and the AMD 9312's, the majority of parameters on the 883B
| device out-perform their COMM counterparts.

{
E; The distributions for JAN parts generally have smaller standard devia-
= tions than both COMM and 883B parts thus showing greater control in the
' manufacturing processes used for JAN parts.
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TABLE 2-IV. VARIATION OF PARAMETER DISTRIBUTION COMPARISON
St e ___JAN 8838 COMM
Manufacturer | No. | (Parameter) X S X s X s
Fairchild 3410 101 -0.9857 | 6.902(=3) | -1.01 1.38(-2) | -0.9884 | 1,22%(~2)
201 2.714 2,006(-2) | 2,68 2.02(-2) | 2.68 6. 24(=2)
301 2.678¢-1)| 1,08(=2) 2.74¢-1) L. 76(=2) 2.761¢-1) | 2.568(~-2)
401 3.87(=6) | 1.46(-6) 1.97=6) | 1.64(~6) | 3.83(=6) | 1.94(~6)
s01 «1.08(=3) | ¢.32(=8) | -1.11(=3) | 3.79(=8) | ~1.13(=3) | 9.24(=5)
601 | 9.17(=6) | 2.77(~8) ; 6.01(=7) | 2.62(~6) | 2.7(~8) | 4.351(=8)
701 «3.26(=2) | 7.62(=4) | <3.24(=2) | 1.43(=3) | -3,27(=2) | 1.79(=3)
8oL ( 3.5(=3) | 1.39(=4) | 3.58(=3) | 1.79(=4) | 3,85(=3) | 2.92(=4)
901 ; 1.07(=3) | 3.99(=4) 1.07(=2) | 5.93(=4) L 1(=2) | 9.28(=4)
1101 | 1,22(-8) | 5.93(=10) | 1,26(=8) | 7.42(=10) | 1,24(=8) | 8.33(=10)
1201 1.22(=9) | 1.30(~9) 1.37(-8) | 9.97(-10) ‘' 1,32(~8) | 7.88(~10)
ITT ,rmo 10t -1.08 2.68(-2) !-1.12 8.46(=2) ! -1,09 1.37(=2)
i 201 2.68 2,08(-2) | 2.70 8.33(-2) . 2.65 ! 35.15(-2)
; 301 2,39(=1) | 1.88(=2) | 2.28(-1) | B.34{=2) . 2,18(=1) i 2.08(=2)
! 401 . 4. 10(=6) | 2.20(-6) | 1.61(=5) | 7.19(-6) . 2,97(=6) | 2.3(-6)
! 501 ¢ =1,03(=3) | 7.78(=3) | -1.08(=3) | 8.2(=3) - -9,53(=4) ' 1.18(=4)
sot i 3,35(~6) | 4.98(~8) | 2.26(-5) | 1.23(=5) = 2,42(-6) | 5.12(~6)
. 701 ©=3.08(=2) | LTU-3) | -3.17(-2) | 2.52(=3) | -2.88(-2) | L.38(-3)
! | 8ol © 0 8,36(=3) | 2.71(=4) | 3.42(=3) | 3.01(~4) | 3,11(=3) | 3.99(—4)
901 1.04(=2) | 7.43(~4) | 1,07(=2) | 9.08(~4) - 9.61(=3) ' 1.09(-3)
100 . L.37(-8) | 8.73(=10) ! 1.39(=8) | 1.04(=9) | L, 14(=8) ! 9.83(~10)
1201 i 1,43(~8) | 1.09(=9) | 1.28(=8) | 1.77(-9) ' 1,45(-8) | 7.30(~10)
L B ! !
Motorola S410 | 101 D -l.18 | 7.81(=2) | -1.18 8.02(=2) ' -1.22 | 2.91(-1)
201, 2.82 !2.39(-2) | 2.63 | 2.67-2) | 2,57 | 8.14-2)
| 301 L2,78(=1) ; 2,31(=2) ; 2.73(=1) | 2.65(=2) . 3.61(=1) | 1.28(=1)
y 401 | 3.8(-6) | L.57(-8) | 4.35(=8) | 2.51(=6) | 3.99(~6) | 1.84(~6)
501 ~1,16(=3) | 7.24(=5) | -1.17(=8) | 6.25(=8) . ~1,02(~3) | 7.2(=5)
601 1.25(~6) | 3.31(-8) ! 1.83(-6) | 4.06(=6) | 1.96(~4) , 4.31(~8)
101 -3.57(=2) | 4.09(-3) | =3.82(=2) | 4.57(=3) | -3.74(=2) | 2.13(-3)
801 3.76(-3) | 2.45(=4) | 3.76(-3) | 2.03(~4) ' 3.31(=3) | 2.33(~4)
901 LI7(=-2y | 6.91(=4) | 1.18(-2) | 5.67(=4) | 1,03(~2) ' 6.59(=4)
1101 1.16(=8) | 56.93(-10) | 1.10¢-8) | T. m—m! 1.26(-8) | 1.02(~9)
1201 1.35(=8) | 9.27(-10) | 1.25(-8) | 7,92(=10) | 1.68(=3) i 2,07(<9)
Natioaal 3410 101 -8.88(-1) | 3.13(~2) | -1.06 1.08(=1) l-o.m-n 6.57(=2)
201 2.63 2.41(-2) | 2.82 2.30(=2) | 2.68 | 4.48(<2)
301 2,29(-1) | 2.31(=2) | 2,29(=1) | L.46(=3) | 2.19(=1) | 2.72(=2)
401 2,73(-6) | 1.44(<8) | 2.04(-6) | 1.05(=6) | 5.16(=6) ' 2.81(=6)
501 D 21.07(=3) | 8.4(=8) | -1.15(=3) | 1.20(=4) | =1.13(=3) 8. 28(~4)
é01 i 1.22(=6) | 3.27(~6) | 4.08(=7) | 2.44(=6) t 6.42(-6) 6.47(-6)
! 701 | 3.32(<2) | 2.68(-3) | ~3.45(=2) | 1.96(<3) | =3.46(<2) : 2.38(=3)
801 | 3.47(=3) | 2.81(4) 3.73(=3) | 3.90(=4) | 3.49(=3) | 2.04(~4)
901 | 1,08(<2) | 8, 1{=4) 1,13(=2) ! 1,08(=3) = 1.07(=2) = 3.91(=d)
1101 | 1,21(=-8) | 9.85(=10) | 1.13(=9) | 9.08(=10) | 1.13(=8) : 1.11(~9)
1201 | L31(=8) | 1.49(=9) | 1.21(-8) | 8,62(-10) ' 1.15(-3) | 8.95(~10)
Signetics 5410 101 -8,54(=1) | 1.68(=2) | -8.49(-1) | 9.63(=3) !»s.sz(-n 1. 26(=2)
201 I & 1.39(=-2) | 3.17 2,32(=2) * 9,35(=3)
301 i 2,43(=1) | 2.3(-2) 2,41(=1) | 1.71(=2) z.su-u | 2.74(=2)
401 2.38(=6) | 6.98(=T) | 4.81(=8) | 1.91(-6) i 1.96(<6) | 9, 16(=7)
s01 <1.08(=3) | 6.11(=8) | <L.07(=3) | 5.87(=8) ' =1.13(<3) | 4. 75(=5)
601 1.48(-6) | 3.56(-6) | 3.27(~6) | 4.91(~8) | I.3(=1) ! 3,75(~%)
701 <3, 17(=2) | 9, 77(~4) | =3.42(=2) | L.26(=3) | ~3.23(-2) 1.34(-3)
so1 3.48(=3) | 2,04(=~4) | 3.48(=3) | 2,13(=4) ' 3.70(=3) ' 1.6(=4)
901 1.06(=2) | 5,45(=4) L07(=2) | 6.0(=4) | L.09(=1) ' 4, 28(=)
1101 1.29(=8) | 5.24(=10) | 1.26(-8) | 3.92(-10) | 1.17(=8) = §.36(~10)
1201 ‘ 1.30(=8) | 8,61(=10) : 1.26(~8)  9.07(=10) = 1,25(=8) 9.02(~i0)
Texas 5410 101 -9, 08(~1) :.oa(-z) | a9, 41(=1) | 2.82(=2) ! =9.25(=1)  2,38(=2)
[ascruments 201 . 2.85(-0) | 2,62 2,98(-2) | 2,61 1, 77(=2)
301 3,08(=1) | 2.42(=2) . 2.64¢=1) | 1.32(=2) ' 2.98(=1) 1.8A(=2)
401 2,54(=6) | 1.77(=6) | 2.14(=6) ' 5.39(=7) | L.36(~6) = 1.0(=T
501 i =l, 16(=3) ; 5.87(=3) | =L 15(=3) 4.47(=3) i -1, 21(=3) : 3.92(=3)
! ;8 ! | '
*Refer to Appendix I tables A-III and AV for definition.
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TABLE 2-1V. VARIATION OF PARAMETER DISTRIBUTION COMPARISON (Continued)

Part | Test No.* = . ..r.”' ~— goNM
Maaulacturer | No. | (Parameter) X s X s X S ‘
Texas 5410 601 f 3.48(-7) | 1.83(=6) | 0.0 0.0 0.0 0.9
Instruments 701 i =3.38(=3) | 1.38(=3) | =3.56(=2) | 8.87(~4) | -3.48(-2) | 7.26(~)
(Coatinued) 8ol 3. 78(=3) | 1.81(~4) 3. T0(=3) | 1.42(=4) 3.89(=3) | 9,36(=3)
sl L.19(=2) | 6,29(=4) | 1.19(=2) | ¢.98(=4) 1.25(=1) | 3.31(=4) - ;
1101 LU=8) | 7.51(=10) | 1.03(=8) | 6.48(~10) | 1.23(=8) | 4,80(~10) :
1201 1.3(=8) | 7.58(=10) | 1.23(=8) | 6.68(=10) | 1.35(-8) | 8,55(~10)
| Natioaal 2| 1 | 3,03 [3.1-2) | 3.08 |S.1y-my | 2.98 | 4.08(-2)
5 2.88(-1) | T.1=2) | 2.81-1) | 6.28(-2) | 2.8(-1) | 5.08(-2)
{ 9 -1,08 2.79(=1) | -0.93(=1) | 2.26(-1) |-1.02 | 2,70(~1)
18 “0.96(=4) | 8.75(=8) | <0, 79(=4) | 1.21(=4) | =1.04(=3) i L.44(~4)
} % <2.18(=3) | 1.97(=4) | ~2.14(=3) | 2.36(=4) | =2.29(=3) 2.6(=4)
‘; 28 =2.02(=3) | 1.82(=4) | =1.99(=3) | 3,38(=4) | =2,25(=3) | 9,69(=4)
; 28 2.08(=8) | 1. 1(~8) 2.2(~8) | 1.73(~6) | 1.85(-6) 9.23(-7) s
; M 3.21(=6) | 3.97(=6) | 3.3(=8) | 3.63(~6) | 2.46(=6) ' 1.59(-6)
| P40 1.03(=8) | 2.65(<8) 1,08(=5) | 6.25(~8) 7.1(=6) | 1.14(=5)
Y 1.65(=5) | 5.8L(~6) | 1,74(=8) | 1.08(=3) | 1,3(=8) ' 5.4(-6) 3
i 48 =5.07(=4) [ 1.08(—) | =3.81(=4) | L.20(~4) | 8.2(~4) | 1.48(~4) 3 3
¢ 48 -3, 46(~2) | 1.82(=3) | =3,39(=2) | 1.83(-3) | ~3.42(=2) ' 3.27(-3)
: 50 1.30(~3) | 1.18(=3) 1.28(=2) | 1.80(=3) | L.37(=2) | 1.58(=3)
| 98 1.14(=8) | 9.88(=10) | 1.26(=8) | 1.01(=8) ' 1.17(~-8) ! 1.38(=9)
P9 2.36(=8) | L.48(=9) | 2.49(-8) | 1.88(-9) ’ 2.57(-8) | 1.99(-9)
29 1,36(=8) | 6,97(=10) | 1.46(<8) | 1.08(=9) | 1,43(=8) : 8.8(-10)
101 3.19(-8) | 1.81(=9) | 2.33(-8) | 1.84(<9) | 2.29(-8) ' 1.88(=9)
Signetios | 72| 1 .13 1.68=2) | 3.11 | 2.49(-2) | 3.15 | 1.98(-2)
A 2.44C-1) | 5,08(-2) 2.89(=1) | 4.68(<2) | 2.61(=1) | 4.73(=2)
9 ~8.49(<1) | 2.81(-2) | -8,57(=1) | 2.08(-2) | -8.4(-1) | 3.46(-2)
18 el 13(=3) | 5.21(=8) [ <-1,08(-3) | 5.QL(-8)  ~1.06(=3) ' 5,93(-5)
24 «2,41(=3) | 1.08{~4) | ~2.29(=3) | 1.19(=4) | =2,27(=3) | 1,29(~4)
26 «2,25(=3) | 1.06(=4) | ~2.12(=3) | 1.02(=4) | -2.11(=3) | 1.06(—4)
28 3.18(<6) | 8.18(=T) | 2.37(<6) | 1.48(~6) | 2.74(=6) | 8,24(-6)
) 4.49(=8) | 3.24(~8) | 3.23(~6) | 2.06(<6) | 4.15(-8) | 2,99(-6)
40 1.60(=8) | 3.07(~8) | 9.97(<6) | 5.16(~8) | 1.23(=5) | 7.2(=4)
a2 1.33(=6) | 5.89(=8) | 9.57(-8) | 8.48(=8) | 1,28(=3) | 1,04(=3)
46 =7, 14(=4) | 4.78(=5) | -6.4(—4) | 1.55(~4) | ~8.54(=4) | 1,04(~)
48 «3.38(=2) | 1.38(=3) | <3.31(=3) | 1.25(=3) ' <3.31(=2) | 1.14(-3)
S0 1.38(=2) | 5.83(~4) | 1.28(-3) | 6.64(=4) | 1.28(=2) ' 5.91(~})
96 1L.1(=8) | 8.79(=10) | 1.11(=8) | 9,12(-10) | 1.07(-8) ' 1.60(-9)
97 2.34(=8) | 1.32(-9) | 2.5(=8) | 1.60(=9) | 2.41(=8) | 1.12(-9)
99 1.36(=8) | 7.43(-10) | 1.35(=8) | 6,68(<10) | 1.40(-8) | 1,07(-9)
101 2,23(=8) | 1.23(=9) | 2.38(-8) | 1.68(-9) | 2.27(-8) | 1.25(-9)
Texas 5472 1 2.98 2.9(=3) 2,98 1.0&=-1) | 2.97 4.32(<2)
(nstruments s 2.78(=1) | 1.97(=2) | 3.3(=1) | 7.5(=2) 3. 14(=1) | 4.89(=2)
9 . 7U=1) | 3.5(~2) - - - -
18 ~L.2(=3) | 7.99(=8) | -0.79(~4) | 7.78(=8) | -8.92(~4) | 3.51(—)
; % =2.21(=3) | 1.52(=4) | =2.02(=3) | 1.23(=3) | =1.62(=3) | 1.85(~4)
26 “1.3(=3) | 8.22(=8) | <=1.18(=3) | 1,24(=3) | ~8.0S(=4) | 4.29(=4)
| 28 1.76(=8) | 7.3(=7) 8.87(=7) | 4.61=T) | 8.52(=T) l 4. 14(=6)
: 3 2,52(<€) | 1.06(=6) | 1.27(~6) | 6.50(=T) | 1.S7(=6) | 4.08(=6)
| 40 -4, 12(=4) 1 5,66(=8) | ~4.80(=4) | 1.18(=4) | =4.57(~4) | 4.31(~5) .
: 42 1,30(=8) | 4.39(=6) | 5.36(~6) | 2,83(~6) 5.96(=6) . 1,92(=6)
‘ 18 A AB(=4) | 4.74(=8) | =3.T2(~4) | 7.27(=8) | ~3.44(=4) | 3.24(=3)
‘, 48 «3,78(=3) | 1,99(=3) | =3.50(~3) | 2.0L(=3) | =3.21(=3) | 2.42(=3)
! sq 1.38(=2) | 9.08(=4) | 1.13(=3) | 9.83(=4) | 1.01(=2) | 1.18(-3)
| { s 1.03(=8) | 9.29¢=10) | 1.08(=8) | 1.04{=9) | 1.14(<8) | 1.07(-9)
: : 97 2.30(~8) | L.AS(-8) | 3.48(-8) | 1.8(=9) | 2.48(-8) | 1.71(-9)
! ! I 99 1.26(=8) | 6.38(~10) | 1.29(-8) | 6.81¢-10) | 1.37(~8) | 8, 74(~10)
| i | 101 2.23(=8) | L6&~0) | 2.34(=8) | L.78(-9) | 2.47(-8) 1.94(-9)
ﬂ Advanced | 9312 | 201 3.03 246-2) | 3.0 13.0%=3) . 3,0 ' 2.08-)
‘ Miero ! i 301 2.53(=1) | L.77(=3) | 3.03(=1) | 3.40(=2) | 2,79(=1) | 3.42(~2)
Devicas | Po101 -1.03 4.98-2) | -1.04 | 6.1(=2) ! -9,88(=1) . 4.36(-2)
i | so1 [ al.13(=3) | 6.53(=B) | =6.23(=4) ' 4.43(=4) | =7.66(=4) | 4.84(~4)
| ' ‘ i
: ‘L L : ‘ | {
{
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TABLE 2-1V. VARIATION OF PARAMETER DISTRIBUTION COMPARISON (Continued)

Part Test No.* JN “a .ﬁ!—“
Manufscmurer No, | (Parameter) X S X F S X 8
Advaaced 9312 401 3.67(=6) | 2,03(=6) | 1.98(=6) | 1.94(=6) | 32.54(=6) | 4.75(-6)
Miecro 801 8.54(=8) | 3.35(~6) 2.96(=6) | 2.49(=6) 3.74(~6) | 3.52(~6)
Devices 701 =8.35(=2) | 1.46(=3) | =7.79(=3) | 5.44(=3) | =9.13(=2) | 1.81(~3)
(Continued) 801 3.08(=2) | 1.53(=3) | 3.08(<2) | 1.91(=3) | 3.18(=2) | 2. 1(=3)
1201 1.77(=8) | 1.08(=8) | 2.12(=8) | 1.31(=0) | 2.14(=8) | 1.24(~%
: 1301 1.62(=8) | 1.03(=9) 1.8(=8) | 1.04(=9) ' 1.90(~8) | 8,3(~10)
i 1401 2.71(=8) | 1.41(~9) | 3.09(=8) | 1.62(=8) | 3.17(=8) | 1.31(~9)
1503 2.39(=8) | 1,36(=9) = 2.66(-8) | 1.56(~9) | 2.79(=8) | 1.32(-9)
! 1601 1.88(=8) | 1.0(~9) 1.96(~%) | 1.21(=8) | 2.0(=8) | 1.04(=9)
I 1701 1.09(~8) | 6,66(~10) | 1.27(=8) | 7.78(=10) | 1.32(-8) | 5.86(~10)
: 1801 2.16(-8) | 1.13(-9) | 2.53(-8) : L.SO0(-9) | 2.38(-8) | 1.38(-9)
= 1901 2.27(-8) | 1.26(-9) ! 2,46(~8) | 1.46(=9) | 2.60(-8) | 1.16(=9)
! 2001 9.34(=9) | 1.02(=9) | 1.25(~8) ' 1.17(-9) | 1.2¢(<8) | 1.22(~9)
2101 8.32(=9) | 8.57(=10) | 9.31(=9) | 7.6(=10) | 9,79(=9) | 7.96(=10)
. I 2201 1.85(=8) | 1,08(=9) | 2,13(=8) | 1.33(~9) | 2,19(-R) | 1.2(=9)
: i 2301 1.56(=8) | 1.31(=9) | 1.80(=8) | 1.54(=9) 1.90(=8) ' 1.43(<9)
Motorola ' 9312 [ 201 ey 2.66(~1) | 3.06 i2,18(=2) | 3.04 | L.81(=1)
: © 01 ' 3.15(-1) | 2.83(=2) | 2.83(-1) | 2.73(=2) | 3.07(-1) ' 2.35(=2)
l 101 -1.05 4.67(=2) | -1.03 3.85(=2) | -1.04 | 3, 1(=2)
; so1 =0, L3(~4) | 3.39(=4) | <9,46(=t) | 2.58(=4) | -9.81(~4) ; 1,06(=4)
i 101 1.38(=5) | 5.42(-6) | l.41(=5) | 4.34(~6) 1. 14(=8) | S.19(=6)
E 601 1.77(=5) | 7.46(=6) | 1.83(=3) | 6.27(~6) | 1.48(=5) | 6.84(-6)
, 701 -7.67(=2) | 2.47(=3) | =8.22(=2) | 2.69(=3) | =-7.68(-2) | 5.28(<3)
: 801 3.1(=2) | 2.4(=3) 2,92(=2) | 1.67(=3) | 2.82(=2) | 1.66(=3)
: 1201 2.41(=8) | 1.3(=9) 2.36(-9) | 1.02(~9) | 2,84(-8) | 1,6(-9)
; 1301 2.09(=8) | 1.15(=9) | 2,01(=8) , 7.1(=10) | 2.38(<8) ; 1.06(~9)
: I 1401 3.42(=8) | 1.45(=9) | 3.34(=8) | 8.56(=10) | 3,73(=8) | 1,44(=9)
[ | 1501 3.0(=8) | 1.58(=9) | 2,93(<8) | 1.11(=9) | 3.4(=3) ! 1,74(-9)
! 1601 2.25(=8) | 1.58(=8) | 2,19(=8) | 1,48(<9) | 2.65(=8) ! 1.86(~9)
| 1701 1.36(=8) | 6.96(=10) | 1,28(=8) | 4.24(~10) | 1.66(=9) | 6.82(=10)
1801 2.67(=8) | 1.15(=9) | 2,58(=8) | 8,49(=10) | 2.99(=8) | 1.33(=9)
! 1901 2,8(=8) | 1.86(=9) | 2,72(-8) ! 1.73(=8) | 3.18(=8) | 2, 1(~9)
' 2001 1,38(-8) | L.53(-9) | 1.31(-8) : 1.08(-9) | L.75(-8) | 1.37(~9)
2101 1,0(=8) | 8.75(-10) | 9.21(=9) ! 7.52(=10) | 1.23(=8) ; 5. 73(=10)
2201 2,25(-8) | 9.79(=10) | 2.16(=8) @ 7,65(-10) | 2.55(=3) | 9.33(~10)
-, 2301 1.98(=8) | 1.51(=9) | 1.89(<8) | 1,21(=9) | 2.38(-8) | 1.62(-9)
T 1
Fairchild | 9312 | 201 2,99 | 2.64-2) | 3.03 | 4 .94¢-2)
; 301 2,77(=1) ' 1.88(=2) 2,73(=1) | L.7Y=2)
! 101 -1,04 | 4.26(=2) | ~9.82(=1) | 2,82(=2)
! 501 | ~1.06(=3) | 7.26(=5) | =1.07(~3) | 9.26(=3)
{ 01 | 3.83(~6) | 6.91(-5) | 9.97(-6) | 6.15(~8)
; 601 1.62(=6) | 2.64(=3) 1.35(=5) | 1.98(-3)
; o ey A =4, T7(=2) | 3,69(=3) | ~5.33(=2) . 3.21(=3)
i . 801 2,97(=2) ' 1.62(=3) | 2.98(=2) ' 2,3(=3)
| i 1200 2,02(=8) | 6.37(=10) | 1.82(~8) | 1.01(=9)
! ©1301 1.87(=8) | 7.68(-10) ; 1.63(-8) | 1.08(-9)
i [ 1401 3.14(=6) | 1.03(=8) | 2.83(=3) | 1,57(-9)
! l 1501 2.63(=8) | 8.27(=10) | 2.39(~8) | 1.27(=9)
| i 1801 1.80(=8) | $,18(=10) | 1.68(-8) , 7, 18(=10)
i ) 1701 1.62(=8) | 7.10(=10) | 1.39(=8) | 9,93(-10)
. 1801 2.87(-8) | 9.75(-10) | 2.36(-8) | 1,63(~9)
i 1901 2,35(<9) 1 8.95(-10) | 2,22(=8) , 9.3é(=10)
; | 2001 i L.37(=8) | 9,13(=10) | 1.38(=8) : 1,08(-9)
i | 2101 1.25(=8) | 7.1(=10) ! 1.05(=8) . 7,19¢~-10)
e G 2,48(-8) | 7.83(-10) | 2.13(-8) | 1. 18(-9)
i | 2301 'L 2,19(=8) | 1.10(=9) | 1.98(=8) ' 1,37(=9)

Note: 1.94(=4) = 1,98 x 108
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Compliance to Specification

The measure we use to determine if a lot of parts complies to a certain test
specification is the fraction defective of the lot with respect to the particular
test specification. Table 2-V lists, for each code, 90% confidence bounds on
the probability of defective part based on the observed fraction defective. These
bounds are calculated by the following form: which utilize the normal approx~
imation to the binominal distribution. Here, P = observed fraction defective,

Z = 1.64485 (l.e. Z is the 0. 95 quantile otmmm%mbmmo mean
and unit variance), and n is the sample size. For 0 < p < 1, we have

2
Bele+ @/VoVB @ -P+ 2%/an

A
P, = upper limit =
b 1+ 2%/n

2
3*;1- (Z/fn)\/{-} =%+ 2%/4n

= lower Uimit = 3
1+2Z%n

A
PL
(See (4].)
When

S'Or

we take (see (5])

By, %8

1-0.10) /2

Py

and when

o>
| }
[

by, = (0. 10) 1/n
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Compliance to specifications can thus be determined by examining Table 2=V,
Obviously, confidence bounds indicating a low value for the true probability of a
defective part show a high tendency to comply to specifications,

SAMPLE CALCULATIONS OF GUARDBAND LIMITS

In this first example, it is desired to avoid testing an ICC parameter on a
TI 54810 device procured to 883B at 125°C, It is desired that this parameter

pass the JAN test specification, From Table A-1 in Appendix 1, code 22-4
satisfies these requirements,

From the code 22-4 the printouts summarizing the regression analyses are
found in Appendix 2. From Appendix 1 we see that parameter sequence number
8 corresponds to an I[CC parameter. The correlation for the (EXP) model is
0.9955 while RBAR is 0,01524. This combination is seen to be better than the

corresponding combinations for the (LIN) and (LLIN) models., Hence, the (EXP)
model is selected.

The predictive equation is
Y = e45. 82X - 4,874

or

X = InY + 4,874
45, 82

For the MIL test specification, the ICC parameter measured at 125°C must
be no larger than 0,027, Substituting this value for Y results in X - 0, 0275,
Hence, if we take 0, 0275 as the upper limit imposed at 25°C and this limit is

satisfied, then we can be confident that the measurement at 125°C will be below
0,027,

It should be pointed out that the MIL test specification for ICC gives 0,027
as an upper limit at 25°C also, Since our guardband limit is larger than this,
we may retain 0, 027 as the limit to be imposed at 25°C since it is presumed that
the device must also pass the test specification at 25°C,

As a second example, take code 4~14, This has:

Device - 5410

Man, - Signetics

Procured ~ 883B

Tested to - JAN

We take Y to be the ITH (Input high current) parameter at 125°C.

i
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The regression analysis shows that for parameter sequence number 3 (IH
parameter) the (LLIN) model fits best with correlation 0.9907 and RBAR = 0, 0186,
The predictive equation is

-0. 1103, ,.0,9580 0.9580

Y = (e ) X = 0.8956 X
or

X = 1,122 yl-0438

The MIL specification calls for an upper limit on this parameter at 125°C

of 0,00004. Substituting this for Y gives

1, 0438

X = (1.122) (0. 00004) = 0,0000288

So, we impose 0,0000288 as an upper limit at 25°C for this parameter to insure
a measured value less than 0.00004 at 1250C,

An an example of an IIL parameter, we take
Code - 19-3
Device - 9312
Man, - AMD
Procured - 883B
Tested to - COMM
We take Y to be the [IL parameter measurement at -55°C,

The [IL parameter corresponds to parameter sequence number 3. The
predictive equation is

Y = 1.57X + 0.0006642

or
X = (Y - 0,0006642)/1.57

(the (LIN) model was the best fit with correlation 0,9731 and RBAR = 0, (532).
The lower limit specified at -55°C is -0.0016, Substituting this value for Y gives
X = -0,00144, Hence, if a lower limit of -0, 00144 is satisfied at 25°C, we can
be confident that the lower limit of -0, 0016 will be satisfied at -55°C.,

s —————
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ANOMALIES

Several problems were discovered during the testing phase of this program,
These problems were (1) an error in the 9312 test programs (2) System Timing
generator rise time not fast enough to accurately measure propagation delay on
Schottky (54S10) parts, While these did present some difficulties, methods of

overcoming these problems were found so that a valid data analysis could be
done,

The problem with the 9312 programs was an incorrect set-up in the IIL tests
for the data inputs on the AMD and Motorola parts. This problem was solved by
only doing data analysis on the IIL tests of the select and enable inputs of all
parts, and performing data analysis on the IIL tests of all inputs of the Fairchild
parts, This problem had no significant impact on the results of the study.

After testing the 54810 devices, it was found that the failure quantity was
very high., The failures were almost entirely attributable to the propagation
delay measurements, The failures were due to two factors: (1) the test speci-
fication called for an input rise time of 5 nsec or less and the Sentry 610 - 5 MHz
pin electronic card rise time is about 20 nsec (2) the switching threshold of the
Schottky clamped TTL devices is not equal to the time measurement reference
level, Since the time measurements are done at the 1.5 volt level, there is a
time difference between tke beginning of the measurement and the crossing of
the input threshold. With a rise time of 3 nsec, the slope at the 1,35 volt level
would be about 2 nsec per volt, If the actual threshold of the device was 1.8 volts,
the time measurement error would be (1.8-1,5) X 2 = 0,6 nsec. This amount
can be accounted for by a shift in the specified limit, For a 20 nsec rise time,
the slope would be about 8 nsec per volt so the error would be 2. 4 nsec for the
Same measurement. The fraction defective analysis was done by ignoring failures
due to out of tolerance propagation delay. The guardband analysis was not affected
by this problem because a consistent shift in value for a parameter does not pre-

vent curve fitting and calculation of correlation coefiicients but only changes the
mean,

For the purposes of this study, a functional test is defined as the execution
of the truth table of a device using nominal power supply voltage, non-critical
timing, worst case input logic levels, worst case output logic level limits, and
worst case output loading, Although this test was not required by the vendor and
MIL specifications, it was included as an additional verification of device func-
tionality and input logic level limits. The military specification does not always
agree with the commercial specification of various vendors for a particular de-
vice type., Therefore, it cannot be assumed that the military and commercial
functional tests as defined above would be identical, For example, the worst
case input logic levels in MIL specifications are often different values at the
three temperatures while in the commercial specifications they are the same at
all temperatures.
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FAILURE ANALYSIS

The data generated for the RADC guardband study was examined in a
detailed analysis to determine major causes of device failures. The results of
this work has been summarized in Table 2-VI. Major failure modes have been,
listed along with the number of failed parts for each device type at every
temperature.

Table 2-VI has a total of 210 cells, each cell representing the test results
of one group of devices, at one of three temperatures tested according to one of
two test specifications. The distribution of failures is almost entirely contained
in the 0 to 4 failure per group range. 75 groups have 0 failures, 61 groups have
1 failure, 31 groups have 2 failures, 18 groups have 3 failures, 13 groups have
4 failures, and 12 groups have 5 or more failures.

The Texas Instruments SN5472J (FC) devices had ten failures at 250 C to
the military specification. Eight of these failures were due to IIL1, IIL2, and
IIL3. The measured values were just under the lower limits. This would
account for the tact that the devices passed the commercial specification because
there is no lower limit placed on IIL.

The AMD 0713931251X (GB) devices had ten failures at -55°C to the
commercial specification. All the failing devices had IOS values more positive
than the limit of -35 milliamps. These same devices passed the MIL specifica-
tion because IOS has a limit of -20 milliamps instead of -35 milliamps. In
addition, seven of the devices also failed VOL with measured values of greater
than 5 volts indicating that the output was actually in the high state rather than
the low state. This occurs when the input thresholds do not meet the specified
VILMAX and VIHMIN requirements.

The ITT 5410J/B2 (BE) devices had 16 failures at 25°C to the commercial
specification. All but one of the failures was due to TPHL values greater than
the specified limit of 15 nanoseconds. Most of the failing values were in the
range of 15 to 18 nanoseconds, although one device had a value of 27 nanoseconds
for one output pin. The same group of devices passed the military specification
at 259C because the upper limit for TPHL is 20 nanoseconds. At 125°C, 22 of
these devices failed the military specification due to TPLH, The failing values
were in the trange of 27 to 30 nanoseconds and the limit is 27 nanoseconds. The
devices passed the commercial specification at 125°C because propagation delay
measurements are not required.

The Texas Instruments SNC5472J (FG) devices had 36 failures at 25°C, and
29 failures at -55°C. In each case, the predominant failure was VIC. The fail~
ing values were in the range of -1,5 to -1.8 voits and the limit is -~1.5 volts. The
quantity of VIC failures is 28, 27, and 23 at 25°C, 125°C and -55°C respectively.
The same devices that failed the commercial specification at 25°C also failed
the military specification at 25°C. No failures occurred at 125°C and ~55°C to
the military specification because the VIC test is not performed.

In most cases where the quantity of failures to the MIL specification were
found to be less than the quantity of failures to the commercial specification, it
was the result of wider limits in the MIL specification. For cases where the
difference in failure quantities are less than five, these differences may be due
to random test problems such as poor contact, mechanical defects, or other
problems not related to test specification or procurement grade.




TABLE2-VII. FAILURE CLASSIFICATION BY FAILURE CATEGORY

AND PROCUREMENT GRADE

Commercial Military
Proé:i;;nant Test Spec. Test Spec.
Failures Failures
259C 1259C -55°C 25°C 125°C -55°C
14 9 26 33 15 16
Commercial 0.91 0. 58 1.69 2.14 0. 97 1.04
70 38 40 46 46 27
8838 4.55 2.47 2. 60 2.99 2.99 1.75
B - k 8 19 19
JAN (MIL) 1.04 2. 47 2. 47
| Total 84 47 66 87 30 62
i All Grades 2.73 1.53 2.14 2.26 2.08 1. 61

il

S e S MO

; *NOTE: The top number is the quantity of device failures and the bottom
number is the percent defective.

Table 2~VII shows the relationship between failure category and procure-
ment grade. The failures are separated into six categories. The left half
indicates the failures that occurred as a result of testing to the commercial
specifications and the right half indicates the failures that occurred as a result
of testing to the military specifications. Each of these groups is further divided
into three columns for the three test temperatures. There are two numbers in
each cell to indicate the failure quantity. The top number is the quantity of
devices that failed and the bottom number is the percent defective. The percent
defective was calculated on the basis of the total quantity of devices of each
procurement grade that were tested. For the commercial and 883B procurement
grades, each had 14 groups of nominally 110 devices which totals 1540 devices.
The JAN devices had 14 groups of nominally 55 devices which totals 770 devices.
The bottom row shows the total failure quantity and percent defective for each
column,

{ The percent defective was calculated here on the basis of the total quantity
of devices which were tested in that column. For the left half, this quantity is
H 3080 plus 770 or 3850 devices.

ki All the.percent defective values lie in the range of about 1 to 3 percent with
t | two exceptions, The commercial devices tested to the commercial specification
at 125°C had a low value of 0.58 percent and the 883B devices tested to the
commercial specification at 25°C had a high value of 4.55 percent. The latter
was due to the TPHL failures of the BE devices and the VIC failures of the FG
devices. In fact the percent defective of the first five cells of the 883 B pro-~
curement grade would ba reduced to less than half of their present values if the
BE and FG devices had failure quantities typical of similar device types.

fhiiae
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CONCLUSIONS

The feasibility of electrical guardband testing is determined by a number of
factors. The device, for which a guardband test procedure or specification is
desired, must be a member of a mature family of devices so that process and
design changes will not be a factor to contend with in limit determination, If a
comprehensive specification is desired, the parameter distributions should not
vary excessively as a function of manufacturer and datecode. The models
chosen to perform the curve fitting and regression analysis should yield suffi-
ciently high correlation factors to assure the predictability of parameter varia-
tion versus temperature. The selection of the model to be used may be done
either by a trial and error method or by investigation of device physics to
determine an exact relationship between temperature and the parameter under
study. The definition of what is a sufficiently high correlation factor must be
determined from the confidence level that the user wishes to maintain to insure
that a device which passes or fails a guardband limit at 25°C would correspond-
ingly pass or fail the normal limit at another temperature.

The results obtained in the analysis of parameter distributions as a function
of manufacturer indicate that the parts display no significant variation. Due to
the unavailability of a variety of datecodes for the majority of the devices, a
detailed analysis of variation was limited. A cursory examination of cases
where a variety did occur yielded the result that there was no significant varia-
tion due to datecode.

All of the devices chosen for this study are from mature technology families.
The most recently developed technology involved was the Schottky clamp used on
the 54510 devices. Although all the devices were TTL, there is no reason why
the same techniques could not be used for obtaining guradband test limits on
devices from other mature families.

The three models chosen for the regression analysis were linear, log-
linear, and exponential. Different values of correlation were obtained for each
of these models. For the purpose of setting guardband limits, the model giving
the highest correlation coefficient should be chosen. In a large majority of
cases, the parametric correlation coefficients were in excess of 90 percent
indicating that the models have a high degree of validity.

The performance of all three procurement grades appears to be similar.
Most of the percent defective values are between about 1 and 3 percent. The
percent defective of the commercial devices are slightly higher when tested to

the military specification than when tested to the commercial specification at
259C,

The 883B devices showed less compliance to the commercial specification
than to the military specification. This was due to the large quantity of VIC
failures (Ref. Failure Analysis Table) of the SNC5472J (FG) devices. Discus-
sion with the manufacturer revealed a design anomaly as the cause of these
failures. The problem has since been corrected. If these failures are ignored,
the percent defective values in the first four columns of the 883B grade devices
would drop to about half their present value. With the VIC failures removed,
no significant differences can then be seen in the tegree of compliance of 883B
grade devices to the commercial and military specification., This tends to con-
firm the full electrical interchangeability between MIL~Spec. and commercial
devices at least for these device types.
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The total percent defective values also show no significant differences
between the ability of the commercial and 883B test sample devices to comply
with their procurement specifications and their ability to comply to the appli- ’1
cable military specification. This is probably because the MIL-Spec devices i
share a common design and processing base with their commercial counterparts,

On the basis of standard deviation, the JAN devices are in general better |
controlled than the 883B devices, and the 883B devices are better controlled
than commercial, In other words, the degree to which parameter values are
grouped together is greatest for JAN devices and least in commercial devices.

The mean values of the parameters for JAN, 883B, and commercial
devices as tested by the MIL specification are very close together for nearly
all parameters, This also indicates that there is a high probability that com-
mercial and 883B parts are electrically interchangeable with MIL-Spec tested
product although when commercial and 883B parts are tested to the MIL specifi-
cation is lower yield may be obtained due to the wider spread of parameter
values.

Once it has been determined what level of correlation coefficient is accept-
able, guardband limits may be determined for all the parameters of all devices
where feasible. These limits may then be incorporated into a revised test
specification for use in facilities where environmental handlers are not available
and to reduce the cost of testing to less than one third the cost of full temperature
testing. Refer to Appendix 3 for a draft of a proposed MIL-STD-883 test method
for guardband limit determination.

The results of the functional tests are given in Appendix 4. The data is
presented in the same format as Table 2 - VI with the exception that no para-
meters have been listed. This is because the test results which were printed
contain no diagnostic information but simply indicate pass or fail,

FURTHER INVESTIGATION

The data generated for the RADC Guardband Study was examined in a
detailed analysis to determine major causes of device failures. The results of
this work are summarized in Table 2 - VI and Appendix 4.

| functional test failures are temperature related and usually occurred
} at 125°C with some failures noted at -55°C. Investigation into the failures indi-

| cate that the device input thresholds are temperature sensitive causing VIH to
F{ 1 rise to the 2.0 volt limit at -55°C, while at 1259C, Vyj, drops below the 0, 8 volt
limit, These shifts represent a compromise in the device DC noise margin
which could result in erratic device performance at the system level. Guardband
limits could be set around the input threshold values: too low a value of %19
at 259C will result in a functional device failure at 125°C; too high a value of
VIH at 259C will result in a functional device failure at -55°C.

In order to guarantee dynamic drive performance of a device, it is recom-
mended that Tpyy,, TpLH, TTHL, and Tryy, be performed with Ry =400 ohms
and Cy=1000 pfd. Under this loaded output condition, the device rise and fall
time can be accurately measured and used to determine the dynamic source and
sink currents of the device. The faster the rise and fall time, the lower is the

e e
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output impedance of the device. A fast fall time (approximately 50 nanoseconds)
would indicate that an excellent output drive circuit exists and could provide
dynamic sink currents in excess of 50 milliamps. A fast fall time, therefore,
would indicate a good bias exists on the lower transistor of the totem-pole out-
put and probably would not fail the V¢, test at -550C, A fast rise time
(approximately 150 nanoseconds) would indicate a low impedance path exists
through the top transistor to Vo capable of providing dynamic source currents
in excess of 20 milliamps.

It should be noted that these test suggestions appear to fill the gaps that
exists in present guardband strategies. Can a device failure at the temperature
extremes be predicted by using these tests? The real proof would be for these
tests be performed on the same devices used in the guardband study,

It is the opinion of this contractor that the guardband testing approach is
valid for mature, well controlled product. Use of properly developed guard-
bands in lieu of 100% testing at the temperature extremes provides obvious
economic benefits that can positively reduce component costs without signifi-
cantly reducing reliability,
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Appendix 1
TABLE A-I. CODES
Part Procurement Tested
Code Vendor Number Grade to
1-1 Fairchild 5410 coMM COMM
1-2 Fairchild 5410 883B COMM
2-1 Fairchild 54810 coMM COMM
2-2 Fairchild 54810 883B COMM
3-8 Fairchild 9312 883B COMM
3-9 Fairchild 9312 COMM CoOMM
4-1 Fairchild 5410 coMM JAN
-2 Fairchild 5410 883B JAN
4=3 Fairchild 5410 JAN JAN
4-4 ITT 5410 CcoMM JAN
=3 ITT 5410 883B JAN
4-6 ITT 5410 JAN JAN
4-7 Motorola 5410 coMM JAN
4-8 Motorola 5410 883B JAN
4-9 Motorola 5410 JAN JAN
4-10 | National 5410 coMM JAN
4-11 | National 5410 8838 JAN
4-12 | National 5410 JAN JAN
4-13 | Signetics 5410 COMM JAN
4-14 | Signetics 5410 883B JAN
4-15 | Signetics 5410 JAN JAN
4-16 | Texas Instruments 5410 COMM JAN
4-17 | Texas Instruments 5410 8838 | JAN
4-18 | Texas Instruments 5410 JAN JAN
3~-1 Fairchild 5400 JAN JAN
5=2 Signetics 5400 JAN JAN
6-1 31947 4 5410 COMM coMM
6-2 ITT 5410 883B coMM
7-1 Motorola 5410 COMM CcOMM
7=2 Motorola 5410 883B COMM
et Motorola 9312 883B coMM
8-5 Motorola - 9312 COMM COMM
9=-1 Advanced Micro Development 9312 COMM JAN
9-2 Advanced Micrc Development 9312 JAN JAN
9-3 Advanced Micro Development 9312 8838 JAN
it Motorola 9312 883B JAN
93 Motorola 9312 JAN JAN
9-8 Motorola 9312 COMM JAN
9-8 Fairchild 9312 883B JAN
9-9 Fairchild 9812 coMM (JAN
10-1 National 5410 COMM COMM
10-2 National 5410 §83B coMM




TABLE A-[, CODES (Continued)

*Valid for codes 4-1, 42, 4-3, 4-4, 4-3, 4-6, 4-7, 4-8, 4-9,

4-10, 4=11, 4=12, 4-13, 4-14, 4-15, 4-16. 4=17, 4=18, 5-1,
5-2, 22-1, 22-2, 22-3, 22-4, l-1, 1-2, 6=1, 6=2, 7-1, 7=2,

13-1, 13-2, 3-3, 3-9

|

Part Procurement Tested
Code Vendor Number Grade to
11-1 National 5472 COMM coMM
11-2 Nattonal 5472 883B coMmMm
12-1 National 5472 COMM JAN
12-2 National 5472 883B JAN
12-3 National 5472 JAN JAN
12-4 Signetics 5472 COMM JAN
12-5 Signetics 5472 883B JAN
12-8 Signetics 5472 JAN JAN
12-7 Texas Instruments 5472 coOMM JAN
12-8 Texas Instruments 5472 883B JAN
12-9 Texas Instruments 5472 | JAN JAN
13-1 Signetics 5410 coMM coMM
13-2 Signetics 5410 883B coMM
14-4 Signetics 5472 coMmMm coOMM
14-3 Signetics 5472 883B CcCoOMM
15-1 Texas Instruments 5410 coMM COMM
15-2 Texas Instruments 5410 883B cCoOMM
16-7 Texas Instruments 5472 cOMM CcCOMM
16-8 Texas Instruments 5472 883B COMM
17=1 Texas Instruments 54810 coMM COMM
17-2 Texas Instruments 54810 833B COMM
18=1 Texas Instrumentg 5483 JAN JAN
19-1 Advanced Micro Development 9312 COMM coMM
19-3 Advanced Micro Development 9312 883B COMM
22-1 Fairchild 54810 COMM JAN
22-2 Fairchild $4S10 883B JAN
22-3 Texas Instruments 54810 comMM JAN
22-4 Texas Instruments 54810 883B JAN
TABLE A-II.
Parameter Sequence Number* Parameter Type
1 VOH
2 VoL
3 hus ;|
4 oL
I 3 Ju g
b 6 108
i o 1cc
k 8 ICC
B 9 TPD
i 10 TPD
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%‘i f TABLE A-II. (Continued)

A it v 2 e b 2D

E Parameter Sequence Number* Parameter Type
i 1 VOH
] 2 VoL
£} 3 vic
4 mH
5 IIH
6 oL
T oL
8 108
9 108
10 ICC
11-29 TPD
| *Valid for code 18-1 .
Parameter Sequence Number* Parameter Type
1 VOH
2 VOL
3 vic
4 oL
5 oL
6 oL
1 i § IH
! 8 oH
4 9 IIH
} 10 oOH
3 11 TIH
i , 12 I0s
i g ; 13 ICC
i { 14 TPD
' : 15 TPD
{ § 16 TPD
E ] 17 TPD
E B . *Valid for codes 11-1, 11-2, 12-1, 12-2, 12-3, 12-4, 12-5,
/ i 12-8, 12-7, 12-8, 12-9, 14-4, 14-5, 16-7, 16-8
3 Parameter Sequence Number* Parameter Type
{ 1 vIC
2 VOL
3 VOH
4 oOH
f 5 oL
| . 6 I z
| 7 I0s
£ 8 1cC j
- 9 IcC i
| G *Valid for codes 2-1, 2-2, 10-1, 10-2, 13-1, 15-2, 17-1, 17-2 i




R S s

o i s e N

AR . s

Al-4

TABLE A-II. (Continued)

Parameter Sequence Number* Parameter Type

VOH
VoL
oL
IH
o
108
ICC
-19 TPD

@ -3 DI

*Valid for codes 9-1, 9-2, 9-3, 9-4, 9-5, 9-6, 9-8, 9-9,
19-1, 19-3

Parameter Sequence Number* Parameter Type

VOH
VOL
VoL
oL
oL
ITH
ICC

e N X S

*Valid for codes 8-4, 8-5

TABLE A-III. PARAMETER DESCRIPTIONS

VOH - Output High Voltage Test
VOL - Output Low Voltage Test
VIC -~ Input Clamp Diode Test

OL - Input Low Current

OH - Input High Current

o -~ Input Leakage Current

I0S -~ Output Short Circuit Current
ICC =~ Supply Current

TPD - Propagation Delay

S—

:
|

TR TR



TABLE A-IV. DETERMINATION OF UNKNOWN QUANTITIES
IN REGRESSION MODELS

The three model equations may be defined by:

(LIN) Ysa.lX-'-bI

22
(LLIN) Y = b, X

a3X+b3 J
(EXP) Y = e ﬁ
Unknown
Model W 2, a, a, b1 b2 b3
| ' (L) Slae = - INT - -
‘ (LLIN) - Slope - 3 L -
1 (EXP) - - Slope - - INT
z INT = Intercept
| TABLE A-V. TEST NUMBERS (TN) AND PARAMETER TYPES
TN
‘ TN (54810, TN ™ N
, Parametsr {5472 5410 (5483 (9312 (5490
b Type | Devices) | Devices) Devices) | Devices) | Devices) 4
VOH 1 201 1 201 ! 201
VOL 5 301 8 301, 351 i 201
\2 (o 9 101 11 101 - 101
oL 18 501 38 501, 3551 301
o0 4 28 401 20 401 401
I 40 601 38,43 601 6801
108 48 701 47 701 701
5 ICC 50 801, 901 52 801, 901 801
& : TPD 95 - 112 | 1101, 1201 85 - 120 | 1201 - 2308 1101 - 1208

Al-3 (Ai=-6 BLANK)
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APPENDIX 2
EXERPTS FROM COMPUTER REGRESSION
AND HISTOGRAM ANALYSES

ree.... o POTAIY ¥ R L e il At W i S - - .= -J.‘ti ’
»

(ARG S G s o0 045 iy

o e R e

T i e T A



T

0043679L°0
00430LRL°%Y
00435266°0
00434A496°0
00+36566°0
0vedin2i®n
004 322€3°0
0ne32191°%0
0043/.AL9°0
0043242m°0

INIIIT 4430 W01V

109

0003791n°0
00+ 394L25°0
10=-35¢S1°0
tu=95966°0
t1h=92n81°0
006 w440
VNe3690€°0
004 30416°0
[TTRLTX L3
00s3222L°0

NYRM

e—-

g0-3j0(1°0
002354u2°0
€0=3¢¢n°0
fo=2sfpv°0
E0="179AK°N
"N=J62v° 9D
§0=-32n§ 1%
nh=INqNAE°0
0043¢Hn1"H
10430¥71°0

14339UnN1

[
(NI ) SISATvny

0QT OT GFHSTING XJ00 NOLL
FISTALIOVEL ALITVAD 1STE ST TOVS SIHE

1iuvNYS S

v Y ynvd S MWy INyA [HIOHIAICRT
u ". ! IMN"TUYA 1IN T ilese

Nre30n2°02183) I NILINNG BOd JTIRTEIVES lwnl=-pIneld

G212 IvN19NYdL )
27 TW L3ANINA
e2443) 1YinGe

KOS N AN

n0s1eSIL®O
N0 3LOL°Y
e nEL°0
CLTRTNEY A
0N A56°0
GgengTP®Y
ceeInnng®o
neeISFLE®
LIS L0 8 AR
004 365¢8°Y

1218

et
6

m I3 N 8~ D

~

n1S A1 2uvNvd

A2-1

B i

B

BT, o © D PT




T T

e s PRI

—

‘§33n030 S2 1V »3LFuviva 87 waa.-z«; 1N 36130 70% 1
§W930 S21 Iv N1 hiviivd ST NPVINVA (N300 T41Geve

004360P2°0=21K3) IYHNTLI NG ¥O4 ITISTIVIS NINnI-HIHBI4

e !

T340 AITA W

L] 3
(NTDT)  SIS2Iviv PalRS TN ey

THIS PAGE IS BEST QUALITY PRACTICANLN
FROM COPY FURRISHED TO DDC

A2-2

00+3Ip%09°) 00¢ygtin‘o 1ne 905§ °~ NAsINK2R°0 (7]
004345000 70435155 °0 10+ 20IR"~ pAIINNGE 0 ®
00432460 10=7tng1°0 00¢300h1’~ ne IT9La ]
00¢31274°0 to=Ingto’a 00s30naAR’ = 003 YInty ¢
ons3isan’a 10=35821°%0 10-356560°%= fesqetonce 9
004370550 904 3IN2%n‘0 10832/9/L%~ LLTR T R} 3 {
f0s39%ER"0 004394608°0 N0+ INNI9°= rDeIZ0I6N r w
0043ETITN DO+ AN20K" 0 10476981 °= cot1tnnate £ ”
n0s3L209°%0 N04316£5°0 00318516 0023507 %,°0 ? .
00432KLY°0 00431492°0C onsIgE oo LITREFLT AL ) ' U
INITIT 49707 NOT Ly 1 IRand Nean PRI s PTIRIS N evnva
S22 MNivp Il
¢ 2w uvNYIA




v

\\.’
¥ ondgyuﬂnnumu--zn
RIVOTIOVNS xg1y 200 Bowy

Nd 1599 ST T9vg gypy

.u _3

I 340308 1

SN 2 LV NIl Ivvavd MWy INvA (N
i . am\* ! THvA gm3gndd Uises

(A EUT R Iv ¥31 N wnvd €1 370V

00436902°0218) 17011704 2NY IDISTIVIS MIxNT=2INGT 4

ST A i

0043R49L°0 60s3298in°0 TOLE PR TS ALY 6"eq1011°%9 ot
0ns226s°0 ONeI0HLF"0 2Nsanmpl - 6Ye Jialteg 3
002356400 10=30251°%0 tosinzon’- 204 2RERC0 ]
00+31094°¢C 10=35069°0 164210£8°= FhaE2nl°C /]
QNeIrnun®e 10=3Innl1°0 10330605 ‘= 2Ce¢281°%0 Q
00+3NSNG°N ULTR T2 LY A 104 1nens° = LI 44 B ] S
0uel€Ingco 0083697¢¢0 LTS TS TV gheggln®n n
10=20ann 00435960°0 2040l LI R TP L ] '3
00e306L9°0 a0438605°Y 10439501 °%= 104 4S6m1°D ¢
[LTRJE VY A ] n0s3/0LL°0 0Ns IFFOLSN 007G 0 1
INITA1 34400 Wl 1y 13w wenn IPEETTITT] 27Ya38 nA13eTave
ARt
b 23041 YA
(dX ) SKISATIVNY 'NISSINGINsese




1\
D
°S234930 S2_4V 431 I4vNvd ST FJINvINYA INIUNIAIIV] mw
qmauzwua m& v x“-sz-cqs u,:.:..c» w... 1 3d JUsee .MN
=
00=3CSLI°0=1835 TWNNILIINNG 809 IIISILIVES KiunI=NI 614 Nm
00434996°0 10-38259°0 60239202°0 00411204°0 nt a
0n+30929°0 00+30252°0 0-31221°0 104 3€908°%0 6 M
00435566°0 10=360K1°%0 90-30225°0 n0eIL6NE°0 L} =
00435n28°0 10-39905°0 »0=19576°0 00435916°0 ¢ 23
00+3r99A°0 10=-39029°0 20235006°0 0043€5£6°0 q w =
00435026°0 00432522°0 €0=-3q019°0 00+31245°0 13 -3 m
00431196°0 10=35nL5°0 LLER -1 79 AL 00¢39€16°0 »
0043280050 10=31202°0 90«32200°0 104391n1°%0 L 1
00435806°0 00+32001°%0 10=-3An18°%0 10¢39001°0 2
0043909920°0 00430918°0 10430001°%0 00+362¢0°0 1
IN3131 44307 WOT1v13MANI vea Ta1omatnt Jans 9 v01% adldavuve
SZisNnivaIdnll
o1 w3ax) 33030
(NI ) GRISATYNY Hn aaw..aax::_

A2-4

IN——————




T ST St ci e
e ——
~y 007 O GEHSTHMNG X200 Wosry T
TITPOTIOVNS XITTYNN TOTA T ¥5VS S1yy M

i

*§334930 <2 “. :u.ua.a.; e1 ~4:-.x A INYORIAT09L ”

B3In930 S21 1Y a1l Iwvnvd SI IWMeinvA LHIOh Jujuese |

09e3€STI°021S ) WYNOTLINNS WNd ITICTLAVAS MImMNI=nInSl4 {
0ue3ITAIHO 10-39629%0 0043FL2EN°%e 004 J2096°0 ot
00432n90°%0 0043n6252°0 10430621 °%= n0+InEOR°D ®
D0435566°0 10=35621°0 10=3510%°% 00+¢32666°0 9
094315440°0 10=3n060°0 00631492°% n0+36296°0 L
00+4370L6°0 10=39n096°0 10=1066n°%e 10632001°0 )
dveinAn®o 0043009L°0 10430761°0 tas3e2t1%0 s
JosANERL®Y 10-3519€°0 0043LEnle 00¢170204°0 ]
Jue3/0846°0 10=30991°0 00435088 °%= 00+ 20R%8°0 1
00035006°0 00e36SL1°0 10=31L05°%0 0043Sn9A°0 z
N0e1920°9 00¢31918°%0 00432299°0 00439190°0 ]

Seooomaoawn cTeoweseosveseas oS ocSeoveoeovoee soeeoe Sesotcocsvecowavede
24313144307 NOTLv 13040 NYHN 1AIINILNG 4178 » ‘NI NI Iuvyve
S21=NLvnIdnlg

" S8 NYNIN
Ml 83440 3)1A a

(NE77)  SISATYNY MNISE INY) Ives




8374930 S2_JV AILINYHVd ST _IIHvInvA [HIINT4T0N
muuu;uua (14 ~ “

IV NILIwvNYd € My iNvA .:.::usumccc

OneIESII®OSIEIL TVHOTLINAS HNJ ITISTAVIR nNInNI=nINELJ

00439426°0
00e35106°0
0n43n166°0
00432926°0
00431696°0
006332900
00429106°0
N043/056°0
00s35n06°0
noe30520°%0

INIIIT 44300 NOGTAVIINAN)

10=-3£029°0
00+431922°0
10=3.901°0
10-39060°0
10=30529°0
0043569L°9
10=32965°0
10=-3r984°0
00436701°0
00+32610°0

LALL ]

(ax3 )

20430261°%
204396R1°%
1043200S°%-
1043R899°
10235000
20435121 %
10s36106L°
2003421°%=
10e3In0§2°%=
V0e3EENLO

ICERLEIL

G2133AN1vdIAnIL

n
ni =3
S1SATVHY

29 MYNIING
dAl 331A730

NNISEIND Iy

o T ——" |,

’

R0+ 3ISE0%°0
RO+ 31922°0
20430666°0
£0s300192°%
200 3150€°%0
G0+3R122°0
§0470100°%0
90¢35L41°0
10432100 %0
ons3n2mi®o

34078

# "hIS niLIuvnve

THIS PAGE IS BEST QUALITY PRAGTICABLA

FROM CurY FURKISHED T0DDC ___—




Ine3auge’o
| 0043115/ °0
| 014960950
{ Q0sIn2un’o
m 0043184080
, 0043A109°0
10=392€¢( "%~

ANIIIN 443900 NOLLY 1IHdN)

,* T erre——n———— R

fos320ni’0
00439690°0
00435999°0
00435509°0
10=-36155°0
0043/209°0
10s31001°0

LALL ]

‘3IIN930 §
| 2% ts

§3194940

10=71682°%)
10=32ig1 %
90=3EN09°0
9N=3¥509°n
fC=32nay°0
00036111 %
1063n262°%0

1AIINIINT

an-caza.«zux:u_
a- SN MV VING
sz>¢ A1
.;ua. .-a»aczq aaaxuux.-.

el

-
‘

, oaaguu
GTHSTWMNS X ) 2
Qf}aag Euﬂ,gmmm mmmuE m:MMM

Iv N vivd ST 3w INVA MM Jajeal
 Jv #ILTIVVY m R[4 r VA G Ve gieve
nut:c Lnw n L tigsrleniani g

(LERTYLL A ] L
006704l °0 q
00¢JuIsR®n S
N0 IING2%D » |
106 (%1% 5 !
004135176°0 ? i
10=3neopte ' .,_

L LY J L L L L L LR e T Y

AN S # 038 pigluenrd

- R e Y

—

PSR . S itens — > s AR 4>

Ea




In=3cpli®e
D1435621°%Y
19=19221°%-
09 3LLTL1%
00471696°0
(BT L LA
10=9nnEl =

P PP R LR R DL P LY X ey

INTFIIT 440D NOL RV INNNT

toe3ntoi‘e
00e3niLn°0
00+39566°0
00s38996°0
1ne30119°0
00039265°0
ios31001°0

*$314930 S2 1V M) JuvAvd S
SIINATNY $%= 1Y M4l davavd
o O In

10832205 %=
0043/9¢5°%«
20435901 %
20692561%=
2043(S1V %0
004 39(9S’~
Tusatinico

L L L 1 1 3
IREBLETL]
SGem INn) v 14471

§ sm3dar )IIAMN
(u1717)  SISA Vv ::-an“‘:.zu.c

20=31969°=
008 329520
10= 15685
(0=119e9°%=
INs39072°0
000 35e9%0
(Ne )129yn’e

T

Wefuys fnIn 4300
T I AU RS KT T
0N 1€ NIvMledETl d

t

N N 2 NS

Swcnslaanveanswsa

s "0 uwd)uvnve

el

A2-8




SSe2Ar iy aud)
Al 2e wy g
§ ®:3aa) 3MA30
(d¥1 ) CISATIINY MNNIRE 44D INrve

nmmm uaaaz“nummuuushhraxulmxaw
PITOVYL XITTVND® 15wy ST VT SThE
REEUR RS T it R
s ba ey M Vil 11 S AR S
1e=37040°% 10032101°%0 tA4359a5 e tney2ng2°n '}
oNsI/9gL%0 00s313/0%0 1043Gas€ %= Pie une |ty ]
0ns3nisico0 00436198°0 2usenic- 902 0921°0 s
In=3a545%0 00435266°%0 2043Gh 1% €04 17656°0 "
LR L7 ) 00439¢588°0 204 3/501% P04IG5°0 { 1
LLPR (L TEAY) 604 In029°0 10836051 %= f0emni®o 7
10=35§€/°~ tns3t001°% 104396010 10295221 % i
- - Ll ] - Soee L LT L TN YTy LA LT T ] Ssvetstavasvennerd
INIIIT 44300 Mol ivINgD) AL L4910931m] e * ‘DI w3 g

A2-9




2 daa

3 0T amSTIIMg
TR XJ00 mous

ITVND IST9 ST THVg STHI

°S3IMN IAQ SZ LV VAL AUYHVYE ST TILVI¥VA INICNIJIONT

e e

CSIMOI 45— AV YU WVYUVE ST IV IHVA INICONICITese

¥24-31009°0=1S011 TIVNOTLONNS YOS DILSTAVES NIANI-HIHSTS

00¢E06°D 00439591 °0 20-4F 910 20 ¢+ 309¢9°0 &
00¢35606°0 10-36222°0 £0-36605°0 0043v168°0 ®
00479556 °0 10=-322907°0 Y0-32142°0 004 36226°0 4
00406670 20-32¢26°0 S0-3EFEC 0 10 ¢39621°0 9
00432596°0 10-39919°0 €0-35911°— 004+38220°0 <
20-3Ev69°0 10e31008°0 2b6-36295°0 20-3s2£2°0 .
00s30192°0 00430226°0 00¢3591E°0 00 +3€6 e "0 €
00432998°0 00431052°0 1043c201°~ 104329210 z
00432149°0 004359¢€5°0 00430901°~ 00436£46°0 1 i
INIID 144300 NOTLYTIIENND vy 183>83IN1 300s # ‘038 NI mvtive “

SC—=TNAVH3ah L *
L1 =% wWyHouHg ,

1 =3dA1 321A10 ,

NI 3 SISATYNY NNISSINDInese




0043€916°0
004 31296°0
0Nne 3L IG6°0
000 3L 996°0
00eITIIN°~
00¢INEAZ°O
00436%9R°0
004 30969°0

ANIID1 440D NOLAVIINMOD

00+432291°0
10-30SS4°0
10-314£6°0
10-30559°0
00+190R6°0
00¢39616°0
00¢398S2°0
00+32915°0

¥yVvRY

(NLTT)

00¢32F00 °~ 00439016°0 6

004306Sy°~ 00e36%I6°0 e |

10-3922u°~ 00 ¢31666°0 4 |

00434€69°~ 00 ¢+ 32006 °0 S .

20430041 °~ 10-2vASE °~ v

00¢35026°~ 00#39S1C°0 € |

00+3A2L£S°~ 10+320%1 °0 L4 m

10-3101¢°0 00+ 39898°0 ] |
143>031N1 39078 » *035 w3Lmvuve _

SS-=WNAIVEIarI L

SISATYNY NOISS 3UD3dees

‘e

| e—

007 0T aFHSTWINg XJ00 WoMLy
®IGVOTIOVHS XITTVN® 157G ST TDVd STHI

“S3IWDIA SZ AV NILIWVHVGE ST ITUVIBNVA LNIONIAIUNT
°SINOTC SS~ AV NILIKVYVA SI 30V INVA INIOM3Id3I0ees

. e | —

*2-31Q00 °0=L K34 IYNCIAINNS BOS D11S12VLIS NIANI-NMS(IS

41 =8 YWHOICTd
1  =3dA1 3D01A3Q




004308026°0
00430696°0
004351G6°0
00436526°0
004J39211°~
00639%R2°0
00430598°0
00439969°0

AN3ID1 449300 NOLAVIIUNOD

0043EVYS1I*H
10-3F4£29°0
t0-3€0%6°0
10-3922%°0
0043vA96° 0
00430526°0
094391820
00431S51S°0

vvey

(X3 )

1043GSUY°~
1043v9LS°~
10+32009€°~
10439€¥L °~
20+479SSi°~
10432601 °~
0043250%°~
10¢3vE0t°~

Ad DYIAUNI

°S3I3¥W 30 ST 1V ¥ILINVINVA ST IVAVINVA LNIONIAIONT
*S3WOIU SS~ AV HYILIWVHVY SI IV IUVA ANIONIII0sse

- 92-31907°0=1S31 TVNDILIONNS Y04 DILSILAVAS NIMNMI-HIHST S

SS—=JHNA VY IINIL

41 =/ RYHNOQUdL
=3dAl 3J1A30

SISATIYNY NOISSIUOIuees

20 +G2vv "0
£0+36011°0
204340510
£0431065°0
90 4+39v01 °-
004302040
00434CL°0
1o+3081L°0

IJOTS

-

6

£

‘O3S AIALMVEVY




A
00 13007~04 0. 106SE~04 0.3310C 06 0.5300E=00

PRgOUENCY

The 401
ogva 1
oG » = 22
TOwe 129

S.812€

990 0.1170E=08 0,7200£-05 0.0

S»C Lo

SBEC us

UNDER OveER

HILATOGRAN 128

0.5000e~0e

12 12 °

o “

TACH @ ZouaLS o POINTS

L L
A R

V0RO ROV PORPOROL IO RORRRPRGOQRDPORPORRRGGYS

(XXX EEE R XN )

[(EE X NN A N RN KN N
(EFEXE YRR RN ]
endpocchoo

[ X

e

1
1
i
|
-
i

NTERVaL
L ass

~
"]
»
']
(-]
~
[ ]

CLASS
CLASS INTERVAL

COB NIV PUN=D OB NPV P UNS

N w0 o 20 00 00 00 52 s w0

0e L20000Z ~0S
0.814444C~-0%
0o 100689 ~0a
0s 1 20333E~04
0o 1 JVTTRE =04

0e I7I11M=ys
039255 5£ =04

GACATHER Tran

THIS PAGE IS BEST QUALLTY PRAGTIVASLE

INTERVAL TASLE
LIWER LiMlTY
€SS Than

ie 13 16

UBPER LIvIY

0620000 ~0S
0.81444808 -05
0e100RQ9E -08

0314777k =04
VedIe222L ~0a
0.3%60AE ~08
0373118 ~00
0.30.9%5F =0a
Ves 120000 -0
Ua.s12000C~0a

FROM COPY FURALSHED T0 DDC -

A2-13 (A2-14 BLANK)




APPENDIX 3

PROPOSED MIL-STD 833 TEST METHOD
GUARDBAND LIMIT DETERMINATION
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APPENDIX 3
PROPOSED MIL-STD-883 TEST METHOD
GUARDBAND LIMIT DETERMINATION

1. PURPOSE. The purpose of this method is to define a technique for
determining guardband test limits for microelectronic devices. The resulting
limits may then be incorporated in a guardband specification to provide a ]
substitute for testing at temperature extremes. Because this method depends
upon predictable behavior with respect to temperature, it is only applicable
for devices which are fabricated according to well defined and mature
processing technologies.

1.1 Definitions. The following definitions shall apply for the purpose of
this test method.

1.1.1 Guardband test. A guardband test is a test with modified param-
eter limits which is used as a substitute for testing at temperature extremes.

1.1.2 Correlation factor (C). The correlation factor is a number
between minus one and plus one which describes the degree of linear depen-
dence between two random variables. A value of one or minus one would

indicate complete dependence and a value of zero would indicate complete
independence.

1.1.3 Goodness of fit factor (R). The goodness of fit factor is a number
which describes the degree to which the relationship between two sets of
values is approximated by a chosen mathematical function. A value of zero
would indicate that the function exactly describes the relationship.

1.1.4 Guardband test temperature Tx)_. The guardband test temperature
is the temperature at which a guardband [imit is to be used (typically 25°C).

1.1.5 Extreme test temperature (T,). The extreme test temperature is
a temperature at which testing is requlrgd in an existing procurement docu-
ment. This is a temperature at which testing is desired to be eliminated.

1.1.6 Observed parameter value pair (X;, Y;). An observed parameter
value pair is a pair of measured values for the i, observation of a particular
parameter. Xj is the value measured at temperature Tx and Yj is the value
measured at temperature Ty.

1.1.7 Sample size (n). The sample size is the total number of observa-
tions of a parameter value. If a parameter is measured only once per device,
the sample size is the same as the quantity of devices. If a parameter is
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measured more than once per device, the sample size is an integer multiple of
the quantity of devices.

1.1.8 Linear model (LIN), The linear model is a mathematical function
which has the form of a linear equation such that g(X) = aX + b.

1.1.9 Log-Linear model (LOG). The log-linear model is a mathematical
function which has the form of a power equation such that gX) = bX2 or
Ing(X) = afnX + Inb.

1.1.10 Exponential model (EXP). The exponential model is a mathematical
function which has the Torm of an exponential equation such that gX)=eaX +b
or ing X)=aX +b.

1.1.11 Specified test limits at temperature extreme (Yy Yy). The

specified test limits at temperature extreme are the limits whicé' are imposed

Dy an existing procurement document during the test at temperature T,,. Yy

is the upper test limit and Yy is the lower test limit at temperature Ti,’
1.1.12 Guardband test limits (Gyy, Gr). The guardband test limits are

the limits which are imposed during the test at temperature Ty to provide an

equivalent rejection criteria as the specified limits (Yy, Y1) at temperature Ty.

Gy is the upper guardband test limit and Gp, is the lower guardband test limit

at temperature Ty.

2. APPARATUS. The apparatus will consist of suitable electrical equip~
ment necessary to measure and record test parameter values as required by
the applicable procurement documents, and other apparatus as required in the
referenced test methods.

3. PROCEDURE

3.1 Obtain a group of at least 50 devices of the type for which guardband
test limits are desired.

3.2 Serialize the devices.

3.3 Test the devices according to their procurement document and record
the measured values, the serial number and the test temperature,

3.4 Select a parameter for which guardband limits are desired and
calculate the values of the correlation between X and Y for the linear, log
linear, and exponential models using the following equations.

n n n
“Z e Z | Z ¥
i=1 i=1 i=1
C = )
LIN /f 5 % 2 E % 2
2 2
"Z X ‘Zxx nz Yl'ZYi
i=1 i=1 i=1 i=1




n n
nz !n!‘!ilnYi -E £nXl Z ZnY‘

i=1 i=1 i=1
“106" ' v
n 2 n - 2 n 2 n 2
nz(lnxl) = Z In X, nZ (ZnYi) - ZE“Yi
i=1 1=1 =1 i=1
n n n
DIETLED D I 31
=1 i=1 i=1
Cexp = o n 2 n 2 4ia -
2
nle" Z X “Z (‘”nYt) 'Zani
=1 =1 1=1 1=1

3.5 Compare the values of correlation and select the model which yields the
highest absolute value. If the highest two absolute values of correlation agree
to within £0,01 then select both models for the following step in which the model
equation coefficients are determined. If all three absolute values of correlation
agree to within =0.01 then select all three models for the following step.

3.6 Calculate the values of a and b according to the following formulas for
the selected model.

a. Linear Model

n n n
“Z xiYi’Z = Z ¥
i=1 i=1 =1
i n n ' 2
2
n Z X - Z X
=1 i=1
n n
=1 o
b n Z Yi n Z xi
i=1 i=1
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b. Log-Linear Model

n n n
nz ({n Ytznxi) -Z £n Yiz £n xi

g = i1 i=1 i=1

n n 2
nz nx)? -3 mx,

i=1 i=1

n n
S SPTY P

i=1 i=1

¢c. Exponential Model

n n n
nz X1 in Y1 - Z xlz /n Y1

i=1 =1 i=1
a=
n n 2
2
"Z ek 2 X
i=1 =1

n n
1 %
b*sz‘:‘”rnzxi

i=1 i=1

3.7 If more than one model has been used for the determination of the
model equation coefficients, calculate the value of the goodness of fit (R) for
each model using the appropriate equations below. Select the model which has
the lowest value of R as the final model for guardband limit determination.

n
1 2
(n-z)z i B

Linear Model: R = =1

3 o -2

i=1
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Log-Linear Model: R = 1':
1 =2
(n - 1) Z ¥, - 7)
i=1
n g : 1
i1 aX. +b 2
(n-z)z Ry =a 0
Exponential Model: R = 1= =
1 e
(n - I)Z ¥y X
i=1
n
=l
Where Y = - E Y1

i=1

3.8 Using the coefficients a and b, calculate the guardband limits by

inserting the specified upper and lower limits at T in the equations for the
selected model. y

YU -b YL -b
i Linear Model: Gy = 2 Gp = "
' b ~/nb
- fodel: g a g &
Log-Linear Model: GU e YU : GL e YL
| fn Yy, -b InY; -b
Exponential: GU st i GL s e

| :

| 3.9 Compare the calculated limit to the specified limit at Iy, If the calcu-
, lated limit is more restrictive than the specified limit at Ty, use the calculated
! limit as the guardband test limit. If the specified limit at Ty is more restrictive

than the calculated limit, retain the specified limit at Tx as the guardband test
limit,

3 3.10 Repeat steps 3. 4 through 3.9 for each parameter for which rdband
| & limits are desired. e

e e
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4. SUMMARY. The following details must be specified in the applicable
procurement document:

a. The maximum and minimum guardband limits as determined by the
procedure in this test method.

b. The minimum sample size required for limit determination.

The minimum correlation factor (in absolute value).

The maximum goodness of fit factor.
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SPECIAL ELECTRICAL STRESS TESTS

After completion of all electrical testing required for the data
analysis phase of the guardband study, all the JAN, 883B, and
commercial grade 5410 and 5472 devices were subjected to special
electrical stress tests. These tests were done in accordance
with the test tables of Attachment I and Attachment II of the
Statement of Work.

Five different parameters were measured for the stress tests. The
parameter names are IMAX, BVIN, ICCLK, IILK, and IOLK. The IMAX
tests is a measure of ICC with VCC at 8.0 volts and the device
inputs at either ground or 5.0 volts. The BVIN test determines
the input breakdown veoltage with 1 milliamp input current and

VCC at 5.5 volts. The ICCLK test requires all inputs to be
grounded while measuring the value of ICC with VCC at 0.4 volt.
IILK is the input leakage current with 4.5 volts applied to the
input under test and all other inputs and VCC at ground. IOLK is
the output leakage current with 5.5 volts applied to the output
under test and all inputs and VCC connected to ground.

In each case, a sample of 10 devices was first subjected to the
test. Failure of 6 or more of this sample would have terminated
the testing of that group. In no case did 6 or more devices

fail the sample test and the remainder of devices in each group
was tested. After testing all the devices of a group, the percent
failure was determined. Failure of 25 percent of more of the
group would have required that a representative sample depicting

a like failure mode be failure analyzed. Table I summarizes the
failures for all the groups tested by part type, manufacturer,

and procurement grade. It can be seen that at no time did the
failure rate equal or exceed 25 percent. Table II is a summar;

of the failures encountered, grouped by part type, parameter, and
procurement grade. The number of failures listed here is the
number of times that a parameter failed which may differ from the
number of devices that failed because some parameters are measured
more than once per device and some devices failed more than one
parameter. The most prominent failures that occurred were IMAX
for all procurement grades of the 5410, IMAX and ICCLK for the
commercial 5472, and ICCLK for the 883B 5472. The largest failure
quantity overall was ICCLK for the 5472.
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A hard copy printout of all tests and measurements performed was
prepared for all microcircuits tested. The printout contains
the following information:

1. Test head identification (STATIA)

2. Test plan name (G5472 or G5410)

3. Test execution sequence number (SN)

4. Device serial number *

5. Date of test v

6. Temperature of device ambient

7. Test parameter name

8. Device pin number

9. Measured value

10. Upper and lower parameter limits followed by the word
'FAIL' for all failures.

* The serial number prefix carries part type, manufacturer, and
procurement grade information. See Table 1-1 of the final
report for serial number prefix cross reference.
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TABLE I. SPECIAL ELECTRICAL TEST FAILURE SUMMARY

PART FAILURES
VENDOR CoMM 883B JAN
TYPE QTY $ QTY $ QTY
5410 | FAIRCHILD 1 0.9 7 6.4 0
: . ITT 5 4.6 8 7.3 1 1.8 ;
! . " MOTOROLA 1 §.8 [+ 1 fiaal 1 it
:
: g . NATIONAL 7 6.4 3 2.7 1 1.8
% . SIGNETICS 3 2.3 3 2.7 1 1.8
3 ¥ TEXAS INST. 1 0.9 1 0.9 1 1.8
5472 | NATIONAL 13 1y.9 (a3 11.8 5 9Lk
! SIGNETICS 20 TE.2. {122 10.9 3 5.5
|
. TEXAS INST. 5 4.6 4 3.6 0 0




TABLE II.

SUMMARY BY PARAMETER

SPECIAL ELECTRICAL TEST FAILURE

PART

FAILURE QUANTITY

PARAMETER

TYPE , comM | 883B | JAN [ TOTAL
5410 IMAX 7 6 5 18
" BVIN 1 10 2 13
» ICCLK 4 2 1 9
. IILK 9 3 1 13
" IOLK 5 11 2 18

5472 IMAX 24 10 0 34
" BVIN 5 4 3 12
" ICCLK 34 22 2 58
- IILXK 12 6 3 ki
" IOLK 15 16 1 32

e
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GLOSSARY OF TER!

VOL' .. Low=level Output Voltage

The voltage at an output tarminal for a specified output current with input
conditions applied which according to the product specification will establish
a low level at the output,

Vog: High-level Output Voltage

The voltage at an output terminal for a specified output current with input
conditions applied which accordinz to the product specification will establish
a high level at the output.

Lo oo High-level Input Current

The current flowing out of an input when a specified voltage is applied to that
{nput,

‘n.- . . Low=level Input Current

The current flowing into an input when a specified voltage {s applied to that
input

Ing -+ Short-circuit Output Current

The current that flows into an output when that output is short-circuited to
ground with input conditions applied to establish the output logic level
farthest from ground potential.

log... Supply Current

The current flowing into the indicated supply terminal.
.tMAZQ‘ . Maximum Clock Frequency

The highest rate at which the clock input can be driven while maintaining
intallegent transitions at the output.
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tr. .. Rise Time

The time between a specified low-level voltage and a specified high-level
voltage on a waveform which is changing from the defined low-level to the
defined high-level.

tf. .. Fall Time

The time between a specified high-level voltage and a specified low-level

voltage on a waveform which is changing from the defined high-level to the
defined low-level.

tppLy + - Propagation Delay Time, Low-to-high-level

The time between the specified reference points on the input and output and
output voltage waveforms with the output changing from the defined low-level
to the defined high-level.

tPHL‘ .. Propagation Delay Time, High-to-low-level
The time between the specified reference points on the input and output
voltage waveform with the output changing from the defined low-level to
the defined high-level.

tTLH' .. Transition Time, Low to High Level

The time between a specified low level voltage and a specified high level

voltage on a waveform that is changing from the defined low level to the
defined high level.

trHL Transition Time, High to Low Level

The time between a specified high level voltage and a specified low level

voltage on a waveform that is changing from the defined high level to the
defined low level.

Vee (SAT)"** Saturation Voltage Collector-to-emitter

The dc voltage between collector and emitter terminals for specified
saturation conditions. RN

VIC...Input Clamp Voltage

An input voltage in a region of relatively low differential resistance that
serves to limit the input voltage swing.

#US. GOVERNMENT PRINTING OFFICE: 1979-614-023/128
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MISSION

of

Rome Air Development Center

RADC plans and executes reseanch, development, test and

delected acquisition programs in suppornt of Command, Control

Communications and Intelligence (C31) activities. Technical

and engineering support within areas 04 technical competence

48 provided to ESD Program Offices (P0s) and othen ESD

elements. The principal technical mission areas are

communications, electromagnetic guidance and contnol, sun-

veillance of ground and aerospace objects, intelligence data

collection and handling, information system technology,

Aonodpheric propagation, solid state scdlences, microwave

physics and electronic neliability, maintainability and %
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