
AD—A069 161 HUGHES AIRCRAFT CO FULLERTON CALIF GROUND SYSTEMS GROUP FIG 14/2
EVALUATION OF ELECTRICAL GUARDBAND TESTING. (U)
APR 79 6 ALLEN. J ANGUS. B CLARK F30602—76—C—O336

yNCLASSIFIEP . RAfl r—Y R—7 0—123 ‘it

- 3 ’

~~~~~~~~~~~~~~~~~~~~~ T2



RADC TR-79-1 23 _ _ _ _ _ _ _

Final T.chnlcal R.povt
AprIl 1979

~~ EVALUATION OF ELECTRICAL
GUARDBA ND TESTING
Hughes Aircraft Company c

‘~0
Greg Allen
John Angus
Bruce Clark

>-
CD
C-)
w

1A~~
0VED FOR PUBLIC RELEASE; DISTRIBUTION UNUMITEDJ

LL~

C-,

ROME AIR DEVELOPMENT CENTER
Air Force Systems Comma nd
Griff iss Air Force Base, New Yor k 13441

_ _ _ _ _ _ _ _  

°
~~~~~ 

—

~~

-

~~ 



— I ~~~~~~~~~~~~~~~~~~~~~ ~~~ _~~~

— —-—-.

:

—

~~

_ 

~~~~~~~ -.~~~~~~~
—, —-

~~~
-
~
--

~~
-- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~

-.-
~
--- --.— .-—~~

— - 
~~~~~~~~~~~~~~~~~~~~~ 

—--—P

. 1

This report has been reviewed by the RADC Information Office (0!) and
is releasable to the National Technical Information Service (NTIS) . At NTIS
it will be releasable to the general public, including foreign nations.

RADC-TR—79--l23 has been reviewed and is approved for publication.

APPROVED: ~~ ~,EDWARD P. O’CONNELL
PTo~j ect Engineer

• APPROVED: 1~JOSEPH S. NARESICY
Chief , Reliability and Compatibility Division

FOR THE ~~~~~~~~~~~~~~~~~~~~~~~~ )~~~~:4gf.d~
,

~~~~ ~. ~~~Acting Chief , Plans Office

If your address has changed or if you wish to be removed from the RADC
mailing list, or if the addressee is no longer employed by your organization,
please notify RADC (RBR14), Griff lea APB NY 13441. This will assist us in
maintaining a current mailing list.

Do not return this copy. Retain or destroy

~~~~~~~~~
~~~~~~~~~~ —--— —~~~~~•--.~.-



~~~~~~~~
- —

~~~
-

~~
-- -

~~~—----- .
~
.- -~ 

__J-Ir .— ‘~
- — -,

~~~~~~~ 
•
~_ _ _ _ _  -~~~~~~~~

UNCLASSIFIED
SECURITY CLASSIFICATION OF THI S PAGE (ITh.n Data tnV.r.d) 

____________________________________

DED,’
~~~ 

~~~~~~~ u A YlflLI p 41° E READ INSTRUCTIONS
rb I~~JI~~I U~J~~ UM r~ U ~~~S ~~~~~ ~~~ BEFORE COMPLETING FORM

r (~ i . REPOR T NUMBER . ~~., A~ .55p..L .. 0* IPIEPIT ’S CATALOG NUMBERQj RA~~~ TR-79-123 Cl Tf ~~11~ ~ _ _ _ _ _ _ _ _ _ _ _4. TITLE (a~d Subtitl.) ~ T J U U  flhI.,,JIT 4 , -  —
~~—~ If Final /echnical 

/
piSt.(

~ 
~~ALUATI0N OF ELECTRICAL GUARDBAND TESTING g L~-~ ~~~~~~~~~~~~~ 

-

________________________________________________ N/A
‘— 0.~~~ ’ . CONTRACT OR GRANT NUMaER(a)

7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
9. PERFORMING ORGANIZAT ION NAME AND ADDRESS Tt~~

I
~~~OGRAM ELEMENT. PROJECT . TASK

Hughes Aircraf t  Company/
z AREA S WOR K U N I T N  ERS

y 

~~~~ 
~~~~~ F ~~~~~

11 CONTROLLING OFFICE NAME AND ADDRESS 12

( j
~ 

Apr~~..—J~ 79Rome Air Development Center (RBRM) ~~~~~ Griffiss AFE NY 13441 83
TA . MONITORING AGENCY NAME & ADDRESS(ii dill .,ent l,om Controll ing Off ice) 15. SECURITY CLASS. (of this ?.po,t)

Same I~Li ~~ 1~OpI UNCLASSIFIED

• N/A
SCH

~~
DULE

*I bISTRIBUTION STATEMENT (a! this Repor t)

Approved for public release; distribution unlimited .

17. O ISTR IBUT ION S T A T E M E N T  (of the ebetrect entered in Block 20 , if ditteren ( from Rapo tt)

Same

t~~. S U P PLEMENTARY NOTES
RADC Project Engineer: Edward P. O’Connell (RBRM)

IS. KEY WORDS (Continu. on rereree side it .,eca.s.ry wd Id*nIIiy by block number)
Guardband Limit
Compliance
Parameter Distribution

20, ABSTRACT (Continue ~ r•rere. .Id. If n.c..aa~~ ~~d Ident i fy by block numb.?)
Electrical guardband testing of microcircuits in lieu of 100% 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

FORMDD JAN 75 1473 UNCLASSIFIED
SECURITY CLASS IFICATION OF Till S PAGE (Whet, beta Entered)

~~~ ~‘i 1O

~~~~—

~~~~ —-~~ ~- —~~~~~~~~~-- 
._a~~~~~ ~~~~~~~~ — — ~~ --~— ‘—-o.~~~~~~ ~~~~

—‘-
~
-— —~~~~~~~ ~~~~



~1~I_ _ _ _ _ _ _  

i i
UNCLASSIFIED

SECURITY CLASSIFI CATION OF TillS PAGE(ITha.. Data Ent.red)

\
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
analysip wcs performed on the test samples resulting in the establishment
of the’~nterchangeability of JAN, 883B processed, and cousnerical devices. p.,)

I

‘1
-I

I

UNCLASSIFIED

SECURITY CLASSIFICAT I ON OF THIS PAGE(Wlimi Data Xnt.r.d)

-— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_________________________________ ~~~~~~~~~~ ‘~~~‘~~~~



- m•I-
~ - •. -

~ ~~~~~~~~~~~~ 

..

~~~~~ 

—.-

~~~~

-•.-—-

~~

— --—

~~~~

--—--• —

~

- ..

~~

-.. _-,

~~

-

~

-_-•-

~~~

CONTENTS

Section 1— U~TRODUCTION
Program Background and Overall Objectives  1-1
Specific Program Tasks 1-2
Pa.rts for Test 1—2

Appllcabk Military Specifications Electrical Test Plan 1-2
~~ta Recording 1—4
DesCription 1—5
DsvIc. ‘lraceabUity 1—5

Ifl1tr’U~~Sflta~ Ob • . . • .   1—6
Dtffto’oltiui/~elu.tjo,p4.   1—8

Section — DATA ANALY$~ DESCRIPTiON
Pioce~~ (Plow of 

~~~~~ ) 2— 1• Reduction Methods  2—1
Descriptive Statistics , Histograms 2—1.
Regression Analysis, Setting of Guardbands , Fisher-Irwin

Test Statistic 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

Preseiitation Format 2-9
Specific Results 2—1 0

Guardt*nd Limits 2-1.0
Variations due to Manufacturer 2-10
Comparison of Parameter Distributions 2-14

Sample Calculations of Guardband Limits 2-19
Anomalies 2—22
Failure Analysis 2-27
Conclusions 2—29
Further Investigation . . . .  . .  2—31.

References R—1.
Appendix 1 CODES Al—I.
AppendIx 2 —  EXCER PTS FROM COMPUTER REGRESSION AND

HISTOGRAM ANALYSIS A2—i
AppendIx 3 —  PROPOSED MIL-STD-833 TEST MLETHOD

GTJARDBAND LIMIT DETERMINATION A3-1.
Appendix ~~~~~

- .JPECIA L ELECTR ICAL STRESS TESTS A4~.1
Glossary of Terms G—1

Wi tS S~CtIDI ~~

DDC Bifl SeGtisn fl
I sii~u~~r0 D 

—

BY
I ~~~~~~~~~~~~ 

AtI1IU I : .

- -. 
..

Iii (iv BLANK)

—— 
— -: 

-~~~ ~~~~~~~~~~~~ 

—



r- fl
LIST OF ILLUSTRATIONS

Figure Page
2— 1 Flo’w of Data 2—2
2—2 Denslty Curves 2—14

LIST OF TABLES
Table Page
1-4 Tableo!TestSample PartNuxnbers . 1—3
1—fl Ma.nufa.cturerSer’lal Number Code 1—5
1—rn Device Type Serial Number Code 1—6
1-IV Force and Measure Ranges with 2V/2mV Option 1-7
1—V Period Range, Scale and Resolution 1—8
1-Vt Timing Generator Range Scale and Resolution 1—8
2—I Test for Variation due to Manufacturer for JAN 5410

Device 2— 1.2
2-fl F-Values for Testing Variations due to Manufacturers

for JAN Parts 2—13
2-Ill F-Values for Testing Variations due to Manufacturers

for 883B Parts 2—13
2-IV Variation of Parameter Distribution Comparison 2— 15
2—V 90% Confidence Intervals for the Probability of Defective Part 2-21
2-VT Failure Analysis Results 2-23
2-VU Failure Classification by Failure Category and Procurement Grade  2-28

:L ~;

U
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ __g~~•—•-- .t• -__- ,



EVALUAT ION

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 milita ry equipments. This study addresses
a specific type of electrical testing, commonly referred to as guardband
testing, that many microcircuit vendors have recomended 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, “Mi litary Specification Microcircuits General
Specification For.”

This investigation has shown that for the microcircuit types studied,
electrical guardband testing is feasible. Reliable guardband limi t
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 limi ts on devices for other
mature technology families having the same level of complexi ty.

The proposed test method for establishing guardband limi ts that was
developed as part of this study, will now be made availa ble 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 meaningfu l comments
and supporti ng test data . RADC does not propose to recommend changes in
existing MIL—STD-883 and MIL-M-385IO electrical testing procedures until

i t microcircuit manufacturers have demonstrated that guardband test techniques
H are suitable for their products and that performance of the microcircuits

at temperature extremes can be reliably predicted based solely on room
temperature measurements.

‘9 ~~~~~~~~
EDWARD P. O ’CONNELL
Project Engineer
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Section 1.

INT RODUCTION

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 be designed and conducted , appears to support this contention . The
ability to perform effective guardband tests Is a func tion of the vendor process
control , technology and device maturity . Therefore , gu.ardband testing can only
be prepared for an individual circuit by performing a detailed analysis of the
test data as the device reaches a reprochicible 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 assuranc e
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 gu.ardband procedures without divulging the exact methods of testing.
This study is intended to provide a compar ison 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 acceptab ility and assess
the reliability risk , associated with using vendor equivalent of guardband elec-
trical testing proc edures for monolithic microcirciuts , in lieu of 100 percent

• electrical testing of static par ameters 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 temperatur e conditions , to guarantee their electrical perform-
ance across the full operating range. The results of this effort are to be
utilized in determining what sinipliLications, LI any, can be made in MIL—STD—
8d3 and MIL-M-38510 electrical test requirements, wtthout comp romising the
operational and reliability performance of military equipments .

The electrical interchangeability of 883B and commercial grade devices with
JAN devices sha.U be determined through an analysis of the parameter
distributions.

H 
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The compLiance of each 883B and commercial devices to Its our procurementspecification and to the corresponding MIL specification will be determined.This information Is to be used as an indication of the overall performance of883B and commercial devices as compared to the corresponding JAN devices .
The procedure for setting guardband limits will be determined, as well as amethod of determining when guardband test techniques can be applied. Examplesof the calculation., required are Included In the results.

SPECIFIC PROGRAM TASKS

This program was designed to establish the validity of guardbanded devicetesting limits at 25CC as substitutes for the temperature extreme test require-ments (-55 C and ~1254C) of MIL-STD-883 and MIL-M-38510. The guardbandtest limit ~tharacterizations were developed to a ‘u mber of different digitaldevice types including 2 and 3 input Nand gates, flip-flops and 8 input multiplexerintegrated circuits from seven different manufacturers.

The resultant data base was analyzed for compliance to guardband test limitsas well as parameter distribution., and compliance to JAN Mu Slash Sheets Speclimits as well as manufacturers data sheet performance limits .
Applications of this effort can result in simplification of MIL-STD-883 andMIL—M—385 10 electrical test requirements without compromising the operationaland reliability perfor mance 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-38510Table I In accordance with the electrical test requirements of Table U for Class Bdevices and the Group A Inspection conditions of Table ifi except that Sub-groups 10 and 11 were performed on a 100 percent basis . Tables I, U , and Illare contained in the applicable military specifications referenced below .

Applicable Military Specifications Electrical Test Plan (Typical)

Military Specification MIL—M—3$510/ 1B, device type 03 was used to test thefollowing microcircuit.,:

JM 38510/00103 BCX
9N10 DM
91’410 DM QB
ITT 5410J
ITT 5410J/B2
MC 5410 L
MC 5410 BEX
DM 5410 J

1-2
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TABLE 1-I. TABLE OF TEST SAMP LE PART NUMBERS

Part Number — Part Minimum
As Required Ident Samples
by S.O.W. Maxaifactur er I Cods Tested*

JM 38510/00103 BCX Fairchild AJ 50
9N10 DM QB Fairchild AE 100
9N1O DM Fairchild AA 100
JM 38510/00103 BCX ITT BJ 50
ITT 5410J (B2) ITT BE 100
ITT 541.OJ ITT BA 100
JM 38510/00103 BCX Motorola Ci 50
MC 5410 BEX~S Motorola CE - 100
MC 5410 L Motorola CA 100 - -

JM 38510/00 103 BCX National Semiconductor DJ 50
DM 54 10/883 3 National Semiconductor DE 100
DM 5410 NationaL Semiconductor DA 100
JM 38510/00103 BCX Slgnetlos 50
RB 5410 F Sl~~etics LE I 100
S 5410 F S1~~ettcs 100
JM 38510/00103 BCX Texas Instrument Fj I

SNC 5410J Texas Instrument FE 100
SN 5410J Texas Instrument PA 100
SS1ODM QE Fairchild All 100
9S100DM Fairchild AD 100
SNC 54S10J Texas Instrument PH 100
SN 54510J Texas Instrument PD 100
,TM 38510/00104 BEX Fairchild AN 50
9312DM QE Fairchild AF 100
9312DM Fairchild AB 100
JM 385 10/01402 BEX Motorola CX 50
MC 9312 BLX S Motorola CF 100
MC 9312 L Motorola CB 100
JM 38510/0 1402 BEX Advanced Micro Development CX 50
0713931251X (883B) Advanced Micro Development GF 100
071393 125 LX Advanced Micro Development GB 100

• 1: JM 38510/00201 BCC National Semiconductor DL 50
JM 385”~/00201 BCX Signetlcs EL 50
S 5472F/883B Sl~~etics EG 100

• - S 5472 F Sl~~etics EC 50
• SNC 5472 J Texas Instrument FG 100

SN 5472 J Texas Instrument PC 100
DM 54?ZJ/8a3 B National Semiconductor DG 100
DM 5472 j National Semiconductor DC 100
~ThI 38510/00201 Texas Instnimsnt FL 50
JM 38510/00602 Texas Instrument ~~p so
•JM 38510/03104 Si~~etics EN 50

• 
~Includes 5 or 10 additional samples per part type depending on initial sample
size used as test program verification etc.

1—3
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DM 5410 J/883B
S 5410 F
S 5410 F/883B
SN 5410 J
SNC 5410 J

Military Sp.c1~ catlon M1L-M-38510/1B, device type 04 was used to ~ st the
foilowing microcircuits:

JM 38510/00104 BCX

Military Specification M1L-M-.385 10/2E , device type 01 was used to test the
following mlcrocircuits: •

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 mtcroclrcuits~

J M 38510/00802 BCX

Military Specification MIL—M-385 10/14A (USA P) , device type 02 was used
to test the following microcircuits:

JM 38510/01402 BCX
9312 DM
9312 DMQB
MC 9312L
MC 9312BLX
0713931251X
O?13931251X (883B)

Military Specification MIL-M—38510/70 (USA P), device type 05 used to test
the followthg tntcroctrcutts:

9S1ODM
SS100MQB
54S10J
SNCS4S1OJ

Data R.cord lnç

~~ te~~ and measurements performed shove were recorded in hard copy
form along with daalogging to “~gnedc tape for forther data anaLysts. AU
devices with out-of-specification parameters were retested for failure
verification.

1-4
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Description

Device Selection: All m.tcroclrcults 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 12 SOC. These m.tcroclrcults were procured either from the
contractor ’s In-house store or a manufacturer’s authorized distri butor 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 microcircu.Its that were tested during
this study .

Device Traceability

All test sample devices were m arked according to the following master coøe
system. For traceabtltty during the test and evaluation program each device
was assigned a five character code. The first character was a letter corre-
sponding to the manhlf2cturer of the device as shown In Table 1-fl. The second
character was a letter corresponding to the device type as shown In Table i-rn
The last three characters were numbers corresponding to the device serial
number beginnin g with 001 and continuing In sequence through the last device in
the test series. A new serial number sequence was started for each combina-
tion of the first two characters of the code: I.e. AAOO1 . . . AAO5O , ABOOI
A3050, BAOO1 . . . 8A050 , BBOO1 . . . BBO5O , etc.

The following is an example of a typical device code:

A D O  2 3

I ~~ Device Serial Number (023)

Manufacturer Device Type
(Fairchild) (54S10)

(Conim)

TABLE 1-fl. MANUFACT URER SERIAL NU~~~ER CODE

M~-nnf ~cturer Code

• Fairchild A
• ITT B

Motorola C
National Semiconductor D
Signetics
Texas Instrument ( F

• Advanced Micro Development G

Ti 



TABLE 1-lU. DEVICE TYPE SERIAL NUMBER CODE

Device Type Code

5410 A
Commercial Parts

54S10 D

5410 E
MiL-SrD-883 Class B Parts

54S10 H

JM 38510/00103 BCX
’
~JM 38510/01402 BEX K —

JM 38510/00201 BCX JAN Parts L
JM 385 10/00205 BCX 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 810 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 ~~~~~~~~~ to PU and FORTRAN to perform DC parametric, AC
parametric and functional tests. It can also be programmed to do data analysis.
The Sentry 61.0 specifications are given In Tables 1-tV, 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 handler Inserts the
device under test Into the contactor Inside the environmental cham ber. This
chamber provides a temperature stability of+ 1%C from -73 C to +1.50’C.

Although the Sentry is capable of performing analysts, to increase efficiency,
the IBM 370 was used to perform off- line data analysis. To facilitate this
processing, data was recorded by the Sentiy on magnetic tape on 9 tracks at
800 bpi which is an IBM compatible format. h ard copy data was aLso recorded
by the Sentry using the Data Products Model 8428 hIgh speed line printer.

1—6 
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TABLE 1-V. P~~UOD RANGE, SCALE AND RESOLUTION

Range Scale Resolution

o 40~&aec lO nsec
1 400 j~sec 100 osec
2 4msec l jLseo
3 40 mzec 10 usec

TABLE 1-Vi. TIMING GENERATOR RANGE SCALE AND RE SOLUTION

Range 1 Full-Scale Resolution

0 10 usec 0. 16 cisec
1 tOO isec 100 nsec
2 i msec I Msec
3 10 msec 10 usec

DIP FIC ULTIE S/SOLUTIONS

Problems in a study as complex as RA.DC 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 Is subject to failure at
temperature extremes. Beat causes the e~p~nston of metal which Induces fric-
tion and the eventual jamming of the moving parts In the handier. 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 j~mn~1’~g, but continuity problems as well, as the fros t prevents
effective contact to the device pins. 32mm4ng due to metal expansion can be pre-
vented by precise clearance adjustment of the mechs~n4sm, but the low tempera-
cure failure Is more complicated.

The problem was eUm1n~ted by producing a dry environment In the ch~mher.
The ch~niher was first purged of moist air by opening the door and forcing dry
N~~~to the ca yat a f a&r lyh igh flow rate. Tbenthedoor was closedand the
flow rate reduced so that only a few pounds of positive pressure was maintained
In the chamber. This prevented any moisuare laden air from reentering the
Ct~2ir her.

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

- ~
- thicI~ ess and package end-to-pin spacing, both critical to proper handling, varied

- - 
in many groups. Re2fl gnment for these variations was necessary in some
instances, while others required odd parts to be tested separately.

1-8
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Tb. Sentry 610 tester itself , caused an occasional problem. The tester
would sometimes fail due to temperature fluctuations Lu the test area. It was
flnally necessary to enclose this area, laol~t4ng It from the rent~inr1er of the
Lab. Separate temperature and h~rn~(dity controls were Installed to allow a
more stable environment to be maintained.

Documentation presented some difficulties which were ~~ 4idy operator
Induced. A few of the magnetic data tapes generated during the study were
written In error . These errors Included: Improper computer control and
tern~lnQtf on marks, Incorrect parametric limits and data format and wrong
device nunthering . Tb.. . errors delayed some tapes from being used in the
computer assisted data reduction. Tb. Imprope rly writtel tapes were cor-
rected with separately generated software , which allowed a tape to be altered
without destroying the d~~~ ~ co~~ im.d•

H Due to its complex nature, the Sentry 610 Teeter is limited in Its time
measurement accuracy . Delays front the system electronics to the device
under test become sfgMfleant when testing propagation times in the 5-10 as
range. However these delays are consistent and can be measured. Software
which measure and stores th. 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 pa to be achieved for
all time measureme nts.

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

1—9 (1—10 BLANK)
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Section 2

DATA ANALYSIS DESCRIP1’ION

PROCESS (FLOW OF DATA)

Before the mathematical analysis of the test data could be conducted it was
Aecesaa.ry to create a data base, conthfning all parametric meas a ements along
with their corresponding teat specifications, which could be utilized by the
Hughes-Fullerton IBM 370/AMDAHL 410 compnter 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. Foilowthg translation, the data was sort ed and
“preprocessed” to obtain the fraction defective (according to the given speciilca—
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 teat d scrl~~toa~ temporarily on disk where they remain
until descr i~~ive statistics, histograms, and regr~~sion analyses can be gener-
ated. Following this, the data cc disk is stored on an IBM library tape for future
refere nce. 

-

REDUCTION ME THODS

Descriptive Statistics, Histograms

Notation:

X1, X2, ..., X~ - are Independent, identically distributed random variables
* corresponding to repeated measurement of a even parameter.

- 

- X ~ X 2 i.. . s X - the sample above ordered from smallest to( )  ( )  (a)

For each parameter measured the sample mean

2-1
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J COMPUTER PROGRAMSORTING I (FORTRA~4 IV)

P4AR 0C0PV
R EGR ESSION

I4AR O.COP~’ ANA LYSIS
% OIPECIIVE

L sx. (OUCRIWTI v E STATISIICS)

ISM LI~~RARY ,
TAPE ‘ ‘ H(ALL~ PARA METRIC , IMEASUREMENTS) 
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Figure 2.1. Flow of Data
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adard Deviation

5
x j ~~~~E

(’Y
~~i—i

rnajri mum value X~~), range X(n) — X(j ) , 0. 10 quantile X(r)
• wher e

• r — the greatest Integer less than ox equal to (0. 10) x a,

and

median. or 0. 50 qua ntlle ~~~~~~ if a is odd
k 2 1

or

~~ + X
(
~ 

~
))

if a 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.

The histograms are generated by partitioning the real line segment between
preselected limits into equal segments, and counting the number of the Xj ’s
which fail 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
qtzantlle. X(j ) and X~~) were not used as preselected limits since for large a,
X~~ - was often so large as to cause the individual Intervals to be to large
to obtain 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 dis~ thutton.

I
Regression Analysis, Setting of ~~~~~~~~~ Fisher - Irwin Test Statistic

Notation:

Y — parameter measurement at an e~~~eme temperature
(i. e. -65°C or 1250C)

X - parameter measurement at 25°C
H Xt. X~ - specified lower and upper (respectively) limits for

parameter at 25°C

y a specified tower and upper (respectively) limits for
parameter at extreme temperature

2—3
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An electrical guardb&nd test La described am the Imposition of upper and/or’
lower limits on a parameter at 25°C which if passed would guarantee a meam- 

•
• -

ured value at th. extreme temperature which is within It. specified limits.
Stated precisely, guardbands are determined by ftndlng values G L, G~ (if they
exist ) such that

P~Y~ ~ “~
‘ 

~ 
‘
~u JG L~ X 

~ 
G~ - 1 (1)

where P~A~B } denotes the conditional probability of event A given that B baa
occurred.

Our appro oh to this oblem has been to poet the existence of a con-
tinuous monotone function g such that

Y a  g (X) . (2)

Under this assumption, from (2) we have

P{YL~~
Y
~~ Y I G L~~

X
~~ G }=  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P~g~~ (Y~ )~~ X~~g ’ 
~~~~IG L s X s G U }  I ig l a Increasing

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

It is now apparent that (1) wtil be satisfied 11 we talte

Gt - g’
~ ~~L~’ G~ = g~~ ~~~~ 

if g is increasing.

or

— g ~~ 
~~~~ 

G~ — g’ 1  
~~~~ 

IL g is decreasing.

1g ( . )  denotes the Inverse funcdon of g, I. a., g (g (X)) X

- ~~~~~~~~~~ 

I 

-

_____— — -

~~~ — -~~ ~~
-. — __________



Three candidates for the function g were selected on the basis of
tractability and pre1~”~n’-’7 analysis . They wer e

(LU~) g(X) — aX # b

(LLIN) g(X) — b X 5 ( o r i n g ( X ) — b i b + a I n X )

(EXP) g(X) •~
x + b (or’ In g(X) — b - aX) 

-•

(UN) was selected since it provides a first order approximatio n to any true
function g which I., twic e continuousLy differentiable In a neighborhood of a value
o since by Taylor ’s theorem,

g (X) — g ( c ) + g ’(c ) (X — c ) + •(X)

where

(X ’- c) — o  as X — c .

The two other models were selected to account for possible curvature La g
and were chosen specially to facilitate the use of least-squares estimates of
the parameters a and b. Th. method of least squares as applied to (Lw) ,
(LLIN) , and (EXP) will be dlacuaaed In the next section.

Noc—monotoalc models for g wer e not considered , I. e. ,  models such as
higher degree polynominata, because many of these are difficult and costly to fit
to data and/or their Inver se functions are not avai lable explicitly.

For functional tests where the measured parameter takes on only two poui-
hi. value s (0 for pass, 1 for fail), guardbsnd analysis Is act app i~cable. Instead,
w. t.at to see whetlier the probability of pautng tbe functicnal test at 25°C ls
the same as the probability of passing the functional test at the e~~~eme temper-
ature. To state this precisely, the following notation is used:

a — number of parts being tested

= number of j I~~ * (failures) observed at temperature extremes

XN = number of 115* (failures) observed at 25°C

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

• - probability of observ ing a 1 (failur.) at temperature extreme

* These are not to be confused as Logic State 1 and 0

2-5
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We wish to test the hypothesis

HO : P N PE

versus

H 1: PN <
~~E

When XE and XN are observed such that XE � XN, th. following statistic Is
comp .ted:

m m —l
a a~ aQ a ( t X m _ i  I ( i ( m — t )

i~XE

Q Is not computed when XE < XN since this shows a tendency of the parameter
to test better at ex~’eme temperatures.

is clear that 0 ~ Q ~ 1. Values of Q close to 0 support Ht . It was aoC
found to be necessary to obtain critical values for Q since In near ly all cases
where Q was computed, it was quite obvious whether to reject H0, I. e. values
of Q on the order of ~~~ and lower ~vere quite common (indicating accepance
of Hi) while moSt other values were 0.5 and higher (indicating acceptance of
(H0). Q Is called the Fisher-Irwin statistic.

EQuations for Fitting Models to Data by the Method of Least Squares, Measures
of Goodness-of-Fit, Using the Empirically Derived Fits for Finding Guar’dband
Limits.

Notation; (X1, Y1) , (Xe, ‘~~) are paired measurements of a param -
eter ; X11a being taken at 25°C , Yj ’s being taken at one of the extreme
temperatures.

Each of the three models (LIN), (LLIN) , EXP) were fit to every sequence
of paired observation s at each e~~ eme temperature using the method of Least
squares to estimate the unknown quantities a, and b. The method of least
squar es Involves m1Mm4~ing the quantity

a
E a E (~L? — g (~~))2

I-i
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For the (LIN) case, g (Xj) — aXj  - b and the values of a and b which n,1nh1~j 2~E are solutions to the equations

a 0
1 1  

(3)

E (Y1 — aX1 — b)2 a 0
1—1

The va lues which satisfy (3) are

nEXt ;-Ex 1E~ 1
I—i 1.1 j a~a —

nExi
2
~~(Exi)2

b a  ? -a ~

For (LL~~) case, g(X) a b Xa and the solutions to 8E/aa a o and
aE/ab a 0 are not available explicitly. However, U we seek to minimiz e

a

— (In Y~ — b’ — a in K1)2

i—i

we obtain, as solutions to 3E LL~~/8a a aE LL~~/ab’ 0,

(in ; In K1) -E in 

~tE in x1
a 11 tata 

(in X1)
2 -(± in

1—1 1—1 F

--

~~~~



~~
— 

~~~~
—

~“-- ---—-- —._a. ~~ — — ________________________

F

a a

exp in -~E in X~
j

For the (EXP) case as In the (LLfl~) case, the solut ions to aE/aa ~ a 0
are not available explicitly. So, the quantity

a

EEXP -E (ln Y1 - a X 1 -b) 2

tat

is nilnthiized. The solutions to aE~~~~/aa a 3EEXP/ab a 0 are

a a a

~E In y1 -E x1E in
1.1 1—1 lata — a / a  \, 2

n E xi
2 _ (~E xi)I—i j a]

b a
~~~E 1n Yj~~ a~~

For each fit a goodness of fit measure ~ calculat ed according to the formui.a

_ _  

a(
~2)E (Y1 — g ( X 1))

2

RBAB~~~~~~.(
~~)E ~~~_~~ 2

measures the average observed mean-square error in using g to predict Y
reLative to th, sample variance of the Y1’s.
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For (UN) the correlation between X and Y Is computed by the formula

Y~ -E X1E;
Correlation — i—i i— I. 1—1 (4)

fr ~~~n / n  \
2

~~~~ ~ / n

/k iE x1
2
~~(~E x~

) 1~E ~
2
~E ~~

~ L ~~ L 1—1

For (LUN) the correLation between In X and Lu Y is computed from (4) by
replacing X1 with in Xj, and Yj by In Tj.

For (ZXP) the correlation between in Y and X is computed from (4) by
replacing Y1 with in Yj.

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

PRESENTATIO N FORMA T

Appendix 2 contains an example of the computer printout s that were generated
cont2lrthtg regression analyses, descriptive statistics , and histograms for every
parameter at each temperature for all device types and manufacturers. Pri nt-
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-i
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 (LflY4) ,
(LLTh~), and (EXP) models with the parameter ‘~easurementh 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 XE as the number of
failures at 125°C, and once with XE 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 correspowilng par ameter types for each code .

• Par ameter types are described In Table A-3 of AppendIx 1. Table A-4 in
AppendIx 1 shows how to determine the unknown quantities In the (UN~, (LLE~),
and (EXP) models from the regression analysts printouts.
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Included with the regression printouts fo~ each code was a histogra m for eachparameter measured (excluding the functionaj tests and cases where only onedistinct value was recorded) at each emperatur~. Each heading contained a testnumber (Tisi) which could be used to determj~e the parameter type. Talie A-Vin Appendix 1 lIsts test numbers with corresponcfi~g parameter types.

SPECIFIc RESUL TS

Guardband Limits

After examining the regression results It was seen that a large number ofcurve-fits were acco’~nplished with correlation coefficients In exceas of 90% m di-cating the validity of the models ((LDi) , (LLJ~ ), (EXP) ) selected over a widevariety of parameters. Ideally, of course , to discover the exact nature of thefunctional relationship between the para meter measurements at 250C and someextreme temperature is desirable and would require more research. This re-search would involve a detailed analysis of device physlcg to determiz~e the exactrelationship between each parameter and temperatu~~. For very simple devices,this approach might be possible. For more complex devices this approa~~ wouldbecome an almost thsurmount~Jg~ task. What we have found In fl~~ng our threemodels is that in many cases, these simple , easy to fit models provide accura~approximations to the exact functional relationships. The only dIsadvantage tothis approach has been the fact that good fits are rarely found on every param eterfor a given device (though often haLf or more parameters are predictable with highcorrelation). The advantages are that these models are easy to fit by leastsquares, they are easily invertable and in all probability are easier to implementtha n the exact relationships.

The general method of determing guardband limits La e~~lajned in detail inAppendix 3.

Variations due to Manufacturer

Much thought was given to discovering a me~ni’r~gM way In which to quan-tify variations In parameter distributions due to different nlanufacturers.Comparing histograms was one possibility, but after ex~ nln~ng the histogramsand descriptive statistics many cases were found where sample means andstandard deviations were close but corzeeponding histograms were extremelybeterogene s. 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 deviat ions . Visual comparisons of parameter distributions based on
histograms can be easily carried out by utilizing the results in A pendtx 2.
The advantage to the approach we used La that the test statistic has a known
distribution which is extensively tabled .

If X1, X2, ..., X~ are independent , Identic ally distributed measurements
of a particular parameter on a particular device fro m a given manufacturer ,
then by the central limit theorem (see [31),

H
is approximately normally distributed with mean 0 and varIance 1. for suffi-
ciently large u (Here w_ç’ve assumed that E(X1 - EX1)2 ~ a2 <~ o and E )X iI < ~~ •

We ’ve taken EX1 j~t , X as the sample mean). It follows that for large n,
Z = Vi~X/ci is approximate ly normally distri buted with mean ~~/ o and’
vari ance 1. . GIven that n Is large enough to just ify the accuracy of the limiting
distri butions , we may form the following matrix of observations:

Z~~ Z 13

z23. z22 z23 z2~

Zn Z r a Z r3 Z rc

where Zij = the Z statistic defined above computed for the ith parameter for
the jth manufac tu rer. We assume that EZ j~ = c + aj + bj , i .e .  that the mean of
Zij is a constant plus an effect due to the nature of the paramete r and an effect

S due to the manufacturer. (AU Zjj have variance ~ 1.) A test for variations due
to manufacturers Is now reduced to testing the hypothesis that
b1 b2~~... b0 O. It ls akso assumed ifl thlS hYPOtheSlS that the~~ rianCe 0~~
given parameter m.aasur ement does not change with respect to manu fac turer. )

Let
C

;. =~ E z1~
1=1

r

~.j =~ E z~
i~1

2—li.

—~~
. 

~~~~— - -~ - ~~~~ _____



-

Z a ~~LEE Z
1.1 i—i

(r 1.)EE (I
.~ 

2)2

F -  1-1 1-1

(Z 1~ Z ) Z 1 + 1)2

1—l i—i

has the F- dlatrthutlon with parameters V1 — (c—i), V2 — (c—i) (n—i) (sea
ref. (Ij , (2~). The tsst ia tbentoreject the hy~,th.ais that b1— b 2 . , .. a b *0it the comp~ ed value of F Ii larger than K, where K is selected to achieve
desired size of the test.

Table 2-I gives the matrix of values used to compare manufacturers of the
5410 JAN device along with the corresponding F- statistic Indicating no signifi-
cant variation due to manufactuter in that case. Tables 2-U and 2-UI contain F
values for the JAN and 883B parts , respectively, along with accept/reject
criteria.

TABLE 2-I . TEST FOR VARIA TIO N DUE TO MANUFACTURE R FOR
JAN 5410 DEVICES

_________ _______ 
Manufacture r

Texas
Par ameter 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
‘TIC —668 .46 —735.55 —822 . 16 —674.38 —595 .02 —630 . 72
tEL —3 54.54 —348.07 —390.42 —353.12 —363 . 87 —388.04
IIH 83 .40 59. 79 55.36 39.08 37.62 37.11
U 60. 74 22 . 77 8.53 8.13 6.87 2. 35
lOS —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 stati stic is 1.12 which Is insignificant so that no significant varia-
tion with respect to manufacturers Is observed here . Critical value s K corre-
sponding to sizes 0.95 and 0.99 are 2.45 and 3.51, respectively, for
V1 = 5 , V2 = 40 as par ameters for the F - distribution.
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TABLE 2-LI. F-VALUES FOR TESTTh~G VARIATIONS DUE TO
MANUFACTURER FOR JAN PARTS 

—

Parameters for 0.90
F - Distribution F Quantlie of F

Part Number V1. V2 Value Distribution

5410 5~ 40 1.12 2 .0 0

9312 1, 19 18. 63 2.99

5400 1 , 10 1.22 3.29

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 io% of

• the time . Zn each case , except the 9312, F Is not signific ant , sc the hypothesis
of no variation of the type discussed with respect to manufacturer is retained.
The F statistic for the 9312 JAN PARTS (involving only the manufacturers
National Semiconductor, and Advanced Micro Devices) is extremely large m di-
eating gross differences in parameter distributions. To find out which param-
eters caused the se difference s, suspect par ameters were removed from the
F-test until those remaining would pass the F-test at the .90 level (parameters
most suspect are those wit h the largest difference in their Z statistic when
calculated for both manufacturer s). The par ameters removed were the tEL ,
11ff , U, and seven of the twelve TPD par a meters. The Z-stat istlcs for each of
these parameters differed most between the two manu facturers . The rema ining
eleven parameters passed the F-test with an F value of 3.10 (for V1 = 1,
V2 = 9, the . 90 quantile of the F-distributi on Is 3.36) .

TABLE 2-ill. F-VALUES FOR TESTING VARIA TIONS DUE TO
MANUFACTURER FOR 883B PARTS

Parameter s for 0.90
F - Distribution F - Quanttle of FPa rt Number V~, V2 Value Distribution

5410 5 , 50 1.80 *1 975

54S10 1 , 10 1.85 3 .29

5472 2 , 28 0.26 2 .50

9312 2 , 12 1.38 3 .13

IValues were Inte rpol ated from tables in [2] .
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As in Table 2-U , no F-value exceeds the 0.90 quant lle of the corresponding
F-distribut ion. Indeed , the F-values are insignificantly small except for
possibly the 5410 value, This value does not , however warrant rejection of
the hypothe sis of no variation with respect to manuf acturer.

Comparison of Para meter Distributions

T able 2 -IV contains the sample mean ) and standard deviation iS) for
comparing distribut ions of parameters for all manufacturers from whom par t
lots were procure d 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 par ameter 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.

Table 2-W 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.

The distributions for JAN parts genera lly have smaller standard devia-
tions than both COMM and 883B p art s thu s showing greater control in the
manufacturing processes used for JAN parts.

LOwER MIAN
LJMII LiMI1

Figure 2.2. Density Curves

2-14 

— 
_________

: ~~~~~~~~~~ ~~~~~~~~~~~~.~~~~ .~~-~~—-—-- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ •-‘~ ~-



TABLE 2-tV. VARIATION OF PABAMET~ R DISTRIBUTION COMPARISON

Part T.d No. ’ — 
JAN 

- 

— 
6633 .1 - 

COMM
4 Msa~1actur sr 16*. ~?aT.m.t.t ) X X S X S

_ _ _ _ _  — r
Ftireht )4 34 10 101 —0.1147 6.3024—3) -1.31 1.364—2) -0.9654 1. 2264—2)

201 2. 714 2. 0064—2) 2.64 I 2. 02(—2) 2.61 6. 244—2)
2.17$(.1) L 01(—2) 2.14(.l~ L T1(—2) 2.781(-1} 2.5464.2)

441 5.61( 4) 1. 46(—4) I. 97(4) 1. 144—I) 3. 63( 4) 1. 644—6)
$01 — 1. 044—3) 4.324—5) —1. 114-3) 5.114.4) — 1, 134—3) 4.24(4)
801 6. 11( 4) 2. 71( 4) 6.0 1(—7) 2.62( 4) 2.14.1) I 4.514—4)
701 —3. 244—2) 1. 624—4 ) .3. 244—2) 1. 434—3) —3 , 27(—2) 1. 794—3)
801 3.54—3) 1.314—4) 3.514—3) 1. 73(4) 3, 654—3) 2.924-4 )
901 t .01(—Z) 3.99( 4) 1.074—2) 5. 94(—4) 1, 14—2) 4.354 .4)
1101 1. 234—4) 1.63(—L0) 1.264—8) 1.424—10) 1.244—8) 6.334— 10)

— 
1301 1.324— 4) 1.304—9) 1.374—I) 9.91(— 10) • 1.324—4) 7.684—1 0)

rrr f 3410 101 
• 

—1.01 2.114—2) .1. 12 1.414—2) — 1. 06 7.37(4)
201 2.61 2.044—2) 2.70 8.334—3) - 2. 66 5. 11(4)
301 2.314—1) 1. 614—2) 2.264- 1) 3.3 14—2) 2. 134—1) 2. OI( —2 )
401 4. 164—6) 2.20( 6) 1.6 14—5) 7. 194—6) 2. 91( 4) 2.34—6)
501 — 1.034—3) 7. 764—5) — 1.084—3) 4. 24—5) —6.134.4) ‘ 1.184-4)
601 3.364—6) 4. 994—4) 2.264—5) 1.234—5) • 2, 424—6) 5. 124—6)
701 - —3.014—21 1.71( 3) —3. 17(—2) 2.524—3) —2 .U(—2) 1.564—3)
801 3.314—3) 2.71(—4) 3.42(—3) 3.014.4) : 3. 11t—3 3. 99(4)
901 1. 04(—2) 7.434.4) 1.07(—2) 9.094—4) 9.614—3) 1.094—3)
1101 1.374—I ) 8. 734—10) 1.394-6) 1. 04(—l) 1., 144—6) ! 9. 8$(— 10)

— 
120 1 1.43(—4) 1.094—9) 2. 254—8) L 77(—6) 1.454—6 ) 7.30(—10)

MotoroLa 5410 101 —1. 16 I 7. 81(—2) — 1. 16 8. 024—2) — 1.22 2.914— 1)
201 2.12 2.394—2) 2. 63 2.67 1—2) 2.51 3. 114—2)
301 2.794— 1) 2.3 14—2 ) 2. 734— 1) 2. 654—2) • 3.61(—L) 1.284—1)
401 3.8( 4) 1.574—6) 4. 354—41 2.514— 6) 3.99(—4) 1.64( 4)
$01 —1. 164—3) 7. 244—4) — 1. 17(—S) 6.21(4) — 1. 024—3) 7.24—6)
801 1.254—6) 3.31(4) 1.63(—6) 4.064—4) 1.644-4) 4.414-4)
701 —3.$1(—2) 4.094 —3) —3.624—3) 4.374—3) I —3. 744—a) 2. 134—3)
601 3.164—3) 2.454.-I) 3.71(—$) 2.034—4) 3.31(4) 2.334 4)
901 1.114—2) 6.914—4) 1.184—2) 5.674—4 ) 1.034—2) 6.594—4)
1101 1.114—I) S.93(—L0) 1.LO (-i) 7.634—10) 

• 1.264—8) 1.024—9)

— 
1301 1.35(—5) 9. 274— 10) 1.25(—4 7.924—10) 1.664.4) 2.01(—9)

NsttoaaL 5410 101 —9 .654— 1) 3. 114—2) —1 .36 1 1.014_I) —L 91(—1) 6.374—2)
201 2.63 • 2.414.2) 2.52 2.514—2) 2. 66 4.484—2)
301 2 .31 (—L) 2.314—2) 2.29 4—1 ) 1.464—2) 2. 194—1) 2.724—2)
401 2.134—6) 1.444—4) 2.04(—6) 1.054—6) 5. 144 .4) 2.8)4—6)
501 —1.07 4—3 ) 6.44—4) —1. 15(—3) 1.204.4) —1 . 13(4) 5.23(—4 )
601 1.224—6) 3.214—4) 4.0 14—7) 2.444— 4) 6.424-4) 6.474—6)

-: 701 —3.324—2) 2.614—3) —3.454—2) 1.964—3) —3.44( 2) 2.3 14—3)
801 3.47(4) 2.81(—& ) 3. 73(4) 3.90(4) 3.494—3) 2.044—4)
901 1.064—2) 6. 144) 1. 134—2) 1.054-3) 1.074.2) 5.114 —1)
1101 3.21 4—I) 9.554—10) 1. 13(—I) 9.064—10) 1. 1.3(—4) 1. 11(—9)

______________ 

1201 1.314—4) 1. 494—9) 1.214—6) $.62(—L0) 1. 154—8) 1.954—10)

SIg~st~c. 5410 101 —4 .34(—1) 1. 614—2) —6. 464—I) 9.634—3) —4.634— 1) 1.24 4—2)
201 3.26 1.394—2) 3. 17 2.324—2) 3.15 • 9.354—3)
301 2.434—1 ) 2.34—2) 2.41(—l) 1.114—2) 2.914— 1) 2. 744—2)
401 2.514—1) 6.964—7) 4. 614—4) L9 1(— 6) 1.664 —6) 9. 164—7)
$01 —1.054—3) 6. 114-6) —L0 T4— 3) 5. 17(—4) —1 . 134—3) 4. 754—6)
101 1.414—4) 3.564—4) 3.274—4) 4.914—6) 3.54—1) 3, 754—6)
701 4.114—2) 9. 77(4) —3. 424—2) 1.264—3) —3.234—21 1.364—3)
lOt 3.4*4—3) 2.044 -4) 3. 484—3) 2. 1344) 3.70 4—3) • 1.6(4)
101 1.014—2) 5. 45(4) I 1. 014—2) 6. 04—4) t.G94— t~ 4.384—4 )
1101 1.264.5) 5. 344—10) 1.244 —6) 5 .32 (—10) 1. 17(4) S. 36 (— L 0)
1301 1.304—6) 8.63. 4—10) 1.24(4) 9.07(— LO ) 1.254—8) 9.02 4—LO )

T~~s 5410 101 —6. 084—)) 3. 05(—2) —9 .4 14— 1) 2. 624—2) I —9. 25(—L) 2. 3 64—2 )
201 2. 13 2.854—21 2. 62 2. 964-.2) I 2. 61 1. 774— 2)
301 3.044— 1) 2.42(—2 1.544— 1) 1.324—2) 1.184—U t.64(-4~I 401 2, 544—6) 1.77(4) 2.144—6) 5.394—7) I 1.564—4) 4. Oj—fl
501 —1. 164—3) 3.67(41 —1 . 154—3) 

• 
4.4 74— 6) —1. 21(4) 3.~i2(—5)

R.f.r to Append ix I table s A-Ill and AV for definition .
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TABLE 2-lit. VARIATIO N OF PARM~*TER DISTRIBUTION COMPARISON (Con~nued)
JA Il

______ 1531 COMMPart T.M No. • — —
M#~uLacD.ar.r No. (Pa,a~~ tai) X S j __ X 5 X

5410 601 i 3.444—7) 1.534—6) 0.0 I 0.0 0.0 0.0
101 4.344—2) 1.31(4) —3.514—2) I 6. 87(4) —3 . 41(—2) 1.264-41

______ 803. 3.714—3) 1.8144) 3. 704—3) I 1.42(4) 3.414—3 ) 9.3544)
101 1. 114—2) 6. 294—4) 2. 194—3) 1 4.914-4) 1.234—1) 3.314—4 )
1101 1. 14—I) 1.514— 10) 1.034—6) 6.444— 10) 1.234—5) 4. 504— 10)

______________ — 
1201 1.34—I) 1.554—10) 1.234—6) 

________ 

1.35(4) 8.564— 10)

4atioaai_ 5472 1 3.03 3. 3( 4) 3.03 5. 114 $) 2.90 4. 064-2)
5 2.104—1) 7.14—2) 2.114—I) 5.3$(—Z) 2. 84— 1) 5.094—2)
9 —1.05 2. 794—1) — .12(—1) 2.294—1) — 1.02 2.70 4— ))
16 —9.1444) $. 7$(—6) -6.194—4) 2.21(4) —1.04(—3) 1.44(4)
24 —2.18(4) 1. 17(4) —2. 144.2) 2. 544—4 ) —2. 23(4) 2.44— 1)
26 —2.024—3) 1. 63.44) —1.154.3) 2.31(4) .2.254—3) 9.61(4)
21 2.044—4) I. 14—4) 2.24—4) 1. 134—6) 1. 554—4) 9.23(—7)
34 3.23.4—4) 3.974—4) 3.34—4) 3.634—4) 2.464—4) 1.564—4)
40 2.034-6) 2. 654-4) 2.094-5) 6.224-4) 7. 14-4) 1. 144-6 )
42 1.654.6) 8.8 14—4% 1.144-4) 1.044—6) 1.3(4) I 5.44—4 )
44 —6.67(4) 1.0144) 4.61(4) 1.20(4) 4.24 4) 1.48(4)
46 —3. 444—2) 1.134—3) —3.3 94—2) 1. 534—3) —3.42 4—2) 3.27 4—3 )
50 1.304.2) 1.164—3) 1.214—2) 1.31(—3) I 1.374—2) 1.594—3)
16 1.144 —1) 1.554—10) 1.254—I) 1.014—5) 1. 17( 4) 1.594 -9)
97 2.314—I) 2. 444— 9) 2.464—6) 3. 144— 9) 2.5 7(— 6) 3. 994— 9 %
91 1.344—6) 6.974— 10) 1.464—5) 1.004—9) 1.43 4—4) 6.44— 10)
1.01 

- 
3. 194—5) 1.614—6) 2.33(4) 1. 644—9) 2. 294—8) 1. 1$(—ø)

3472 1 3. 1.3 1.654—2) 3.11 2. 464—2) 1 3. 15 I 1. 95(—2)
5 L44(-L) 5.054—2) 2 .614—i) 4.664—2) 2.61 (— 1) 4. 73(—2)
9 —6. 41(—1) 2.514—2) —5. 574— 1) 2.064—2) I —4 .44— 1) I 3.46 4—2)
1* — 1. 114—3) 5.21(4) —3. 064—3) 5.01(4) —1. 06 4—3) 5 .934—6)

J 24 —2.4 14—3) 3. 094—4 ) —2 .294—3) 1. 11(4) —2. 274—3) 1.214—4)
26 —2.28 4—3) 1.064-4) —2. 124—3) 1. 02(—4) —2. 11.4—3) 1.064—4 )
28 3. 134—1) 4. 144—7) 2.374—4) 1.484-4) 2. 744-6 ) 6. 24(—6 )
34 4.464—4) 3.244-6) 3.23(4) 2. 044—4 ) 4. 164—4) 2. 99(—6)
40 1. 40(4) 3.07( 4) 6.17( 4) 6. 16( 4) 1.23( 4) I 7.2(4)
42 1.33(4) 5.814—4) 1.5744) 6. 484—4) 1.34(4) 1.34 ( —3 )
46 —? . 14(—4) 4.78(4) 4.4(4) 1.55(4) -4.24(4) 1.04( 4)
41 —3.3 14—3) 1.354—3) —3.3 14—2 ) 1.264—3) —3.3 14—3) 1. 14(—3)
SO 1.35(—2) 5.63(4) 1. 214—2) 6.644—4) 1.254—2) 5. 914—4 )
95 1. 1.4—1) 8. 79(—10) 1.114—1) 9. 12.4—10) 1.014—I) 1.60 4— 9)

I 97 2.344—4) 1.324 —9) 2.5(—I) 1.604—9) 2.4 14—4) 1. 124—9)
91 1.3644) 1.43(—10) 1.354—I) 6.61(—L0) 1.40(4) 1.074—9 )

______________ — 

101 2.224—4) 1. 234—9) 2.354—4) 1. 694—I) 2.274—I) I 1.25(4)

T.w 5472 1 2. 1$ 12.6(4) 2.96 1. 044—1) 2.97 4.32(4)
S 2.794— I.) 1.11(—2) 3.34— 1) 7.5( 2) 3. 144— 1) 4.894—2)

I 9 —4. 714—)) 3.54—2) — — — —
16 —2.24—3% 7.9544) —5. 7444) 7.7944) -4. 124—4) 3.5 14—4 )
24 —2.2 14—3) 1.52(4% —2. 024—3) 1.23(4) —1 . 834—3) 1.6544)
26 -1.2(4) 6.224-4 ) -2.114-3) 1.24(4) -4.03(4) 4.21(4)
24 1.764 —4) 7.34.1) $.I1(—7) 4.614.7) 8.524—7) 4.344—4)
34 2.324-4) 1.044—I) 2.27(-I) 6.544— 1) 1.514—4% 4.054.4)
40 —4. 124—4) 5. 64(4) 4.004.4) 1. 16(4) 4.51(4) 4.31(4)
42 1.30(4) 4.394-4) 1.344-I) 2.634-4) 5.144-4) 1.924-4)
46 4.4444) 4. 7444) —3. 71(4) 7.27(—5) —3.444-4) 3.34(4)
45 .3.144—2) 1.654—3) —3.544~$) 2.0144) 4.214—2) 2.42(-3)
50 1.304—1) 1.0644) 2.134—2) 1.024-4 ) 1.014—2) I 1. 194-3)

1.014.4) 9.354.14) 1.064.4) 1.044—5) 1. 14(—I) 2. 074—1)
17 2.314-6) 2.414 4) 2.414-4) 1.64-6) 2.414-6) 2.114-9)
95 1.354—1) 6.354— 14) 1.214—4) 6. 114.10) L37(—$) 6. 744— 10)
101 2.23(—4) 1.644—4) 2.344.6) 2.754-9) 2.4 14—6) 1. 944— 9)

Advaacld 13 1.2 201 3.03 2.454—2) 3.0 3.03( 4) 3.0 2.094.4)
MIST. 301 2. 134.4) 1.774—3) 3. 034—1) I 3.404—2) 2. 71(—1) 3.424—a)
0.4*.. 101 —1. 03 4.154—3) -1.04 I i.ii~— *~ —6. S5(— 1) 4.354— 2)

501 — 1.12 4—3) 6.53(4) —4.234—4) 4.4344) —7 . 694—4) 4.64(4)

i i  _ _ _ _ _  _ _  _ _ _ _ _  _ _ _ _ _
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TABLE 2-lit. VARIATION OF PARAMETER DISTRIBUTION COMPARISON (Co~~nu.d)

Put Tell No.• JAN _______ 042* COMM

~~~~~~~~~~ ..!! ... ‘~~~~‘~~ 8 
______ ______ - 

$
Advssc44 9312 401 3.01(.4) 2.03( 4) 1.604—4) &.14(..4) 2.344—4) 4.75(.4)

P M)cro 601 5.544-4) 3.354-4) 2.614-4) 3.444-4) 3.144-4) 3.134.4)
Dtv&c.s 101 -6.254-2) 1.444.3) -1.714-3) 1.444—1) -4.134—2) 1.114-3)(C .Uw~~) 601 3.014—2) 1.534—3) 3.014—2) 1.114—3) 3. 194—2) 3. 14—3)

1201 1.77( 4) 1.094.4) 2. 12(—I) 1.314—0) 2. 144 —4) 1.244—6%
• 130 1. 1.624—4 ) 1.03(—9) 1.414—I) 1.044—4) 1.044—4) 0.34—10)
- 1401 2. 11(4) 1.414—4) 3.064.4) 1. 634—9) 3. 11(—I) 1.314—6)

1.501 2.314.0) 1.314.1) 2.144—4) 1.544—9) 2. 794—4) 1.324—6)
160 1 1.644—6) 1.04—9) 1..$4(—8~ 1.214—I) 2.0(—4) 1.044—I)
1101 1.094—I) 6.664— 10 ) 1.214—6) I 1.794—10) 1.334—0) 5.614—10)
160 1 2. 16(4) 1.1.34—9) 2.534—4) 1.604—6) 2.544—6% 2.344—6)
1901 2.27(4) 1.264—9) 2.444— 4) I 1.444—9) 2. 604— 8) 1. 164—9)
2001 6.34 4—9) 1.024—9) 1.254—4) I 1. 174—9) 1.24(4) 1.224—9)
23.01 6.324—9) 8.574— 10) 6.31(—9) 1.94— 10) 9. T9(—9) 7.944— 10)
220 1. 1.854—4) 1.014—I) 2. 154—6) 1.33(—1) 2. 1.94-4) 1.24—9)
2301 1.544—6) 1.314—9) 1.804—4) - 1.544—9) 1.904 —4) 1.434— 9)

MotOrola 9312 201 3.1 2.664— 1) 3. 06 2. 194—2) 3.04 1.81(—1)
301 3. 124— 1) 2.83(—2) 2.834— 1) 2. 73(—2) 3.01(—1) 2.55(—2)
101 —1.05 4. 674—2) — 1.03 3.854—2) — 1. 04 3. 14—2)

• 301 —9. 13(—4) 3.59(—4) —9.4 14—4) 2.58(4) —9. 814—4) 1.064—4 )
401 1. 38(4) 5. 424—6) t .41(—6 % I 4.544.4) 1. 144 —6) ’ 5. 194—6)
601 1. 774—5) 7. 464—6) 1.63(4) 6.27(4) 1. 484—5% 6.44 —d)
701 —7.8 7 4—2) 2.4 7(—3 ) —8 .224—2) 2.6 94—3) —7 . 69(4) I 5.2ø4—3 ~601 3. 14—2) 2.44—3) 2.9 2(—2 ) 1.67(—3) 2.82 4—2) 1. 664—3)
1.201 2.41 4— 6) 1.24—9 ) 2.364—4) 1. 024—9) 2.64(—8) 1.64—9)
1301 2.09(—4) 1. t5~— 9) 2.01 (— 8) 1 7. 14—10) 2.38 4— 8) 1.064—9)
1401 3.43(—4) 1.464—9) 3.34 4— 8) I 8.544—10) 3. 734—4) 1.444 —9)

I 1301 3.0(4) 1.194—9) 2.934—8 ) 1. 114—9) 3 .44—4 ) 1. 74( 9)
1.601 2.25(4) 1.54(4) 2. 19(4) f 1.484 .9) 2. 65( 4) 1. 86(4)

H 1701 1.364—8) 6.964—10) 1. 284—4) 1 4.24(— 1O) 1.644 —4) 6. 824— 10)
180 1. 2.67(—6) 1. 15(—9) 2.584— 4) I 8. 49(—1O) 2.994—6) 1.334—54
1901 I 2. 6(—I) 1. 66(—9) 2.724—6) 1. 134-9) 3. 134—6) 2. 14— 9)

I 

~~~1 1.38(4) 1.534—9) 1.3144) 1. 044—9) 1. 754—4 ) 1.314—9)
23.01 1.0(4) 9. 714— 10) 9. 2 1(—9) 7, 524— 10) 1.234—8) 5. 73(—10)
2201 2.224—4) 9. 71(—1O) 2. 194—4 ) 7.654—10) 2.55(4) 9. 334—10)
2301 1.98(4) 1. 514—9) 1.894—4) 1.214—9) 2.334—4) 1.624—9)

FsLreAild 9312 201 2.99 2.64(—2) 3.03 4.944—2)
301 2. 77(—1) 1.854—2) 2. 73 4—1) 1.7 1.4—2)
101 —1 .04 4.264—2) 4.824— 1) 2.62(—2)
501 I — 1.06 4— 3) 7. 264—5 ) —1.07(—3) 9.26(4)
401 5.82(—4) 6.914—4) 9.974—4) 6. 184—4)

S 601 7.6244) 2.644—5 ) 1.35(4) 1.9644)
I 101 4. 771—2) 3. 694—3) —6.33(4) , 3 .2 14— 3)

601 2.97(—2) 2.62(4) 2.98(—Z) 2.3 4—3)
1301 2.024—4) 6.3 74— 1.0) 1.424—4) 1.0 14—9)
1301 I 1. 674—I) 7 .654—10 ) 1.634—4 ) 1 1.05(4)

I 1401 3.144—4) I 1.034—9) 2.83(4) 1 1.574—9)
1501 2.134—4) 8. 274— 10) 2.314—4) I 1.214—9)

I 1001 1.804—4) I 5. 1.64—10) 1.654—4) 7. 1.84—10)
1701 1.144—I) 7. 104— 10) 1.39(—S) ~ 934—10)
1801 I 2.874—4) 9.754—10) 2. 56(—I) 1.834—9)
1.901. I 2.354—4) ’ 6. 954—10) 2.224—4) I 9. 564— 10)
2001 I 1. 574—4) 9. 134—10% 1.384—8) 1.094—9)
2101 1.264—Il I 1. 1.4—10) 1.08(4% 7. 114—10%I 2201 2. 48(—4) I 7. $3(—10) 2. 16(—I) 1.
2301 2. 114—4) 1. 10(—9) 1. 91(—4 ) 1.374.9%

Noti t 1.144— 4) • 1.94 a

I
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Complianc, to Specificat ion

The measure we use to determ ine If a lot of parts complies to a certa in teat
specification is the frac tion defective of the lot with respect to the particular
test specification. Table 2-V lists, for each code , 90% confidence bo~mda on
the probability of defective part based on the observed fraction defective. These
boimds are calculated by the foUowliag iormuL ~a wbich uffl1 ~.e the nor mal approx-
imatio n to the ~~~~~~~~ dia~~tbt~~on~ Here , ~ - obser ved fraction d.i.ctiv.,
Z 1.64485 (I.e. Z Is the 0. 95 quant u , of the nor mal ~Iatrlbi*1ca with 0 mean
and~mft variaace), and n Le the sampla sise. F o r O c p c l ,  we have

A ’ 2  “ 2
A 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _• upper Limit a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 + Z / n

A 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _P~~~~~~~ e m ~~~ 2

-
~

(See (41.)

When

Ap — 0

we take (see [51)

~L
0

p • I. — (0. 10) i/n

a~~ when

Ap — i

a
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Compliance to specifications can thus be determined by examining Table 2-V.
Obviously, confidenc e bounds indicating a low value for the true probability of a
defective part show a high tendency to comply to specifications.

SAMPLE CALCULATIONS OF GITARDBAND LIMITS

In this first example, It is desired to avoid testing an IC C 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—i in Append ix 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 seqi~ nce number
8 correspo nds to an icc parameter. The correlation for the (EXP) model is
0. 9955 while RBAR Is 0.01524. ThIs combina tion Is seen to be better than the

• corresponding combinations for the (UN) and (LLIN) models. Henc e, the (EXP) - 

-

model is selected.

The predictive equation is

or 

Y = e45’ 8
~~~~~

1
~’

874

I n Y +  4. 874X a  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 ~~per limit at 25°C also. Since our guardbaiai limit is larger than this,
• 

.
~ we may retain 0.027 as the Limit to be Imposed at 25°C sInce it is presum ed 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 RH (Input high current) parameter at 125°C.

2—19 
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The regression analysis shows that for parameter sequence number 3 (RH
parameter) the (LLIN) model fits best with correlation 0.9907 and RBAR - 0.0186.
The predictive equation is

Y = (e~~’ 1103) x° 958° = 0. 8956 ~
O. 9580

or

X = 1. 122 Y’• 0438

The MIL specification calls for an upper U.mit on this parameter at 125°C
of 0,00004. Substituting this for Y gives

X = (1. 122) (0. 00004) 1. 0438 = 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 125°C.

An an example of an TIL parameter , we take

Code — 19—3

Device — 9312

Man. -A ~W

Procured - 883B

Tested to - COMM

We take Y to be the IlL parameter measurement at -55°C.

The ilL parameter corresponds to parameter sequence number 3. The
predictive equation is

Y = 1.57X -+ 0.0006642

or

X = (Y — O. 0006642)/1.57

(the (LIN) model was the best fit wtth correlation 0.9731 and RBAR 0.0532).
The lower limit specified at —55°C is -0. 0016. SubstItuting this value for Y gives
X — -0.00144. Hence, I! 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.

- ~~
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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 Timinggenerator r ise time not fast enough to accurate ly measu re propagation delay onSchottky (54S10) parts . While these did present some difficulties , methods ofovercoming these probl ems were found so that a va lid data analy sis could bedone.

The proble m with the 9312 progra ms was an incorre ct set-up in the IlL testsfor the data inputs on the AMD and Motorol a parts . This problem was solved byonly doing data analysi s on the IlL tests of the select and enabl e inputs of allpar ts , and performing data analysis on the IlL tests of all inputs of the Fa irch ildpart s. This problem had no significant impact on the results of the stu4y.
After test ing the 54810 devices, it was found that the failure quantity wasvery high. The failures were almost entire ly attr ibuta l)le to the propagationdelay measurement s. The failure s 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 MH zpin electron ic card rise time Is about 20 nsec (2) the switching thresho ld of theSchottky clamp ed TTL devices La not equal to the time measurement referencelevel0 Since the time measu rements are done at the 1.5 volt level , there Is atime difference between the beginning of the measurement and the crossing ofthe inpu t threshold . With a rise time of 5 usec, the slope at the 1.5 volt levelwould be about 2 nsec per volt. If the actual threshold of the device was 1.8 volts ,the time measurement erro r would be (1. 8—1.5) X 2 - 0.6 osec. This amountcan be accounted for by a shift in the specifi ed 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 thesame measurement . The fraction defective analysis was done by ignoring failuresdue to out of tolerance propagation delay. The guardband analys ts was not affectedby this problem because a consistent shift in value for a para meter does not pre-vent curve fitting and calcul ation of cor relat ion coefficients but only changes themean .

For the purposes of this study, a functional test is defined as the executionof the truth table of a device using nomina l power supply voltage, non—criticaltiming, worst case input logic levels, worst case output logic level limits, andworst case output loading. Althou gh this test was not required by the vendo r andMIL sp ecif ications , it was included as an addition al verificati on of device func-tlonaj ity and input logic level limits. The military specificat ion does not alwaysagree with the commercial specification of vari ous vendors for a par ticular de—• vice type . Therefore , it cannot be assumed that the military and commerci alfunctional tests as defined above would be identical. For example , the worstcase input logic levels In MIL specifications are often different values at thethree temperatures while in the commercial specifications they are the same atall temperatures.
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FAILUR E ANALYSIS
The data generated for the RADC guardband study was examined in adetailed analysis to determine major causes of device failures. The results ofthis wor k has been summar ized in Table 2—VI. Major failure modes have been~listed along with the numbe r of failed parts for each device type at every

tempe rature.

Table 2—VI has a total of 210 cells , each cell repres enting the test resultsof one group of devices , at one of three temperatures tested according to one oftwo test specifications. The distribution of failu res is almost entirely contain edin the 0 to 4 failure per group range. 75 groups have 0 failur es , 61 groups have1. failure, 31 groups have 2 failures , 18 groups have 3 failures , 13 groups have
4 failures , and 12 groups have 5 or more failur es.

The Texas Instruments SN5472J (FC) devices had ten failures at 25° C to• the military specification. Eight of these failu res were due to ~IL 1 , 11L2 , and11L3. The measur ed value s were jus t under the lower limits. This wouldaccount for the tact that the devices passed the commercial specification because• ther e is no lower limit plac ed on IlL.

The AMD 0713931251X (GB) devices had ten failures at —55°C to the
commerci al specification. All the fail ing devices had lOS value s more positivethan the limit 0 —35 milliamp s . These same devices passed the MIL specifica-tion because lOS has a limit of —20 milliamps instead of -35 milliamps . Inaddition , seven of the devices also failed VOL with measured values of greate rthan 5 volts Indicat ing that the output was actually in the high state rathe r thanthe low state. This occurs when the input thresho lds do not meet the specifiedVILMAX and VIHMIl~i requireme nts.

The ITT 5410J /B2 (BE) devices had 16 failure s at 25°C to the commercialspecification . All but one of the failures was due to TPHL values greater thanthe specified limit of 15 nanoseco nds. Most of the failing valu es were in therange of 15 to 18 nanosecon ds , althoug h one device had a value of 27 nanosecondsfor one output pin. The same group of devices passed the military specificationat 25°C because the upper limit for TPH L is 20 nanoseconds. At 125°C , 22 ofthese devices failed the military specificatio n due to TPLH . The failing vah~ swere in the tran ge of 27 to 30 nanoseconds and the limit is 27 nanoseconds. Thej devices passed the commercial spec ification at 1250C becaus e pr opagation delay
measurements are not required .

The Texas Instruments SNC5472J (FG) devices had 36 failures at 25°C , and29 failures at -55°C. In each case , the predominant failure was VIC. The fail-
~ig values were In the range of —1 ,5 to —1. 8 volts and the limit is —1. 5 volts. The

• quan tity of VIC fai lures is 28, 27, and 23 at 25°C , 125°C and —55°C respectively.
The same dev~ces that failed the commercial specification at 25°C also failedthe military specification at 25°C. No failures occurred at 1250C and -55°C tothe military specification because the VIC test is not performed .

In nxs t cases where the quanti ty of failures to the MIL specl~ication werefound to be less tha n the quantity of failures to the commercia l specification , itwas the result of wider limits in the MIL specification. For cases whe re the
difference in failure quantities are less than five, these differenc es may be due
to random test problems such as poor contact , mechanical defect s , or other
pr oblems not relate d to test specification or procurement grad e.
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TABLE 2-VU. FAILURE CLASSiFICATION BY FAILURE CATEGOR Y
AND PROCURE MENT GRADE

___  Commercial Military
~ur~men Test Spec. Tes t Spec.ra e 

Failures Failures

25°C 125°C —55°C 25°C 125°C -55°C

14 9 26 33 15 16Commercial 0. 91 0. 58 1. 69 2. 14 0. 97 1. 04

883B 70 38 40 46 46 27
4.55 2.47 2. 60 2. 99 2. 99 1. 75

JAN (MIL) — — — 
1. 04 2. 47 2 .47

Total 84 47 66 87 80 62
All Grades 2. 73 1.53 2. 14 2 .26 2. 08 1. 61

“NOTE : The top n umber is the quantity of device failures and the botto m
number is the percent defective.

Tabl e 2-Vt! 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 occurr ed as a resul t
of testing to the military specifications . Each of these groups is further divided
Into three columns for the three test temp eratures. 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 defect ive. 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 8833 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 quanti ty 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
3080 pIus 770 or 3850 devices.

All the.percent defective values lie in the range of about 1 to 3 percent with
two exceptions, The commercial devices tested to the commercial specification
at 125°C had a low value of 0. 58 percent and the 8833 devices tested to the
commercial specification at 25°C bad 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 PG
devices. In fact the percent defective of the first five cells of the 883 B pro-
curement grade would be reduced to less than half of their present values if the

• BE and FG devices had failure quantities typical of similar device types.
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CONCL TJS IONS

The feasibil ity of electrical guardband testi ng is deter mined by a number offac tors. The device , for which a guardband test procedure or specification Isdesired , must be a member of a mature family of devices so that proces s anddesign changes will not be a factor to contend with in limit determination. if acomprehensive specification is desired , the parameter distributions should notvary excessively as a funct ion of manufacture r and datecode. The modelschosen to perform the curve fitting and regression analysis should yield suffi-ciently high correlation factors to assure the predictability of para meter varia-tion versus temperature. The selection of the model to be used may be doneeither by a trial and erro r method or by investigati on of device physics todetermine an exact relationship between temperature and the paramet er understudy. The definition of what Is a sufficiently high correlatio n factor must bedetermined from the confidence level that the user wishes to maintain to insurethat a device which passes or fails a guardband limit at 25°C would corre spond -ingly pass or fail the normal limi t at another temperature .
The results obtained in the analysis of parameter distributions as a functionof manuf acturer indicate that the parts display no significant variation. Due tothe unavaila bility of a va riety of dat ecodes for the majority of the devices , adetailed analysis of variation was limited. A curso ry examination of caseswhe re a variety did occur yielded the resul t 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 recent ly developed technol ogy involved was the Schottky clamp used onthe 54810 devices. Although all the devices were TTL , there is no reason whythe same techniques could not be used for obtaining guradband test limits ondevices fro m other mature families.

The three models chosen for the reg ression analysis were linear , log- I -linear , arid exponential . Different values of corre lation were obtained for eachof these models. For the purpose of setting gua.rdband limits , the model givingthe highest correlation coefficient should be chosen. In a large majority ofcases , the parametric correlation coefficients wer e in excess of 90 percentindicating 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. Thepercent defective of the commercia l devices are slight ly higher when tested tothe military specification than when tested to the commercial specification at25°C.

The 883B devices showed less compliance to the commercial specificationthan to the milita ry specification. This was due to the large quantity of VICfailures (Ref. Failure Analysi s Table) of the SNC5472J (FO) devices. Discus-sion with the manufacturer revealed a design anomaly as the cause of thesefailures, The problem has since been corrected. If these failures are ignored ,the percent defective values in the first four columns of the 883 B grade deviceswould drop to about half their prese nt value. With the VIC failures removed ,no significant differenc es can then be seen in the tiegree of complian ce of 883Bgrade devices to the commercial and military specification. This tends to con-firm the full electrical interchange ability between MIL-Spec. and commercialdevices at least for these device types.
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The total percent defective values also show no significant differencesbetween the ability of the commercial and 883B test sample devices to complywith th eir procurement specifications and their ability to comply to the appli-cable military specification. This Is probably because the MIL—Spec devices
share a common design and processing base with their commercia l counterparts .

On the basis of standard deviation, the JAN devices are In general bettercontrolled than the 883B devices, and the 883B devices are better controlledthan commercia l. in other words , the degree to which parameter values aregrouped t.ogether is greatest for JAN devices and least in commercial devices.

The mean values of the parameters for JAN , 883B , and commercial
devices as tested 6y the MIL specification are very close together for nearlyall parameters, This also Indicates that there is a high probability that corn-mercial and 883B parts are electrically interchangeable with MIL-Spec testedproduct 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 parametervalues.

Once it has been determined what level of correlation coefficient is accept—able, guardband limits may be determined for all the parameters of all deviceswhere feasible. These limits may then be incorporated into a revised test
specification for use in facilities where environmental handlers are not availableand to reduce the cost of testing to less than one third the cost of full temperaturetesting. flefe r to Appendix 3 for a draft of a proposed ?vLIL-STD—883 test methodfor guardband limit dete rmination.

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 info rmation but simply indicate pass or fail.

Fu RTHER INVESTIGATION

The data generated for the RADC Guardband Study was examined in adetailed analysis to determine major causes of device failures. The results of
this work are s1n,,iii~~rized in Table 2 - VI and Appendix 4.

T~e functional test failures are temperature related and usually occurred• at 125 C with some fail ures noted at -55°C. InvestIgation into the failures indi-
cate that the device Input thresholds are temperature sensitive causIng Vyjf tor ise to the 2. 0 volt limit at —55°C, while at 125°C, VIL drops below the 0,8 voltlimit. 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 VILat 25°C wifi result in a functional device failure at 1250C; too high a value ofVm at 25°C 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 Tpjj~~, TPLH, TTHL, and ~~~~~ be performed with R t=400 ohmsand CL 1000 pM . Under thi~ loaded output condition , the device rise and fall
time can be accurately measured and used to det~r,nIne the dynamic source and
sink currents of the device. The faster the rise and fall time , the lower Is the
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output impedance of the device. A fast fall time (approximately 50 na noseconds)
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 VCL test at -55°C. A fast rise time
(approximately 150 nanoseconds) would indicate a low impedance path exists
through the top tranststor to VCC 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 strate gies. Can a device failure at the temperature
extremes be predicted by us ing these tests ? The real proo f would be for these
tests be performed on the same devices used in the guardband study.

It is the opinion of this contractor tha t the guardband testing app roach 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 slgnifi-
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 54S10 COMM COMM
2—2 Fairchild 54310 I 883B COMM
3—8 Fairchild 9312 8832 COMM
3-9 FaIrchild 9312 COMM COMM
4-1 Fairchi ld 5410 COMM JAN
4—2 Fairchild 5410 8832 JAN
4-3 FaIrchild 5410 JAN JAN
4-4 ITT 5410 COMM JAN
4..5 iTT 5410 883B JA N —

4-6 iTT 5410 JAN J AN
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 8832 JAN
4-12 National 5410 JAN JAN
4-13 Stgnetica 5410 C OMM JAN
4—14 SIgnetics 5410 8832 JAN
4-15 Stgnetics 5410 JAN JAN
4-16 Texas Instruments 5410 C OMM JAN
4— 17 Texai tnatruntents 5410 883B ( JAN
4-18 Texas Instruments 5410 JAN
5-1 FaIrchild 5400 JAN J AN
5-2 SIgnetics 5400 JAN JAN
6-1 iTT 5410 COMM COMM
6-2 iTT 5410 883B COMM
7-1 Motorola 5410 COMM C OMM
7-2 Motorola 5410 8832 COMM
8-4 Motorola 9312 8833 COMM
8-5 Motorola 9312 COMM COM M
9-1 Advanced Micro Development 9312 COMM JAN
9-2 Advanced Micro Development 9312 JAN JAN
9—3 Advanced Mic ro Development 9312 8833 JAN
9-4 Motorola 9312 5833 JAN
9-5 Motorola 9312 JAN JAN
9-6 MotoroLa 9312 COMM JAN
9—8 Fairchild 9312 8833 JAN
9-9 FaIrchild 9312 C OMM JAN

tO— I National 5410 COMM COMM
10— 2 National 5410 8833 COMM
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TABLE A-I, CODES (Continued)

Part J Procurement Tested
Code Vendor Number Grade to

11-I National 5472 COMM COMM
11-2 National 5472 883B COMM
12-1 National 5472 COMM JAN
12- 2 National 5472 8833 JAN
12- 3 National 5472 JAN JAN
1 2—4 Signetlcs 5472 COMM JAN
12— 5 Stgnetics 5472 883B JAN
12—6 Slgnetics 5472 JAN JAN
12-7 Texas Instruments 5472 COMM JAN
12-8 Texas Instruments 5472 : 8832 JAN
12-9 Texas Instruments 5472 JAN JAN
13-I Signett cs 5410 COMM COMM
13- 2 SIgn.tlcs 5410 8832 COMM
14-4 Signetics 5472 COMM COMM
14- 5 Stgn.ttce 547 2 883B COMM
15-1 Texas Instruments 5410 COMM COMM
15- 2 Texas Instruments 5410 883B COMM
16-1 Texas Instruments 5472 COMM COMM
16-8 Texas Instruments 5472 8833 COMM
17-1 Texas Instruments 54310 COMM COMM

— 17—2 Texas Instruments 54310 8833 COMM
18-I Texas Inathzment4 5483 JAN JAN
19-1 Advanced Micro Development 9312 C OMM COMM
19-3 Advanced Micro DeveLopment 9312 883B COMM
22-1 Fairchild 54310 COMM JAN
22—2 Fairchild 54310 883B JAN
22-3 Texas Instruments 54810 COMM JAN
22-4 Texas Instruments 54310 8832 JAN

TABLE A-fl.

Parameter Sequence Number’ Para meter Type

1 VOH
2 VOL
3 fiR
4 IlL
5 Il
6 lOS
I ICC
8 ICC
9 TPD

tO TPD

Valid for cod a 4—i , 4—2, 4—3 , 4—4, 4— 5, 4—6, 4—7 , 4—8 , 4-9,
4—10, 4—11, 4—12, 4—13. 4—14, 4—iS. 4—16. 4— 17 , 4— 13, 5—i .
5—2, 22—i . 22— 2, 22— 3 , 22—4 , 1—i , 1— 2, 6—i , 6—2 , 7—i , 7—2 ,
13.-I , 13—2 , 3—8, 3—9
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TABLE A-IL_ (Continued)

Parameter Sequence Number’ Parameter Type

1 VON
2 VOL
3 VIC
4
5
8 IlL
7 IlL
8 lOS
9 lOS

to ICC
11-29 TPD

‘Valid for code 18—1

Parameter Sequence Number’ Parameter Type

1. VON
2 VOL
3 VIC
4 IlL
5 IlL
6
7
8 fiN
9

10 1TH
— Ii

12 lOS
13 ICC
14 TPD
15 TPD
16 TPD
17 TPD

‘Val id for codes ti —I , 11— 2, 12—i , 12—2 , 12—3 , 12—4 , 12— 5,
12—6 , 12— 7, 12—8, 12— 9, 14—4, 14— 5, 16— 7, 16—8

Parameter Sequence Number’ Parameter Type

1 vIC
2 VOL
3 VOH
4 flH
5 IlL
6 U
7 lOS

- 
- 8 ICC

9 ICC

‘Valid for codes 2— 1 . 2—2 , 10— 1. 10—2 . 15— 1, 15—2 , 17— i . 17— 2

Al-a 4
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TABLE A-fl._ (Continued)

Parameter Sequence Number’ Parameter Type

1. VON
2 VOL
S IlL
4 m i
5 Il
6 lOS
7 ICC
9 - 1 9  TPD

‘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

1 VON
2 VOL
3 VOL
4 IlL
5 IlL
6 UN
7 ICC

‘Valid for codes 8—4 , 8—5

TABLE A-lU. PARAMETER DESCRIPTI ONS

VOW - Output High VoLtage Test
VOL - Output Low Voltage Test
VIC - Input Clamp Diode Test
IlL - Input Low Current
UN - Input High Current
Il - Input Leakage Current
108 — Output Short Circuit Current
ICC - Supply Current
TPD - Propagation Delay
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TABLE A-tV. DE BM!NATION OF U~ XNOWN QUANT1~~~ s
24 REGRESSION MODELS

Tb. three model equations may be defined by:

(LIN) Y —

a.
(LLIN~ Y a b , X

a X~.b(EXP) Y i s e 3 ~

tJnlmown

Model [ a~ a2 a3 b1 b, b 3
(L~ 4) J SLop. - tNT

1LL~~) — Slope — — e~~~ —

(EXP) — — Slope - - tNT

tNT — Intercept

TABLE A-V . TEST NUMBERS (TN) AND PARAMETER TYPE S

TN
TN (54810, TN

Parameter (5412 5410 (5483 (9312 (5400
Typs Devices) Devices) Devices) J Devices) 

— 
Devices)

VOW 1 201 1. 201. 
- 201.

VOL 5 301. 6 301., 351 - 301
VIC 9 lOt U 101 101
IlL 18 501 38 501, 551 501

-

~~~~~~~ UN 28 401. 20 401 401
Il 40 601 38, 43 601. 601.
lOS 48 701 47 701 701.
ICC 50 801, 901 52 801, 901. 801
TPD 95 — 112 1101, 1201 85 — 120 1201 — 2308 1101 — 1208

A A ~~6 BWK~~~~~~
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APPENDIX 2
EXERPTS FRO M COMPUTER RE GRESSiON

- AND HISTOGRA M ANALYSES
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APPENDDC 3

PROPOSED ~ilL-STD-883 TEST METHO D

GUARDBAND LIMIT DETERMINATION

1. PURPOSE. The purpose of this method is to define a techniqu e 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 LC). The correlation factor Is a number
between minus one and plus one which describes the degree of linear depen-
dence between two rando m variab les. 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 (A). 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 (T~l. The guardband test temperature
is the temperature at which a guardbaxid limit is to be used (typically 25°C).

1.1.5 Extreme test temperature (T~I. The extreme test temperature is
a temperature at which testing is required in an existing procurement docu-
merit . This is a temperature at which testing is desired to be ellniin2.ted.

1.1.6 Observed parameter value pair (~Xj , Yj).~ An observed parameter
value pair Is a pair of measured values for the itj~ observation of a particular
parameter. Xj  Is the value measured at temperature Tx and Yj is the value
measured at temperature T1.

1.1.7 Sample size (ii) . The sample size Is the total number of observa-
tions of a parameter value . U 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 intege r multiple of
the quantity of devices.

1.1.8 Linear model (LIN ). The linear model is a mathematical functionwhich 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 mathem aticalfunction which has the form of a power equation such that g(X) = bXa or
2ng(X) = a2nX -+ 2nb.

1.1.10 ExponentIal model (EXP) . The exponential model is a mathemat ical
function which has the form of an exponentia l equation such that g(X) = e3X + b
or 2n g (X) = aX + b.

1.1.11 ~~ecifled test limits at temperature extreme (Y’rj- Y1). The
specified test limits it temperature extreme are the limits whicE are imposed
by an existing procu rement document during the test at temperature T~ . Y~is the upper test limit and ~ L Is the lower test limit at tempe rature T ,.

1.1.12 Guardband test limits (Ge, .2LL The guardband test limits are
the limits which are imposed during the test at temperature Tx to provide an
equivalent rejec tion criteria as the specified li.m.tts 

~~~~~~~ ~ L) at temperature Tx,..Gij Is the upper guardband test limit and GL is the lower gu ardband test limit ‘

at temperature T~ .

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

3. PROCEDURE

3.1 Obta in a group of at least 50 devices of the type for which guar dband
- 

- - test limits are desired.

3.2 Serialize the devices.

- - 3.3 Test the devices accord ing to their procurement document and recordthe measured values , the serial number and the test temperature .

3.4 Select a par ameter for which guardband limits are desired and
calculate the values of the correl ation between X and Y for the linear, log

- 

- linear , and exponential models using the following equations.

n~~~~ X1 Y1~~~~~~~ X1~~~~~ Y.
1=1 1=1 1=1.

C~~~ 
~ n i n  \ 2 1 1  n I n

tiLDE 
x~~~~ -(E xi) j L~E ~~

2 (
~E )I ja] l~1 i=1 l~1

A3— 2
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~~E~~~~
Xi m n Y i -E  Ln X 1 ~~~ £nY 1

1 1  jal 1=1
CLOG 

= _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

y
!1fl~~~~(2fl x~)

2 _ (
~ 

enx t )2 1[n±  (2n Yi) _(E~~n Y
i ) ]1=1 1=1 

• 1=1. - i=l

U E X I III YI -~~~~~~~ Xj~~~~ 2 n Y ~
1=1 1—1 1=1

CEXP = h / ~~ \~ 
2 1 1  ~~ 

2 
/ ~~ 

2

- (
~~ 

x~
) 

j [
~ 

~~~~ ~~~~ 

- 
~~~~~ ~~~~

1=1 1=1 1=1 i=l

3.5 Compare the values of correlation and select the model which yields the
highest absolute value . If the highest two absolute values of cor rela tion 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 Mode l

~~~~E 

xi Yi - Ex 1 ± ;
1=1 1=1 1=1

a =  -

~~~~~~ x~
2 ..(

~ ~1)1=1. i—i.

b =
~~~ E Y j~~~~~E Xl

i~1 1=1
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b. Log-Linear Model

n2~~ 
(2n Y1 gnX 1) ..

~~~~~~~~~~ 
2 n Y 1~~~~ £ n X 1

1=1 1=1 izia =  —_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

nE (2n Xi)2
_ (E 2U X

I)1=1 1—1

b ’ e x p kE~~n Y j~~~& E 2 n Xj
i=1 jal

c. Exponentia l Mode l

X
1 

in - 

~~~~~~~ 

2n
i—i 1=1 t=1.

a =
,~~~

~E x12 -( ~ x
1)1*1

b = in - !E x1
1=1 1=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 ~ as the flnal model for guardband limit determination.

(n~~2)± (Y1 — a X 1 — b ) 2

Linear Model: ~~~

( 1) E  (‘1 -

A3-4
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(
~~-L)~~~~~~ (Y - bX a)2

Log-Linear Model: ~ = 1~1

( L ) ~~~~~~~ (y~~~~ )2

1=1

(n ~ 
)
~ 

~~~~~~~~ (Y1 - e~~i + b)2

Exponential Model: ~~ = t~1

1=1

Where
1—1

3.8 Using the coefficients a and b, calculate the guardband limits byInserting the specified upper and lower limits at T in the equations for theselected model.

Y - b  Y - b
Llnear M o d e l : G = U , G = L

U a L a

.i~~~ I -izib
Log-Linear Model: G~ = e a y a GL = e a

m y  - b  m Y  - b
Exponential: G~ , G~ = a

3.9 Compare the calculated limit to the specified limit ~ t f,~. If the calcu-
lated limit Is more ree~~1ctive than the specified limit at Tx, use the calculated
limit as the guardband test limit. If the specified limit at Tx is more res~~ictive
than the calculated limit, retain the specified limit at T~ as the guardband test
limit.

3. 10 Repeat steps 3.4 through 3. 9 for each parameter for which guardbandlimits are desired.
I

~~~
. 
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4. SUMMARY. The following details must be specified in the applicableprocurement document:

a . The maximum and minimum guardband limits as determ ined by thepr ocedure in this test method.
b . The minimum sample size required for limit determination.
c. The minimum correla tion factor (in absolute value).
d. The madmum 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 INAX , SVIN , ICCLK , IILK , and IOLK . The I~4AXtests is a measure of ICC with VCC at 8.0 volts and the device
inputs at either ground or 5.0 volts. The EVIN test determines
the input breakdown voltage 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 ~ICC at 0.4 volt.IILI< 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 appl ied 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
fa i l  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 failur e 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 d i f fe r  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 al]. procurement grades of the 5410 , IMAX and ICCLK for the
conunercia]. 5472 , and ICCLK for the 8833 5472.  The largest failure
quantity overall was ICCL X for the 5472 .
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A hard copy printout of all tests and measurements performed was
prepared for all zuicrocircuits tested . The printout contains
the following information :

1. Test head identification (STATIA)

2.  Test plan name (G5472 or G5410)

3.  Test execution sequen ce number ( SN )

4 .  ~)evice seria l, number *

5. Date of test

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 carr ies par t type , manufacturer , and
procurement grade information . See Table 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 8833 JAN

TYPE QTY 
______  

QTY 
______  

Q’~’Y 
_____

5410 FAIRCHILD 1 0 . 9  7 6 . 4  0 0

ITT 5 4 . 6  8 7.3 1 1.8

MOTOROLA 1. 0.9 1 1.3 1 1.8

U NATIONAL 7 6 .4  3 2 .7  1 1.8
U SIGNETICS 3 2.7 3 2 .7  1 1.8

TEXAS INST. 1 0 .9  1 0 .9  1 1.8

5472 NATIONAL 13 11.8 13 11.8 5 9.1
H SIGNETICS 20 18.2 12 10.9 3 5.5

TEXAS INST. 5 4 . 6  4 3 .6  0 0
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TABLE II. SPECIAL ELECTRICAL TEST FAILURE
SUMMARY BY PARAMETER

PART FAILURE QUANTITY
TYPE 

__________ 
COMM 883B JAN TOTAL

5410 IMAX 7 6 5 18

BVIN 1 10 2 13

ICCLK 4 2 1 7

IILK 9 3 1 13
H IOLX 5 11 2 18

5472 IMAX 24 10 0 34

BVIN 5 4 3 12
H ICCLI< 34 22 2 58

IILK 12 6 3 21

I’ IOLK 15 16 1 32
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GLOSSABY OF TE~IM S

a

VOL. . . Low-level Output Voltage

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

V011. . . High-level Output Voltage

The voltage at an output terminal for a specified output current with Input
conditions applied which accordln’~ to the product specification will establish
a htgh level at the output.

1
m .Htgh-level Input Current

The current flowing out of an Input when a specified voltage is applied to that
Input.

Low-level Input Current

The current flowing Into an input when a specified voltage Ia applied to that
Input

I.~~ . . Short-circuit Output Current
- 

- 

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

The current flowing Into the indicated supply terminal.

?4ulmum ClOCk Frequ.ncy

Th. highest rate at which the clock Input can be driven while znaintaining
Intellegent ti’ansltlons at the output.
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t ...Rise Tinier
The time between a specified low—leve l voltage and a specified high—level
voltage on a waveform which is changing from the defined low-level to thedefined high-level.

t f U U  . Fall Time
The time between a specified high—level voltage and a specified low—level
voltage on a wavefo rm which is changing from the defined high-level to thedefined low—level.

tPLH U . . Propagation Delay Time, Low~to—hj gh_ 1eve1

The time between the specified reference points on the input and output andoutput voltage waveforms with the output changing from the defined low—levelto the defined high—Ic ‘.tI. 
-

t P H L • •  Propagation Delay Time , H igh-to-low-level

The time between the specified reference points on the input and outputvoltage waveform with the outp ut changing from the defined low—level tothe defined high—level.
tTLH• . . Transition Time , Low to High Level

The time between a specified low level voltage and a specified high levelvoltage on a waveform that is changing from the defined low level to thedefined high level.
tTHL. . . Transition Time , Hi gh to Low Level

The time between a specified high level voltage and a specified low levelvoltage on a waveform that is changing from the defined high level to thedefined low level.
VCE(SAT) . Saturation Voltage Collector-to—emitter

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

VIC. . . Input Clamp Voltage

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