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SECTION 1
INTRODUCTION

This report is the final T:Canical Documentary Rapo'ri of Contraot AF30(692)-3968, Task
551002 and Projec’ No. 5519. | "

The purpose of the program was to develop gdoeléubod testing techniques for high relia-
bility parts and to define long-term depadaﬁon mechanisma for these parts. Tho parts
which were tested during the program are shown in Table 1-1 with the internal GE high
reliability designation, the closest commercial Guipaﬁon. &nd the marmfacturer,

Table 1-1. Description of Parts Tested

-+ -
' CLOSEST COMMERCIAL
R NUMBER DESORIP‘I‘K)N . DESIGNATION
Rerlstors
R201% M: Cr Metal Film, 1/8 Watt XL?T, IRC
R2048 Tin Oxide Film, 1/8 Watt NF80, Corning
Capacitors
R2045 Hved Qlass Dielectric CYFR, Corning
Diodes ,
2008 P53, P10 Silicca. Regulator WNT61A, 7TRRA, CDW
R2010 P1- - 8ilicon, VHF IN281, CDC
R2011 P1 Silicon, Computer IN&42A, TDC
T -aeistOrs |
R2004 M1 PN, Silicon, S Watt 2N16813 ¥SC
R2008 P1 PNP, SBilicon, 2 Watt 2N1132 F8C
R2028 P1 NPN, S8ilioon, 2 Watt 2N703 F8C
R2060 P1 NPN, S8ilicon, 4 Watt © 2N8ST FSC
. RAO41 P1 H PNP, Silicon, 1 Watt aNo2s FuC

The parts under study were originally purchased for a reliability evaluation program during
Project Advent (Contraot AF04(847)-476). The reliability teat and evaluation portion of the

1-1



project was initiated in 1860 to determine wnrl speoify procureinent methods, ssroening
techniques, and test and svaiustion p-ograms which would provide ascurance that the
hardware for the flyable satollites wuw: . ii.st the progrem objective of & 3-yesr life in g

e e e So IR W RO

nunmaintaineble gpsoe ervironment. Azcilerated step-atress ard oonstant siress tests

ware pariotmed on eleotranic paris during the program to provide data and {nformativn

which would lead to the formulation of design-life data, and screcuing .csts, The teat
program contiimed unt¢l September, 1863 st which tims 5 parts on life tests had acoumuiated

6660 to 10, 606 Lours each at varicus applied scresses and snvironmental sonditions, The

parts were then placed ai siorege conditions of 25° Celstus and zero power for ten mos ha and were
reactivated to the came prior test conditionr for a 1 year period tn June, 1984 as a rev:iie-

ment of contract AF 80/802)-3415, The step-atress te2ts which were comrlaied during the

Advent Program provided dats which was analyzed during ths inttial period of the contiadt,

The combiaation of the Tesulta of the atep-strcas tests and the constant strasa tagts formad

the basis for the determinsti~= ui the measurement techniques for cortrollabie acce!sirated

testing tuchnique recomiiended as a result of the contract. The parts continued on Life

ot 300 M3 ) BT o B Wy > Wt

Test during the perics of Jure 65 to Dec 65 - the starting 2ais for this one year contract
(AT 30(802)-3988,. The constant stress teatz uave accumulated 25, 000 to 30, 000 hours of

test ti.ne and the step-streas tezis were completed during the previcus contracts. The testn
wers continued for a one yvear period to provide greater confidence in the teat technigue and !

to provide for furher arsiysia of degrads.ion trends. i

The definiticn and estaklishment of accelerated testing methxds end techniques for elecironic
parts must be based upcn the eotu-* tailure mechaniams which axist {n the part. Consequently §
thiz progyam consists of two distinct ye! interrelatsd investigationg  The first being the

accslerated test program above and the seccnid {8 the definition of the physical degradatizi
inechaniams which the parts exhibit during the tests. Laboratery {nvestigiticas were cur- »
ducted on untssted and on failed parts during the course uf the program to ldentily the part i
failure mechariams, Ip addilion, = sepsrate phvsics of failure invastigation was fuatituted |

durirg this contract on inorganic dielestric capasitors. _ !
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The presentstior of the accelerated testing concept, apprnav!, b.. rgsults are shown in
Section 2. 'The resullz »f the studizs of tae ospuscitor fatiu. mechariams aze shown in
Section § an” tha Rummary ard Conclusions sre presented in Section 4, Apperdix A providce
a general description of the test and analyeis sotivity, Volume Ii of this report coniains the
data from the constant 3tress tes's together with charts of parameter trends.

NOTE

Uriess ~therwise ladicated, C 1s an abbrevia-
ion for Ceislus and not Centigrade.

e o A T . e S B C e . - FETERE, S —— W‘!




8ECTION &
DESCRIPTION OF DATA FORMATSH

The datr in Section 3 contains information on the constant stress long iife tests psrformed

on resistors, capecitors, transistors, and diodes. Each page Inciudes a graphic presentu-

tion of the average trend of the parts test data and a listing of any failures which cccurred
during *t~st,

A charts Tuaiol the weCdlnitaisd test Siu. s with tie raaximum, average, and mibimum
readings taken at eoch tast time for ths various parerieters measured, Siress conditions,
measuremant conditiona, and the paremeters mesgured are notad on each figure, In
sddition to the accumulated test time, the time at which the p>rt8 were plsced at storage

conditions of 25 Celsius and zero power {or tan months (8 shown
The part typ= under test ia shown at the bottom of e&ach page.

All faflures occurring during the test of each part type are indicated by the time of failure

and frequency
Additional informartion 3 avaiishlie {rom the comnuter printout ag folirns

. Readings for each part al each test period by serizl numbers,

7

b Resdirge in rscencing order of value {(mdnimum o meaximem) with serisl numbers,

¢ The ¢langs L. resding between (Une pariods for sich =erial number,
d, Tue changd fpercent) in reacing frowr infiial velue,

2. The hours at which the chanze (;*e;,wt; from il 2t vaiu® rsaches the perventagss

2 e LN —~
icajcated othe Sompuier pringoonn,

!, The ratural logarithm of indvidun] cestngs 30 agol tUime neriod for sach gerisl
numbsr, ‘

A S W

Al G gttt ta, YNk




fterus a, ¢, d and f include a sunamary io. each dme period which pives the average vieing
stancurd ceviaudon, minimum velte, and maximuo: vaiue, Iteme b, 1 and [ were noi

included in previous commuter pricteuts and have raplaced s

a. Sums of deltas for each rart at each 4 pariod,
h. The abaolute dsltas Jor sach part ai esch tinie period,

c. The absoivte ratic for ea~h pert at 2ach time period,

fhe raw data has been trausferred tc RALC for inoh siom {n the AF reliability cont=ai s

5
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Figure 3-9. R2048F1001 - Phase VI - Resistance Variation
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