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T}_x.is Report covers results of screen test vs 1ife test data
obtained in the initial contract and the infra-red messurements made

under the contiact modification.

Correlation coefficients for Temperaturs Cycle, Burn-In, and
Initial Noise vs Load Life #ire given. Regression lines are shown
for Brun-In vs Load Life. While this data indicates thst Burn-In
is an effective screen test, it also ;Lndiéa’teg the need for further
study on larger samples. . " '

Infra-red profiles were taken on a1} zjas-iat'ors to ba life-tested .
resulting in 9900 profiles on 1800 pages. Examples of the profiles are
shown, however, no conciuaions or correlat'ion can be made until com- |

pletion of the 2000 hour Load Lifa test.



1.1

1.2

Ty

. ‘ 1.0 INTRODUCTION

.

Correlation coefficients for Screen Tests vs Life Tests are
shown for Tempsrature Cycle, Purn-In, and Initial Nﬁiss.
Short Time Overload uas;not included due to the small re-
sistance changes involved,

Correlation coefficients from the sample are shown along

with the correlatien cosfficlent expected for the population
at 95% confidence level, A wide range is seen in the possible |
correlation coefficiente for the populstion, even when the
sample correlation is high. This is due to the small sample
sizee involved.

Regresgion lines are also included for Burn-In, vs Life Test.
Regression lines for Temperature cycle vs lLife Test are to be
included in the next quarterly report.

Test data for the three manufacturing types (A, B, C) were '
compared to determine if each type has the same or a differ-
ent reaction,to the various tests porformed. This was. done
by comparing F-ratios, From: the Analyais of Variance table
(Table 6) 1ﬁ is seen that the three typus cannot be considcr-'
ed the same. | -

Infra-red profiles were made for the nine-hundred reaistorsvﬁo
bh Life Tested. Scans were mado at powur loading from .5 to

5 times ratod pover resulting in 9900 scans and 1800 pagae of
data. Exauplds of the I-R scans are included in this report,
however, no_analysis or conclusions ari anticipated prior tq the

completion of the 2000 hour Life Test.
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This analysis is an attempt to determine if one or more of the proposed

screen tests gives us a lign‘iﬁcant means by which we ¢can predict pot'ential
failures in load life. Sample correlation coefficients have been calculated

and tabulated in tables 1, 2, 3, 4, add 5

The sample correlation coefficient,

i .
= -- - n
r 12-1 ('xi XNy, - ﬂ[;ltx‘ ""zi (v, - 2

iml}

gives us the degree of relationship or association bqg;rvgen screen test and the
respective load life. Ninety-five percent {95%) confidence limits on each

coeificient are also shown in the tables. The region between the t\.vo limite .
is where we would expect the pepulation correlation to fall. The correlation.
coeffici#nt bere, though it may be close to 1, cannot be used as a deci;iou

tool alone, but does show areas in which larger investigations would be

practical.

The "burn in ve. load life" data have also been plotted for each process

and each ohmic value (Figures 1 through 6). In five of thesg cases a line of
Coe e

the form L = a + bB has been fitted by least squares methods. These lines

showing regression of L on B relate AR in load life (L) to AR in burn in {B)

and the 90% confidence lines also shown give us a measurs of the effectiveness

~




of this screening technigue. inﬂgmi,; form,h'w.awdotsn_im

' whether or not seresning at & burn in maximm AR of 0.25€ will give ub 9%

emﬁmmtmwmemmuhumno.%umdbwis,u
mummnuno.zs#rormmmangrm.ﬁnpmt.heconn-
dssse lines. %amﬂlh“‘ﬁa”.%m«ﬁfem,ﬁﬁegiﬁw
M!ﬁm&twmwmImeﬁuth
orer 0.5¢ &% in losd 1ife, _
hwihafthul}@dm(withmthrpwtyon
chmmMnd.muMIim),tbmrﬂ
nmmwuthummdmmmumnm,nﬁawwmum
that further cxplmtion of this sercening technique using Imcyemeaxples
would be profitable. 4 . ,
2.1 Itmamﬁl;howxgtbﬁ.ctuﬁthw.iemw

mEC I and Miks Nowskowski that additional inforwstion could be obtained

rmth.mdfzworostm mntobeumby
uingthoﬁrltmhourmhtﬁncochmpu&u'nindﬁamdthe

H wumecmmmmunmnmumlmom
data,
!ourifytbmtimmtdiﬂmsamtinﬂndnufc@
tbmu'sctmngwu, B, C),mlnia of variance tests
namtomboﬂathmuﬂvuimeuoft&mﬂm

' mmu of Types. Tids was dove by calculating the F-ratie
(ratic afpesfgance between semples to variance within samples)
lndeqnnngthiuhﬂmwlthubhvnlu;:. '

It can be seen from Table 6 that significanh differences exist

betuwsen Mamfacturing Types in most cases. Therefore, each Type

‘mtbtltudiadsq‘rmly. ' '
-2 -



'@ 2,2 Infra-red profiles were made on. the 900 rcsistm which Axie ‘being
1life tested. m reaiators in each of the nine groups were scanndd
at one-half and one times rated power. Onehnlfofuch group was
scanned also at two and one-half times rated power a.nd one-fourth

-y

ﬁfuiiﬁh group was scannsd at five timss rated power. The scans
were made longitudinally and four scans per resistor per condition
e made at 90° intervals around the circumference of the resis-
tors. The scanning rate used was 16 milli-inches per second and
the scan was ini.tiatodu soon as the ppwer was applied to ﬁhe
resistor. This was done to cbserve the effects of loading while th
the resistor was heating rather than in an equilibrium condition.

- : nguma'rthncru@zh,mms of the data recorded and are
® 1dantified s, to]:lm: |
Flgure 7, 8 'I‘ypa A -100 S
9, 10 ' A 39.Xa
11, 12 A 10K o
13, 1 Type B - 100 - -
i, 15 B 39.2K
17, 18 - B 10K .
19, 20 Type C 100 -
21, 22 ¢ 39.2X ‘
23, 2l ¢ 1008 -~

Conclusions and analywis of this data is not anticipated until
completian of the 2000 hour 1ife test.
3.0 Adaflyshy 7o _
. 3.1 Baded on correlation coefficients the regréuion line'f..s were plotted
for Burn-in vs Life Test. From this information additional studies

are recommended. This is to be performed as described in paragraph

-3




3.2

2.1,
Certain anomolies exist in the infra-red data such as skewed
traces, unexplained dips, stc. No attempt is anticipated to
explain these ansmclies uitil the 2000 hour 1life test 1s com-
plsted, at which time thh resistors in question may be diamantled.

Romimlimforl‘m&ychnmh'rutﬂﬁbc
plotted and analysed during the next quarter.

The 2000 hour Life Test will continuae. "".",ff A‘ »
Detarminetkon of lmlmtim Factor studies w:L‘Ll econtime,




TARIE 1

Sampls Correlation ceafﬁemu and Population Cu'rolatian coefficient limits
atmcmmwrwmmaunmmtmm

((,.oq = Uppax m-t.en correlatian confnciem
Q<) = Lowar population coruht.tcn eatﬁ.eimf.
ST = Sample cmihtim coefﬁchn‘b
2T~ = Ssmpis sime
oK = Cenfidence Lavel {.025)
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Temp. Cycle

vs

TLozad Life

-

100 At 1X Rated Power

el

O

Burn In

Vs
Load Life

Ini.ial Noise

Vs

Load Life

DI R ) B A (7)) R WA I WA ) B [,
Proc L 10 ) W72 .21 j-.bA 031 -.62 1-,87 68 .16 -.50
25°C T 10 | W6L  f.06h |-.T7 .82 | L |-.25 .86 |.L8 -.20
G 101 .71 L20o |-.hL7 .68 | .15 [-.50 .85 |.5L -.12
Process A 35 | .65 1.23 |-.30 80 | .50 [-.02- |.79 |.L9 | -.03
7G°C B 15 | .15 |-.38}-.7L .75 | L2 j-.12 .55 1.076 | -.L5
~ G 15 .25 |-.30 _.66 .52 | .002 {-.L7 .78 {.L8 -.03
Proc = 5o .6k .1 L 7 | W7 (=07 27 a1 | -
ESVGEJ :—5 079 "‘Uv9 ;= -57 -11 --h? 056 009 ‘ohB
i L 5 1,50 | -.02 ;- A3 | -.09 |-.56 86 1.6 | .18
Process &+ 15 | .5h | .06 | -.L5 5L | .06 |-.L5 5L |.063 | -.LS
 150°C B 15 }.52 |.029( -.47 69 | .30 |-.25 63 .21 -3k
@ ¢ 15 |.51 |.008]-.50 .57 |.097 b2 .73 |38 | -.15
100 At 2 1/2 X Rated Power
Proc:ss 4 10 |.65 |.09 | -.55 .30 |-.38 .77 .92 .74 .20
25°g = 10 !.51 |-.1h | -.68 27 |-.42 F.81 .53 {-.11 | -.66
C_10 .70 |.18 |-.L7 82 |.h6 .23 .35 |-.3L ] -.78
/]
Process » 15 (.35 |-.18] -.62 .75 - |.LOo {-.15 77 L6 -.07
70°C B 15 |.51 |.09 | -il3 .72 1.35 |-.20 L 1.39 -.15
¢ 15 l.uy |-.08}f-.50 .68 1.30 |-.25 .59 |.1lL -.38
Proc.:s .. 10 [.84 {.50 | -.15 77 {.3L {-.35 68 (.15 -.50
125°C %10 .78 | W36 | -.33 68 .16 |-.50 .82 .3 -3k
¢ 10 [.66 | .10 | -.c5% <67 .22 |-.52 .75 {.30 -.39
PI‘OC&&S A 5 ¢92 .h8 ‘060 086 020 “075 099 090 .10
150°C 3 .5 1.8 |.08 | -.7% .88 [.32 |-.70 9L |.58 -.52
c g 197 | .75 | -.~ 82 10 ]-.82 .85 .15 -.77
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Burn In Initial Noise

m PP
‘ vs . vs vs

T.oad Life Load Life Load Life
100 At 5X Rated Power
20\ P\ o VR () ’ ?/06) r e(I~£) | Pic) » P (1~}

Process & 15 | .88 .68 1.27 87 1.66 1.22 .60 1.l -.38

25°C B 15 .60 olh “038 079 0’-19 "303 50 OOOS -'50
c 15| .78 {.h7 |{-.05 - 66 .25 }-.30 .51 |.oah | -.L9

/ ) .

Proc =s & '10 | .61 |.011 |~.60 b .25 | -.h3 .95 | .81 .33

70°C 5101 J62 |.019 |-.59 62 |.o2L | -.58 72 1 .23 -3

¢ 104 .91 .71 }.15 .92 {.78 |.20 .98 1| .93 .75

process A S| .83 |.o75 |-.79 - | .88 |.29 |-.71 .95 |.67 | -.Lb

. 125°C - 3 551 .95 |.62-]-.L8 .88 (.28 |-.72 .92 | .51 | -.57
o 54.98 |.89 l.os .97 .79 |-.25 .84 | .098 | -.73

- Proc ss & 5 | .96 |.71 {-.2 .97 |.80 [-.23 .85 | .12 | -.77
. 150°C 5 5.7 .98 [.88 [.o0 .87 f.2L | -.73 S | .60 | -.50
6; S 86 1.19 1-.79 .83 1}.065 1| -.80 .95 | .67 -.43

' 100 At O X Ratéd Power

o Process &4 10 | .86 .55 |-.12 Ny .12 | -.53 .80 1 .38 -.32
" 25°C B 10! .75 .28 [|-.LO 71 .20 |- h? 66 | .10 -.6L
C 10 | .92 (.72 .16 CTh (.26 | -.li2 .68 1 W1k -.50

Process A 5 85 .16 [-.T5 .96 (.72 [-.35 90 | ,37 -.67

70°C B L .89 |.06 8.7 .89 |.068 |-.87 Kal U9 -.75

C S '99 -97 « : ;.‘.., 086 o18 "075 016 '076
Prc ss 4 5 Ol .39 {-.73 .82 0 -.82 .93 .56 -.5L
12500 B 3 -97 .32 094 1000 098 -oho 1.’\“’0 -98 - LO
C 5 .88 |.052 |-.87 .87 .21 1-.74 ST Y -.7h

, Process &4 L 90 L -l .98 [.82 | -.U47 L] .b2 -7
350°C B L | .97 |.66 |-.53 .96 .55 f-.72 @1 .9L | -.05
- N )4 099 -9!-1 -.05 096 55 --72 0 -58 -.70
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. Table L e
: Temp. Cycle Burn In = Tnitial Noise
. o \E vs vs
‘ ‘ Load Life Load Life Load Life
\ ) 39.2K Value st 1X rated power
A Ne(~xl T Ol .. 1Ol=£L) r Prc) Pl \PLo)
_ , Process A 10 | .75 [.27 |-.LO T .81 j.L2 |-.27 .61 |.017 |-.5k
25°C B - 10 | .57 .01k |-.50 .80 1.39 {-.30 .60 0 |-.55
‘ ¢ 10 |.78 .34 [-.35 .87 .60 |-.05 77 1.33 -.35
ey Process A 15 | .56 |.073 [-.1i3 .87 [.68 |.25 65 |15 -.37
70°C B .‘15 052 002 "oif—? ! 'SS 0068 -ohs ob.. 0056 -.hs
. C 15 1.62 .19 |-.77 L .69 1.30 | -.25 67 1.26 -.30
Procoss A 15 .82 .57 1.0 1 .86 [.67 |.23 68 1o Ller
125°C 3 1 1 {.3h - - .83 (.58 | .10 .92 |.78 L2
C 15 | .69 .30 |-.c. .83 1,58 |.10 91 .77 .10
* 114 units
150°C Process L 1 .92 .79 |.L7 .51 %.0191{ -.L9 .52 .02 -7
5 15 | .58 |.12 |-.42 .53 |.027{ -.L8 65 |.22 -.32
Q I ¢ 15 {.57 {.11 |-.h2 | i .60 [.ih 1-.38 Sm .12 |-.Lo
{ 39.2K Value « i 2ated Power
S T i
- Process & 1 .63 {.040 {-. 51 .70 | .10 . .29 -.39
25°C B 10 .89 [.65 1.0« 84 |.Lh9 | -.18 S0 117 f-.L8
¢ 10 |.72 |.21 |-.b7 .73 |.2L | -.bL3 7 1.00 -.55
= _1_1, units 1 ~ ]
Process 4- 15 |.99 |.96 .|.87 .62 1.18 | -.35 .95 .95 .85
" 70°C %113 units : b
B 13 .85 '62 015 070 32 -025 068 o22 —.).LO
C 15 :78 .).LB _003 .77 h; —008 aSB 013 --).10
' 183°C  Process A 10 |.75 |.28 |-.LO 65 |.08 { -.55 | .73 |.25 |-.k2
‘ B 10 |.73 |.23 |-.L3 .62 | .003] -.60 .60 0 -.60
¢ 10 |.63 |.05 |-.57 67 .11 | -.52 .70 |.17 -.18
Procesé A S 092 oh9 "-58 . 096 072 ’ "036A -89 .3h ‘068
150"0 B ,5 091 h3 "062 ) 085 012 V;.77 091 0h2 -06’4
/.’ C . 5 093 56 -055 ‘ 088 031 -.70 098 086 "020
% K




. ‘‘zble 5
Temp. é;rcle’ Burnfn Initial Noise
vs . vSsS vs
_Load Life RN Load Life Load Life
39.2K Valu: .4 -+ Rated Power
TP TP Pl | Py ? N o ([ Pl)
Process & 15 [1.00 [.99 | .98 1.00 [.99 {.98 .99 1.97 .93
- 25°C BE 14 .80 (.52 |.0C .50 1.001 {-.50 .65 1.09 -2
c 15 .| .52 {.015 | -.18 65 1.2h |-.30 .73 1.39 -.15
Proc 'z A 10> .93. 76 1.23 / .97 (.93 |.70 .65 %085 | -.55
75°C B 10 .70 1,18 | -.b7 LT 1432 | =37 .63 1.05L | -.57
L ¢ 10 .80 [.39 i{-.a0 .26071.013 | -.55 62 |.ohh | -.58
Proc.ss & 5% | .99 .98 .95 .98 1.91% | -.25 .82 1,18 -7
1125°C 3 5 .82 [.029 {-.72 .85 .17 | =.75 .96 1.75 -.32
c 5 .98 (.78 1-.2% BL .13 | -.76 82 |.18 -.7h
Pro . .5 .93 .53 |-.55 «97 .77 |-.30 .99 1.90 .10
° g .89 (.32 1,79 .92 |.bh | -.62 .81 0 -.75
Lo} .98 .85 i-. .87 §.25 |-.73 |.93 [.L9 |-.58
39.2K Value =t 10X Rated Power
Process ~ 10 |.69 .16 |-.50 .88 1.63 0 .75 |.30  |-.38
25°C B 6 1.77 1.02h {-.15 .87 .35 35 .78 .20 |-.67
C 9 (.76 1.2l |-.L7 .86 {.086 | -.58 78 132 )
Procsss & 5 |.82 (-0 . |-+88 . | .97 |.87 |-.08 .82 |o -.82"
70°C B 01 |eme femem e SO PRGN, e fmmmm f e
C 0 - —— g s ——— Ul"‘_“' - — - —— S - - ——
. 125°C ‘ B 3 -96 ols ‘095 097 -35 "093 -95 O "-96
cC O NI P . — |- —
Pre sz & 5 | .99 |.6h | -.k6 .88 [.10 |-.77  |.88 |.098 [-.78
150°C 3 1 SNNERI, PINIIG, S E T e SR E N P
C 0 R P - R I -
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variance

ANATY:> ° 07 VARIANCE

e 7
[EXV RN v |

Method I

Mean

39.2 K

Method II

Same | Diffte ‘ Same Diff.
. Var. Var. Mean
S .
- e
L=D X X X X
A-C x X . b 4 b
B-C X X p.S X
43¢ AR STOL #4&
A-B X X p.d b'e
A-C X PN X X X
B-C X X X X
— 3866 AR Burn In 3806
)
'ﬁ-B‘ X X - x x
: AL x X x b'e
. ..B-C X . b's B b'q X
’ e saeInitial Noise et
A-B X bd x X
AL X X X X
. B=C X X X X
sah Noize-Temp Cycle 3664
LB x x R =
: A."‘C X X X ¥
"B  x X X -
wee & ot ETTLAEEe
A-B  x X , Cox x
AC x X ; Tx X
£
B-C x X i ; x x
s366A Noise-Burn Ininse
. l ;
’ A-B x ! p's i { X, X
¢ H . .
Pl - x i ‘g - x . . -
5= x § X . x x
= —— - . rasasi e r——— p——— ——— e ———]
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