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.
Statistical’/Analysisidoesn't have to be limited to
standan@dicontrol chart methods

-

|solate the random varnableNEentact resistance)
|_.eok at the distribution iURCHERENSTIE recognizable? Repeatable?

Gaussian control charts,arne ubiqguousw useful, but not necessarily the
best cheice for all distributiens:

Gaussian control charts convergeloniy inithe limit of infinite number of
samples (the Central Limit theoreni)as

Some distiibutions are difficulttermanage; even with invecation of the
central limit theorem. Examiné therdistgbutien ol the mean values of
your samples as a function of the numbeEreisamples: how quickly does
it conyerge to a Gaussian? y

If your variabletits a known distributienfitnctioRpmake use of that fact
for immediate assessment of reliability

Controlllimits'can be set, and judgmentsmadesearly, fiem smaller
sample sizes byiconsidering the goodness, 6l ﬁE;.
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ontact Resistance

b
I:I Spherical contact mated to Aat
4 contact pad without wipe

i
Contact resistance is a function
-
of contact or normal force -
w 3 JFilmn resistance
= : ’ effect
:'”. - INSETABRILITY STABRILITY »
E B L R
::: Bulk resistance
COMTACT FORCE, grams
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|solationfeirByRamic ResistancerVariation

: _Rstatip o : chntact :

DS A AN,

~5_to_1 mlhm : : d‘-:‘lbmwc:-hl% :

*Physical mechanism iS,SpngRIeReitip into a vialhole
*Jiotaliresistance is measuredManadiRecontact is.openediand closed
Nitimes: Resolution = 1 milliohmeRstaticis different.for every
channel, andvariance(Rstatic) =>MGofitact: Contact Resistance
<< Jjotaliresistance B

sEorpeachichannel, the minimumwalueleiiNiotal resistance
measurements;isisubtracted fromyall INNaIUES;
‘RemainingiN=EWwalues are taken ioeERTERCONtact resistance’:
[f:Rcon Talls;euritest, we replacetiesspnigRIOnE FESPONSIDIE;
-Using this systemWelare able to detecticablesatlis thativary by
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EquatiGhgief some common

Prehapiiity. Distrioutions

The Gaussian or The Chi-squared distribution
"Normal" distribution: of degree v:
(=) Xy (D7 DLy (Dt ety (2)
_ | 2'02
G(2)= o e
27T - (v—=2) -z _
T G ) - .e? H=v
PXZ (Z,V)_ »
2rly 5 =2
\2

June 10, 2002




Scalingiand Normalizing

o IS a scale factor that is to be determined such that ¢z corresponds to
milliohms

(v=2) -a=z

2 2
€

fla,z,Vv) ::(oc-z)

22 §>

flo,x,V) The function is renormalized to

x(o,x,v) =iff x>0, 0 account for the scaling by ¢

fla,x,v)dx
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Fog
DifferencesgBetween Gaussian and

Chics@iared Distributions

*» Gaussian (bell-shiape)) »/ Chi-sgquared distribution
curve deviates deviates asymmetrically
symmetrically about’anyass and is always positive
mean value p Valued.

» NMean and variance are N\ /ariance = 2 * Mean
Independent

0.15

dchisq(5x,5) 0.1
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Goounessiof Fit to Degreers
Sceale (@c) VVaries with ferce

Xz degree 5 fits best to the first 40 milliohms. Sporadic points out at >40 mohms tend
to skew the fit; it is decided to unweigh those points for the purpose of fitting.

M =40

- (x=y)
Goodfit2 (x,y) i= E X / Goodfit2 (yv,Iface ) = 0.022

n=20 n

M—>\

163 =probability that these 2 functions would

. <0>) B 51 1om
pchisq | Goodfit2 <XV2 , TLCI )y 100> =1.475-107" °10 occur at random over M data points.

pchisq ( Goodfit2 (v, Iface ), 100) = 3.147 0107 '% BLCI FIT
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Limits andtSimultaneous Events

»¥
*Gaussian controllcligrisiuse s sigmalimit

sGompare the nUMBERGTH2deqs std devns that
correspond to the'samexrenaniiity:
»

qchisq (pnorm(3,0,1),5)

pnorm(3,0,1) =0.999 = 6.268

|25

« Consider the probability thatimultpleevenis eccur during ene
test: LLet NC=number of channels; NiESnumber of repetitions

* Probability/ei*INC events occurringisimulianesusly, for NR
repetitions, where P(1) is probability’cisicontact:
« P(NC*NR) = RPENAHE/(NC*NR)

June 10, 2002 15




Samplé [55yiation and ChartlCimits

*Compute moving averézg_e deviation from data (ex: I ILECl)

*Compute NSD; the NOSF Of 72\deg 5 std/devnsithat
correspond to, P(NG:NER) Bitaneous events, and scale to
milliehms using o fit'10 preduct:

— e - .
sComputeicontrol chartdimtsamusualimanner: limit = mean +

NS deviations (moving averad'e)
e

c TLCIT =a 2-mean<submatrix<u TLCI,O,T,O,O>> o TLCIl6 =2.78

1
NSD = .qchisq<pnorm(3,o,1)NR'NC,v> NSD = 15.051

Limitr = mean(submatrix< 1 TLCP 0,T,O0, O)) + NSD-c TLCIF

Limit3r = mean<submatrix< U TLCP 0,T,O0, 0>> + 30 TLCIT

June 10, 2002 16
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Control'(')hart for TLCI Data

TLCI Chi-squared Control Chart

H TLCI ¢
Limit3 T

Limit T
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Sample, N reps, all channels
—— Mean
—— 3sigma
— Control Limit
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3D 'Chart of TLCI

TLCI Contact Resistance Distributions, 17 units
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3D Charts of Ohie.BLCI Being Worked In

0.0z —

0.06 —

0.04 -

0.02

BLCI Contact Resistance Distributions, 6 units

n_nn3-—-h___h"""‘“-—--—-—-_.__h_______

0.002 —

0.001 —

BLCI Contact Resistance Distributions, 6 units

BLCI2

BLCI3

Magnified-view 61160161 00milliehm
range! Las‘f'point =3sum ofiall values

greaterdnansboImoenms
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S‘é'y;ies Connection
of multiple*contact resistances

Placing|two contactsiin se?i%s QiVes a y2 distributionjofidegree 10:
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vaothetid_?gl laferred Mechanism

-

«  Radial tolerance; 12 — A V2 of x- & y- position random
variables (tolerances)isty2degree 2
«  Distance between sprin&f)robe and via centers: s
described by the matingloitwoeNG2 degree 2) distributions:
1. The Spring probe position s
2. e via hole positioninfthe PGEE

The sum or difference offtwoelZdegree 2 distributions 15142
degree 4 -

« \Variation ofithe z- coordinatelbyrdepthreiispring probe may,
be contributor ofi the fifth degree:
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‘.’Summarv

Assumption that centaet resistance distributien'is described
by a Gaussian functienuNsiincorrect and seriously
Underestimates, the'Vanenee

Controel limits are verjdiFerent when a non-Gaussian
functioni is used' as arbasisfierthe control chart

Contact force affects therconiactMesistance distributicniy
scaling, tife resistance varianie

Coentact force does not affectitnENolimior degree of the
contact resistance distribution:

Two springEprebe interface contactyesistances in series
anerdescribed by a y2 distributionieRdegree ten.

The mechanism, of variation may beNelaiediterthe pattern
telerancesiptierconnection planesy
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