METHOD FOR DETECTI NG ATYPI CAL ELECTRONI C COMPONENTS The present
invention relates to the field of the quality control of parts and

el ectroni c conponents in particular. Background of the invention and
probl em st at ement 5The sem conductor industry produces integrated circuits,
cal l ed el ectronic conponents, which are hanufactured on groups of silicon
waf ers; each wafer conprises several hundred conponents. To
guarantee the working of these electronic conponents a first series of
tests, called kaﬁiéng[bEQQ DESEQENG ATKBRIGA. ERERTBONIGL QURPHIENTSs whi | e
they are still 10part of a wafer. Each of these tests, which
respectively consist of an electronic neasurenent, is associated with a
speci fication |inile pesentrnyaadon seaiegde toe fieldsof the whalitheoolrdlenitpatterandhom

t he el ec”%@cﬁoﬁ@%ﬁ’i%ﬂérﬁs ﬁ‘rﬁa'ﬁﬁl ned. El ectronic conponents for which the

response to at |east one test not 15conply with the specifications for
this test of this first test series (probe) are therefore considered
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In contrast, electronic conponents ose ?es onses conply for all the tests
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test series are rej I's second series can b I cated at
several teft§sés dulle@probe4ews, isgorigmest oreanpbeihe comppnenistwhilelthey enstiinl y
used nebhogan%f?c&ygpé}nent is rejected and 25therefore not delivered to the
custoner i east one response to a test (in the first or second series
of tests) is outdiasd of Hesepesds, fwmﬁzhtreo;aeqtiwn*vtcgn%lstsxﬁen@!@ﬂommasmememst

However, p?srés%ot;{a%d HAYS sgeaﬂceq hikee Hé’d taﬁ%rewpﬁfaeggmﬂﬁéﬁﬁe% the

tests successful can ve a atent ect 't reveal ed en t he
part is ut whpzretae@gacggmp comppwteareedﬁsﬂeechppl i cation, on delivery or | at er
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qual ity problens experi enced
In contrast electronic components whose responses comply for all the tests

are assembled in a casing and then tested again by a second series of tests.
As for the first series of tests, specification limits are determined with the
20 client for whom the electronic components are destined, and electronic components
for which at least one response to a test does not comply with the specifications for
that test in this second test series are rejected. This second series of tests can be
duplicated at several temperatures (-40°C, +90° C for example).
Thus, with this commonly used methed, a component is rejected and
25  therefore not delivered to the customer if at least one response to a test (in the first or
second series of tests) is outside the specification limits associated with this test.
However, parts that have been delivered, and therefore have passed all the
tests successfully, can have a latent defect that will be revealed when the part is
utilized as part of the client's application, on delivery or later in the final application (an
30  ABS brake for example).
This quality control, as currently usually practiced, thus appears insufficient
and some supplemental methods have already been implemented, for instance in

components designed for the automotive industry, to minimize these quality problems



These suppl enental nethods are perfornmed on the el ectronic conponents,
usual ly after the first series of tests and/or after the second series of
tests, and use the distributions of results for each of these tests to
elimnate atypical electronic 5 conmponents, called outliers. They are thus
used test by test for each test or for part of the two series of tests.

For exanpl %xp@riéﬁ%é@%tl{éaélitaﬁ? Part Average Testing (PAT) conpares an
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i nvention 5The objective I's Invention is erefore to propose a net hod
making it poBSidERl to refine the detection of atypical (and therefore
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not require the devel opnme new tests on el ectronic conponents al ready
tested by abhausht Witha lowngnihesss are critical components in the working of a more complex

system, such as a motor controller or an ABS braking system. In this case, a
30  component failure can lead to a serious accident whose consequences go far beyond
the mere financial value of the component.

This risk leads manufacturers to choose to reject too many components,
inctuding many good components, because they use the univariate (PAT, etc.) or
bivariate (regression, etc.) methods over a very large number of tests, which deprives

35 them of a few per cent of their production, while still not guaranteeing to eliminate all

the potentially defective components,



A third purpose of the invention is to bring into the category of
conponents conformng to the specifications, and thus sal abl e, conponents
t hat woul d have been 15renpoved in error (fal se negative) by the previous
met hods. According to a fourth purpose of the invention, in sone
cases it can allow manufacturers of electronic conponents to elininate _
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el ectroni c conponents for the quality control of a set of n electronic
conponents at the end of the manufacturing process, said conponents being
subj ect to a nunb@bjeptivés ofthe inemttomprovi ding digital data, this set of n
conponent s consi s of.. el ectronic... nse, 1o .each
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in one or tolest860 dbnegsi doss ta tars defechoad ancdriianeerkith thepediinenaitens fand
thus will Q&ar%ﬁ’ee hteoadﬂcﬁﬁotﬂ}elinédl?r information fromthe p tests, and
consequent 'y i eh%lfy nor e atyplgal conponents or call into question sone
rej ect 8 conponemaording to a second bhigetb, off this inhentionj this dgesohotateypire e
conponents, i i ect i.n i & of
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unit tests providing digital data, this set of n éomponents consisting of electronic

25  components whose response {0 each of the p unit tests is contained within pre-defined
limits, called customer specification limits, and specific to each of the p tests, using the
multidimensional information of these n electronic components' responses of
dimension p.

It is understood that uniike the state of the art, which works in one or two

30  dimensions, this method will work in p dimensions and thus will be able to use all the
information from the p tests, and consequently identify more atypical components or
call into guestion some rejected components,

Indeed, for the majority of atypical components, their latent defect is
detectable in the atypia of these electronic components, if all the responses to the

35  tests over all the electronic components to be tested are considered.

According to a preferred embodiment, the method of the invention comprises a



Accordi ng to an advant ageous enbodi nent, the nmetric Mis chosen such that M
=(inverse of the matrix W where 20where exp is the exponential function
and X, columm vector associated to an el ectronic conponent i from anong

the n el ectronic conponents, of dinension p corresponding to the p
respective 25responses to each of the p 4ests on this electronic conponent

(5, S ot YRl TRy e foo ol BRSFEe s ) ©
vari ances anapgsyan adiicedy Nrgeiridn dfdhaindgoatien nresentin 8fe pregtst p
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dimensions, while retaining a very significant portion of the information present in the
5 initial point cluster, each point corresponding to a result of a test for an electronic
component. The information extracted will be enough to characterize a structure of n
electronic components and thus reveal the atypical electronic components.
According to a preferred embodiment, the g linear combinations of the p tests
are chosen by establishing a Generalized Principal Component Analysis with a choice
10 of metric M adapted to the p tests of n electronic components.
Here the use of a particular type of principal component analysis, called
Generalized Principal Component Analysis, is chosen, whatever the metric used.
If, for example, the p tests have a common unit of measure, the Euclidean
metric can be used, for example, and a Principal Compeonent Analysis can be
16 performed with this metric.

According to an advantageous embodiment, the metric M is chosen such that

M= W' (inverse of the matrix W) where

i exp(i ![X —X
W — i=] 2

X, =X (X, - X,)

n iy . square matrix of order
S oL -X[) )

20 where
exp is the exponential function
and

X, column vector associated to an electronic component i from among

the n electronic components, of dimension p corresponding to the p respective

25  responses to each of the p tests on this electronic component i.

—— 1 I .
X» ==Y X, vector of empirical means
n i=]

(X, - X,) is the transposed vector of (X, — X, )

HX”V;‘ =1XV,:1X



It is understood that the problemof centering the data is overcone by

using such a netric, the set of vectors (X, - Yu) being by definition
centered, and the problem of differences in nmeasurenment units or scales
between the p tests is overcone by using the normx11", 10ln a preferred

enbodi nent, the principal vectors are ch@sen equal to the first g

ei genvectors associ ated W fh the |argest eigenvalues fromthe set of

ei genvectors obtai ned’ by i(ptt,;impﬁ’!)’ijrmg—’r,}?,ntthé\nﬁﬂa}t&i ®f the usuarbempfticapi ng
determ ned using a previeusly chosen criterion. A criterion
for automatically calcul ating the nunber of principal vectors g that 15
will be used t¥ENSPEAME CREERNESPoMBIR i§ 3 SHeTEMAtHeef WPekthe net hod.
Preferably, this criterion is such that the eigenvalue associated with a
princi pal “conponent i’s st§itBe| pvejeearelix Rhrthg ysyas empirical varianceg nargt
preferred enbodi nent, at |east one projection is used on a vector subspace
generated by aSS\A@PEEH [y of the principal vectors and at |east one

criteri gn for 20 ide tié B%.H%ﬂ ré%%uﬁt])}épi cal electronic conponents.

More specifically in‘dinension I'S or these vector sub-spaces are

vector planes anditidhenderdtb&d tran tHeOsroBleMESTt @intddingNBe dbris iodedbmbYdyneitge
atypi cal conponents, is achieved by consjidering the projection of the

vectors X; siehtehingtrice dheo petpdlfavretorand Xpy- HeX ibginggbiadefinitidrecasfteredntindiéce of

radius r encoqgass' I’éﬁ a cluster, called the "majori t%()" 25 cluster,

cont ai ni ng BYP!EBF PhidffegineReNpFEPEWEMSAL 3Pts Y sesopewasnciie @ ests i ¢

conponents, : L an electronic conponent i is said to be
R e M 13

atypical if t 6h the vector plane is outside the circle

of confjpdence. 5 preferg\éeé?nﬁﬁ?ﬂrgerﬁpﬁ]%i SRkl Vect&rg'%ﬁr %@H&Hﬁ fﬁ%ﬁftotﬂjﬂeeﬁr%{ rcle

of confidence, for a"l'evel” of significance a, Is de 1e square root
of the fradt plgenyictass gesociatgd gfithathe gargest eigeraetuss fiim the ket efarigerveciors

proj ection L LY 85HAh 2Pk il nj ' are
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According to a pagtlighhatorsiRAHAHEN cal &]&ti@{ thb SluhRr BP;?riric%%rM/.éété{lstqgthEpe
atypi cal 5el ectronic conponents uses the calculation of a score
cor r espgéndiwitybe os¢d to qusiuatd eachecestpopeniisdeisrmingddydhsmathiodtical limt for

this score. P:gefé%géir I’t\ﬁf WhonalsS Qu&f“ﬂiﬁtﬁﬁwgs F@%E&é’l‘@é eas%&&?ét@HF}ﬂféﬂ a’}f? n}g he

met hod as descri be . description o I"gures
and advant agesipafcantenientie stricongmeiatar thae betFer understood in reading the

foll ow ng description, nmad iLth reference to the drawin i n which:
Ot gur 001 ehowes: 12 P ERES wbgmpRb 5 BES pLS etelruth & b3 P BriFtlar debr oni o
conponent s spade yhecrbRYIABCH sMIB fANBIBPENSE pritd@pdlast®roxed ablebiton@di diggrincoal
sub- space, .15 generated.b he system s first two principal conmponents; in
this T Eur ooy RERERE afbieH elsifoRERoBPHEN: 1 om the bentral poi nt ol ust ef
detected by the neblosheificandinndmensibi@, tHy entheea veatbe simsieds bire stabs,
- figure 2 shows the incorpqration of steps. for. elimnating atypical parts
of the et MRS Be R Bt “PHPGPERE RhRATMERHDR DP BheaRpy
conponent s £26feQe€ by QARLIHMRIGYhE PréjeSehtAMME vectors X, on this vector plane, and by
defining a circle of confidence of radius r encompassing a cluster, called the "majority”
25 cluster, containing by definition the projection of the set of typical electronic
components, and by declaring that an electronic component i is said to be atypical if

the projection of X, on the vector plane is outside the circle of confidence.

Even more specifically, the radius r of the circle of confidence, for a level of

significance ¢, is defined by the square root of the fractile of order 1—wxof a

30  y*distribution to (2x+/1+ B) degrees of freedom.



Det ai | ed description of an enbodi nent of the invention The
invention is inplenmented by conputer software running on a m croconputer or
ot her standard type of conputer. 25The invention is intended to be used
during the manufacturing quality control of electronic conponents:

1/ at the end of the probe tests t hat cofisi st of several eIectronic

measur enent s, Eh Wi | | | led t g#flrst series, of test
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| f
R T e

speci fication en at the end of
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el ectroni c ymdules containing conponents: ABS, Airbag, smart card etc.
nodul es. The nunber n of electronic conponents in the current
series to be studied 5and the nunber p of tests of the current series are

noted. 45 | Bribfaddp lgﬁro‘?‘ilhéﬂaﬁr sanong the n el ectronic conponents,
the electronic corrponents or whic response to at | east one test is
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n p tests of th
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i (e 1, Il an 1 ndi vi dual - vect or I'ma msu uage
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response 1 to the test mvention is to
i denti fy t Heveatigpiasamarketi by ¢tarsl s anong t he set of

- figure 2 shows the incorporation of steps for eliminating atypical parts of the
method of the invention, into the known method of checking components before
20  delivery to a customer.

Detailed description of an embodiment of the invention

The invention is implemented by computer software running on a micro-
computer or other standard type of computer.

25 The invention is intended to be used during the manufacturing quality control
of electronic components:

1/ at the end of the probe tests that consist of several electronic
measurements, which will be called the first series of tests, after rejecting the
electronic components for which at least one response 1o at least one test forming part

30 of this first test series is outside the specification limits linked to this test

2/ and then at the end of the tests performed (second series of tests) after the
good electronic components, i.e. the electronic components that passed the probe
tests and the test of the method of the invention, have been assembled in a casing.

The method according to the invention can be used either after the first

35 series or after the two series of tests, regardiess. in effect, it uses any number of tests



individuals X, e IR . To achieve this goal, techniques known as
"informative projections” will be used. An informative projection is a
projection of the cluster of individuals X over a sub-space of dinension q
(g <p) likely to highlight a potenti al 205pecific structure of the
di stribution of these individuals. In the case of electronic
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axes of10i nesonpmneffitsp aat ys venakdds pmrnetssor(dirigetd padtybtita )tests of th8 apaee of p

di i i abl . t h tructi

e Sorisehas) hEagr of R nhVERE 158 «bi05h 23%GTAa iRt b Bl BRd a7
si gni fi cant déﬂt“thh@ﬂre@f nlifi6ridan@athl Po @bcH MEIVRILESL@E T8 nPAMk&ividhSRctdiey.

i ndi vi dual s _e. the information contained in these individuals. 5There

are as rrany(;raa(eﬁsu@b of RigLibge, as themett dfltha@desriptior thishivi bprdaiied palvicuanponent
anal ysis allows the anount of information present on each of these axes to

be known. THedipensien pals aseosiatfd, iheeingi far aperdilates nedcedol adw t itheg respensxes  of
inerti a5 acccgﬁgh%gto ) tté’s?oﬂﬂ'ﬁé%m of information contained, and it is noted

that usually on rincipal axes of inertia in fact contain a
consi der abl e portThmaiO’fO tthe invettiin is hd sentfy itenatypicaltindividyas Biﬁﬂdhwmtgf

T 11y, 99. 9%
of "tho. t ot ARWEVER Bacy B -of Os BOUFE RIm@FBH MU oin 28 Cileiie
Theref ore, FSrBjebﬁonQQ%ﬂ l%eusteﬁ AhWhiorthﬁve%M t:@r? id Beorb {é@L g Cﬁcju%} of

shoul d be perforned over p axes or di nensi severa to an
arbitrary viafividua$ &, dve:rea{lsulnmsaced@‘mamdnmgn an(qthe) pkebp br bigbighvfa patéaiabat i on
one is prepared to not use. g i ndependent |inear conbinations of
the i ni21%| al SPgRiEig Strv%rewérthea@ﬁf@éytm ofitheseudivéudlte princi pal axes (princi pal

conponents) deri VﬁudthEr(%btJ?%lé?ﬂﬂoné'Mpo@@ﬁﬂéoﬂlﬁgk pnabyigige- number (‘cygmc:aTySD
refine the q princi nponents, instead of selecting a standard

Princi pal Gﬂ’fﬁ@h@%cﬁﬂ%PWFt§ arg peideratesl dusigg aPrﬂ'?Féroﬁk&I COTPPBRIEPSRSEPYs| S

(GPCA) 20 it & ghasen fﬂ\%ﬁrgafeo%bﬁlbf ragmeépmléhﬂgn@ar%w&@at@hs r(ﬁt fkeClirfelar ©-
the cal cul ation nmethod for the distance between individuals, for the many

di stances tHIROBEINER HelhAdhuRiadis Pbeidedacd hat rowdhie stslyceh) the st o zed
in the jet hﬂ&#vn@ﬁ&l?f)ﬁd (BB 2nLiBE p) fbvt?{ﬁrhﬁéh o é‘naﬁrﬂﬁgﬁfﬁébff;b&tl&%ﬁ%l@f than p,

el ectronic conp I's recalle he's
Princi pal Qosmnmtngﬁﬁaulrmah@a bREEN, intthe p RRiamedridblesMoH $Rehg BfoRinbi® tHabe

Eucl i deag netric I\/I:I d(?a |ror tagr?altl Q%%r tsh% tgt%i“ Oncgtlére&)rnlté:mé\él:l [?1152 gdl agonal
matri x S= st‘%ft‘i‘cf?r proggfyionalty information n the p variables.
A Generalized Principal Component Analysis (GPCA) is performed to identify
these q independent linear combinations.
30 It is noted that a Principal Component Analysis (PCA) allows the overall
structure of the cluster of individuals fo be viewed and summarized in several
dimensions (q) instead of viewed in dimension p.
Without going into details about this technique, known per se, it is noted that

it consists of determining the axes of inertia of a cluster of points (the individuals) in a



The steps of the nethod according to the invention are as follows: Step 1:
Constituting n vectors X, of dinension p. This step is assuned to

be known, the result files of the n electronic conponents in the p tests
30form ng an i nput datum for the method. The vectors X, are stored in an ad
hoc dat abase. Step 2: Using the chosen n&tric. The choice of the netric

din thi t hod ,i pal ly. i ) t, In the preferred .

e s A g PrESRE T ah RN e GRS B yetom ot o
H Caussi nudinaadc@dAmitmnRol theGaifigiraxes ot by gefinttion udLgopoit respigniftehnbpodon af ti cl e
bl i shed i he,. l, of . i Statistics, .Volune 50 No., 4 (2002

pa1-oa. - oithe e & P8R Be s R R e el

i nsof ar as thésediegigiddsison t he di spersion of data, each individual having

I i nfl It becomes nore at.ypi.cal . .During,a Principal Conponent

mnalysi € these. aTuBr el Sarray ord HENR A myRtbkS Pt RS Bhe R RBE  f ere

coor di nat esaralyats alibtvb tiee amadnttaf driadmaRGA pfdueat bdeach oidthede fias tbhe ldiofvher ent
ric is_defined b W verse of

\%iepgi 5\?! Saléw%fs r?rwg@aﬁv%%toé |r)e(ga are c%ﬁme(%)y é_o%g:She_alx% lgf] ingitia accordﬁ‘lgqgttrqé X IN)
amount of information contained, and it is noted that usually only a few principal axes
of inertia in fact contain a considerable portion of the total information for the

10 individuals. Typically, a few dozen principal axes of inertia comprise more than 99.9%
of the total information of several hundred initial axes.

Therefore, it is possible to limit the study of the individuals, which should be
performed over p axes or dimensions (several hundred), to an arbitrary value of g
dimensions, depending on the proportion of information one is prepared to not use.

15 The g independent linear combinations of the initial axes (the variables) will
thus be the principal axes (principal components) derived from the Principal
Component Analysis.

To refine the q principal components, instead of selecting a standard
Principal Component Analysis, a Generalized Principal Component Analysis (GPCA)

20 s chosen here, consisting of making a choice of metric (i.e. the calculation method for
the distance between individuals, for the many distances that can be mathematically
defined in the same space), optimized in the method according to the invention, in the
specific case of electronic components.

It is recalled that in the standard Principal Component Analysis (PCA), the

25 metric M used is either the Euclidean metric (M=Id} or the inverse variance metric

M=D  , (diagonal matrix S=standard deviation).

1/52
The steps of the method according to the invention are as follows:

- Step 1: Constituting n vectors X, of dimension p. This step is assumed to

be known, the result files of the n electronic components in the p tests

30 forming an input datum for the method. The vectors X, are stored in an

ad hoc database.

- Step 2: Using the chosen metric. The choice of the metric used in this
method is especially important. In the preferred implementation, a metric
M has been chosen that was inspired by the work of H Caussinus and

35 Anne Ruiz-Gazen, and in particular inspired by an article published in the



10and is a square matrix of order p. and: - X' = - X; is the vector of
enpirical nmeans of vectors X, n 1=1 1(X1l - X") is the transposed vector of
(X, - X"), 15 the normused is defined by:11X1 ?I -)i (Xi - X'), the matrix
of the usual enpirical vari ances and covariances V' which is a square
matri x of order p, 9 Jcl is the inverse matrix of the

usual enpirical vari . 1.a A e | X I al
function. In the for@ﬁ'ﬁ‘?%@%q’&ggg?%{%é&na%%e W Ng. ég%dgq?t) Egﬁr?gt f@% "G =
exp(-x/ 2) has t her éf suimbledenhighiightiog etydicalvhdigidullasndoberrasapdpcads bo the = #

X - X"11lc, with -, g(a - .1h [ tg}(, SSi . and A
Rui z- Gazen), for eaghs%\%si%ogp tg %?fshl %gﬁf(#gp\}}é@%@e dlrr;]@{elcﬁ‘g% a%i '\%’%C?rﬂ%s
fol | ow ng: more atypical. During a Principal Component Analysis, these atypical
5 individuals will therefore have even more extreme coordinates that with a
traditional PCA (Euclidean norm) for the different principal axes.

- This metric is defined by:
M= W (inverse of a matrix W) where W is defined by:

2
-t

> L - X[ - Xy - X,

W = ] _ﬁ 2
S oL x - [
=}
10 and is a square matrix of order p.
and:

Xy = wluZX,. is the vector of empirical means of vectors X,
1oy

‘(X, - X,) is the transposed vector of (X, -~ X ),

15
the norm used is defined by: | X| ., =XV, X,
v :lZ(X,v - X)) (X,~X,), the matrix of the usual empirical
L
variances and covariances V, which is a square matrix of order p,
V"' is the inverse matrix of the usual empirical variances and
20 covariances V.
exp is the exponential function.
In the formula defining the matrix W, a weight function K (x) = exp(-x/2) has
therefore been introduced, which has been applied to x = [)’”X,. - X, ]!il with
25 £, a small real datum (in fact very close to 0: a value of the order of 1/p is

recommended, but an arbitrary choice can be made with a fof between 0.01



EK(Mki 2 v ) (X -)'" (X - 5 X - X" 2\ Step 3: Diagonalizing the
matrix V"M where V' is the matrix of the val ues obtai ned above, and Mis
the netric used, also obtained in step 1 (nmethods of diagonalizing matrices
are known to the expert, and possibly available as software |ibraries),
searching for the eigenvalues of this nmetdrix. This step is 10standard in a
Princi pal Conpo tn Anal ysi.S. X | I > u i_mensi.on g o
the projection s%%gc%f\ ?%’éél @gn\%&égﬁtlﬁa?%ﬁ%ﬂéi%hg%i%&n;g% %gé)etoﬁl%r?gg v?%tgr
number of pri nci palUsxgthetveighiiigittivhgivasdleysilaving reduced, and thus
determ nes how nmuch information is used from 15the set of information
contained in the initial tests. This dinension q (the nunber of
axes) nust therefore be |lafge enough to capture the structure sought (and
therefore able to identi f@j@gﬂ\?y pixdl H(xdivydpaks, ¥.ye. the electronic
conmponent s IikelﬁﬁggY B& deffect e%l and>smal | ehough not” to exhibit any
artifacts (false’idén }T”catlon of».a chip as defective). 20 It is noted
that if the eigenvalues are order@ﬁ(vﬁﬂﬂ’eso@ﬂ@i,mg order, the first

ei genvectors (in this order) associated with these eigenvalues will be the
system g principal vectors. In this step 4, a criterion is chosen that will
make it possible to determ ne the nunber g of eigenvectors anongst the

ei genvect ors thatepid: IDibgormlifihg ¢he matitdo I¢hareaedrer ¥ 2e thdenzatiy pf ¢al values

i ndi vidual s of our space of 25individuals and will therefore be the

princi pal vect oreptained akovey gp@é M is the metric used, also obtained in step 1 (methods of

diagonalizing matrices are known to the expert, and possibly available as

f

software libraries), searching for the eigenvalues of this matrix. This step is

10 standard in a Principal Component Analysis.

- Step 4: Calculating the useful dimension g of the projection space. It is noted
that the dimension g determines the number of principal axes to which the
analysis is reduced, and thus determines how much information is used from

15 the set of information contained in the initial tests.

This dimension ¢ (the number of axes) must therefore be large enough
to capture the structure sought (and therefore able to identify the atypical
individuals, i.e. the electronic componenis likely to be defective) and small
enough not to exhibit any artifacts (false identification of a chip as defective).

20 it is noted that if the eigenvalues are ordered in descending order, the
first eigenvectors (in this order} associated with these eigenvalues will be the
system’s principal vectors. In this step 4, a criterion is chosen that will make it
possible to determine the number q of eigenvectors amongst the eigenvectors
that will be sufficient to characterize the atypical individuals of our space of

25 individuals and will therefore be the principal vectors of the system.

The projection, obtained by projecting the individuals M-orthogonally on

the sub-set of dimension g thanks to the choice of the metric M, is invariant

through the affine transform of the vectors X,. This emphasizes the fact that it

concerns only the structure of the cluster of individuals, beyond various aspects
30 of balance and scale.
The following choice criterion is used: the eigenvectors are kept where

their associated eigenvalue is strictly greater than 1+ £.



The projection, obtained by projecting the individuals Morthogonally on
the sub-set of dinension g thanks to the choice of the netric M is
i nvariant through the affine transformof the vectors X. This enphasizes
the fact that it concerns only the structure of the cluster of
i ndi vi dual s, beyond various aspects 30of1ibal ance and scal e. The
foll owi ng choice crit%rLO I S, seg: t.he eLaenvectggi gre kept m&grg their
associ at ed ei genlidl RIPSOISAYPIGE! | YRIYgS S CPSIERIEH M WYGh X, 11§ ESPUReHdydr B
atypi cal val ues | nsj i LGR X d 0. he d ctor
whose probabiIit&ﬁgﬁgk?%%g{?@ﬁg€§%@&%$Q%SF%%%®8§qg%gﬁggﬁgiOSVé??i%ﬁb%gns
(in different prep@bliies)(irofdif@an \@epcrtdies. of hedral @iriables ditesr nadritpn,
and q possibilitief,o& cq&%&ninat%&@agf t he nean, taip certain 5Stheoretical
properties are vESITPOUEQN. - ReSEIRYERF Ph SRARMIRAIEN oWlsthe mean, thegy ceftainyj | y
| arge, and snal | art | ; I.ak ] ions, the

ge, g %rf%@%{aiﬁié%elfn@éér@%ﬂﬁ%&o%rbé&t&f O AR IRRE

at ypi cal val ues ectronic conponents likely to "be defective)
are nore apparent ovefot he geidyedrden angb-spelc gyopetierat asgobiatadhdoq threans

(associated to t %&oﬁ%mimoﬂgtﬁg W&ica%g%%%§Yee. "the ':a%rc}r&r?lc lc%gg?er{tgﬁﬁéki&r@; ?est

ei genval ues of V*M converge 'towards a nu rstrictly grea

and the next oneBe etV aré awas dpdrent Sver Bye slo@ictien siliispaties JgepBratdd by i Ng
description of the nmethod, the d(ijgﬁsi ons for ich the eigenval ues are

less than 1 + pal¥ 4 NERRT GSEOFHIE €iCqBIEEYNaPESISt e 5: Deter i ning t he

di mensien of represenfatdRBr, b OTLH8E, Ihe ¢kt dgélaesrirepant abhRigef the
cluster of points X' performng the projections over Vector planes,

t hus over two-di tevsdoaahursiacstcty grealkosrim 1Thes and abé alexpbase sodfetge
therefore generated by choosing two eigenvectors fromthe g 20ei genvectors
chosen (which ar®vwands d+pf i Bicpaicer@cthir gyn-limiting description of the method, the

dimensions for which the eigenvalues are less than 1+ fare therefore not

considered.
15
- Step 5: Determining the dimension of representation. In order to simplify the

representation of the cluster of points X, performing the projections over

vector planes, thus over two-dimensional spaces, is chosen. These vector
planes are therefore generated by choosing two eigenvectors from the g
20 eigenvectors chosen (which are the q principal vectors).
The set of eigenvectors for a system form, in a known way, a free
(independent) family in the linear algebra sense. The q vectors chosen from
this set of eigenveciors thus form a sub-family of this free family in the linear
algebra sense. Thus if, for example, q is equal to 6 and these six eigenvalues
25 (principal vectors) are noted (Prin1, Prin2, Prin3, Prind, Prin5, Pring), the

projections of the X, can be represented graphically over the three vector
planes generated by (Prin1, Prin2), (Prin3, Prind) and (Prinb, PrinG)
respectively; the other combinations of these six vectors can also provide
additional information. The vector planes to be used for any value of the

30 number g of principal components chosen are determined similarly.

- Step 6: Using the criterion for identifying atypical individuals. In each of the

vector planes defined in step 5, it is chosen to define a circle of confidence.



The set of eigenvectors for a systemform in a knowmn way, a free

(i ndependent) famly in the |linear al gebra sense. The q vectors chosen from
this set of eigenvectors thus forma sub-famly of this free famly in the

| i near al gebra sense. Thus if, for exanple, q is equal to 6 and these six

ei genval ues 25(principal vectors) are noted (Prinl, Prin2, Prin3, Prin4,

Prin5, Prin6), t I i r t g hical Ly
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proj ection over .two i n_axes, (\Prinl, Prin2). ln this fjqure WO

el enents (1) ar e"egrtggﬁ‘lfc 3Py |S¥V§ﬁt e, 6Wt%@eﬁgje6$?qvﬁfu8? u(é’&é?h (t%f.‘:“%lr% t he
exanpl e shown i rcdmgise ¢helmagimuyn dftiefofmaiiin)tame rggninadi pal axes, i.e. those
associated with the t l,ar.gest, ei genyal ues. (whi.ch therefore co i,.se the
maxi num of i nformati oﬂ% dng{agwc? &%‘V%@d.he paints’ on thcke ?ﬁgﬁ'ﬁﬁisfefﬁ% nf)aé'f){?\%en
the poilX s on tHese arepporcsl tor eprappendrabticonsf ifth dtabataopbiesgistadse tim thd
approxi mati on of the hal anohi s -di st ance .in the sense.pf the nmetri.cM. The
o s of the oI FCRE HANE B idndBeoRPE &k e 3 A iBnss SFBRONGS ¢ he

quantile of ordapb sq@rdf rdt X WStdddpule! @R Wabh {2 oX o 1% biskrit@eh e®fn of
freedom (this chi-square distribution operates under the

assunption that :ﬁﬁ £okb9 . di i i A ; ipcle s,
to sone 15extent§2h§ta e ggﬂi% ﬁ%@@ﬁ??ﬁ%ﬁ?%@g?m )éé%tésah&&‘ltﬁ%

val ue of the | evasumbtion that tHecdmig eollawcanorial distribution ahe trehoirde isofo §dige user
ies between 1% and 5 %

of the nethod of the jinvention: .genecally.a va

The. atyi cal i ndiUT UaF ST RD ¢ Peg o= dNERE of t he et hod are t hen
listed in an ad hoc t&id eldoof hbdev@pef sihaifican?® « can be leftltd tHeschuideasf thdat |
for cost reduction reason ost of the assenbly and the pri of .the
casing). 1t is JRer BF BBt Shihe Par T BoaTEn Vet R e oM BSOS
before assenbly in a s iafgicafMividudis idehBRRf 8 BeaEAbBl BReRdtddOarkthEh at e
the nmethod of the invention after the probe tests so as to try to detect a

maxi num of at ypil'@ggd iBlea@Ed i table for the operator.
20

It is noted that, for cost reduction reasons (cost of the assembly and the price
of the casing), it is preferable to eliminate atypical electronic components before
assembly in a casing, and it is therefore advantageous to initiate the method of the
invention after the probe tests so as to try to detect a maximum of atypical electronic

25 components during this production phase.

Benefits of the invention
The benefit of the method described is 1o move from p continuous variables
fo g<p principal components, which are linear combinations of initiai variables with the
30 following interesting features:

Ordered according to the information returned: the first principal
component is the linear combination of the initial variable having the maximum
variance.

The principal components are non-correlated variables.

35 . They are less sensitive to random fluctuations than the initial variables



25components during this production phase. Benefits of the invention
The benefit of the nmethod described is to nove fromp continuous vari abl es
to g<p principal conponents, which are |inear conbinations of initial
vari ables with the 30followi ng interesting features: Or dered
according to the information returned: tte first principal conponent is the

| i near combi nati Oﬂ?t%fthét'lﬁ*s é‘frﬁé &#ig?’r?t{hb%%eeo@ghﬂ%pélWeﬂyﬂﬂa}@ d kg The

pr|n0|pal conponents are non-c are
sensitive tteramddegant meticu@d i;ois Thisns nhdongerttru inviei @aslee:s‘ a T&neralized

Not e that tué’fcfd 5 chiy 8“89?“(’%‘2F Psgygg?ﬁfleggqt% drd nci pal  Conponent Anal ysi s

using the ean tri no | onger true in the case of
a Generalized Principal Component Analysis, using a different netric.
5Vari ants of the § The scope of this invention is not
limted 5to t he de alii'ei‘R ? mv rc])tr’cr)rr% of realization considered above as an
exanpl e, but on the comea a)f yhlexinmdisntie nmobdinfifeclata res detailg ¢ thedomsoff t he

consi der e 3o GiekBseed MRl 4 Felexprh: [ en 08 ERTERY SrlERe e or <

associ at ed modificatibes & tbewvhadfmgxparte thus, in this case, the eigenval ues
strictly greater than 1. I n _anot her variant, any netric Mis used

that s suitable f0f 4/t PRI MBS QIBaLs THeRiddeslue & beXaBRIFed | |
the Euclidean nmetric is chosen, In the gase of p neasures w th the sanme

unit of measurenent, the netric Mcan be equal to the 15identity matrixX.
Si ni | arily, " eateMinivg efigalPripgpaihsomagRsNi Qﬁget"H%CtWér iBgpreaied ayithethesysen

when the undigsnafucBPasUh®ithistdaBe b e?dé%v&@@?stﬁ@ﬂy gfrle!atevwahabl es. In that
case, in the Principal Conponent Analysis the correlatjon matrix is

di agonal i zed. An B 2eQtRgk V‘%f@%?nyofneitrd-‘em isf ysatythahds suighle &r thediyoeei@hl s i s

to cal cul at@egs FERERs rédlizE@TFRKBMBRI Mlihe E0SIIESR ANRBINE chBsdd, $n M Bse of
calculated with its g principal conponents sel ected, d to define a

an
stati sti calP MaRSHeByVE BeusaMensni ot meassvam ety | eme*('é Ng. Caa trei gval deribe ol )
for det@r m,aérgtg%mggrg(h i ndi viduals are out-of-distribution, and thus

t

atypical, for is score (step 6).
Similarly, a metnc M ‘equal to the inverse of the variances can be chosen

when the units of measurement are not the same for all variables. In that case, in the
Principal Component Analysis the correlation matrix is diagonalized.

An aliernative way of identifying the atypical individuals is to calculate a score

20 for each point, corresponding to its norm calculated with its g principal components

selected, and to define a statistical limit by a usual method, known per se, {e.g. a limit

control) for determining which individuals are out-of-distribution, and thus atypical, for

this score (step 6).

25 The invention encompasses any general PCA method, in the sense of the
diagonalization of a variance/covariance matrix estimator relative to another
variance/covariance matrix estimator, the goal of which is io detect atypical
obhservations.

In particular this includes the diagonalization of any VnM operator, where Vn

30 is the usual empirical variance/covariance matrix and M is the inverse of any robust
variance/covariance matrix estimator (e.g. an M-, S-, MM or tau estimator or the MCD
minimum determinant estimator).

This also includes the diagonalization of an operator with the form UnM,

where Un and the inverse of M are two robust estimators.



25The i nvention enconpasses any general PCA nethod, in the sense of the
di agonal i zati on of a variance/covariance matrix estinmator relative to
anot her variance/ covari ance matrix estimtor, the goal of which is to
detect atypical observations. In particular this includes the

di agonal i zation of any VnM operator, whete Vn 30 is the usual enpirical
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observations), it contains eigenvalues close fo 0. Taking a generalized inverse
consists of not inversing the eigenvalues close to 0 but taking them equal to 0 in the
inverse matrix.
This methodology is recommended when the covariance matrix is poorly
30  conditioned (small eigenvalues), even if the inverse can be calculated numerically, to
avoid too great an instability, which would result from large eigenvalues appearing in
the inverse.,

3)  Other informative projection methods
35 Other variants of the invention can be considered, including the methods

described below. These methods have never been used in the semiconductor industry



3)O her informative projection nmethods 35Qther variants of the invention
can be considered, including the nethods described bel ow. These net hods
have never been used in the sem conductor industry 15 for the purpose of
detecting atypical pieces in the context of the reliability of electronic
chips (zero defect). The generalized PCAS which is the subj ect of the

descriptio ve, r .
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Testing") rEidRe-TRAL! PR, Ahat IS RRILMISRINGIx [FL5a0REUBRAD. 2001) and the
Stahel-Doncho "outlyingness" measure (Stahel, 1981). The first two recommended
25 indicators measure the interest of a projection in terms of distance from the normal
distribution. It has been noted that the interesting projections obtained are primarily
those which are far from the normal distribution in the tails of the distribution and thus

are the projections likely to reveal atypical observations.,
The Siahel-Doncho index measures an observation's deviation from the
30 median as an absolute value, standardized by the median absolute deviation of the
projected data. It can be generalized to any standardized measure of an observation's

deviation from the center of the distribution.

For example, the median can be replaced by the mean and median absolute
deviation by the standard deviation. In the latter case, this is the measure used as
35 standard in the PAT ("Part Average Testing") method mentioned at the beginning of

the document.



16 It is noted that, unlike the PAT nethod which only applies over
each of the initial variables, the nmethod recormmended in this variant ains
to propose a PAT test over all linear conbinations of the initial variables
that best reveal atypical individuals . The latter method thus allows the
mul tidi nensional relationships that existt within the 5data to be taken into
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step). The Stahel-Doncho estimator (Stahel, 1981) is thus defined from the Stahel-

Donoho index. This estimator can then be used as a robust estimator in the
generalized PCA.
25



end of the tests perforned after the good el ectronic conponents, i.e. the
el ectroni c conponents that passed the probe tests, have been assenbl ed.
2. Method according to claim1, characterized in that the netric Mis
chosen 20such that: M =(inverse of the matrix W where P, 25where exp is
t he exponential function, and 18 respones to each of the p tests on this
el ectronic conponent i, - 1 X' = -L X'b \j{-}lﬁgor of enpirical neans, n (X -
X') is the transposed vector of (X - II-'Ix X, 5= j- E(Xi - 217" )t (X
-), the matrix of the usual enpirical..1ll.i=1_variances and covari anceswhi ch
Is a square matri x of order p,
1. Method for detecting atypical electronic components for the quality control of
a set of n electronic compeonents at the end of the manufacturing process, said
components being subject to a number p of unit tests providing digital data, this set of
n components consisting of electronic components whose response to each of the p
5 unit tests is contained within pre-defined limits specific to each of the p tests,
characterized:
- in that it uses the multidimensional information of the responses of dimension
p of these n electronic components,
- in that it comprises a proposal of a number q less than p of relevant linear
10  combinations of the p tests that comprise an arbitrarily large portion of the information
present in the p tests,
- in that the q linear combinations of the p tests are chosen by establishing a
Generalized Principal Component Analysis with a choice of metric M adapted fo the p
tests of n electronic components,
15 - in that the method is implemented at the end of the probe tests and/or at the
end of the iests performed after the good electronic components, i.e. the electronic

components that passed the probe tests, have been assembled.

2. Method according to claim 1, characterized in that the metric M is chosen
20  such that:

M= W' (inverse of the matrix W) where

2

=1
i!u

YL, - XL 00K, - X - X,)
Woe = - square matrix of order
Zexp(mzﬁ”‘)(l myn i--l )
i=l "

25 where
exp is the exponential function,
and

X, column vector associated to an electronic component i from among

the n elecironic components, of dimension p corresponding to the p respective



V;1is the inverse matrix of the usual enpirical variances and covari ances

V," pis asmll real nunber. 10 3. Method according to claim 2,
characterized in that le is of the order of 1/p, or arbitrarily chosen
between 0.01 and 0.1 4. Method according to claim3, characterized

in that the principal vectors are chosenltqual to the first q principal
vectors assQgi i i |, fromthe set of principal
vectors obtr(aélg?@(f%gﬁ\%%&n%f?ﬁ%b?%%gmg)'ﬁ)thgngggkxogqiégqﬁg%é}eﬂg"nurrber g being
determ ned using an opti mltzid criterion. 5. Method according to
claim4, characteri zeﬁfﬂi:nn hat: YOG iemaiighmeansuch that the ei genval ue
associ ated with a principal*conponent is strictly greater than 1 +

6. Met hod accordi ng tq el aj , [ i thatyiy uses at | east one
& f@bfkstggggﬁ X 86 vé&dr %f“ 9y

20 projection on a vector s nerated by a‘subfamily of the

princi pal conponents @\ng atypegst one criterion for identifying the
atypical electronic c onént’s. ' 7. Method according to claim®6,
characterized in that: - this or these vector sub-spaces are vector planes,

25- thesriterion forvi elénz!(f)aiwnﬁnjfbgi atypi, cie eamponsntie i wuaheskgbcdy
considering the projection=of the vectors X, on each vector plane, and by
defining a circle of cogfi dence of, radius r encorrga_ssi nr(gSj a cluster, called
the "naj ority" EIYEHEEANC CHWRTENAPH Y BXNIEPF BRIUAGHMPRE OpPGIERL i on of the set
of typical electronic_conpopnents, and decl aring that an el ectronic

beo oty fe

conponent i is said thb p?rﬁ”ﬁfsei f“a{%%é Br Bjee U5HAn SBPINGR! yRNAMRERe 208t or

pl ane is outside the ci rI/cI e of confidence. 8. Method according to
claim7, charalP&13&E 'm that the radius r of the circle of 19

/3 is a small real number.
10

3. Method according to claim 2, characterized in that £ is of the order of 1/p, or

arbitrarily chosen between 0.01 and 0.1.
4. Method according to claim 3, characterized in that the principal vectors are
chosen equal to the first g principal vectors associated with the largest eigenvalues
15 from the set of principal vectors obtained by principal component analysis, the number
q being determined using an optimized criterion.
5. Method according to claim 4, characterized in that the criterion is such that

the eigenvalue associated with a principal component is strictly greater than 1 + £.

6. Method according to claim 4, characterized in that it uses at least one
20  projection on a vector sub-space generated by a sub-family of the principal
components and at least one criterion for identifying the atypical electronic
components.
7. Method according to claim 6, characterized in that:
- this or these vector sub-spaces are vector planes,

25 - the criterion for identifying the atypical components is checked by considering the

projection of the vectors X, on each vector plane, and by defining a circle of

confidence of radius r encompassing a cluster, called the "majority" cluster, containing
by definition the projection of the set of typical electronic components, and by
declaring that an electronic component i is said to be atypical if the projection of X, on

30 the vector plane is outside the circle of confidence.

8. Method according to claim 7, characterized in that the radius r of the circle of



confidence, for a level of significance a, is defined by the square root of
the fractile of order 1-a of a z2 distribution to (2 x -11+ fi) degrees of
freedom 9. Method according to claim®6, characterized in that,
the criterion for identifying the atypical electronic conponents uses the
cal cul ation of a score 5corresponding td¥%ts normfor each conponent, and a

stati sti cal colg:i‘igggcef R a;[l%\i/eﬁ oP gigﬁiﬁmnce 04 i% ggflilr%do%%gggu%%f:r%t\?é{?@%frgctﬁé ‘3. m _1

characterized h that conprises, in psin

i near proj @bl N5 obh HodiBBeS8YSN TIVF Rl fethofl Tens] ons t hat

hi ghl i ght the atypica servations, oj ection index is defined that
neasures the intermethodl atdirding oloeeki®ng, th&rabicghar it haaprokestteAsh ifpdex,

SR ST GRRIRTAN RS RS A o <
index. 5 corresponding to its norm for each component, and a statistical limit for this score.
10. Method according to claim 1, characterized in that it comprises, in addition,
steps in which:
- linear projections of data are sought over one or two dimensions that highlight
the atypical observations,
10 - a projection index is defined that measures the interest of the projection; the
higher the projection index, the more the projection will highlight outliers,
- one or more projections are sought that correspond to local maxima of the
projection index.



