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FIELD OF THE INVENTION

The invention relates to data analysis.

BACKGROUND OF THE INVENTION
Semiconductor companies test components to ensure that the components operate
properly. The test data not only determine whether the components function propetly, but also
may indicate deficiencies in the manufacturing process. Accordingly, many semiconductor
companies méy analyze the collected data from several different components to identify
problems and correct them. For example, the company may gather test data for multiple chips
on each wafer among several different lots. Test data may come from a variety of sources, such

as parametric electrical testing, optical inspection, scanning electron microscopy, energy
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30 conpani es may anal yze the coll ected data from

several different conponents to identify problens and

correct them For exanple, the conpany may gat her test
vdae@shasé7mul ti pl e chi ps on each wafer anbong BevAS2004/021050

different lots. Test data may conme froma variety of
disgeaivecreray spertioscapy.pad doqusedi ion dbam pracesads foe defbeinalysis and fault

soflin B S 7 Ay, S8 TR0 BN HOHIATES 200 o gt o

ideptifyyppris thatmayexhibit gyalify andiperformance issues and to identify or clas51fy user-
defined “good parts”. Steps may then be taken to correct the problems. Testing is typically
performed before device packaging (at wafer level) as well as upon completion of assembly
(final test). '

Gathering and analyzing test data is expensive and time consuming. Automatic testers
apply signals to the components and read the corresponding output signals. The output signals
may be analyzed to determine whether the component is operating properly. Each tester
generates a large volume of data. For example, each tester mdy perform 200 tests on a single
cdrhponent, and each of those tests may be repeated 10 times. Consequently, a test of a single
component may yield 2000 results. Because each tester is testing 100 or mofe components an
hour and several testers may be connected to the same server, an enormous amount of data must
be stored. Further, to process the data, the server typically stores the test data in a database to
facilitate the manipulation and analysis of the data. Storage in a conventional database,
however, requires further storage capacity as well as time to organize and store the data.
Furthermore, acquiring the test data presents a complex and painstaking process. A test
engineer prepares a test program to instruct the tester to generate the input signals to the
component and receive the output signals. The program tends to be very complex to ensure full
and proper operation of the component. Consequently, the test program for a moderately
complex integrated circuit involves a large number of tests and results. Preparing the program
demands extensive design and modification to arrive at a satisfactory solution, and optimization
of the program, for example to remove redundant tests or otherwise minimize teét time, requires
additional exertion.

The analysis of the gathered data is also difficult. The volume of the data may demand
significant processing power and time. As a result, the data is not usually analyzed at produét
run time, but is instead typically analyzed between test runs or in other batches. To alleviate
some of these burdens, some companies only sample the data from the testers and discard the
rest. Analyzing less than all of the data, however, ensures that the resulting analysis cannot be
fully.complete and accurate. As a result, sampling degrades the complete understanding of the
test results. _

In addition, even when the full set of test data generated by the tester is retained, the

sheer volume of the test data presents difficulties in analyzing the data and extracting
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i on beam processes for defect analysis and fault

i solation. This data may be anal yzed to identify
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parts that may exhibit quality and performance issues
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Further, to process the data, the server typically

stores the test data in a database to 15 facilitate

t he mani pul at i on SUMMARY] QE THEFNVENTION a. Storage in
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engi-neer prepares a test programto instruct the
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devi ces, the testing process, and the manufacturing
process that may be used to inprove production,
reliability, and testing. In view of the anpunt of
data, however, isolating and presenting the
information to the user or another systemis
chal | engi ng. 5Furthernore, nuch of the data
interpretation is performed manual ly by engi neers who
review the data and make deducti ons about the test and
nanufacturlng process. based on thelr experlence and
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SUMVARY OF THE | NVENTI ON 15A net hod and apparatus for
data anal ysis according to various aspects of the
present invention is configured to automatically
walznes/ddlge7a characteristic of a fabrication prpor@smod/emoso

conponents based on test data for the conponents.
BRI IE@WJE@@RI]@W@I@&MWDWIW pgpoments conpl et e

un [
o S 5 s SR BB b o
fOTGheaW%ﬁ% when considered in connection with the

f ol higué M9 id b loktph 'Alrbi@anbd S48 For APbpulhtiBR Y RilstdAeint e various
scal e, Like reference nunbers refer to.simlar

devigeg pEthe WePH RO the fi gures. Figure 1 is

a biigeds diag ra%@eﬁéraﬂarfd&i%fml@i}’pﬂ&t@%@%i@élg,i G¥CFatk Qesy ama @ndSoutlier

aspe esent jnveption and associ ate
de?ﬂ?ﬂ&ﬂgéﬂaf‘“i‘t?ﬁ‘ﬁﬁﬁ rﬁlfglcesﬁ?@ﬁrg?g is a block diagram of

eI eFipin¢ 53 & arfloopkigrin 6fp dofpodite afialBjsirangs abtgdingtodrarious aspects
of Irus,eg1 1g‘tle o flow diagram for a configuration

&Fgﬁ% e"II—’lgures A4A-C illustrate a flow diagramfor a

supipgleerﬂemhﬁh dta\gtam afhatepeeseantative data point-locatioa on thise aepresentative
wafielrsagram of various sections of a wafer and sectioning

echni ques; 30Fi gures 6A-B further illustrate a flow

di afjgaen 19%-Caaup Flosndiagrain ahdt @ charhirglating tol & vemulative squared

cmg)lfogyg&a anhl'y&k‘ﬁx&l’:«%g es a flow diagramfor an out put

Ure 8 is a flow diagram for operation

of la@rek@wmldeagsﬂndaﬁaa ex¢tesdantzoprydedipasiaad waferor di ng to
VarFlEﬁH@S la/%pﬁgltesaﬂ;w&gﬁalﬁf)ﬁﬁﬁ'ﬁlmi Vf@f ur&rbrocefs, gure 9 is

a of test data for a test o | e corrponents
Fi gli}glée 1®isiagliagranppracssiafidate peits éwbleat%pr@mnawwtmg,

mul gibié 9 HeMioRedia Fg'i‘ﬁﬁ’ ofa 8168 ltboYibh ynms;;dJn%cher the
waf er; ure 11 is a graph resi st ance

val Figie 20 aéhq@fﬁau? A seonf clypters a8 p ¥ fsF §1bseﬁt tp detectipnjapd, Gltmtion;
devkigs 2 Dfs ald@rafb e sedf dith Poih® mkied using an absolute merge process;

Figure 22 is a diagram of a set of data points merged using an overlap merge process;

Figures 23 and 24 are diagrams of sets of data points merged using percentage overlap
merge processes;

Figure 25 is a block diagram of a system for identifying a characteristic of a process
using test dafa;

Figure 26 is a block diagram of a diagnostic system;

Figure 27 is a flow diagram of a classification process;

Figure 28 is a diagram of a pattern filtering process; and

Figure 29 is a diagram of a neural network.

Elements in the figures are illustrated for simplicify and clarity and have not necessarily
been drawn to scale. For example, the connections and steps performed by some of the
elements in the figures may be exaggerated 'o_r omitted relative to other elements to help to

improve understanding of embodiments of the present invention.
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Fi gures 12A-B are general and detailed plots,
respectively, of raw test data and outlier detection
triggers for the various devices of Figure 10;
W gpos/e01d® i s a fl ow diagram of a conposite aperys2084/021050
process according to various aspects-of the present
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det ad .
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tesp(é)hgﬁtbﬁnm gﬁdﬁl chthi syg:emrﬁe&i:tﬁed il MeldBT @R gxeMplasSapplication for the
am of
imog o duher nt SrSepl nPrA ey sRrF Dtk B Rl Buat sssppiaues

forddta aiiaeysdl @Jgtpamt oterfacihg dofa pthaesmng@bmpmenﬂragdimgumdn@p like.
perlgg a%% gver Pa HELUS B0 ISR acc?rd;fn§ EQHEE SBeckSof the

Bam of* & system

presdud inyerttion |os¢ratcs m‘coaJupctmsﬂgl asestrystene 400 ha«tnm a I_Esilér Q% euch as
S, . : . i C

o Sed o AT AT\ AR S o S,

tesFiystem 8 0Q@nipsises adesigyrl Odramsifa computer system fl 08. t Bhrei tergy s:ptem:lé)ﬁsqay be

_ corﬂﬁ,‘greg 'fcg%sﬁng gn}J &nﬁ)ogén&gf(ﬁmugﬁ a@seﬁ%ﬁ@}ctop ALWEs l%n a wafer, circuit

boards, packaged devices, or other electrical or optical systems. In the present embodiment, the
components 106 comprise multiple integrated circuit dies formed on a wafer or packaged
integrated circuits or devices. The components 106 are created using a fabrication process,
which may comprise any suitable manufacturing process for creating the components 106, and
may include a test process, which may comprise any suitable process for testing the operation
of the components 106.

The tester 102 suitably comprises any test equipment that tests components 106 and
generates output data relating to the testing, and may comprise multiple machines or other
sources of data. The tester 102 may comprise a conventional automatic tester, such as a
Teradyne tester, and'suitably operates in conjunction with other equipment for facilitating the.
testing. The tester 102 may be selected and configured according to the particular components
106 to be tested and/or any other appropriate criteria.

The tester 102 may operate in conjunction with the computer system 108 to, for
example, program the tester 102, load and/or execute the test program, collect data, provide
instructions to the tester 102, analyze test data, control tester parameters, and the like. In the

present embodiment, the computer system 108 receives tester data from the tester 102 and
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El ements in the figures are illustrated for sinplicity
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operate in conjunction with the conputer system 108
to, for exanple, programthe tester 102, | oad and/or
execute the test program collect data, provide
instructions to the tester 102, analyze test data,
control tester paraneters, and the like. I'n the
present enbodi nent, the conputer system 108 receives
tester data fromthe tester 102 and
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perfornms various data analysis functions independently

of the tester 102. The conputer system 108 nay

i npl enent a statistical engine to anal yze data from
wooseweEr 102, as well as a diagnostic systeaT/BSfHod/amoso

identifying potential problens in the fabrication
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appli€ARh Ve @dirdrinum b Be § §tm 168 of Bler el dnt R FoR @)@Jn}ﬁé th the
of the gutput test dafa, The menmory 112 is confi gured

prejegt embdimeqty they E’S‘aﬁﬁt"?‘et‘(?q éwaqnneﬁedt s fn @RPTaPHay communication

media] 5(18]1 8s a lddaladéal iRtiForke TR B ichal AddRorRBID i idtdrded, fo transmit
el enents_of a dynamc datalog,

conf i d to stor e
mf%rﬁ‘ia'imé‘g S‘E‘bﬁ’fﬁtﬁ’%lsh aéq?é?m‘ﬁ? seryst bYormat i on sel ect ed by
t hel‘lie&é‘sg syyeai €00 hepinaRdé ore drhlﬁ)l’f)&@t@lgtl@ﬁ aﬁcﬁ 68y 6l ke cOmputers
ected criteria and_analyses sed on the test
10§) B EHETEIS g, PRSI oy oA 7 SPRSUR A Ryt o geh as
up @ t@/@ﬁf}aeﬂ?ﬁfe {cekexratlloi abrdinglto eaivhs tzaempﬁeltﬂtas fh@@yst@rﬂ@ thraghput
- or di nates correspondi QSi
end i BT T PoPYE - ORI PREVol0B py D it from the
testERCOR, Xorymay be dnﬂ@ghted lintotthe tememmg/, ﬂ)iZexfﬂiy’le hmhzmg one or more
progesé ocr)sc Im%tm%d SW c ock %ugxatr ta'a& ﬁg ike g)g H{) Qes%\y\gf) se r}n agcgigtﬁl various
ﬁmemmpmnbe petﬁmnpd |be rdlﬂﬁfamt @nmpuers.mifoe dkarai:ld,sa fantccompatbr may
perfomlvgn&gr o? ?rlgdgﬂgﬁtas[k%e exéeggf% élﬁ?rs &r%% z?he %%retthe eltér’l fnd perform
datg amaixsspmﬂjarwglex s§t qf(mnmutem noay prd:parev\ﬂzé dynandc sib@logs tnddor other
I correspondi ng conponent ~ 106, or ot her
m“&%ﬁ%@&g b %Jyﬁ&The menory 112 may be configured to
i nclude any data identified by the user as desired
according to any criteria or rules.- he conputer
108 of the present enbodi nent al so suitably has access
to a storage system such a® another nenory (or a
portion of the menory 112), a hard drive array, an
optical storage system or other suitable storage
system The storage systemmay be local, |ike a hard
drive dedicated to the conputer 108 or the tester 102,
or may be renote, such as a hard drive 5 array
associated with a server to which the test system 100
is connected. The storage system nay store prograns

and/ or data used by the conmputer 108 or other
conponents of the test systen1100 In t he present

o o, o o S o, o o o, o
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The test systém 100 may include one or nore testers
102 and one or nore conputers 108. For exanple, one
conmput er 108 may be connected to an appropriate numnber
vob 2008/0@b67as 25 up to twenty or nore, testersptDaS2004/021050
according to various factors, such as the systenis
t hr &ugt pusteranid0t dveordimg f tb guariaisi aspectst oft the mreseptuingentiof 8ests the
SbE 06 LpGARRU: £hn  forldx
0 n ter 102, or éﬂ@e cgcg%g@%tagﬁ te3f {%%ﬁftgheor %H%lte h@%ﬁnhamed
aanlms @Wa#emfy mqorrp% gngstionable; or ﬁmsealpmttsggmhgve tests, and/or tests
w1mrf95ﬁv%ﬁl high ;ﬁ‘glkabﬁi Gf‘i’aﬁlﬁe R Gest J_J,'@teJn' 166 nfal; aish %mtljgzé bfaltiple sets

itself. In addition, various functions na
of 6@? fsa?wéd‘aﬁyta]aqnf%? awvftinleowiers andior Ints of picrp i Yengrate; qogpposite

daﬁqmutoarmﬂame HataRd. f Uhasidud Wata Qb AWELBARRYE W5 tRe 136 K3tem 100 to
sever ut er t%n?%) then receive the data and

diagpgse ?‘ﬁaﬁ%ﬂ Hial ricationy teffoPRLer atber Brocesnpieh easgproblems,
inefficjenpie€ patbﬁhall h&afﬁyliﬂmtﬁlltﬁﬂtoﬁbﬁ@&sﬁﬂﬁ/ﬂﬁt may Beldemifieda the test

es. and rts, . t est, system.10Q . .
o T SRt ot ERRE b tuct sneinee ot Riinde, R RE S ipg eginetndevice
engige®t, or bﬂha' Ixemmﬂl esingth& @5t datuchng amlysele snag ivasethe results to verify

amgor n’% ove r}est . :i@{jalfln:d&)i gpﬁ%acgﬁggglg?erﬁ gﬁ(ggﬁsggw gtpecc%%ponents

106musual resul ts repetitive tests, and/or tests with a
rel
sys e tgsi a%stgﬁll %b F&E?F&ﬂx% }u vé%ou%fpeﬁg P{hg {e-gerg mv%n%pnt executes an
en@ucﬁld test prbaesa fmatcetmgfth@mmmhmsmoé anéfcelllestmm eildoanalyeing tef data,

ThYRsyStem! 190 aitfp f&%ra@égrﬂ? 9@1‘1]1.&1' ti e ugée%gagg Qgp{?&ﬂo‘n Fl;(t%uted by

daa ets. Vario ata may
thesspmputer 1080 Rederting ipigere 2hthe aq;ftv@rq applieation nf thia resent cmbodxment

mcfhﬂt::’sr 'rﬁiﬁﬁﬁl@ nelexﬁ&l%st 1ford él%er% Che PLiBiced  te gﬁﬂ)c@s?) including a

i nefficiencles, ential hazar

'comfigs;taam ﬂmeé 202,y supplpraentary 9@@ analysis element 205 anddamanitfuk elgment
20¥.] Prelthisyls@ml 100343 alsb RRAPE Eéﬁlﬁyﬁlte AHGEs élém&{l ©10FR Ibbfyzing data

eng [ neer, test en [ neer., manuf act uri ng %I neer,
froa’ewre dhan e Agpssk eFurther, ﬂtﬁt‘?ﬁéfysﬁs@r@%’rfﬁ@}‘d% ﬁ@wetrfewt@gtﬂé for

ld&laﬁyﬂlgfamamﬁh&saﬁg poteBial prbBEmd Rttt @5t ts to verify
and/ or | nprove the test system I00 and/or the

£ abPack sleapt %&25%%%2% 1 E1248 Syitbly CRRPTSSHR SAEFATS mpdge operating

on The cérsilter SN 168 "Pefofin aam disRg mnétaly, wc&&@&ﬁh&l efement 202
t he gr esent 19€\§4ent| .on ecut.es_.an enhanced t

PropRIGT EESYFIER qr; FRng %Wﬁ%n@rﬂl% S@e@mgﬁfarwm @elysip glement
20@%@0 ®dsy/ 2t Grone e Watbra1021ip ahdlfzell @6 tgehdrstt @UPplékntary test data,

s o S Ay R Sl G TR PPt e

opérhtgtisraindthert systera pduthvay the agfdositadnalysis elemeidte2 14 thS @iagnostic system

nmbodinent inclu mul tiple elements for inplenmenting
21€ﬁ58%rﬁﬁg%u@églt%@§%e%§'ocess, i ncluding a configuration

el eTientordiyiration salmmﬂne radAt eomyigutest aleareai pgdtan elO@mﬁm testing the
comy n%on’enta% ana ﬁ%ﬁggdthg oe%tpr%g t’[ﬁ %ﬁ' as tesnlx ‘%&JS UItSl}i Pseii Rregetermmed
setaafahxylel pngammtra atl) if desiredyomfermatiom fromethezl apaa;tet to éemfifurethe test

e L ne di agnost.i c.system 21

Sysﬁ‘ 16%3%&%@?%3%81% arlgcs: wllP'sng‘aug and f)egt“él cfe‘?ear () ‘?%rndlf fault
using the test data. - Each el ement 202 206, 208,
214, 216 suitably conprises a software nodul e
operating on the conputer 108 to perform various
tasks. Cenerally, the configuration element 202
prepares test system 100 for testing and analysis. In
the supplenentary data anal ysis el enent 25 206, out put
test data fromthe tester 102 is anal yzed to generate
suppl enentary test data, suitably at run tine and
automatically. The supplenentary test data is then
transmtted to the operator or another system such as
t he conposite anal ysis el enent 214, the diagnostic
system 216, and/or the output elenent 208. The
confi gurat| on eI errent 202 confl gures the test system




10

15

20

25

30

paraneters to mnimze operator attendance to the test
system 100. Adjustnents may be nade to the :
configuration by the operator, if desired, for exanple
wo 2005/a6eonput er 108. Referring to Figure 3, PENUS2004/021050
exenpl ary configuration process 300 performed by the
patgwepifis gumztiniga opdraomattendaf® th dwi tess systetrh1 08n Adjustments may be made

to tuBbe ghea&&tﬂg% AR APERidS b Bt vid fhe 38hpdilido d08¢ 1 on

Re@rrméﬁ FigpeB, em exerapbarg Fondizampiinn rreressoi0 poretimgd oy thexrenfiguration

eleBhitO0N B 5ifN wiik L Rhidfdition! éa%ce@tﬁ'@ 830b) et B &ﬁg@tplaﬁ% in an
114, for the conputer 10 tester 102.

inigal siafst dhe EMEERaHY Jement Pnthen i applicatipmgonfigeration igformation

(stéPPEUUR; forCéXaitblg Woad 1he Rathbds® 1140 forlthecRipaRp t68lade®b tester 102 For

d/ ar tool configuration file relating
exdnpple, e CoTELAHOn ClpEnt A TR AoCksh b PgefPreRdgrratiop équfeythe enhanced
tesCXtdead bddAh fool ednfigaratior file kdkting (ORE festeOTIRI JUE alakteicohSguration

e By ST L 8 R TR B 5 Bl 5% e
corﬁpommhta of the tésh eystennlOOcmrﬂxe@ter thé iehanded |test procesab|Symilarly, the tool

i es.. dat. e tester 10 :
colfYiliT e o SuBhadSubt e ST lre do cgnipustion, suo =
coxaddroes Siredtargt 8 address, itebentriolle dddntificatiompmafedadtutercrlags, prober
idohdi ' her pertinent
cchiton, BY St SeERHebe hfothac s e BV BECP0 P01 o

el eRErvonigzation glemintr202 ol ithyn confighre thetsst spstem ém ﬂs@&dmg to the
daBG6 Jn‘i‘e'drlﬂ tﬁe%gs%?f&l%gg%&l&l ﬁlgﬁﬁcﬁ(%{l& tobf ko %lﬁélur R AiE (sfep,306). In

I gur ation or.t con
adctlfsqne heaggfigurptipnagleinent g2 mayeuse dhef Pepfigeration dah émﬂne@omrther

relé@ﬁ{t HREddR foR b gi'a‘fa@a{sé Qiy, ‘%@éhaaéttﬁe eStbtd %ﬁemtaﬁﬁﬁeﬁ %s'ieé) 308) for

rel evant information from’t he dat abase 114
asspgiging daie dike logiptics inglenses or tepter(dataayithb@iester t02a e déstsyister 100

infStafor bKS shiRBiySinckdes ARt 4NE6S deBlultt &%Jn%‘tergi A A n\Myt B Loepted, -

tester 102. The test system 100 information al

declingd, 95 jadiusted: by, diass oRsAOTe r Foroeampler tetest Syt 0@ rnsfompn may
mc[ﬁHb’ gf@@al Se6dipdl %@bces% QoktRE (IPAF ehiles@hd gohls'Rdt 8R sBYmitB&@to the operator

or. For_‘exanple, the test system 100 information
up%gf‘ssa Ri1opd 60"5%‘13%?11’ ROHETG | € Athes APETOBRELE dimer & qpppyl and/or

molific@fona Mle GROSyStelNED 1ﬂfbﬁna$1l?lﬁ) fa} aRE lﬂcﬁldE Ia@fa@lp Waﬁ& Qfaps or other
upon i nst IIatlon g%%n iguration,

files S5t 875, o4 thly pamfgise B Brodiet RO FOTIROBT |05 qrcmher e that
mal @fféct Sryt&taﬁﬁdt&ﬂ@ thélfeSt's@érh 000, IMTEhY ah&ﬁiledﬁhrﬂ@%ﬁHﬂnEters, and
con

er . oth r files t are suitab
oy Qb ERE B O hE 0o st 2P PS BBttt foosbesonplation B apecfiogcucts
and/draéstSZ&drfayraaéafoEmﬁ or be affected by the test system

The co on a ters, nd an
b R SRR s Fobies B B 9irD 1R Hones
tesaume’wxampje neio@nmntv‘oﬂlsamemreﬁmanamm}bwﬂestsaﬂ décordahmtlﬂl, a test

fQr ity initial con atio

proih, e hle? 07 Mtk oot o PP Bt sy Bt oot fions on
thetcesiporretnts 106 end Bmhmpbnﬁ tesh dato ﬁpmrthet ccmpommmlmi The tester 102 may
reRRVAPERAL of B S5ahel i3 80 YAPSERE PRE Rl 1 By
be teegitedpsptegﬂ ames Qn thp pdmye @inpnzent 1060 Tooteste aiay ooraprise ahh&ppropriate

conponents 106 and read output test data fromthe

conmponents 106. The tester 102 may performnultiple

tests on each conponent 1069on a wafer or the wafer

itself, and each test may be repeated several tinmes on

t he sane conponent 106. The tests may conprise any

appropriate tests, such as (but not limted to)

continuity, supply current, |eakage current,

parametric static, paranetric dynamc, and functiona

and stress tests. Test data fromthe tester 102 is

stored for quick access and suppl enental anal ysis as

the test data is acquired. The data may al so be stored

in a long- termnmenory for subsequent anaIyS|s and use.

P o o . oy 1 . r o, oy
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Figure 9, an exenplary set of test results for a

single test of nmultiple conponents conprises a first

set of test results having statistically simlar

wabtooeeo1iserd a second set of test results char pctesioa£e1050

by values that ‘stray fromthe first set. Each test
tests,es8¢H 4s (huynob timgahtopcamtintity, supplyppeent,tleskagd ¢umient, paramelric static,

[ I S

paan?é’éﬁl lcllygn(’jiﬁﬁcé 53(1'&&;%1 %tloéil taﬁd &@i t!e%iéj 'fleist Eat?%i%x}‘n tﬁeotgsté} 102 is stored for
qulﬁeaceetsam supplemental gnalysisds fhatast daty is eqqqeedm% deqammrsp gistored
in 6605 Bnbf), bl\Eolcfiy ARALOIANE Lest result,

test results in the second set that stray
f r diech Fret ganeraies aidpasheng resubtdercet {qget qne af the|compepenpts. Referring to

Fighfaid &n SldaPlaty 89 o Rt reufté fo& RQinpleQsse Bf m@l‘ﬁﬁﬁ%ﬁﬁoneh@ Qsﬁpnses a
test results that stray romtheflrst set but do not

frsh gt eRl o s lp PEVIBR SeHFCEly BRUIR Halbesi 9 4 g9pnd gett test rosult
chaﬁﬁfeﬁﬁédaﬂl ailees higt ekdyebnt the dst k. E'a@lhﬁe]s! REf ma}7|- b@compared to an

the te L entifi

uppghgﬂs @ aP(gP 1%\?{%; t Eﬁﬁnbt SIF gtpgﬁlg;ag r8§uét gga é;ﬂmg%ne{lt exceeds either
limitﬁﬁél torhponpittredytbealdssifiadus al "oabpatt" op othewaa tctassifidiFaccording to the
; ou{l) itgr geﬁtma%tal so be used to identify a various
estABY/8HEP 55 5%l ens and/or i nprovenments in the test and

marfohecdfithe tegt results ésthe Secoid sdt (et tteayt feum ﬂﬁ&irgaeseemay eseed the

resuyl t t put test dat

conF o iE Blled o 2l Gif Wi Bilpn s Rar st S oy gy om
thetfies e butlddzhot exceedtthesdoetroldma of oth@wis frdl tobi¢ pai¢ctddess refderedito as

"ou{:dgegste Ie \r‘ﬁlg 85{11':91@1 qes? ?&@l&rﬁw be]@&u'ﬁ% %gwﬁt%ﬂdem aﬁj}qﬁ)propriate

to classify the Jt? or man T
purpesepwale At toTid@tifispattntially ynneligblg companents| Zhe dithers may also be used
Iy f .
to iﬁ%@r‘f?o V\‘/}é’?‘g‘{iée eqﬁgﬁmﬁm trﬁigpfoggﬂaﬁiésﬁgcp 'ﬁﬁte LRemARR R uring
prog¢ssessi fi cati on are al so stored in the tester data

il £ thd Bt BRI RFerstad e fehtlré‘suﬂ@%e'oﬂﬁ)hﬁltgﬁ dﬁ‘{g%rtehmlmponent test,
information as well, such | ogi stics data and test

andxspesitioryisataredduiths Psterd(? sre fe%tfraiataﬁ% Theoptppt tgsfdataggepiyed from

" each %?ﬁflﬁﬁﬁmﬂ@@\fd H89zddDy e QMDY tolasdifBhd ﬁbrﬁ[’mzﬁiée Q%e component

, such as_a_ standard tester data format ( STDF)
10<f ispeh, asRg aspagiculir bip daspifirajion, fhrcrameled)y caparison|tp thegipper and

m@ltr fe6t mﬁtsfs aﬂtﬁ@l rdsﬁltstd?ﬁ}e?cla_@ﬁﬁ@ﬁorﬁiﬁ ta@m;:t)fw F}A 6 g&xter Hﬁtﬁ fle. The

staQra or na | sucn as e CO e

s 15 S Y dRGHE OB o il Bioh TOoPBg: dplacand test

pr ﬂ1 id@x&{ﬂ%ﬁnchgdg@a f’[‘llleetestérrtﬁtaSMQEH B ProRidyd dgma c@ﬁ@tﬁt&&sl(ﬂ in an
{ apa oV ennance,

ouigeh e, AP PR VP NLLR) Pl B Sre] paregoon. The et

dat@ Eﬁnﬁﬁyta]s%% stoped lﬁ)the‘dﬂodage aRemabplonger tetrh Stofage For $4tar andlysis, such
ester data to achjeve any suitable objective. For
oy preftale

{ t
as‘@ﬁ(tgﬁfﬂnéoo R ry data anal ysis el enent 206
maywherpthe vemputar HiSadeteives ¢lal temgiatheﬁlé (Ihe amlleymenfag/ dateeanalysis

et b e e b %R Sulef Bl | B A8 EnaRRy doa

- analiestseelanfient 2063ma§ tprdviletany apypepriateommalydik of thettestaridta to achieve any

su1 E gcguevrel or e%élﬁPllg’fqlﬂée édlph]g(ge d%{ﬁ ar?‘aﬁ {s%gge}ggglggn&g?l%ﬂemem a

stasamgh mmeh foc analpthg the outpTlh eess dptplaermnttxmeyandaldantlfymg data and
anal ysis el enent 206 may, for exanple, calcul ate _
statistical figures according to the data and a set of
statistical configuration data. The statistical
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5 configuration data may call for any suitable type of

anal ysis according to the needs of the test system 100

and/ or the operator, such as statistical process
vamrs/giies7out | i er i dentification and cl assifi et/us104/021050

signature anal yses, and data correlation. Further, the
chagpgtenitienefithedaja ofintgrestriathy spesatm dhedsita @ﬂ@hstmtmbbvdennﬁed may
be Q&ch %ﬁ@d;{te{‘ﬁlaﬁgg&M@nﬁﬁéﬁt #hla se dl Ssed oWsﬁJﬂ'an@car ed.

ter of secon or mnu ener atron o )
t hé’he sunpleantary Hata analpyi eﬁ’efm 30§ max @r aﬁemgleu agloglatengiatistical

figRE¥0ackOkdiiBYtoathS Odale bl dOh Mot BE s@idibd SdonfighthtRimBddes altmé statistical
with mnimal intervention fromthe opérator and/o

conﬁgtggtxogrp@taﬁg@/r call for anypwta@]eéy&er(g apalysis qggqrd@g 49 g‘ﬁ]“i@é of the test

sysfnt B0 dnber eermaétaefr, .41@18 a§ QERHYE Prbd dhid1CSutlidieddnBHitbn and
data, file, the su nent ary dat nal ysi s el enent 206
oy Bt

PGS Pabs 3é1 9 SOFFRUeR: Tothp Suplameniapydata analysis
elexﬁ@ﬂp[llﬁ emtabgspa‘rfbhneﬂﬁl anslysis of ruh hRnd,') ute putlthtxes imadlét 6 REGAds or
mlnbl?e% f%lir ;?r}gg% & Oianﬁ(t) A ntegfda :Bglretsup e}rY ﬁ&ta ﬁgays?sggement 206
may-algpureefornd the @nalysms ztuhmapczﬂis&mh n&mbrahhntemht;ontﬂ’t&n the operator and/or
testengggeenent ary data analysis elenent 206 initially

€S the tester data file to a tool input directory
corln &e posetit eyt $ystetmhldOrafterthe cimputes 1 @8 redies (asd 3pre4fh2 Yester data

7

el SRRLAIE A R oo R o

the t@8putayrl 08 nyhalpeneighe/oupuatestsiaty apd falcﬂ@tegﬂnpmtlort dﬁlpplementary
|

datd! ?ﬁ:fgreﬁgzﬁbgsgfgg{ b&tﬁﬁqgﬂ)o?tn R eﬁlpg;ﬁ?%@e ﬂé‘& 4MQﬁ Snne Sltesent

emltcesmeet, th¢esupplemengary date pnalb@m)elemWe?Oé upmlbmemeﬂly tegigt dpta file to

a tRN b Sirdct fpoR@f: B tROrefV AR LERT 207 Qb I0LC SThe supplementary
reference (step 406). The | ogistics reference may

daty pralysigelament 90 2lo rqtvigvey earfipwptionsdatentoprenaprothe wompyter) 198 for

suptﬂ%&{tﬂ?%ﬂﬁls‘iﬁ’&ﬁe\b‘ﬁq}dt@&ﬁ&t& he tool configuration file.
n addition, the stics_ reference i s assigned an

i ddhe icprfigyratign dat I wpipdegdr st phlositigsdatpatpatamaspbe retrieved

frorh e t44ebe dAHR AP 4b4)eThd & plErﬁ&lteIr? 3ita BB BdehB06 also creates a
gener ated the out gut test data. The test F?ro ram na

log'a'écs referrnger(ptaRi498) dhslogistics sivrenchay dicluds frstsr m@an#twg such

as thé testi 10D lﬁfaﬁnddlaﬁ abaee fidhdhd 561eBnAdkEation B¥e. 8 SaditicH, HeMNogistics
Wlththet lﬁﬂt 2.identification, or readlnglt from

refel‘?ﬁ‘é‘”ﬁﬁ%“t%‘? G on file. If no test program
| demt corfigatatiomnddtfimaypsisceindlade! an sdeatifidr Forahe ¥tQlogramn thetSdenerated

o BT B SR RS RS S 32506L8) S

it up inthe Guaatasd 1A (step 208D, lhytakBthlatiodeﬁml the estert 102 ldmflﬁd’aﬁon or reading

. Lhe test run.to be praogces b Iemetar dat
e i e P Reos g8 4 5O Reeretyn Min SRR YT R s Sy o T
410),ra ted @raprans lahtifeatiochayete creatddand agpiaadwithithe tekddr ddentification
(Steagﬁ ysis el enent 206 accesses a file indicating which
e g'rs are to be analyzed (step 414). If no indication
i s The catifigecttion teta ﬁmmsrudeenﬁe];(ﬂ& vmférk aﬁhg/testeﬁramlttemdcmsed by the
supﬁgrgiler}f}rr ;@ta?%llraly?ﬁeetl%xbe#rl\’g&}e, f ges\zvter gl[e Iuvgaf TS, e ttxef present
emtzdahon dbke fupiplmentay) dats hralysi mtdnenem&aaqcessw a ﬁ@aﬂdiﬁaﬁx& which
el ement 206 proceeds with perform ng the suppl enentary
data analysis on the test 5 data file for the wafer.
O herw se, the suppl enmentany data anal ysis el enent 206
waits for or accesses the next test data file (step
418) . The suppl enentary data anal ysis el enent 206
may establish one or nore section groups to be
anal yzed for the various wafers to be tested (step
420). To identify the appropriate section group to
apply to the output test data, the supplenentary data
anal ysis el enent 206 suitably 10 identifies an
appropriate section group definition, for exanple
accord| ng to the test program and/or the tester

I T L . o o o

\{()

sks to prepare
Ut eF Prep
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15 include a row 502, a colum 504, a stepper field

506, a circular band 508, a radial - zone 510, a

gquadrant 512, or any other desired grouping of

voompesemaet’s. Di fferent section types nmay be uBeDUS2004/021050

according to the configuration of the conponents, such
wafas aoy Wée aoflywdripeméift)s noiodisatien is preditiédo i cofnpatet UlSesuitably
defoults oha%alghh%all SO IR &Etfr&? mponents 106 are

her to iden for exanple, conmmon
d eflétbp wafer fqz fifeer uereRtripss date ﬁletlwatbe analyzsé (D 6): sltccsupriprogptary

dat} %ﬁlyglg @Uﬂent%@G FRedaX J4R bﬁ'forrhfng %e&lﬁ%(ﬂlélﬁéﬁlta?f AR EdalyR1 of the test

waf er does not conduct heat portions_ of

dat@ file fthe paferh Otheawise. ¢he grplgmeniarp dpte japaly &y elaffl?}t!i pOpaits for or
accCRENRNRRL t8st 8410 ﬁl@(ytels gfghect common characteristics or

def ects SSOCIa th the ven ting of the
vaf B supplemen o%t% el plomeny 3{?«}?@%@?% 5 T3S FHioR gEeuPs
to KelahalRAed fdr Q&t\eﬂot&a’t{aﬁerﬁ tol 1 testel EstepUupp). armmirﬁfy tH@apgpropriate section

anal ysi s ement, 206, retri ev S an
sropip it S0 P A Bt e e SOPPEBRTRY o e RpebEads suitably
ideftiteb e approygutef @budmgoﬁ;eetdﬁnpibﬁ,gﬁ)ﬂ axaafpw ascordingtte thel®@ program
anag% éﬁ@tgé&r %?ngﬁc:ﬁ{) ar BElé Saelc{ld ! Quep Ellgllggeé%\e?glg %%?nlé)é dsa%:tc on arrays, and
eactl e&tivredtray timiudss oreor nrormd:ttoué ththe(mme ssiocfyptsed VVI th

ea (o | (o t 2 .

oot R bRl Spblte MARbHCRETS, Bnbidhth 198 S8t " Mepioped in
preldﬂera)mcd reeean ©f theswefar. a§oxb9xa1nhle, wiering tor Fleurer%tar seeNmIdtype may
inc uldg Er}o%v .fid ECOIEM{I tSP a St%g& ff&%k %Eﬂ} bzﬁixatSQS ah%!h)ﬁsﬂoﬁe 510, a

enent 0 so 1 denti one or nore signature

quadreat §12 or U ghgoiemreld@m@meﬁ carpppnertyr Different seqtien fpes may be
useﬁ%séoh%p@ecogﬁg@;daﬁ lof &8 9&9;5&1&1@4 Sucha bidet moﬁ]‘ﬁl)&hés Dehcessed,

to the er and retrieve the signature algorithns
sectipnyaft 4 Bibel 2T the dike.1 1Such, gropey pf componentg 106, pre; gyalyzed together to

1deﬁt‘ﬂ?ffmgé*ﬁﬁble ORdnARSAIPRY oP Ehali RME thatiMayief Asclate@with the group.
onat i cal | accessed by the configuration el ement

Fopgyample, if h@argwgﬂs patish phihe Uaﬁeradosﬁmtygndgc@em ptfmwrﬁons of the

wafed! Eh@ Clest UL fof (hnfp'alglb'ﬁlﬁt lgfllp EdrebRiPonetfd? 108 0mhy Geflect common
suppl enent al dat a, anal %SIS el ement 206 of the present

chassefraigtics ehdelests s305ialpd AP A unsven Beadpg plthe wafeE hange t he
co n@%cﬂ%e%ﬁf)ﬂ{g tHbRtiGH & tontle Elﬁrehh@stél'ﬂﬁfaéﬁl@ ftheSsupplei@ital data

e test stem 100 require
anlisiel PP SHTEIAS AT Efg?éf?fl@g‘ﬁ%&‘ia%“ 3, gich s conel limits and
endb@ Halg§) ¥t Ad 041 pRkspirdin Hﬁyorb&'te&lﬂ 6D Gteptaan). V\lntﬂaztfcelaﬂ\ﬂ&rﬁupplemental

criteri tor r futu
dat& 8?1?1?)‘5603 ea}efltg%,?% d;gl(tag)qy E ev%s)g Sﬁ{)(f% éigsqe siaﬁsglc%B ?,ag ugaltlons associated
thhehcﬂacsédloﬁ agey inahe’lseeﬁﬁi graup (grer403).f Desirad pratidticcatidaalcidativahs may
onents 106, 0 ter, 108 tonn
be JEsiSPR L Th b E L] B 1 BURe PBr P ke BB sy Fuil, the
supplelneﬁtsl das tahalysﬁg dlemeite206i BEy kiyo ldeetltpmneadmnore signatufehanalysis

agp R PRt oS S0P o BTt SRR Bt g o e
wadtn Andoreteie te thmagnadae aigoriﬂnas Bmﬁdeall%mllanal ysi s

el e 206 | ocat

uch 35 nE SaRayRR g Hy S pRURLE By JRNRLS: RuRedty Yhessod by
theb@nfgwated. elethaat a02 oc amsupplsnnntahbhty apalysis clewenmte2P6r \Fufther, the

all of the data to be stored by the suppl enental data

anal ysis .element 206, including output test data from

the tester data file, statigtical data generated by

the suppl enmental data anal ysis el enment 206, contro

paraneters, and the |like. The anpbunt of nenory

al l ocated may be cal cul ated according to, for exanple,

the nunber of tests 15 performed on the conponents

106, the nunber of section group arrays, the contro

limts, statistical calculations to be perforned by

the supplenentary data anal ysis el enent 206, and the

l'ike. When all of the configuration data for

perforn1ng the supplenentary anaIyS|s are ready and

o o " o g, e N a o,
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data and/ or conponents 106 corresponding to various

criteria. The present supplenmentary data 30 anal ysis

el enent 206 may al so classify and correl ate the output
weenbs/aaséa t o provide information to the operetDUS2004/021050

and/ or test engineer relating to the conponents 106
conﬁgudaﬁdmeel@mlt 26 sné rthel O@plefmontaledataphadysist élement €66 rof the present

oSBT 5 ORI 5L T BP0 o

opeeaﬁrrrseﬂflshes elhtbe tesigysten d A requirementse Wheh heronBgnratipn|dpta have been

seldcRhahe gorﬁfgufaﬁ&i#@ﬂ@ﬂﬁy b& adsSoiatd Wit Pl QUht! drifdrial A28 'sﬁl)?e‘acf@r future
anal SI s to identify tests having frequent outliers.

use R defayth pmd awratioty datag Jffog xaanls, &f the apesaierrseleglp @ cRggjn section group

for la"YaktiédRBr Rin8 T 0&hpdAents Y64, 88 édihﬂufbk 108 kday a%ﬁﬁeeﬂy tubethe same
tester data to snooth t data and assist_in th

sectioegspuPriPTcalt s efheogPoRRRS) 1|°E paless dysgicted ofbegiyise by, the Qms%}?*m ng
SyskHe @hweaiaswa fankis E¥mentQ0é ﬁlb&]&ﬂhdé‘d“ﬁiﬂ@ﬁﬁ girBtidnl¥Rd storage

of il chle o i e £ sPlirtiT i 25t el yravty

allesyted Memory (sep 4260 sych agpd poreor etkhe inemosxEIPfoe theadatato be stored.

h m. 10
TR B b S S5 2 R Loy i
datd ewalysivmdiniEnh206, reludigapupet estdlamgfrany theatestaruditachiles gatistical data

t I
A e R R R i
amexmh efmnerdory aberiated glaarbd,bdpuladctiacpordmg Ito, Sorrxainplagthe fumbee of tests
rate

pectiitq 87 1 coboniE Be] oRCGNR! B LRl B SRR BIPnB timi,
statistigal ezrlcldmoumoabe ooetinad by the aunpier@ntae’rﬁgtatamlmgs ¢lem¢nt 2@y end the
likdnd suppl emental Iy adjusting the value according to a

second snoot hing technique if at |east one of the

i ni WVhen alhqf|theeconhigiratioa dptaifer ngrfpymingithe sypplementarycanplyes are geady
and lﬂ)‘bﬁ%ﬁ!@ k)fjof tﬂ?@ltﬁdt 'Ee%@ datd] %tsmﬂ%ehﬁ%'m%@lyh@ @féﬁleﬁt@% loads the

snoot h he 15 second smpot h ng_techniq :
reloyp st éﬁa@smwneﬁ%t(ﬁen HeS)crad peeprsghe .svﬁ?}wetam é‘@k}fsﬁ P the

outpht thsh@atfl atree su?bﬂ%mlmﬁaﬁ ddﬂafaﬁﬁpﬁmelﬁa@ PEY mhy P&rdrmemp inti@ber and

snoot hi n ni que. "Further, the threshold
typ%#pwasa@a &W? ageqrdingpio ghecqompapsnts Y08y configuaation pf rﬁ*ge G sy sean 100,
desirBs GRS dpeftiRPoreIIRAR keddvaitBoidrial rme suBbemsmqiam nglygiy Skﬁeﬂt 206

sui tably npar.es pl yr al ecedin
maméoef{ﬁuaedﬁp drayze e 6@“&5&%&1 dr“iiW‘a%ﬂsﬂgstg {}ﬁ*ﬂ@% gpigntially
detactlﬁ‘/@ ORAHdneRs 106C51d paiterds) Areap bi aﬁera:hsreaa{bﬁc§ﬁmﬁ& Batpg test data
ue 20 to the sel ected datumto adjust the value

techn ég ’off
thapynay ipdicale manifackirgs CONFRE 88 ng to whet her the
C Ol Ipres e siipplertehtaryadatasanalyfis ¢lethernit D06 Sdr@kainplE; tobihes, the output

t t hi t i tabl. | .cul
ool B RR B TP s SR S L0 i
dats amiAdrkbmporieets h06 cpmespoadihy & \&ﬁblemn&dla d Ehmpreﬁent sufplementary data

SR g SETEL- SRR oLt ORI rmaion

to tR&bietaporiandior b eﬂr‘gugier telaﬂng m thd a'ompomdt)& enrtl the tebt sgtetéra 100. For
exa%gxlle thel( ?{ege%lt tgg%l enﬂmf ﬁe algﬁol?,' aeleﬁnl (%J %1\%/ egtténéng aog.l ut data
the next raw test data point (step 804) Before

perform ng snoot hi ng operations, the snoothing system
initially determ nes whether snoothing is appropriate

for the data point and, if o, perforns a basic

snoot hi ng operation on the data. Any criteria may be
applied to determ ne whether snoothing is-
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30 appropriate, such as according to the nunber of

data points received, the deviation of the data point

val ues froma sel ected val ue, or conparison of each
wakdoas/@osent val ue to a threshold. In the presrCm/US2004/021050

enbodi nent, the snoothing systemperforns a threshold
coreatatipas, | fiei0 axamplie td Riestifh qglo@ntidl®) related or redundant tests, and an outlier

005/ O 1667P 050 arl son determ nes
herysésatf)a é‘ﬁ?%%%wg%&eqémmr opr Pate. If so, the
i ni ’thea!cupslnmomthwr@tapar@ty@s selqnsnts @94 ataly yinclwdef 2 gmpetdmg Gystem to
! é}&% ti

1m@eﬁl???o%gﬁstt}% t&fer dgtla E%ﬂoo?lggéé%m ﬁgg&gst fnl'h?e 1g ta on of OlMi)Jrse(step
42%)t dihe smmthlhg a:fstqrmm@y d$o Wenifyisiguifigrot manﬁe in the |deth, tire@ds and the
liké l\ﬁlﬂ:h‘?@d%" bﬂ%v@d%d 3Stht Bferettbrr lé'tthe%mﬁﬁ Qﬁ&eﬁ@b@ PR Qﬁoo%g system

As addifional data polnts are recel ved and anal yzed
is syitaply impleapentedfot %é@ﬁleeaéerm%gm epstating e the corppufer gy 108. The

smsétﬁiﬁgdydwn shdih &ﬂnﬂ@ésam 1etphés'émf.&) srho%ﬂﬁ@% ﬁfélcﬁtaed:c&aﬂg to

npar ed t eshold (ste
Va%ﬂuF Fﬁﬁeﬁﬁc J%?) gf hEBIC I ‘g"bde dalasic 6810 %‘“ﬁr?r%‘i‘?ﬁ t Hig supplemental
phRELLAEHG1IS PRI &8t etltheed m@bmﬁg p8/ok a@&mmﬁmbﬂnﬁlg of the test data.
threshold Ti the ex

Tht P EUHEH D PIELRGReE B Blel T ARG POBLTIE N8 St st
damiﬁeaosmmtghﬁda dhftasnavachingn tclnddue s ami slipptetnemﬁlli hﬂ]uﬁtﬁigaﬂle value

w8 B S BEURARNOF Pl B L ST NS e iy
adjpg¢dtaliSnmdets asthteslwt{h &lhe ffigst stheptiiogtectoigue epdnto sRwothsheegata. The
seconci3 moogﬁn% %38?“% ue ggo endsp'c%r &gétgﬁ%oqa%%%dkp&ﬁ{v%qgﬁéng of the data,

procee raw
bu|d1nf § differmme ntaenamefenn tHaeﬁrstawmaﬁrg diniduearithrthérg the threshold may

R ORI oL bl 08, AR Bt o
sn_mttmg lswstenal aviteblyoiomtpai®n aiphurdlBy ob pjecedonts aslinsteil tdatagtn a plurality of
préch xﬁl'v d%ﬁqg ggﬁe% % Edg@l‘iﬁgs?bn(r%ﬁ pang ]agﬁlles I@@coh@ Eﬁx?cﬁlluﬁg technique

cess basi ¢ 'snpot hi ng
to dm wleciﬁé rdablnatﬁpp@ust ithe vahee pir the @nkctedwﬂwmnv@mrdmg He whether the

coQ@éﬂs&u 5RO {n@ét!‘g il BERId.C PiRe!, HRSnfbofARUS b %[ﬂi@albly calculates a

onent | snoot hi ng process, such as accordingt
prqdwt@df\@iqeo«vﬁ the) selggient Aadwm, md may mpply aghird spoethigg tqchsﬂue fo the

selgcgedv\ﬁb%fn? t&@dﬁxs‘i it ﬁﬁee&ttﬁ@s%ﬁgtﬁhﬂga&%ﬁ@tg hwBther B4 f)fbdlcted
as 0.2 or O. The initial snoothing process

Va@aw%m%%&"é@@@% atively low coefficient ML to

pr OR&fB@ind tFigive i8] £ BRE sV kesOdataSpHRA i duREb1y 6t efda€to a first raw
ata. The initial snoothing process and

coefficient
teshé%}a pens(sica é@%)danga%fra‘r%n& %ysfawypreﬁeﬁésetﬁt%e B oW Gest data point
(st680k4). IRUT6d periformig sHRBIMRE opdtUAY, Elie stRGHATEEY g itidll} @etermines
appl 1 cation of the h|ng syste t he

S
whathei- racotiing Fe@BYOP’éﬁ%E‘}l) the, flgja ealﬁamfin itk ﬁoegexgemﬁsﬂ Rapig smoothing
op&ifsat & Mg 8atst Q&ﬂy &ﬂ@HaOthajirb)é dpbhel toC Aétértlineawhdtidr smoothing is

ap&éﬁ%ﬁuc}l% ggclm I al tﬁgcl)fgggfptgo ersééql‘?é& té\e prat%n of the data
poRKRARS Fomal selebtbmmre SrPMPaEbh afeaclsdh@esplﬁlmvalaémmmkhom JIn the

SRR, 5 SR 0a TeR BnE %Pl A bafibhe e oo

data. The data may be further anal yzed for and/or

subj ected to snoot hing. Supplenentary 30 snoot hi ng may
be perforned on the data to enhance the snoot hi ng of
the data and/or inprove 14
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the tracking of the snopothed data to the raw dat a.
Mul ti pl e phases of supplenentary snoothing may al so be
consi dered and, if appropriate, applied. The various
wehwes®@iesay be i ndependent, interdependent, BCT/US2004/021050
conpl enentary. In addition, the data may be anal yzed
corbmristet detevinives whethbredats sppitingeist appsppsateotthsndhd initial smoothing
the data-
prof QP30 Bntigned o fbel Mo B SR o BRRE R e o
rmrMora@eI!itth@Trlba lin fhia Rresent ehbaslivesst, Iﬁhmocewr@aﬁlﬁl gngnitial raw data
poi {][@ol Mﬂ@ﬁi 1s%%qggéﬂﬁ%dta9 th@ st @tﬁ&ft}%ﬁrd'aﬁtpgmggd t@sI ddalu@natl Bata points
eterm ne whet her suppl enental snoothi ng
aregpfsived and epaliyed 2 pliffersppe BstyeR) ech rave dgtwstnh m@ a§9f St Rapfeding
smb&ﬁ‘é&tdafachﬁﬁtE(B,dﬁ id Balwmeddﬁﬁ%omﬁéigd"toa@th?ééh&@ ,a}r(stéigm) If the
ddg urality of justed data Bﬁlnts .and raM/(g a poin

E?PCep‘i‘eé‘ﬁ@&ﬂi’Fgra&a‘iaéa RO Ry iRgrrergaing EmeRiRad; BrPoRE Soi froeeds
thearehbiITGt s @ssohmed har ms&ﬂa&dd&i’ﬂlteﬁ{dld/coﬁlekpoﬁcﬂs tb Beignificant departure

cedi ust.ed..dat a omon r.el atj onsh
o el et P el B P e RoBe b Siipfpoe of the
thresH61d teedinginhy béhdteddndttiecugrent rsmsahemlcmgpcru&vs ehasteeequaleo the raw
e e om0 B R hsue B Br o s TOR BOeRese fs g v
dategeiadl. nunber of snoothed data points. If the val ues of

al |
i heIf 91 d?fgege Ong&@\% ﬁ%%wﬁfé%%éﬁ %Qﬁeeﬂ?&gﬁlg %g?tﬁe%ﬁq a rptogll does
nod a:tcaedpthle rthsslaﬂda ”Ih,eEhs frbrass ¢aoulageg Lpalcurrqy) sjethed data point S, in
i nt t

oo 585 ROy ST P00 ) L0, i, BABRUI B
prctvrdeml bagiel smeshing| op thetdatac Kiod exammée, d ﬁgeirgsentl@lbodlment the basic
Smﬁ&ntﬁ)lg% gfo%L gomlfxfégsd@«?%vt 12&8 %%9%@9%&% r@gbg st 8% as according
to tp frllpiving eSlmtipn enentary snoothing. If, on the ot her

hangl,— el tshely +qff, 1 Bese criteria is satlsfled then the

curren snDothed data poi nt renmins as orlglnally

whewm Mt Bk icdsmop s Rt jephtsudiap B2ORBAt ary dat a

S OB hifig dn%oﬂﬂ’ﬁ }ﬁf@&gé s‘ﬁﬂabl}i hed DRINNES R SR M’]ri& prov1de a

the criteriagn or conmparing the snpothed data to

* signidigenp oMt 9f Fmoalbing derdee 14 “&l@n@wﬂ/sr%wm%awﬁ%s dsvetticients

ag at geikedl aeébrc\hﬁ% o anly Qﬁteﬁm&ﬁﬁjgu%tlﬂ aﬁﬁ)ﬁmﬁﬁr ha@@leﬂ @ecording to
C

e nunber of nts

cordaln
BT EL 5 SPASTHE ST el DPRetes. SRR En S ey Siraptes of

theCJhﬂﬁﬂﬂlﬂthyEtéﬁn ah§/driunk; déhef anterihat For example, B€ initial smoothmg process

ntary snoot changes the effect o
e\ | S HIRG. Mk RO P LGS IUTRIS PPoRIR) e SxpRpentil
seaamar efpbhetiel, sxmahﬁmsmlgmw BoEnd Mvefuge,Nayan othep pipratiate aype of
dat.a, .t effectlvely snooth the data or
SmPW Eﬁ“ﬂ“?ﬁ@h ‘ﬁ9® Af%ata. For exanple, in the present
enbokl deeNinay bé fiirtier aatyaeddakhydBorsubjacted at MO&HIM e$1qbp1eﬁhentary

t he, dat a,t hat sh tra ked nDre l os he
N g F S S e R S
thedteagkiegofthe snwdticdidaig te the ramadatay Maptiple plthssof sipplentehtery smoothing

maz{%%%bh %ﬁns? e'r:e aP Sg n]%)lr(g%%o% S eadtc kﬁ}e %I g\ﬁlgsggg’r@y %@ En%@pendent |

snoothing is reduced by recalculatlng the 30 val ue for
the current snoothed data point using a reduced degree
of snoot hing. Any suitabl e snoothing system nay be
used to nore effectively tragk the data or otherw se
respond to the results of the data analysis. In the
present enbodi nent, another conventional exponentia
snoot hing process is applied to the data using a

hi gher coefficient M. = (Re - 1) * M + Sn -1

The coefficients ML and M2 may be sel ected accordi ng
to the desired sensitivity of the system both in the
absence (M) and the presence (M) of trends in the
raw data. In various applications, for exanple, the
val ue of ML may be higher than the val ue of M.
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5The suppl ementary data snoothing may incl ude

addi tional phases as well. The additional phases of

data snmoothing may simlarly analyze the data in sone
Woe20ns2001660 det er mi ne whet her addi ti onal dat a BCHEU$20041031050

shoul d be applied. Any nunber of phases and types of
intetddpendsmpartdomplgmesiyryb dn adiftiongttle data maynlsd ahelyedl ta detemdnarghether

or exanple, in the present

Supé%g%gtswgﬁkahﬁgﬁ%gio mﬁg be anal yzed and potentially

10 lotheairésert embpdiments the é@tmsra@alyzed te determingsyhethento perform one or
moper ARGl Fl?ds&ro@ SfScthi T%Sﬁ@ (ﬂﬂ i :l?x@ly?éd%@ordlgé tolah§ Qﬂxoﬂ#ate criteria

he snoo e snoot em cong :
to éth@e (vetsr szpesemsafé'eﬂmﬁm@ rg@i g«tmaech (stApet bsF@f example, the

smSSTRIAE %@Qm@&éxﬁﬁpﬁéxﬂE R 84L hdh%s bl Sorfphting E?ldi'ﬁ{ ofPRAudfed data
accordailn to anéra?egr Qprl at e process, sucC I ne

Poipl SRL B G PARTH equng daty % sopsyating @ cPIREFiso Fesylfaccording to

' whEﬂh&&ﬁBB’tanﬁﬂbOﬂ]l Srend preedamgcaajuacecs ano sy c&ms&xefadﬁsmlpa(such as

losg i, B1eF B B st o A B B TR e e et
pOi THeSsmoothing sijl;temsumhﬁ hiesegt aytRididrenpe@ihask @ stlevRd wembdr P, of

o a1 B RGeS R Phah B0 ph ety of e by raw
datd ipbihi erewed (dp @tevveexd tb)‘\the peresgpondisg ymoathedulatat peihts; @t ifellfraw data
po%gfaaeg‘é{sggﬂ{ (ﬁiZ%‘éfr Jr'clg ﬁ}e%%:[rggggxﬁll’ngt g%?cheé ddt PS‘ %5, r%nffﬁ' Ch§Shing
systromipey d¢té@Bine(thatahe &18)8 exhibitinge trgnd ﬁrelr@nuié bleSIaglfeéamce¢ closely.
Acg(!r'@ﬂ%lg N 20cuARACm bﬁtnglgg ahd %heo%ﬁﬁx?q%@th@?gcj) bR pef ﬁgy be

e current SI’TDOt at a pol nt uste
changed Yyapplying eynptameniaty spiopthing. {fhen theipther brad, neithenof these criteria is

satﬁﬂ%cf 804 48 ménl@ %ﬁo&ﬁédadaﬁgﬂaf}lc bem%irﬁ al %liﬁg@k cLlQul&t@@ i;]ned dthe relevant

ference between th at ed t snoot
suppemgnipyidate ssething iegnot kplipd-edi ct ed val ue for the

curfefd x%égﬁpgrhﬁghrgﬁﬁ &hd Qxﬁt@ﬁon(ép ccﬂﬁ;ﬁg)lg 'Eﬂé' stlﬂog{hb@ qatQ Yo ﬁxe Taw

third rrultl [1er MB and added to the origlnal value of
datp eseleripd torifon b #Tidin dhetcaia beRind Wiish B SEOYed daiginay be lageing
AcSsdiadl QRs nu%ﬁyﬁnotj)omznﬁ@d,e%wcted abdrdingHd the desired ¥dsitivit) 8f the

current snooth data _point is set according to a
systappiochading fepdsin e g @feen the origi nal snoot hed dat a

IOOI e samerﬁdm&rﬁgrs&ﬂqhgalaﬁgea @Iefw@ctmm QQ@ﬂamtsmo&ang accordmg to
a certal.n ano ess

uced
A‘%{ﬂ %ﬂa%lst I‘?’é‘yﬁPB‘i?P‘&‘t‘? 6‘&:"1’&}}’66 i Sﬂ’ﬁm ?‘g}%‘gﬂ Be F@Eﬁ‘ﬁ@ fo the data to
mo bfifdctitedy aﬁ?]dmt tHeOdaeL oS eatkiaf ﬂééﬁﬂtlﬁ( tibUdatd) g Féreéxatniplée iry the present
or. ot herw se.no trendi OrtIO
ermbp et Hipeih AHASES BSH A B HE I PS e ety (g dicked more
closdiny amdnltmsupplemaa&ytsﬁlobﬁaﬁgm% tapp'hedad ﬁ:d@@l thé BegideSafris@iBothing

 nifl e st et SR it BOR S ARE RS ety Bh et s

ar elnate pfeﬁdnn gmbdiﬁlﬁ'lb:& ﬂxlavﬂeﬁfaé af srhoothing ishieduced &y rrevalcdiating the
w5t 38 P RGeStk PS8 @ st doggp o AmeTiHnkgAphEiebl

. sm6éthiag sﬁstem m:;pbé adEe nd moye c!f&t:ﬁ%/em’tﬁilcly thiesiatl e rogetwizfespony to the

oBfiope, iyt 1S e PR e Rt Rt i ygbrenti
smnetiing mndass:is applztl itesthe dath ugmgrdegsr aefficicat M§:SPC)
cal cul ati ons and anal yses on the output test data.
More particularly, referring again to Figure 4A-C, the
suppl enental data analysis g enent 5 206 nay cal cul ate
and store desired statistics for a particular
conponent, test, and/or section (step 430). The
statistics may conprise any statistics useful to the
operator or the test system 100, such as SPC figures
that may include averages, standard devi ati ons,
m ni ma, maxim, suns, counts, Cp, Cpk, or any other
appropriate statistics. The supplenentary data
anal ysis el enent 206 al so suitably perforns a
SI gnat ure anal yS| s 10 to dynam cal I 'y and aut orratl cal I y

I L o o I T o o
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20l n the present enbodi nent, a signature analysis
process may be performed in conjunction with the
snoot hi ng process. As the snoothing process anal yzes
wioeoym@sdser data, results of the anal ysis i nd@EUS206/021050
trend or anonmaly in the data are stored as being

i nd.eqRi v8: o * Mzdtfange in the data or an outlier that

mayI'hQ %o&ﬁci%‘ltgml bhé ﬂ{' (frﬁaytbg selpc%edofég&ﬁ'mg Eon%Q QAs%d g%@lﬁnvﬁy of the

engi neer

syseanpah i tha abﬁen@e(% a1d e presange NI of frends i ﬁ\g r@s datn. In various

sppREAIBES for kAMBIOBRHEREDOR, Ry SVt ALuEROG MOt ed and
st or ed Simlarl p0| nt exceed

t hr’s hypelerrentary, q\éﬁesra%ﬁﬂane St Mplade p@%@gls phétSPﬁe as well. The

addRfoaMlr PIREYE CofNBiYa bﬁo&tﬁi‘hﬁ cin@n Qmﬂﬁﬂy 8khI§R thd @Eﬁrmaﬂﬁ{e)’&hﬁler to
and/or_ inclusion int report. For exanp

detergnerthefhgr e@@%%w&@g foug SRaPEicd Apape of Bhascs and
rypfsrdfaas sm&Qlangﬂyy bdtipblidll dr YorbRlkRd hatbing t6 tdAhta Gﬁdlj_ikﬂs 602)
or, a

t of, test dat d t ] t .
corPRERBIRN b FoPaserb Spar e B JeBatolt iy rbatd bty
smcitlgd dbrifoise ama{oy,ssuaa epzrusmg arddivine ﬁqapéss Basedibn &pRloppyIdr ated, of

e e P hosRu ARl Oebe gt T AP Phdao « Bleced

numhemPrgemf smchtiatlmm ablgtsr px'edfeﬂxngaihel ouhem data eamh atc&sdm@nml any
appro hte p? rctee!;sgrsﬁnué:% as qﬁle% %% n%oge%tereg,e nt he lﬁ(d b[¥1 the present
embceignﬁnt sthadeta ahwgmggmyedln(tstsep “166@6)1uar65hﬁt ;brcmlgleémei grocess to
I |thn1(step 608), test
eSt%galZa?)&%%(g;r&Egnd sect ?%g&yésdtedgapg Bs) Upon conpl eti on,
t helhs gpptdthing aystenypradicta ayalup 95ihe cutenhsmiotizd date @oint apsording to
thetéﬁfcuﬁ{eﬁ osrlcﬁ)e( St é) s 4) thdn ?d?%afe@ﬁtgé tdﬁ'fe(e?lt: %e%ga 'the greviously

I gnature ‘resu step esire
cal@éﬂm viahpe torethes ftmeag@l@;l@tl dpfe PSIHSKH 1P dl@mrwlfptedaﬁlmfonﬂw current
sm&f'ﬂi%ﬁ d&ﬁ'p%}{@% %‘g@ nﬁ’:ﬁbé?t(R )S(Hgﬂ‘sﬁﬁ Qhihb 'dﬁféen@@% é}Lﬂé‘%rthan the

dat a of nportance i dent'i § t he suefg enmentary
ranggBy, (g7 the opeaEmnGe ey \pg Aeted altdath?)@ﬁﬂm‘lt spggth daé%mulwéedjusted

If £ alher@nc\efad Wehih qferﬁﬂgtmshgert h@ ctfrf%hﬁéﬁﬁ)mhe&: has 9&}1@;@ Isateh&.ﬁ to the
For ex rel evant nponen

dityang b bﬁBYeﬁ't‘ 'ﬂwylcwéte%gwer S SR PRIRCEY) 2 T pr\?%wtaegalue for

the %Hﬂréx@@rh&ot@éﬁﬂfa&slﬁﬁxﬁ (Qﬁsp,e@ xﬂlﬁﬁlﬁﬁa ‘B'y ri&hmf mtitipBer M3 and added to the
corr espondi ng results of the supplenmentary

origingl 3haq of theguzy Ffftﬁ@w?teedt%@ PpEpt &&péz?)o iTHE CAUEHR™ val ue may
opeg; at(s, pgg,_gn)#lmsg ot her desi gnator of a particular

characteri sti.c if a art|cul lat a
b Mo iR g SR et o6 SeRE b be B SRnge rgpreen
the forigipali $mdolired Qﬁfar}ﬁﬁlﬂQﬁdltﬂg preéxrdemoomed g4 Peinf Byt Bluced by a

cerpeinpatRE My AF 15t D By e, Sur s v SO0 gy t Teduce

poﬂ:lt&b-lpemt ﬁbliehmshﬁfn@dﬂﬁngrfa]amfdl)gﬂm eormnmmﬁdnd&ndlng) portions of the

n relati tothe tre such
et S Titeg poA et o g e e i S B sioate gy poinss
enstl@$ ﬂxatahabglaﬂae&dvemgmbasé’d)&l the ylopd &Ies het aﬁ@ﬂfth@ﬁﬁ@ﬁueﬁ @ata when
G h ?11X correl.ate the data Q 3% lativel
BUXERpIE e} ﬁ“’ o8t 5‘6% ftAY v 'atta yé"}"% e %“‘EF mohanvey
flatray utilize the information in the hexadeC|naI figures
associated with the data points to identify the
failures, outliers, trends, and other features of the
data. The suppl enentary datig anal ysis el enent 206 al so
sui tably applies conventional correlation techniques
to the data, for exanple 20to identify potentially
redundant or related tests.
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The conputer 108 may perform additional analysis
functions upon the generated statistics and the out put
test data, such as automatically identifying and
wal mezioigsnng outliers (step 432). Anal yzi ng eCHUS2004/021050
rel evant datum according to the selected al gorithm
sui et ymeafleng itfei data, tHeesuppi¢rhdnguns dath fanaayspsaeflemmu I2a6 may proceed
w@u%gﬁéertﬁgﬂ}&éof tggt&gt'élg@ﬁéa?é) e)f(ag{gle thsees% (frfmé % data %nalysm element
206 oy |°§Eﬂ*’éﬁst!tl§u@aw@ﬁ%§§ cerdol §SP§B) ealculatioes mdadnylwes oatigk output test

| da?ae Mgzt pﬁtlgilzfrfyefe?&ﬁnga‘;ggig fd fHEﬁ}E 4A C, theTstlSpléiHQﬂl 8&? Qﬁagmé element

dat a anal¥3|s el enen pérate in any
20qemayeplicrls eoaé@usgﬁﬁeafl@f%%tﬂ%?ss%r 3 paticway qulpemm’p éqsn Sodor ggction
(sﬁﬁhm;t’ﬂdz AR S A WhFisedm§ QladlitiRd u§e@u]tt6 aRtJyeRior 6f thE tBé:‘st system
log ap S%&e dat a snoothlqg process. For exanpl e,

ut i R TR EP e ste siBvdardh e viagionse minima, mexim,
suma,rcbmu§ C@s@@@man@foﬂkh@pwpﬂaemushwentl on initially

pas IF PGt B SbaisFeleSh OF kit s snayoi

to rctyhz&meaﬂy et mmeﬁicﬂpj 43ty tSadeat adchRie ﬁ%] ki datd, @& example
esno

acgo?(],rtI orsg téorngﬁzg,gé gn Ex e 1n28nﬁag§esttrﬁ5éﬂtg gqtrgﬁartraacgon ﬁ‘é‘g‘ﬁ, otlbtf data,
sugteabi lbstoriaat dgo MH’MZD of.li'he tibeaheo hnalyses idedtifinesigeihaés and applies a

Y S 5300 ok e LB BELERER) STRELE N e o
tesh gatey QEIdGnWaﬁWebfecta nd’he signagtre mukdyss nogywivatulatingly dfentiflp @rends
anﬁl %&alléﬁhg%dﬂgngég&&jﬂo %Fo%[eﬁmreag lAL !)ﬁhgr chgrgaenshc ud 3‘?13 (watf%lp or the

e ou ata nm en be co
fa‘b’lﬁﬂqndﬁoqelfﬁr e%E'@ﬂt‘He pRafsisgnayde qﬂeducteﬁ yloraampl d@*l@é sighgtutel esuch as

nof&le'tp@elkg @v%?orﬁta%%a@(ﬁls oﬁi&&e‘ SHifR, (n?& ﬁ(ﬂse43§%the %Iggnt etn}%)é)dunent, the

p enentary dat a ana YSI' S el ement
come%ten 108 rrgitablsaparormy e signatera ehdlysisson; the wﬁm;rtgst éml for each desired

test HQALH debi®ldSectidHCh as the x-y wafer map coordinates,
associ ated. wth any such statistics and outliers (step

44030 the prssgng erehogiment, | & signafre| nelyeis praetsomMayab¢ (nedformed in

coffBetidh Sthithd GBI hiAObiofdss alak AR SHRMiy r§éé§§‘a1ﬁﬁfz§set'ﬂg kdiBr data,
el ectroni ¢ nmessage to an operator, trlg ering

ref 109 AFASPS TEHCBSTH EF T REATREBLGR et o stotet fsbpinagndieative of

2 aﬁﬁgeah thd Qhia drh th et xﬁyb&dbmgdlﬁcah&eto%@%&%%té&/& test
| emen

dat a nalﬁls%e m% @é cludes a scalin
engyGST. b CXHRIGrT § BP0 igdichipd RL PORPAICEBAL S ofata s smoothing
prazes) the\gooehrelve b1 the &kbnd BayoRbicd ui®dort® SHtMay, 62 dava p%‘ﬁﬁlsfceeds

effijicien s and ot her val ues accordin
the; tﬁfs%ﬁi@d{l grt"é«*&"fﬂ Sala?f ng ﬂ?ée%d{]q QoEYIIERpe By e r@&@.aa% stored for later
angjstsRd/for 121&]351b1$1nctﬁﬁ’kqug1tlfe§d't.t o identify and/or classi fy
t he varlo rs.in the data according to se| ecte
al goti SR fi%%\gz E“}ﬁ*{eﬁ SArBA § YEnaEFeAna YR PTRGeE O8I ittty
caloflatt heoymt &fwmﬂzmbmphrlti]@hfr sauf feﬁhlhtﬁ ahkﬁﬁililltrvﬂimlfbrbférrespondmg to a
i stica |anS| ca scaling . .
parfh e Bilofi 3ha o5, T SRR Bl TohS Bt Appies B frprqhipte signature
anaizsu@gdmtﬂm eﬂhﬂ @ats @nmtst(stvp 6@4) Th@mgr[a&ird: mguyaiaeé pdreoin@ed Hr each

o8 AL TS ok 15 ST S BhETRL y fom

ideginfiedt tyi thg s:ggaﬁtel analsrm Srendmasultsp pnd pighahire resnitd &eiatsp stdied(step
as suitable statistical relationships, may be used for -
scaling. For 20exanple, a sanple statistical
relationship for outlier sergsitivity scaling is
defined as: (111 + Natura/lLogcpk2 Anot her sanpl e
statistical relationship for outlier sensitivity and
snoot hing coefficient scaling is defined as: (V1+
Nat ur al LogQ k2) *Cpm 25Anot her sanpl e stati sti cal
relationship for outlier sensitivity and snoot hi ng
coefficient
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scaling is defined as: * Cpk) , , where a = datum

St andard Devi ation (Max- M)n - A sanpl e

statistical relationship used in rmultiple algorithns
wioorosowest hi ng coefficient scaling is: 30 -a PADUS2004/021050

where a = datum Standard Devi ation and p = datum Mean
60600 TR PBYCEOR 1i6 Beple@ed @82@014$®Qm®65@gonthm (2R 6O testa(sisp 610), and

secgén%quoizgﬁ beLah lgmhﬂhps %m%ﬁ;& érérg&'e Qé({;ﬁ&rds the

coef f1 ci ent
errQys Esteaeﬁlﬂﬂmmcgmadmstmﬂ@t $19whlaem¢s‘§ts:€staaﬂﬁh waqai}'/olhfr desired

datd A8 ¥irdde@Yst&Ghassi fication el ement 212 is suitably
confi gured to identify and/or classify 5 conponents

108JpoB ipptificationtof paetn releyart dattapgini §u°hea§u<|“tt%er%lela<b plpigpta of

impoftariRB iﬂeﬁthﬁéd%ﬁ'tl% sﬁb]ig%érftdﬁf%faty@ls QudH deRVant HAla pdifk H@ldﬁsocmted
test data. The outlier cl asslfl cation. el enent

with ayglue adeptifine thh JeiRyays dhapagicudies (RNt FPe Pemp each i rélevant

coxﬁmﬂ@ﬂ’l&rﬁa& A6 BSCHY shsetihtddowitthe sdrizs of Oaltigsl buitaBlgtexpressed as a
resu and the i for tio erated by the. . .

rexa iRl Bt tpe o raise Mot bty Biglyss relefi o the

datﬁ)pkhhtl EEacICi/zﬂSeSJinfay qairat@ms eflge pthePdedignatosef 4 ticyilar characteristic.
con C 0] nts 106

o pE At 7 R SR st s SRR B cOpploRl a 1 gog p e

corcsponding hexadecnmaeraus enayd:@fsbm dfl a partitdan data prewris theftiegiening of a

trer%oﬁ’ﬂ(e Q?tgnen@&’ dﬁz{g rﬁ’%tbte% o Fét?é}gglglé i BPhexGdARN %b-?rggx{ai? thelude

a conpr essi on
mf@eramm relating] to thegrendistghuais ﬂy dyuation df] ﬂa,eétemé irsthaidata.anal ysi s;

an %@l&ﬁéﬁtérf\dﬁh 'aﬂﬁys?snéén%(e%{ 866 Ay 3193 Be VR RLredBP classify and

est stTip mappl ng part” di spositions an
reb}qtmﬂw datp éstews446).oFor exemplprtheyfunplempntarsridatatandyisinelement 886 may

utll-'Ela %eqyft)l*rﬁa%ﬁn &l fﬂg ﬁé)fali&ﬁﬁdl ‘ﬁEur@J ﬁgﬂé{ﬁed%% tﬂ@ﬂ’atapﬂxﬁ&é i:of ifentify the

data 15i n accordance wth conventional SPC cont
failpigs, eaptliessy d1gndss apd other fratmres (if rthe dpteyl ehe oﬁuPIPlEIP@B’ﬁY rdmaeaglalysxs

elefnbht BR RIS Li8EbE G phIRE cBietional correlation techniques to the data, for example
to identify potentially redundant or related tests.

The computer 108 may perform additional analysis functions upon the generated
statistics and the output test data, such as automatically identifying and classifying outliers (step
432). Analyzing each relevant datum according to the selected algorithm suitébly identifies the
outliers. If a particular algorithm is inappropriate for a set of data, the supplementary data
analysis element 206 may be configured to automatically abort the analysis and select a
different algorithm.

The supplementary data analysis element 206 may operate in any suitable manner to
designate outliers, such as by comparison to selected values and/or according to treatment of the
data in the data smoothing process. For example, an outlier identification element according to
various aspects of the present invention initially automatically calibrates its sensitivity to
outliers based on selected statistical relationships for each relevant datum (siep 434). Some of
these statistical relationships are then compared to a threshold or other reference point, such as

the data mode, mean, or median, or combinations thereof, to define relative outlier threshold
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The outlier classification elenent 212 suitably
classifies the data using a selected set of
classification limt calculation methods. Any
wapoupidsat e cl assification methods may be usndr/tlsz004/021050
characterize the data according to the needs of -
limitgp &y the resent prabsiragnirfhe gaftshirab Felationships precgelp rf°fz‘?3‘ample by one,

two, ethfcéf%& s%lstandbiQ deitB6MRI 8 ,thccclaﬂtsﬁi ddRs tliblﬂlﬁbleﬁtsodﬂ}ér amplitudes

yar 1 ng t he out put test ta t I hol d
(stexs‘l?é The oppr{fey dalg F‘i"‘é%‘ﬂf@%& Fﬂgva?eé ’“gﬂé%“‘f ef**tﬁ’?%@gﬁsgtﬂ ehtify

and Slassifp tha bitphttesabidty asscudieadtstep 4p8ylar d devi at | ons from a

t hreshol d, such as the nd/,or
Thé&bs %ﬂeﬂfwﬂf%gﬁ% Ay %‘f“i“i“&?‘g‘a ﬁt?{eﬁnfﬁ? sl sofiyic ad‘d Yters
in n[bﬁfol’&aiﬂdﬁeerﬂﬂyrs,l gehnts fheecdy onfet i map socfrdlnateﬁnylssbsgited with any such

oS8T Bl CPRETS AL s LU 00 581 i e

notifieutioe banss sich es serding a7 dectouit [message &neid operathie mgm@m@ dight

towgr sto ﬁléll&%st s‘?qb%z %?ﬁ tlf%ﬁé Ele?\%rr ul es. San'pl €

e ‘net or the purpose of part and
pam élﬂmfesbrambbdmt, dlre ppleierdary idate ranplysie glemgny 208y igcludes 2

scal%ﬁ ehe nt!C %C(j QWan Sit HH' @Js§1ﬁ§at1m&ngﬂdﬁ2 @H@-chﬁﬂgvﬁer@?ly Aio is

A | B , Over al i erCount +
conﬁgur@xg\dmamwaélstqulwedmpﬁtcocfﬁmqﬁs Wéﬂa’if IV@H?SI 3oQTEIHR R 5he PutPut

test %gta (TEQ outl gxlclastsffi@ﬂionael%i ¥12- is TerHgureli o identify and/or classify the

|ze 't erAnplitudei,,, =
varigtis outliers in the g@ta accgrding to seleciggd) aigonthms

2 0 Wr@%ﬁﬁ?aﬁgﬁy%@igé £8P Ml pRsst binbetimen siibBSises various

staqsmb@%ap%wmr. Pameisely el Putiie qensitivisy ppd. RRCRkERRROCTHcients

for h&ikd SRR ERARiy: The @aahhé &Féﬁidiéﬁwmﬂaﬁmtﬁﬁlbkvan&latedeﬁ the scaling
QutlierAntplliude > edOJtller
u

elerpeng andpsgdcip mpedity @ﬂ@%}rﬂuﬂwr qe]nﬂgwtyl ! E:ﬁ;adxldt ooghmg coéﬂ]’ments Any

appropriaté @riteria, sucKoas! Bthtabl,e"s}atl&@dméla&bnshﬁbs,/-\ﬂﬂ} bé uskd 1Br) seelingl, For

Cupmul ati ve
example, a sample statlcsc‘)t%?l:& relatmnalglp gor out‘i1er sen51t1v1ty scaling is defined as:

(\ﬁ’r Naturall,ogcpk2 )

Another sample statistical relationship for outlier sensitivity and smoothing coefficient

scaling is defined as:

(,/1 + Naturall,ogcpk2 J *Cpm

Another sample statistical relationship for outlier sensitivity and smoothing coefficient

scaling is defined as:

(o *Cpk)

, where o = datum Standard Deviation
(Max - Min)

A sample statistical relationship used in multiple algorithms for smoothing coefficient

scaling is:

9 10 , where o = datum Standard Deviation and x4 = datum Mean
U
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2 )3* (0-0,-,wokrconno - Mn . OverollaullerCount 2)
(Max owrall ondi e, c0.12 Count mar=QOverallaillierCount 2
Normal i zed QutlierAnplituds, 2 =

woveepdoemnal kedQut | i er Anplintd0 (Max- Mtt PCT/US2004/021050
Ovef al | Nonnal i scdOndi er Anpl i nt del (Nerd |
No amilifet saisle extatistiqal irdlatbeship used in multiple algorithms for smoothmg

coefficient scaling is:

2 . .
iz- *10 , where o = datum Standard Deviation and g = datum Mean
u

The outlier classification element 212 is suitably configured to identify and/or classify
components 106, output test data, and analysis results according to any suitable algorithm the
outliers in the output test data. The outlier classification element 212 may also identify and
classify selected outliers and components 106 according to the test output test results and the
information generated by the supplementary analysis element 206. For example, the outlier
classification element 212 is suitably configured to classify the components 106 into
critical/marginal/good part categories, for example in conjunction with user-defined criteria;
user-defined good/bad spatial patterns recognition; classification of pertinent data for tester data
compression; test setup in-situ sensitivity qualifications and analysis; tester yield leveling
analysis; dynamic wafer map and/or test strip mapping for part dispositions and dynamic retest;
or test program optimization analyses. The outlier classification element 212 may classify data
in accordance with conventional SPC control rules, such as Western Electric rules or Nelson
rules, to characterize the data.

The outlier classification element 212 suitably classifies the data using a selected set of
classification limit calculation methods. Any appropriate classification methods may be used to
characterize the data according to the needs of the operator. The present outlier classification
element 212, for example, classifies outliers by comparing the output test data to selected
thresholds, such as values corresponding to one, two, three, and six statistically scaled standard
deviations from a threshold, such as the data mean, mode, and/or median. The identification of
outliers in this manner tends to normalize any identified outliers for any test regardless of
datum amplitude and relative noise.

The outlier classification element 212 analyzes and correlates the normalized outliers
and/or the raw data points based on user-defined rules. Sample user-selectable methods for the
purpose of paft and pattern classification based on identified outliers are as follows:

Cumulative Amplitude, Cumulative Count Method:

2
%
3 (GOvemIIOIIIIIerColllll ) ]

C'OuntLlMlT = :u OverallQutlierCouns + [ ( Max

OverallOmtlierConnt MnOchllaullichalml )
3 (o'a.“un maltsed! Qualer Amplis ,l)
NormalizedOutlierAmplitude, . = - e motinas o e gt
1t = Hoversti Normalised Ol dsgalunta ( i — Min )
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Classification Rules: Part., = True, If[(Part> Coma.,
2) AND( Part> Normalized QutlierAnplitude..,).1 10 Part
MARG NAL: | ighArapll tde, If p " = TrueartCuinlariven
woi obsaiokasr A> Normal i zed attlier Anplitzi de unnarTS2RaE0R1050
MARG NAL: Hi ghCouni = True, IfkartCionlatlve Qutlier
CouBlessHicati@oRmies:" | T 11LIM T 2 N-points Method: 15The
PaGL LAk, ywnbgg,,g,, abh. | QEd(&n I yl,,g ,?:,,,, us @d,.,A,,J}zeJonﬁmmLJéug,w ng
exanpl es can cust om zea" Re end user per
P “%@:nta:rwp@ua frae | Tﬁq* "Bk ol @ Bilie Wd@hzeti@élieﬁmpﬁtkﬂembﬂr ,
htandl er, tg“rsl dﬁ( LUp, etc ) a in these exanples = a
0

Pat waponepan £ um“t“t‘t‘—i*'éﬂ“f’"’c‘”r'roge “mgpti/ or medi an based on

dat ommhmdaﬁ;dmdﬁ\sqadmdpcuﬁmaﬁ@d:obw Je@esh@inbs! i cal

rel ati onshi ps. Payt CRITI = Tru IfK' (Part,” , +
C P art2)04Part"", 2, r + D,gm,,o,g,)C],,,,, 2PPar t I TICAL =

uer Tf‘Ov{nr(o:(r-Rarzt s + Panjs}) AND( (P "um " +

PartcouNT").?... 9)] ‘15'5{?"’6”“"“"’ n Oereiiuder et &

NohilakdedPar t c, 7 + Part+ Part+ Pasr*(J C(lJN T 117)) 3)1]
PaxXerdNplipdz, T u,;ay..,,A..,ml,,,Lo.,ﬂLA(,,.(m s
+ Part COUNT: 2cr Part omlna.)maa’,zm"pzmua l"aphfe.m:ma.mcr,m;»ua
sup@agm (ﬁ{l}(ulgsata anal ysis el enent 206 may be
con o perform additi onal analysis of the
t‘rutamﬁ"et’f ‘t” JAadia.ahfouthe 4%”6?’%4 QD Gen erataigedsyiatyglinde,,,, )

suppl enentary dat a

Part, e omasig, — =True,1_;f |_(Part(‘ oo > Normalized OutlierAmplitide o )j

> |
Cienlative Qutlier Count 2 Coun tLlMlT 2

Part MARGINAL:HighCount =Ti rue, Ifl.(Part

N-points Method:

The actual numbers and logic rules used in the following examples can be customized
by the end user per scenario (test program, test node, tester, prober, handler, test setup, etc.). o -
in these examples = ¢ relative to datum mean, mode, and/or median based on datum standard
deviation scaled by key statistical relationships.

Partgmeq, = True, I [(Partcounrss +Partcopyras ) 2 2YOR(Part copnran + Partcopras ) 2 6)]
Part g, = True, I [(Part counr.eo + Partcouras )2 DAND((Partcopuray + Partcommss )2 3)1
Partypoma = True, If [((Partcoum:s, + PartCOUN}M + Partcoppras + Parteounras ) > 3)]
Partyyey = True, If [(Partcounrss + Pattcopmss + Paltcopnras + PPt coumras )2 1)]

The supplementary data analysis element 206 may be configured to perform additional
analysis of the output test data and the information generated by the supplementary data
analysis element 206. For example, the supplementary data analysis element 206 may identify
tests having high incidences of failure or outliers, such as by comparing the total or average
number of failures, outliers, or outliers in a particular classification to one or more threshold
values.

The supplementary data analysis element 206 may also be configured to correlate data

from different tests to identify similar or dissimilar trends, for example by comparing
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25 anal ysis el ement 206. For exanple, the

suppl enentary data anal ysis el enent 206 may identify

tests having high incidences of failure or outliers,
waLbs/@ssshy conparing the total or average nurdEUS2004/021050

failures, outliers, or outliers in a particular

. cuphlavei chumis topthigrst andém somelatimg outlieds betshe! wWalprs|on ether data sets. The

su entd &mﬁﬁ[syelgﬁgnﬁ %@6”1?1!1))/ §l§§’ ar%b&?‘i %R:?até@%a @Joﬁlodlfferent

confr gured to correlate data
tesfSég identify an@r elapsiifly potentiel (caficabmddir snarainal and/frrr@ﬁél partsf iy the wafer.
THE XA eenblYy QRRAPAalySie eréAan Q&SMQQ Ja@s%?mig/zy%%@ QL0 RO from

cumul ative counts, outliers, /or correl at I ng

diffsgrof fesls &0 iHentiie Byerdefimer §°ftslrpa61ph@msaa#/ar adtrart pyfigans on a series of
wa$dﬂspra+mepmbageyoﬁ@mnam@wxﬁéed@hmnt 206 may al so

nd corr.el at afr dlffere sts
R Py Rl HE Al it S e SLEY ehriptsa o wmatyze and
cofigliitg) tiaﬁﬁfrmﬁ ridffea¢nt g6 o {dadtifpusenddfined W@m rawl@ta for the purposes of
MR N LT N -
206 dep bisd ynaligre rand ebrrelatel stguistichl pmrﬁahpsaztddetesn datanebhig fob &dt node in-
smp gttap pggrlnltﬁce?g no% ol nd, sernrsegF \Pé/ s ISI(% \rflvaﬁfu%g’r E@Ls&pgﬁﬂ'gﬁé&g%ﬁaz?vlysis
eleduntawérraziyymn&rﬂmteetmtmt n@dlﬁywlé leveling malysiabfoy ezomfle uidedtifying

a n el t .
oA RS 02 L AL LA 5o o
ingppropristetesuds. dhmanpblomentyry d@tnptraéwyerehgﬂemr?émtrwtrn@mvar 4oplyze and
coﬁa;rvgrsgrzﬁgﬁr% AR A0S uSlAIE Mo M R
au@meth élslrtlf@am@ pletedundantf tofts peing costpéed) ngsults tapd patligp analys1s and

%Jdﬁﬁl@ﬁdl Qgta%‘rdus% %p§da¥yk1¥' Tie ﬁlﬁﬁ‘ileﬁ‘r&ltéé dbd". BB%S el&r%t 206 is

enent ary dat a anal ysi s el emrent contri but

alsp @mtablytcow%@éedyrp afeatifyearidiFal trgts dffmnenpmple, byfléfrnn&xwgtéarbyfaﬂed or

alrhSERbd ol t¥dd) @Rt B8 binfsRRdA L bfork@BlexMBiiRg To¥%y v Cpk.
I mpr.oper | fg calibrated or othérw se producin

i napiT SpPleaeRapediit paalysin Bayg 35pl R;%rlﬁ ieptifics 8%1 &h 4¢sy sprapling

cath R HhcPRGediPihaRE GRUPEr AN MiZA RRfwieh 6MiES |at%trﬁev$rhﬁtected
data for the pur&oses of test program optim zati

Thp ﬁt&p{em&ﬁt@ry d&ﬁit angflygis Fllewf,rtt @86 gy a é‘U?IBﬁ‘ﬁ? i ntification of the best order
test G@;ﬂéﬂcé ibe&t | ddNcdRfelatitgl W&H&ﬂ(ﬁﬁes tsﬁ&ﬂ 8s bsuvedioB Al dorleRE®L techniques,

co§ps ¥t S8 0 ST of S iSeL i mllray” byl mmomaic,
numbeélof Siilares] @il tess) Gonlg&t/&ioﬁékt et t dlbayic @ofior@litydskuéstassociated

ti crltlcal tests, for exanple by identifying
Wl*hgﬂﬂlfa(?fﬂ‘ff;élled or alnost failed tests, tests that

ar eTisd supp;lbmmﬁmerdafaaanhlysmmdf also prosids idextifidatibn ngcmcvle Erdrginal,

L ow Cpk. 20,The tar ata anal. srs
and e Rits otmee QY RoRER' Pty Bl RghE shege He. par
ideatifidati@s mbe pioside ld&boﬂicﬁ/cta&fiﬁiayomwefﬁeyﬁﬂ(aélﬂg hlﬁﬂbl‘&hlpplﬂg the part
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of badleantl |g60dqatts dunny‘wdfbr@rdﬂaes Idemmﬁtemomdshesesmts eiay e bapsasehted and

corre %ﬁ yes ch as t| onal
oo, BOPS TRl BB 8 BranBtcd B LR 3 grmacicaty

gemoatedeprabar gantodl maje(fon dynemwcmaplpme} s ‘waldy mep asddefor offline inking
statistical anomalies, 25 nunber of failures,
critical tests, longest/shortest -tests, or basic
functionality issues associzmed wth failure of the
test. The suppl enmentary data analysis may al so provi de
identification of critical, marginal, and good parts
as defined by sensitivity paranmeters in a recipe
configuration file. Part identification nmay provide
di sposition/classification before packagi ng and/ or
shi pping the part 30 that nay represent a reliability
risk, and/or test tine reduction through dynam c probe
mappi ng of bad and good parts during wafer probe.
Identrfrcatron of these parts may be represented and
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gener at ed prober control nmap (for dynanm c mapping), a
waf er map used for offline inking equipnment, a test
strip map for strip testing at final test, a results
wia does/ooassd/ or a dat abase results table. PCT/US2004/021050
Suppl enmental data analysis at the cell controller
equigweal, attesh siSip mapiferovimatseting whfiial festc o resulel filetand/aea datefiaes results
tappNd thus final test yields. In addition, quality
I ssues may be identified at product run 5 tinme, not
| at Bwplemgritelifatempalesis atife ol pasirales faval tendls touingisaseyigalisy eqnerol at

heSrdbR M s %A ltds is1db eRdRaition, i NEiel B gé'ﬁleﬂtfﬁéd@{ 4
t egk pr ov} ded toyt he downst reg%}n&}glndeo f%( product run

i ne anal ysi s
time ot éaferasF‘WéFlrméFs theeSPPiementH datesnglysiv prbrighibieg Gﬂ%@l‘s tends to
impyve e qnlﬁdlf(ijwd)fr@ftmbhu;ar ®. thé:axfwg@a@ﬂ@na,ofﬂlh@ aﬁ@ﬁ&uﬁ)&ﬁ 2k Q11 as
ncl u I Nt or 1 O t he. wa nti
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‘may Sldemyf}c potm&ratly alefelctitee gdoda ribdt yrsaysbe undetectedf wing tughverdiohal test

1Q: Figure 10, an array of sem conductor devices are
analysis,
p}63| tioned on a wafer. In this wafer, the general
r eskeftriivg nyw d6 Figed $0.0m zogpé nenicenductot Hevices are posmoned on a
wafet, %Q@Q@g@l He ggge}ﬂll(fgs?stl &f@g‘slsﬁ)?rc o$on£|n$ m\qﬁg %gmconglfctor devices
exanpl e uneven deposit
varjes aerpssehn weﬂer tfereexamplgeaiue fo UITFVI@ @egaltsmaﬁ c@t@fal amtyeatment of the

wafdgl t’['hg'fg {é’{a Qg@.g?ﬁﬂﬁculﬁgmﬂo%gnt aneﬁnw Bé'lhﬁhﬁllﬁ?e control limits

contro e test For examnpl € e tar
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on visual "exam nation of the test data or
C onyWaen thotastidata itygoteest atcontdirigso vafthesaspdves df distprebattaniestion, the
cordin various..aspects of t pr. nt .
oS FEARA Dy HCRRE) Ay b2 s A AT CRRRE B ¥ ol UeaD AR i aaa
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unl%%tt}% dda?a tloratilg ?Llr}/ouﬁc?lgé %Mgffq%n%lﬁsé %\a‘%? I ?ﬂ thF| L 09 ellu%&atcsath gesp'arture

assocl a
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Accordingly, the data illustrates the departure from

t he val ues associated with the surroundi ng devices
wi t hout the defect. The outd4i er
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WD 2005/ 001667PCT/ US2004/ 021050 cl assification el ement
212 may identify and classify the outliers according
to the magnitude of the departure of the outlier data
wo na/dolle7sur roundi ng dat a. The out put ePEMEsSW04A2B)50
collects data fromthe test system 100, suitably at
classifiicatiomedemenn @1 pmay idea ey ami dassifiuthe petiens aicdoaling forthemnegnjtude of-
d S&hO rface.. or. other desired
thedu% é%gae s d%ﬁ{gflgg{ ﬁérmhee s munﬁmﬁgatgr aphi cal, nunerical,
ot ex’ti”hmautpup elemens é08 enlleeth ém fromitiee tsh systermiip, ftably @tirn gime, and
prchﬁd%F gxmnutfnn ?engtt@ Y E)nﬁtgrp Qz{tﬁbageof) egag@r ifterfad b(ﬁ‘%%? Hésued destination.
anal ysis. The out put el enment ) provid
Angefp@s tsagh esomerbinal, numeniqalijtexgual enlnet?tl,eu eéqsrtrmw fqrés fmag de ased to
pre‘sérg el il R&E f‘or 12orantkehRa M S si0f Tﬁmtpw BRTEAEIR aﬁ provide

data analysis. In the préesent énbodi nent, the out
amye pelsisdiconion Belpeing Fi}“&dd\}‘ﬂ’&é@“éia?eflfcé‘t o g9t 07 AR qyls of the
su;ﬁﬂl%taﬁedaﬁhlﬂnplyhstest data specified by the operator as

Gy TR RC orah A Ry T ALk i1 PR et of daa

froel BBRihutAeLs dhth ispecHiel Py E}Qaﬁi&aﬁr S&ﬂxﬂm isrb@p}ﬂ&ﬂ@ﬁal fdﬁl@m f,ub@.lct Tun

. dat.abase 114 (step The
i U B S P e D R0 FBal Pitcrodeb Ao 1S Tohelpacs o
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T G e e L
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zogcanpiliah gonea rrgedono pqprriogents, Hr slehwd)fal stegper: fioldeli 1T egmpling range
co&gﬁieﬁp?e@ ddf”:ﬁy @&dﬁ}ﬁ eQOc%hEép&Eh?ngo’Eo ftﬂé o‘%gr%ﬂ ?rtﬂé %?egetenmned

C nents on er or -an
cotnh@neatv an fhalwaéer ooampdensifiedpdriponepf ltimawlabrﬂqemmmpta in a batch.

el e

nf gfr?ér’]rg%tﬁg %le?g aﬁSﬁtﬁa}bﬁso l%rgoh%éiﬁﬁjtolngcrlﬁsdaqgfrdggatﬁn relating to the
oufligfsp oprethicn nnfg@nématge@ﬁrmd oxl édentificdely Bip yupplementary data analysis
eleﬁ{éﬁplnﬁ %n&ﬁﬁﬁlcd@akﬁogaf}%yW§ ot &ERG rb(f‘ T.BQ ?dGQMfi‘égn shch as x-y

atal o Sste so conf i uregu the identifiers,

cogré@hteagowyh efode éﬂ“ﬁﬁ‘“ﬁ a5, anembleéa?é rrells The goqstipptpefos theragerator-

sel@&&ﬁém{p@ﬁ’en%san&@ﬂd outliEheurs Aefzed i'ﬂxﬁ)t tﬁ§ d}fn@ﬁnct cﬁﬁilog (step 706) which in
oper at or - Se ect ed ﬁ]ﬁ%onents and the outliers

the BipEpal PRI dS oy At &}eo@h(% featr 9458 Cutpith Foat, Merging

reduliRg Clata B t}@mﬁﬂmﬁee Qhtalog thaMithtbe cbBprBRion 08 thBoripital \iRta into

tester data format. Mergin 5 resul ting dat
SUMHE St‘al’i‘é““dy’ﬁ g"“&l ?aéagvafl‘éféul t1"1"‘ ﬁe’fd’aﬁ‘fﬁ {eetey, ‘%FP %‘F reducing
datahQo@fd quabmehnd mmmt%o&wfamgxyg shat inslghes foanalbs‘equém Codbtomer
a.snal native tester dat

ram1d a val es |2§? ?
sy, Thegie flmeren® eiians eftsﬁm S ot g e tet data and
on€ @mfo&rruaa MmOk duppMregtary Math @ﬁalﬁsubaaﬁme 1206,Co6 bBdntry in the

si s...The out put Iene 208 r i eves sel ected
mqr$ﬂ%d¥ Fdinqte Ay ﬂptgg dynagig %\ﬁl‘}gé?fp ﬁé ‘a and one or nore
dat ahd feﬁiﬁvéd’] mfmpqhimheﬁanyab@aﬂaeca hamyajpmpahte raatplut 2Pt (step

or ntr X:-y rdlnate a

10" a8 Fhyf a1 ePE by o o g P B presem

enibodiigienta theosutpis réfoensustably didlydes tier @damic dueleppaviny & atager map
out put report (step 710). The report nay be prepared
in any appropriate format or nmanner. In the present
enbodi nent, the output repopt suitably includes the
dynam ¢ datal og having a wafer map WO
2005/ 001667PCT/ US2004/ 021050 i ndicating the sel ected
conponents on the wafer and their classification.
Further, the output el enment 208 may superi npose waf er
map data corresponding to outliers on the wafer map of
the presel ected conponents. Additionally, the output
el enent may include only the outliers fromthe wafer
map or batch as the sanpled output. The output report
may al so |nclude a serles 5 of graphlca
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10gr aphi cal representation of the data showi ng the
‘identical results of the tests. The out put report
may be provided in any suitable manner, for exanple
woulpsato1ds® a | ocal workstation, sent to a serrR@EYS2004/021050
activation of an alarm or any other appropriate
indi@atingethe (sslkeﬁad Z&@oneﬂtaﬂoroﬂe veudd add ﬂﬁﬁtc,lashfiememt ﬂ)‘uﬁther the output
odyERCI0s PPl b B it S opie o Bl Bp B4 Pt map of
thet pregebefted compctrhets mddlt@aaﬂveﬁxe ohtput ¢legent axm(&mguju@toxﬂynthe outliers
' al apf]
ﬁomﬁf V’]vgtl‘efs:l(ﬁg? C})eclECh ]ag ﬁlg tgeg@l&lsw Iu fohﬁﬁf re oqlf'ng :#ﬂso 1££il?de a series
of 6@%??& FW&@SPI@WO@F of /e detp t(ahlg}dlrghqotm posTence of outli¢rp and correlations
in B QMB' @ﬂ: Jlﬁbutt Fé?ox% %Ph&ﬂ@iﬁé‘@é r&GﬁH@daﬁ dxlﬁfanh t@l%)pvar dfif for the

each wafer, esting system 100 accor ous

recqmsadasiont Fom exagniss €1V ety @PRePTA gwtwds@weleqe?s@f failures and/or

ouﬁl@ﬁ}m bktButdERkSySndideaRBgdion 1P e BRRGFAL ARSI 'altld 1@5@4@
dent |fn?6&g ter{Ps and trends over nultip

|
thaaafl%g fhe st ey o RS &1 WM@%&?&%M include a

graphicsl repfﬁesemsdnt(ﬂﬂamadaymvﬁng e Fehtcalzbynltperthoresmd to
[ eristic such as patterns or

i dent i sel ect ed. char
irr E@"Lﬂ“ﬁ‘% feped ma&%?@“ lfllaﬁf Wighle maweg forpa?m%lﬁ gppitdo a local
wolilstatib |sent tod sk, ctiv@olse af Biainy, He eyl dliier 6EHTSI1Ate manner (step 712).

characteristjcs t at pre ttern
i P PGt ko GRpe N G R < Btk Bt i, G docs no
affe@® MEospetaioa rvd |ty systemoot tcanmarruost&e anin @p@f Of thad eonfiguration, the
com@%rﬁ@?écro{)or I %2 %gegZIe? lt'nF]s t%e alixa ayss1est asn% %enarat%%rrgggl s, for example for
demnrptrmmgetlﬁcatimnur;wsnst abl e manner. For exanpl e, in

t he, pr ' an | ysi s

ol eIrIrlgdrqt&% 1%{) %cgél%)glr@%grﬁ%ggfa sl]s?ﬁe)thgltqda oft QJEBQ\?& t%g X}Tcéjcem 100
acapehing/dvafipwnaspastst df gheeprosaftanenbordhay altsaapa_forﬁli Wempesitb analysis of
theggtagagggén %?egihéﬁgl%gzggiﬁtta (lgo fg%nt% a?%lt}lg ncgtrre(r.r:lyp é\%gn{uglrp?ésda%sets, such
as gising atviltyple m@feesrmdfOé dotas Campodite wmleSIWd&ullitebln perfermied do ddentify
selEJt]& Qﬁm%ﬁﬂcslg&h Jshﬁﬁﬁﬂxgp&sﬁxregulﬁgleénaﬁﬁ ﬁluﬁigf%”@a%sets For

may i npl ement ed, however, 1n’any appropri at

CX@M% i rgltlt*@lt: idaigsetssen be gndlyred fifarosmenechewariatistion thet may represent

@&ﬁ'ﬁbﬁaﬁg oPﬁ{e%\ﬁ\ﬁﬁﬁes%OQt@@&tdi‘@:E Gati@sUt i on. Further, the

osite anal ysis el enent 214 may be executed on the
t es hesgpstnepecAlytit 81y TOBPIEE 2By pRYITBtecoplytis & analyping gy data

fo@ébnirﬁtgﬁ PIRRLRRLLHMRE akd 8aset, fhdt ﬁhf @e RAplethested eP ARG able
comput er system The composite

mann5 Foh EE ety hePrreent tstingsyystem 100 the composite analysis element 214

performs composite analysis of data derived from multiple wafers and/or lots. The test data for

each wafer, lot, or other grouping forms a dataset. The composite analysis element 214 is
suitably implemented as a software module operating on the computer 108. The composite
analysis element 214 may be implemented, however, in any appropriate configuration, such as
in a hardware solution or a combined hardware and software solution. Further, the composite
analysis element 214 may be executed on the test system computer 108 or a remote computer,

such as an independent workstation or a third party’s separate computer system. The composite
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anal ysis. may be perforned at run tinme, follow ng the
generation of one or nore conpl ete datasets, or upon a
col l ection of data generated well before the conposite
wanabymwisy i ncluding historical data. The congEUg2e04/021050
anal ysis may use any data fromtwo or nore datasets.
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mlﬂlntgwsa CDBﬁgurmmhen ﬁlae@eﬁt'afesr_bom ment operating in the
&%ﬂ Ct% u%g 1% ﬁlt {hf re@QY I g&ﬂ%@ t' o epa%ng QHRI? S!seth'ﬁ‘conductor
ana ysis e EIVES ata fr
testieg enyermens dhmccawosmﬁeandlatlaelﬁmmwm rqcﬁlmsedatvaﬁr@m sulfiple datasets,
such®s ﬁe(d:!tﬁlfga)m mIHff)Ied@Ifés gIBlthgw ’?1% d@ﬂ%@%ﬁ&?ﬁi&& @ﬁlﬂble data

or anal ysiI s, such as raw [tere
forgmplotih eeFhaaray deingilisrer dalp, septed davimbjstarier] datacfrony prins fest runs,

or Mta ABdiRedr AN et LR fiRE el ﬁ@se@ttenfb‘d&‘ln{ehﬁﬁe cbiipdsiie analy51s
present enbodi ment, the conposite anal ¥SIS R
elepnsptdi] § Eseivene W deta aathfltered delgabryn disea The iftwpd taiteweay CPH@HSC any

sulfta'bietd%faﬁgr zﬁ{l@Fy@is NGaYh £QARbIhSEIRIWhd/of Sighitet 3RMIRiIABRER th Ble present
anal ysi s, such_as snpot hed data and/or si nature

embpcimizd; e gamppsite Analysis GRmseHd TeeBisH theaaY datﬂfré and supplementary

dae QEReAEd By aRAMuYSbBeRdrp Hﬁtﬁltanaaykfs §166&1k 166 LbEad ﬁlW smoothed data,
dat aset and suppl enentary data enerated b

ideg{ifirgtianmefivyss, ’&at%tlcawawfxgqﬂsere Flé’i*?élﬁﬁ anpdysis déécfﬁlda% othfedata.
snoakdreetelaiganhe tadadtal aftdi ﬂl@ELﬁ}f@féH@ﬁtalfy&lataUﬂhe Somposxte analysis element

identification of ouyt rs, re anal, SIS dat a,
214 RGeSO F RO HE (9318 féftaé? SReEEs HMPaRife jdata camprises data

reriré%&lztﬂs Rk eiteMiagiby fidat Bore tﬂtaa e ﬂ@t@é‘zt t oth@ngR| e %‘f@m data
generate SIS
e e RSP RO e ﬁﬂatngmiep&aeééwem% Yers for a

paititfl@r 18Rt dcowtrihig GoR Safeshohdingd) tdnatdlad AFRIent RhsetX WGl B, data for
the conposite data may conprise sunmmary i nformation .
relating to the nunber of failures and/or outliers for
a particular test occurring4for correspondi ng test
data in different datasets, such as data for
conponents at identical or similar positions on
different wafers or in different |ots. The conposite
data nay, however, conprise any appropriate data, such
as data relating to areas having concentrations of
outliers or failures, wafer |ocations generating a
significant nunber of outliers or failures, or other
data derived fromtwo or nore datasets. 5The conposite
data |s SU|tany generated by conparlng data fromthe

.. M e r ..
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15 those datasets (1320), and outputs the results in
the formof a conposite mask. The proximty engi ne may
generate the conposite mask data, such as a conposite
wiomaeroi@wr an overal | dataset, according to aii/US2004/021050
appropri ate process or technlque usi ng any. appropriate
conypeneRis (i 1dqnFicah ot tsirailar spositienseompfiffiient Fyow Ry Hedibtprtaptsy The

comPBéid Wialhe), %@nmﬁlaoelpﬁet Ay WhbBpitd Gt Aol @atd deBhid} to areas
and gener.ates an out rt for use ¥%the ser or

havigg a?qﬁerﬂaggfewé ﬁ?télifgza%%ﬂur% éva%r Beatiept gemEnga® gt i number of

outlftksSd? fdglares Q;fmf)thgxtuawiiehoedrfafm 70 Bmofhanse t Ihe co Irrpo.s ite
at a anal such as i.a nal ysi s, '
i g e atea PPl BBty b Bt o BF arony ptasets o
idextnlﬂﬁpadahaaﬂtxﬂagmueemngml@ ddatess. (Hoatxathpiesthe odbmpité data may be
gengFt(e)c)?( I%t e&%ql %rqaln)t/sas en ne ]gonf I%Bled t?‘r‘d)n? ?e earll,%{a S]%Hbene ({c])%ng%gitg Caata
accdBihg to allr},dsumlyle alllgmﬂme oc profasg u e thet p:gesdrgt enbpdineent, the composite

SR Ry RO BRI S g0 Lo
maghs dsedrionythe dgfasets. maje abmpesit evalds @mmt Al ¢ ymaydjples prvegss the
COH@BSIQ%@E dgk %ﬁ&aﬂﬂﬁ’e Bsbag diSfbhdd BT 6k akiH) GSthe comp%sxte mask

teria, thresholds, and precedence. The result
data he analysis is a conposite mask of the inputted

datR Rt SredehBtmbdditelt Bk 8%0,3RAY leAdind tREIS am{pw datasets either -
patterns found throughout the datasets %Jven

thrqyelh il Wﬂéﬁgﬁmémteaﬁatehaﬁq, Py efheripta-sipe. dsFpaRse %mtwg @palysis on

thod¥RILARE @F20NBEH Sipuds it it G HEIFRA BT 8 LrdsdsiE B8sk. he proximity
dat abases, other applications, and fi|e-based d

at a

engiD §1o BoNETHEH s OTRROSHS K Q- SHOTSER 2 CPTPQSKS imhpeg far e oyl dataset,

acc&lﬁh@ totany; BEHrERHARATbleSs c{f@&:{imquﬁ using I@t@appfoﬁiﬁbtmﬂeﬁm&ﬁ gh P&ticular,

use any rrate ecnni que 0 ner.a

the d%?f‘b‘B’@f BB SRIATE perges diey aqnwgmteu AR iy aﬂeaaj (53&1 (1322) and

genBRt A0S NrdpOt MérSusé By fdluas or MeTieesysteml @824).1 Th prbxihﬁg, ,engme
V‘q 05/ 01667P / US2004/ 021050 or ot eh
e R B PABE S (1R T PHE B OB oG ot eetore, S8 as by
spatid BDSis] Malyaiak fdaka forrycubringecbaaitaBti@dn & datasetsy e rabving data

-mw$ﬁ§3§F %ﬁagﬁ?‘§vstacked view of nultiple datasets.

Wty engine collects and anal yzes
datha thk presan remsqhonnh, thg paaimsityf engime meﬂfdﬂrplcemﬂ@ﬁtamslsgdnaaﬁon
1315d L f}>e/ ralﬁcg :bl%géo' |lﬁur?(§ l & étqpnn? Qxc 1<e>n paa ) al?'ertglerl% p(r)c%ximity
welghtmg rIBEﬁs;amh deteg addftfidter chimeerd 14, ahaho;ozenﬁtmaggiﬂ@enwso provide
udi t t
pro%gx?fg%.fubt% xgtt grraétﬂtgrng{e?g?lgsj %grtga\!’;k%é% %érj ?&éﬁs‘ criie 'g’r {ﬂfegholds, and
p1e®d¢xtablTee cretu#t. of the anilpsig fyea porameitt meskbofl rthtempl,ltteﬂ hatasets that
| a n o e
o LA 00 WP FORE R d DL (PRLESE YT Abe proximity
eng@rachn whlizer anbeppedpuste estphinmetbed espedighnigcluding thenresy stmstures,
datﬂ;@%% %%eg%%'liﬁﬂi%}xs? gnd"ﬁl’e-‘%’se?ga@&g{epmch a t%xt' fﬁé‘&k' € @lek HWwhich
ch as an X, Yy coordi nate system Thus,
to oulmet tbﬁr@xﬂmiteyﬂ@hgi ne conpares data for devices at
COFphLE SRARH gn i Al QEESar{?/fa gf%bﬂatp%cﬂx‘iﬁue BUERe@® the composite
| ocation 1 as shown i N Frgur e 14, to identify
magialatacinplgding cqrﬁéaty@ ﬁﬁ}@qutnéetlpé@, pong}a{oamulas, WestegpElectrical rules,
proximty engine of the present enbodi nent uses at
| east one of two different techniques for generating
the conposite mask data, a28umul ative squared nethod
and a 15 fornul a- based nethod. The proximty engi ne
suitably identifies data of interest by conparing the
data to selected or calcul ated thresholds. In one
enbodi nment, the proximty engi ne conpares the data
poi nts at correspondi ng | ocations on the various
wafers and/or lots to thresholds to determ ne whet her
the data indicate potential patterns across the
dat asets. The proximty engi ne conpares each datumto
one or nore thresholds each of mhlch my be 20

o o -
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30limts, or whatever the particular qualifying
rel ati onship may be, an absolute counter is
increnented (1516) to generate a sunmary val ue
woaoesespondi ng to the data point. The datcx/ 20031021050
value is also conpared to a cunul ati ve val ue threshol d
or ¢th& 189 defiirfed chterisl af ralepolnnthe pradenitenesaiaRakS cdrii®sitd ihkk Abta Vigry be

|, t he nt, val ue is.added to -
conBet ob A GTERY ProrrbRaBf c8RsEY Wl if sl 05fee° e presem
proxhmityceagre pollaats ahd B3R0yzes datg dnevatspomtigy dut fremnmudtiple datasets to
r i.m n epeat s
S S R e i
coxrqqp@d@s yatge| Thg dpfe aadmé érnaY(bfaM)apprmte dw, inchnding/tbé @w data,
smbdihdd¥Bta) nafife KLHEE d8E LEOLEHy SHhOURitDle d’é@af ers. Any
ot her desired teSts or_conparisons nmay be perforned as
wellp the Prased @ppodingsat R PerERitdeReiseanslyzes data \fpre poregsponding

loc@tfonE be nﬁlﬁﬂpﬁ\/\ﬁﬁf&s dRb@rRe itdbigure N4 dA6h WRRMRILARs IR YSresponding
been proce % the proximty engjne may cal cul ate

tocgfiye, 46t (4 BR S5TEeifd "SRR 6B CRY ORISR e cas Yelgasich a5 an x, ¥

coRKORE eystegh. pal‘ulsl €Hgl ;ﬂdeutnhfl %ﬁéiﬁﬂ Empafe® rdaﬁ)%frﬂév;i‘oets tah Borresponding
cunul ati ve

n te over.al]

looBiig b RS e itastion S 2t sibSondien o tomutyastsms in
thetchiepwiterset afdatee val ue for the relevant 10 data point

(1526) eral | .curmul at i ve thresho y be .

cal51(2§hgl ?xngel}' %X &5 OaBis R ’i%a OfITRELPSt 89 ?eggn‘?’lef‘if two different
tecidugies dok gmerathge Vientonglvsiteaotagk dad,i € symslaiye s&mate® method and a

S r-espondi ng. data.paints_that bear a.,
Torh SRl e 78 R SRR b MRS B Yl 87 e
thecdateu loatdlaptpdt dir eddobitead (bidsinilds)  iraynd embefimess ﬂmcmxidiitp Gengine
I t = Ayera

congx_;% E%EEF E%%tpg}ﬁftsn gts‘t,eoglll:]é o'nglﬂ%)elw Hons o € Vgl('l%bs wafeﬁ] arP)d/or lots to
thregheddsetopletermige whethemhthe rieiamlcmatewtenﬁaltﬁaﬂerdahaoss rthd feasets. The
pro§HIHOBEE BAPHLALIR Nk AR orHictl Sk ACIRT edfl 2 WH!Ray be

or variable selecte j ust the sensi IVI ?ﬁ
selesterin 2 ap@rosléﬂﬁ%lme@lemvm a p&daﬁmd velubewialie |cuinulatsd basel on the
curthfAB25 \qgl\é'cﬁgﬁlﬁ)t@d fa&n@léto@lcagqatm values in the

conposi te popul ati on ata, and (Max - Mn) is

t hef'o8| paplen 2 citbe pikamerth cof hihg Rsesent apraximmiieengindaingplements a
curR4tRE s?ﬁ@}eﬂ &Rthol td SEnfa TRl @attaeto Qﬂ@éﬁbﬁ&' ) aﬂfcglq é'j}”eczrnp% to Figure

Cenera the overall cunul ative t
15, thy Ré%’%"étﬁ}’ P@*Pea?u%wp%?}chrﬁlv&?@@ombﬂSmem ififsy idpfaseticlt lap), such

as d¥QdulttfSr afarticilaieQ For o faArtlchRr &@ch bedbAficullatvAfe? & a particular lot, and
Upon cdkculatlon of the overall cunul ative threshol d,

PR valtgitha cort dresheld S134Rkt Hesr threshold iy Germprise any

Suite1e halG bl ﬁ@ltﬁe of HreshO18] 48U AN thifbe! NRWEPHRR SntuPpddinfe, and the
25 conparing the count and cunuPatlve

for. ex
like, %ndua%yalteo*ekﬁ?%%%q dig 10 SHEAPproBsatHFTigriae 1§ thedaig poinhgalue exceeds

the [Bir&R610] i.63 1D Qe BRh Bl tihtedi hEbeMiSthe thrbdhsld, dahd tRPhkhold
cunul, at ve value for the

uar es th t ot
hm}%ﬁat%‘i %1?5’. ?{% 5%*’6‘}"“ ag rﬂﬁ‘a@é% afF'é%OntS B THUATet AR Eouptst is
mcr\tﬁkﬂ,tﬁi (ﬂors) tm@n&aﬁea s@indty vhRe b&iﬁs@magtocta& bata gSET at ed

T e DAY Lt S Sto oot b & G tve ekt b LSS 1f the

datd peoirisvahleckxcdelie thet dugnutheiva viled thikeshald, dbs Hgn pbme vAIQS is added to a
inclusion in the 30conposite data (1534). The
absol ute counter value.for the data point nmay al so be
conpared to an overall couny threshold (1536), such as
a pre-selected threshold or a cal culated threshold
based on, for
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WD 2005/ 001667PCT/ US2004/ 021050 exanpl e, a percent age
of the nunber of wafers or other datasets in the
popul ation. |If the absolute counter val ue exceeds the
woveesaloleszount t hreshol d, then the data poi ntpParEysS203821050
deS| nat ed for |nclu3|on in the conposite data

cumclﬁéé%ya orire i erieeeni & %ite apmopaip erdiler e valigofar the data

poirdatiae p@kiﬂhty(ela@xﬁ@}epeﬁér the pﬂfcéb’é 'f(ﬁF évb!ry%ﬂﬁésﬁ@nd@daﬂ point (1522) in

e mask data uUsing oth
ever) I Fci S0 BBt 78 V68 Rl o Srmiseiyted e of waters,
Anypotboti desited @s16ion @omPais@ls ShayUbd pdrio@med hOWBM g th@%@ﬂ points and
(mM? sten1for generating the conposite mask dat a.
rmul a- based system according to various aspect s of
t h@’}pn edlenf tHermelndrit Clataus@ss \lﬁﬁhﬁbb}ﬁﬁaﬁ@ﬂ that e bsas! ﬁﬁ»ces% the
f OFor

prox%ﬁl?)'; @ﬁ?g?x'leoﬂﬁy cngulgtg \)a#ﬂgs gas eé;lgg dje éxy §4¢ zarﬁs exaiaedmg

N an exenpl ary OFITU

'Partmiﬁretbmh@l@bl Eer emayploe the geexidief |enrmb May oslcilatg otvaalaraymulanve

threshdidt #&! cﬁcﬁ: bt 0@ H)r?es;tao Hﬁg‘ﬁ@(a'b@@d%‘i i) gurx?lﬁ!ltIV%Q/é{l q’ the re‘iievant

for each data point inthe rel evant
datacRoitdl 20)-t Hae W@iﬁlﬂ ﬁvm‘}la@ﬁgﬁlﬁémkhylambalcylzdateécm angalapmopnate

manhd? & hﬁ‘:nﬁj@td@sdag B! {’G?CIVEIR And: reristi Lé &;{he%%gﬂ %Esaof spdndmg

for exanple to calculate a va
data o theh deduprBRptionshin F‘%ésﬂnﬁs@’bﬁ Clﬁplatemvmlq; rthey pmidl aumulatlve

thredpaIl(L i) Aay b6 84Ared acthRing ¥ I8 RNIRH dfbn:15cal cul at ed
for each data point |nu¥heldatasg?ﬁ%%r %ach defi ned

vari abl e. After calculating the variables, the

data points may d berm ne
a8 ot o (BRapFAl HSe StéH&é‘raneV%t g

criteria. For exanple, a (Sex--ddinjhed fornula may be
resol ved using the cal cul ated variable values, and if
the fornula equates to a particular value or range of

whemaiw&ge istthemeat e e @f fie daR)in th@ cEhapdsas Eé}ﬁlﬂmﬁﬂ) bf 8486 Skdd PR tor
t he conposi t prOlet

s o 3 48 GRIRO MR Bt sftsiog o5 oo ulatva qugred merhod,
Standerd Dedativg i$ the atal)ﬂaﬁiﬂetfﬁbd)lﬁ)fplm@ Peiasvalies irBH EniHélite pbpMation of
r n (oYageTolSY! datac a set of data
curn S bl DR EOTRR N oD 8 S P B el e
comnilqtp peradrtion af datg (ﬁantrallﬂquﬂaﬂ nirhylative taeh6ldes dFhedH ckiablish

Lfie [
aco a%ggg\{agleg c;{i]énggﬁy dF & pom?s (if hnterf?gmgili étllﬁul ﬂ%ﬁ)ﬂa‘t ment |
t hiépanoaisulsiiereofiths kv edeélt qmmmtnyve thirasbdld, aheeprpgibdity @upiag determines

_whetgévﬂoccﬁflgx?a(ﬁ?%écﬂn&tat antxt f% 1llcﬁg%rq$1r1 %ﬁt gc%%qsotéltei égt?, goE §mne1:ge by

var |
compsfing th Irodrd ishdiguenuladive BaluSuie trdsindldy: 1Tk |pm‘xmﬁqyerigrmd lo€ ehis Present

embdd%ﬁéh@ &1&513%9@&9&%1%{ 41;1%%1%09& r&aﬁS% h&a&? 31 glt Cuﬁﬁgl.}‘gggg \gar%e for the

desi Ccess

data pgipt r(bﬁ?»Ohmmgfmemei; it equelred @smulagve Tzhe: cﬁmnqhesiataepdmsﬂé the

dynaﬁllﬁ,taﬁy Q’&Béra@éds&egﬂ c@Bﬂiabf@eeﬂ eEl%lcgﬁl@ggatI? tf%dsdhgrﬁa Stkmuéahtvg value.

i nf or mati on. exanp onposi tle
exceqg pheyermh ézpwleavet *breshom Sten Hreedatymmint & desigamcisfonindlusion in the
cmmﬁﬁ&hﬁﬁn$ij? the datasets and/or identify or filter

ficant patterns, such as filtering to reduce
@btoluts eavnieryali igkiby dats peintmaay aisethe cpwparedto an overall count
thresﬁtﬂ(h A6 Gusd af @fﬁrélker‘élte@ﬁﬁé?hoh?&‘ Qg:aﬁﬂﬁttea q.fﬂjeﬁl%ld based on, for
characteristics, or filtering data having kno
characteristics. The conposite nmask data of the

present WD 2005/ 001667PCBOUS2004/ 021050 enbodi nent,

for exanple, may be subjected to spatial analyses to

snooth the conposite mask data and conpl ete patterns

. in the conposite mask data. Sel ected exclusion zones
may receive particular treatnent, such that conposite
mask data may be renoved,  ignored, enhanced, accorded

| ower significance, or otherw se distinguished from

ot her conposite nask data. A
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5 cluster detection process may al so renove or

downgrade the inportance of data point clusters that

are relatively insignificant or unreliable. In
woheospossent enbodi nent, the proximty engi nePaTays208/021050

configured to identify particular designated zones in

examile acRRigsaeRe of thesmbat of wafel of iptfer datasetspigi the sopulasiont HE the

absollRS baRR} 4lug %&s@ﬁ@o@m%gxﬁd}u@ﬁﬁﬁ %Héh %[e SesptahBthgain be
treatment or jgnored in yarious anal

dem@sez?firﬁwemclwé?remﬁ §ORRESH Giler €03, T @mﬁFSé)&? FH“?&Y EFgemed for
eachf}4 Rft ABkoYSh an excl usion zone at a selected | ocation
on_t he wafers, such as indivyidual devi roups_of...

phemer Yy SmE B HRUTE e SHRb e PRy Sgjtions!

or atbr@ativaftedhniqiése @KE lpteSdno proziuiey m;ne pﬁa:yv klde utilizvec fiamukrhased

t I t t
systﬂlgfog)ég%e%aﬂ}n § eercog}p%%%raﬁlat%k Héa%n a% %‘%rimsu?agl]) SS'(s:t%rln Qig%o?&z e{o various

aspebhaeofdtht presentningentioe usb@swagahietsedldabrremﬂ, undeadpnewoamyto define a.
I ner, such as by 15assigning val ues that
comg&%£gﬁ%?o?§phe range of subsequent processes. The
r eFavamampleo neamexeniplary Samelafpsed sysiemnrgne i variables may be
usergﬁﬁﬁl&% acc (gflg %W&lﬁble%ﬁ&hy degl \Qﬂﬁ@esoa‘?é QitSb1)B¥iRE for each data
esi gnated usin file l1sting of device
point uetm relqventtargivs Hor e@mpkdthﬁ REXENItYSNERe gy,anglyze each value in the

dataGRRNISHoR @b ERe pRBE RS daE Pot, Bitlekirfpé &S calhulteh ﬁﬁuek}&n&le data point
around the perinmeter, or other suitable process

or cefest FhinHEIDE Hfeimess arfrleslain provides e PéBﬁ’b‘é’éﬁeF‘é‘ d“élteavaﬂiﬂﬁestfﬁaéf be

calc@lﬁ@§§ﬁ%acﬁ'm@%fﬁ€ﬁltthe oot 26 eldhasFiREdtWridgi ne may define
a ba excl uded devices on a wafer u

N
#\étaq %ﬁqu&ﬁng Hst vapahiese e daR PRIEPH ‘feyanélg@?q% sichgs Qgﬂﬂ?f@m
wheﬂ{er Bt RRfaWok® rSRRCth bidey. déﬂne@tmeﬁd aF§Odxainple\d tx&araeﬁheu érinula

defi ned range of the ed t he data _set
mayhedpigived Using ¢ { g golelgied W“%WF walpgs; dy 1% gormyla ‘ﬂqF%I?Set& a;pfticular

‘value R rahkd 6F valie§ thd @i ot inR e HEighek@ fdr eblRi0a linl he @Bmposite mask

criteria. If the exclusion criteria are nmet, the data
daap0|nts in the exclusion zone or the devices neeting .
t hehex tle ldexﬁlﬁlt}CdSIigire fmag garemtceamlt oftlechpbsiemask éat2 s@prdingte any
s ARt ity AET BB L s e Gy bt dar
corragpdndsi @ &le walatsysﬁssheu pa:m Iiohtdatmmnfmseat:le dais koidliat aCondJdgaeently,
charg%ﬁrrls& {(])é%heac{]f% ;Xuons glay éiﬁgtxﬁ%ﬁ) %Lér%.{ilt? ﬁ% Iéa%j fgn?fcér dexam?le, in the
presemtmmbedmwmmheecbnﬂmla mgk datlendyi fllysteitsl preticuthr device locations that
c
share c%ara Ctér%ﬁhqgﬁ Gl )Pﬁkm&?igrs e%lgh) %g kn{lc%l}ggﬁ-}%blgat[e% resﬁfH or high failure
ratemoﬁtﬁahgmﬁoenlattoo n}wnfldjwm iasups onxdhaattyrisiies iphthé ngmpfn@mspr design
t noot h
procegs anda‘iﬁus zgfeo% u(g&l t@l n;gtb\% an%ﬁ&en%]g%%%glg : %ﬁg&%gﬂﬂ(tgsglag
Reﬂ"éac mm;gastt@msakgigtaemylaw\bl apglired B, gendrate pddisenat information. For
B LRGSR ool d?xhl% 4t
o4 bROAE 3835 B PAOH ol 040 855 b
the goisats adrqr1igyntifiner live glgxglﬁgemépaﬂv@ such as filtering to reduce clutter from

rela?lgeg; glgt%ﬁ Q4R %(nltgsglgqgéc‘!u%z&qg&nygaa{r% hgtlmé Bﬁhgﬁérachmét&fsu%s, or

a criterron hresho or a ran

ﬁltemag watp eawqg)knoweﬁaractmﬁtl@s poibat compositsy ask Hale e Eiseprgsent
the selected threshold or is within the sel ected
range, the proximty engi ne searches data points
surrounding the main data pPoint for values (1714). The
nunber of data points around the nmain data point may
be any sel ected nunber, and may be 5sel ected accordi ng
to any suitable criteria. The proximty engine
searches the surroundi ng data points for data points
exceedi ng an influence value or satisfying another
suitable criterion indicating that the data point
shoul d be accorded weight (1716). If the data point
exceeds the influence value, the proxinity engine
SU|tany aSS|gns a MEIght to the naln data poi nt

o Y " I T A~
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The composite mask data may al so be further anal yzed
to filter data. For exanple, in 20 the present
enbodi ment, the proximty engine may be configured to
wodeostonfey7 and suitably renove, groups of datreCTs2004921050
that are smaller than a threshold, such as a
embelment,Jocéxkmpld, tnhy bs hbjedted to spatiaRefiabysed u@g;ntooﬂll-?hegm@sslﬂagnask
t [ odi_nment
auf Bt Gk CroBE R T B gl LA OE R PRRE LT e
pam@mjv@amr,lseﬁh drad wpwposite mhel idate mdryebeg reupsd, igboredyesnhanced,
[
acdBfald ga(?% g@gg&dggﬁ%@gﬁ@é d1Et|ﬂ{§f?gl%la S f! ﬁl{eﬁ%osgé lmlsk . A
clugtpr deferliQRrProqegy may gl reaove Wedoafagradqathp frpROTiapcet qfeiata pomt Clusters

thaC RERBSAIP idBAHicAR LAuFRKbRE separated into ranges of
val ues and as&goned i ndex nunpbers. The proximty

engPn8® BEGFHs SRYPAEBY-¢ e rﬁiminﬁ@' @8%%ﬂ%yebwgﬂkﬁ%!§tdat°f lentify

parﬂcﬂﬁt @esigndtet zofRk Cifli (e AMBENtE dhdik | d&fdie?,(ucﬁ 1840 ata Lﬂgﬁhﬂ; from the
nter n nt ne esi gnat ed .i ndex

ces g8 28 e haostt e olah e B ER S2 HB 4 Vg apalyses.

Fomample asfetrhg tdsrﬁignred]ast the pRIxiitityngine fiay badtgish an HQGILOS VR at a

soBSAR DRl G BRSPS 5 oo

devigeel evoundothe abmreq:tmacbﬁ the wvyfer. hEheeexslubien -20mk ingdyl protidieea ﬁﬁﬂﬁmsm to

o 8 0350 A LB RS s A5 S

weibtingn Ehecadnd points aze detmated veexdclnded inoamyi suitbthie npnesesnikh as by
ol egi n searching
oo ot D Sl Y BB APl S Pt ance
fi vidie rplpvegt geneampobnideniified lraanyaﬂuud)l@maﬁmwe Fos efampted excluded
dath E&nt@ Ghy 'E@ ¥ EorRl-0 953 ?’?eai sﬁﬁ?&‘f Bbe ﬁj@ﬁtﬂ' d:Qﬁ’dn@ P c&)ﬁr(ﬂ% such

mai n devi ce unti |nds anot ata pol nt
as w eoojdinafes, eflecting e pautlﬁulmﬂuh@if b@psiieﬁrcimyhthﬁgp@ate@r,pm .omer $lstable

pro@esg e nﬂﬁnﬁ@ & rEl@%E %bﬁéQn Qﬁeommlt%%aﬁm ) thg' gregé?l? gﬁnﬂ&(ﬁl{l&‘ﬁi the

data point as the main data pol nt and
progimiey eagne may definegebapd el pelided dsvigseons bt usingg sipile calculation

thafﬁﬁﬁl@ | prox§ta: ?aex’%%e% bR\t Bl G Ry Yx@&tlﬂ%ﬁ ptonﬁst witifa user

%acent or onal to each other and thus form a

geoipee ikt £ e 6 P gl setvior Fragtpieart fryices withig this ange, or listed in

| thedi@é\{ m@ @&nlsﬁbjazt & RUteld @k’dld&ﬁm@n@ﬁi tREHR oX@hdiéh criiif aﬁarrﬁbtpthe data

aunlngF group i.ndex and the proxim %
SSVIER TGS thhechision F‘éte’éfb?fﬁ §%qlyded from one
orrnaskna@aesa Wien all of the data val ues have been
ched t he corrp?5| te mask d%t ais fully separated

| nt ° FERIBLY SPEIRD OF HFURFEE ISR ‘ﬁ‘%ﬁ“hf%“ﬁé%’ (fgrigyEedsterpstiorm

adcmro@upmlyséexpon the corﬂ_ﬂbeltdlﬁﬂ;l( idBeh. t yheemmaﬁahl BMysde by BE Bdhfigured
ze of For exa t he proxi

for N RIS PYBCHEt U T STHBEY: CEReh Bt BB e Bwpned fatd, oridentiy
selggred wﬂlarécl&ilsﬁés inTthe cpmpuditainiagk @ingi Fer BRynpld) ehe §Mﬁhﬂfy€eng1ne is

s PG BopGRo L Bl BoRBRE AT 1h Ry bee = Boio

wex@ﬁlﬁigfﬂysten’f h@srgcroﬂum compleleattcaistn the cbrngogite hﬁslgrat’au pl ng

an SISI
st T, oA SR O T BORSERbAPERLY ShHSE AR troyen a1
datgl gdiats lirt t}waiat.aeet Fiore peovamniyy engiref selebie at fivstepmiiva | (¢17 10) ok cheols the
data points is five, the proximty engine changes the
group i ndex nunber for every group having fewer than
five data points to a defaubt val ue. Consequently, the
only groups that remain classified wwth different 20
group indices are those having five or nore data
poi nts. - The proximty engine may perform any
appropriate additional operations to generate and
refine the conposite mask data. For exanple, the
conposite mask data, including the results of the
additional filtering, processing, and analyzing of the
original conposite mask data, may be used to provide
|nfornat|on relatlng to the nultlple datasets and the

- o " o, o " o
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WD 2005/ 001667PCT/ US2004/ 021050 wi th any ot her

appropriate data in any suitable manner. For exanple,

the conposite mask data may be nmerged with signature
woab@oiche raw data, hardware bin data, softvaTarsko0a/021050

data,- and/or other conposite data. The nerging of the
valdabtighetdsta mint lbgaipe af coitariod, suph any tigeshdldbire magenef yalues €1712).

rd I

wii a;agegg,glgﬁg S léeg%g{ea&]s’e&é s teggxgg Hala il the, selected range,
themr@srem engynst searphets Netamhﬁm@mp@dmahy B c@taemrerrttfoma@es (1714).
ThORIhRE S&Bdaﬁafb%mrf@arraina%eqmﬁ a5 diﬁt'xﬁhg DR BnPRRGRE hbAb&, and may be

process to nerge the corrp05| e mask data wth an
selestqdgraprdingigprofuitedppésiit e data, such as a map of

c omﬁiﬂx@mft}aﬂﬁgﬂﬁts@arc}fé@ EH%Qﬁr'rJu%dﬁg 95@%&5@ f6tada i, poﬁﬁs exceedmg an
onposite bin data. For_ ex erring

mﬂzince {Rie BoRHYENE én%fh%ﬁ%%blf Cénteélﬁ% Ardicsting %Vh?rg% emflh%wuld be
acdéﬂm) eigh€(1Me K 16l eleadatil ﬂdihtteh&ée&brthg infRbnck RehY, el gloxidafyedngine

suifsl Bosiime 8 Vst Oai i S g iE Ry @\ﬁﬂﬂ%ﬁ“@%ﬁrﬁm&ﬁ% data

po1dat aInlmlmtloﬁ)thS @qixﬁnﬂtyi yngntehﬁa}c Gdl]‘mshd eeighiS kccohding toSthe relative’
po e o kbRl o dupRy ik gR B Refth pocgi o o

surmued1_ng) dqjmsmh‘ecanﬂzeldetehhmed scabrdmg do pﬁhbthﬁrthe snrtoundmg data pomt is
adj?uﬁg Q@L@ o iR ggaltlt ?@%(E%kt Qﬁlcﬁer na ‘f’hl%: tlotre}f ﬁl%lgﬁp may also be
adjegieri6 dietdata pniat y@nsheeddecrefﬂme mﬁr ﬁag/Z)nréVlge atl_ veraatiag data points
i [ | [t
arogﬁc[‘aw gllgél dg bRt ¥ﬂ g?ie%%géctk chi 93 Xlﬁ d%ta PJ BEis Q%gﬂ&sin dverall
weight, &ir exearpe waddmgut@weﬁgm &tors iﬁm the xlarquh@ng dm points.n§het weight
for tilegrldcruﬁ dgt% ’pof’gpl%a)‘; ﬁl@?@ﬁ bétﬁpa%qg ¥%§sh§1he§£€ﬁ‘ bs ;&%r HE¥hed threshold

e conposite mask dat
(1 7@6)e rIf fapyelahttr@@etsmr @medsﬁlilegthnqﬁiolddﬁlp daterpginids sq designaied(@y28).
Conﬁgsﬂoh‘ﬁog?@%ka’sk \M&h ‘ﬁﬁ L& ({1,§ f&rﬁleteemaﬂge%i' t%efihfephzﬁem Fﬁj éx){mple in
rel ated i nformation. % he conposite anal ysis el enent
thepmraseptagmbadinesni 4he pearimiby engingtreayt brecediared ite dentlyk apfhsutably
renfd¥e ARSuds6r @id PhinR! maladrd shoudatar MReshBRE IR asBa user-specified
part| cul ar threshol d nunber, percentage, or other
thrgshplde of data points overlap between maps. Depending

on Ré}&nﬁg{bfmguésaltgl 00 20,tthepSaiay BRUBAE tHERYesot leybbdifkrtGRy be

areas where data points, in this case corresponding to
configyied &y defigg ey %wéoﬁl@dk%@fl%moye Feal iR &R RS el ocdsiipt Hie teEpups,

theqﬁ@hmdﬁte iRNdarbitg tRbhd dvaly dAtint & HeesmpdiRe MAGKUHtLHRr a data
threshol d val ue for overl appi hg data points. Referring

popbsapﬁfémg @ cpitgrioy. hEOCBAFBE; the dafa 3P1§‘§|1§ thecoompasiig fpash fata may be
segiByedifto GAgd AfUaRes kil dsEighad dRieR Alyibdi® n'ﬂ(bslbrbﬂmﬁﬁfcﬂgne begins by
to,a sufficient degree

patterns that overla
seqrhingae BTPOPLR PATiedal for e dati BT RpIGhERG Ay lﬁd%@m) Upon
en@ﬁhtgthrfgaﬂ dathgfotnt neeiiiy @sgﬁﬂﬂa%mxfex(mmc ﬂnﬂpﬁﬁirﬁley dhaina desxgnates the

with tester bin.failure data.

roP Gl S 5 it Y b EoSE et e dedrhes in an
direntienid &pR the tnkaid ldeta qromgithabthehaﬂeaa pbine thatngresh tthe dabenindex, or
alt%ﬂatlv?l R %’% OSIUtagy e g;limes \Ifa%ueeTls?or | Xe{ed rﬁ%& %%hlo C%rt 11qee':I Bgsired
critevib(1814)f erent sets of conposite data, such as data

fromtwo different recipes, and determ ne whether the

overl ap between the two recipes satisfies selected

criteria. Only the data thats overl aps and/or satisfies

the mninmumcriteria is nerged. WO ,

2005/ 001667PCT/ US2004/ 021050 The nerged data may

be provided to the output elenent 208 for output to

the user or other system The nerged data may be

passed as i nput to another process, such as a

production error identification process or a |large

trend identification process. The nerged data may al so

be outputted in any assortnment or format, such as

menory structures, database tables flat text 5files,

e
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The test system 100 may al so be configured to use test

data to identify characteristics and/ or problens

associated with the fabrication process, including the
woaousfoasuri ng and/ or testing process. For eXxamiisaqo402ieso

test system 100 may anal yze test data from one or nore

S oUkscamsexample afls cacmbive ﬁjnbtyonrmtle precéra embddimergt the progimityleegine
ma%ﬁ a%t;n (sje{aa%cr%}néﬁloriéga?a %01?%1 9?\1 nﬁ? Fegég%ﬁv%?u‘;égfogrh g&?ce ii'lve If a data point
withf2 vele of B¢ iscfatral, Sleaeqsiveriregrine seagtbendt dato points pmdd ths main
dev?ce%ﬂgl%ﬁécﬁ %H&hertdgt@ B01F1h\91tﬁ &e bal@é/ f?vg] ﬂ%}{otﬁﬁ‘%ﬁéﬂfﬁng Hﬂa point is
. store Information relating I ssue after
fourld, b epseigive Prerent FRigcts the ef“‘é’§tltef§9 siﬁfe rreing s ithe mypy aiP@opoerts and

reptt @A PR & RE V“’Tﬁu@ Sthe dRLARIVE MASRG! Bkl Ss 1 268 kst dMEHat@ bSints having
encountered. In particular, the diagnostic system 216

majcing yalpepha) apordiacel ok Aiaepmaligeatheiver apd fus famy groupp gWhen the

rec&@ld(te ﬁﬂo@zii%b}fay fdug k1l ﬂ’eﬁfto@{; ﬁﬁ@g@.@thl@flhl@i t&Bin vEI®, thesloup is assigned
stem na so automatical]y
o VRS% ETOLB 1T SN TR i, T AR oSO U P i cgposic
maQ(UdalthtWhﬁpﬂl’ bf thd Bata edlas Jatd i@adh s@fbhed itheedohpodfdtnask data is fully
og dures ar.e confi g%abl 1S tE hat when, di fferent
seppTalel TR, FRURS DL FOERGUS Sptp RYUNIS Py e same Loy P ey
di ffier mimﬁnyodmlgmma}t Heemtideo theadize0of eshSgtoupabIFgr example, the

Qvided to t S syste 6 for [ .
proB Y R et Ay <l ARt o i BOBRLE R Bl [3Fohntpe proimiy
gmdﬁzty then td’i@ateetht mnhm at a4 paibts GISeaEE groupeo & itresheld and remove
S { t
s B e e 1 s R Y o B b R Py e Rl the roupng
ana(txsrstm oy sistayle i mqmneny(l W),tsgslt asligt asml the irslex FFdue for the relevant
I e n ' b
grou% n(?? dEiFaél Vt?ﬂ(l)lg dsﬁtor g%n%)l gﬁe gﬁr%éh‘élgzééugr?b%gog r}g% gtg%ltsnﬁ five, the
propamity, engine thragesabe grgllax mdexmbdtabaewmygrm heming ifovea then five data
[ [ 0 g s
poiii e b effinte LB CHREWEARTLR LGRS (B T Bhasfilet it diffrem
gr0h1> srtdwps age dmi'dlavmh §V¢j¢ralgqméft‘f$ poinfy st em 216 may recei ve
te I S el
B B L B
ands rséing ms@awsﬂeawkcﬂefaecﬁor NaTEejthe aﬂepwémm@slq 449, dnqlusting the

resGit & thd BEIiGU RO ARSHNL CprddeadiSNadd GndiBihgadfSie Bﬁgiﬁélvc%mposne mask
processed dat a, such as_ snoot hed data_ and fi

| t
data,oRp08e teddamaovidniionmsion relatine Wathe mukiple ﬂ@asgﬁr?@fléh%aﬂgmal
so&&stﬁ‘iiheodltal E‘(ﬁh aMe%@Qg’ésQ)q]EﬁaG\Zﬁg /o%g dic AR PprRReds€Sthe data may

data, such bin results, data, spatial analysis
be gravided (9 kg ysgiror eﬁrawsed@?épla@x %ntabdf manngh of o gragple, the'data may be

provide 34 WhBer system foPIfu@eAMRAIRsis b€ E&NKihdHdn tWitHoBeF GatdSsuch as
the di agngstic system 216 of the present enbodi nent is

eXCHIHTE ‘{jEFrC@én?domgﬁ ﬁPr?‘i‘EedtWSh 6fnefﬁ6ﬂ’gé’pf’§9‘]5%‘é°‘b e gamposttymask data,
theCtaR GRAS hddCan§ Yotliee ApptdfRiae @Albo)EQRIcd Mdath A tBit&Eﬂré@ﬂﬂs Grends and
waf er sort ZE\;};S ata 2512, .as meé[{ﬁd as the.
patiernsn fhgrav §4e ir4&‘F6’Ftaé%é’ tPeRERvEHed torf, gsegi aBuaﬁme“ate output
symmuﬁepﬁﬁ&@raﬁwlmc@omrl se any suitable
sskfl cation %ﬁta b@sed orl1 th 4 with
xR P BoHEm Ry B £y BTSSR ol v
othalnd?dtzy SidSprevigduei tthe? (r for Revidve Phes@iposienbattidarnhay bd@mbined
EWS bin signature data 2514 conpri ses data

corresponding to each device on a wafer indicating the
magni t ude of 14
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26,
R ﬂ‘ce W5k ﬂ\efé’%e Spngfudel g

10t he device's failure, such as classifications of
gross, significant, or marginal, as determ ned by the
suppl enentary data anal ysis el enment 206. ~ The
woi28@moski ¢ system 216 al so recei ves process REIIS2ai/021050
el ectrical test (ET) data 2516, such as data relating
wmxcmy Bﬁeﬁpﬁtbbﬁhte ahta ﬁ{ba;paﬁxtaereln&ﬁm&s F&odfxamalkj thel Sorﬂiblsitﬁ 1fask data
and/ o r th one
Sthe mirect R oun s i e SPRRRRET 412 SRR i apo
oﬂﬁﬁdcﬁnpbﬁtef data. t Tie mafieg of theldataskis mpyteerfasmd fimbity shntaim mgnner,
ns . f ts 10
su a@ﬁ%ﬁ%va%%é 19s(e:1’S %efgn dxtunzg T%ngﬁg pr@essmns &feﬁiécn%sﬁ?r?i ;;n!:cgﬁ]ence
Si glmahwresebi aystnrapthQ saapopiteranalists elerhent 214fmfoeusathwnergmatpepcess
r t | & 0 t
us@%%ﬁ ﬁgﬁgﬁlm p'é%g Oégu%rg% }ﬁ%l nﬂ}%b&{e dxg.&ék &taekiv%m orfghfal map of
coppesde Hata.cctnas & maR of epmppsite 181 é#tebmonmsﬂe ﬁ%&lﬁt@%ﬁldm or composite

buﬁ@a@ao reeh Behrd e, 36E 2L BFAFigHE b EthPeongBdiRenaly 30 HORES 23¥ faf Merge
may be confl gured I n any. suitable manner  to

theamanps)szts nagled %t%\‘!%]il the qriging! aldeéd%wfﬁ %l ysing @ glsolute merge system

in GRRA AL REpGileGRask Tt s Afly BIcRHd i 1KY orlgh¥ @ta infap WBnsequently,
manuf act uri n%%tor test process process

thee ppRgEife PiRel e iRgyrresd Yilfe At ‘Pri'gé‘&?é‘&%o‘%ﬁ Egatdlpss §f overlap or
enﬁdﬂipﬁ@ﬁleﬂ dfrdxtsﬁﬁg PatRins PO Sne dodiposicamiskellustredes b iphtkgn out of
0. Fi e di a nosil C .sg}éetem 16 of .t he present
e spmpasite Basko f or

id enttderfle)tlvelg fhe ROMPSsite Enal‘ﬁ&reﬁﬁiﬁe(ﬁt’ 2 BIt infys mafpe Qligd 4419 il @njunction

crit |a Ad nal | ternativel '
wifl b aadoin ' 3he RS iR ol 2B bl A iR it may ve
1rrdsle«amgmﬁslgmrﬁcsms Fenexampl2, feferringde Righife\22 Nifje pdsxﬁ);mss&nalyms element

21k h§¥ %3{5 ﬁ/tda& thzél%grg]fogge 18?%%9@ e 5v%gl a;g; aé.an i

or ﬁfah@them:pmamiﬂeymek t\\lhﬂ:htt@ﬁt todtauphasize potptiatly naldtahnfonnatlon
cha di.n l.a [ obl
Th ehgear §Q' {e a(f‘iﬁcl ar ac(%ng?]:lsrin | %ggrgﬁtgglggrﬁﬁlaé%{he RS mgosﬁe mask data
andithg oklgmvs]rﬂasvelto dgfendlat: ahetbar rgepionldi tthg;slmd plaanr,mtcantageest other
T zar
ot LBV L9 8L M AP AN e e
mayelnbcingldde yroesswisire dafe oiakidingbin @asatcerr@pemm&@mmm gverlapped
suﬁ‘i'c:lgw Tt&/%ﬂ ﬁ?éanrgmpgsn | fadCpkS al{ﬁofhg aadl WG b Qnédt the required
particul ar out gut node on nponents do no
thrpshelduabuegfiqy oy@leppipg date paints, R@ﬂq@nautaémsq 33, stb%p@moz% analysis
eldiRYt 2 MOndP8e 5619@%1:@:@75 @IJM&%ZQQA&%%%&@ P&fels&h& overlaps to a
notifi catl on th ei t her t he out put node i s not
suffigiseitdeging Wyh éastenbip faﬂ@f@S(lls) fatllh%detve‘@%, imthe EEiNg dags such as 50% of

thePE DB iteYdabONREHPIROwAH RsBULR WHiluRO8R:. Thus, if 188 tRALthe ffhimum
recognition system 2612 is suitably configured to

e on ael data map

- amopRtof gempesite 6%@ Bvetaphivith dheyosiginal detds digr CEwosis fafacretien may be

lg@gaftz EShHﬁar}yn rdfeing & Bigurd N8, BetdRYoBitd 8RR IelchRRt SMShE Rompare
IS al sQ

two different sets of composite data, such as data from two different recipes, and determine
whether the overlap between the two recipes satisfies selected criteria. Only the data that

overlaps and/or satisfies the minimum criteria is merged.
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5 suitably configured to match the identified patterns

W th known issues associated with such patterns, for

exanpl e by assigning a |likelihood of a particular
wossespol@sed on the identified pattern. For ecams2e04/021050

clusters of devices having simlar noh%éaassu ng bin
r eShy mergest dasumiay be gravised toetie PrPeiriemenhR0 S8 PYPEHo dhe user or

othe] ﬁfs{eﬁlr it meRkE hisa FRY vb péigeeag Bip@t 1B S ditieE PloBéss, F&ﬁ&b&ls@rﬁrddﬂctxon
e manuf acturi Nng. pr ocess. The attern reco

e“°§‘;¢§1‘c“@ﬁ%“2‘6 PCP ORE iaraeégen%miamgﬁﬁ%ﬂoyfegesaa{l?%w % isﬁtafﬁ%"és" be
outpild@int A tasd¥Bhehtnel oahR, SUEBs MSHLGSstiittuiell@database tables, flat text
manufﬁﬁ uring and/or test process. The pattern
files, ¢, %on system 2612 may be configured in any
s u [rt tﬁbbl@Seﬂﬁfﬁﬂﬁfdlrh@lt ititbern¢rpddydapand/er wafed mapshes pravidalisto an ink
dat a nal yze t he Lterns f [y nde
e GOEHURTFAT RN AEPT e P rePL e 8L ERN RRP ARG
addinibe eedrffline idkdg mas] the mgeﬂ dite ersultsrregyognitilizehingges¢rating binning
roifi S8 GERERL R okl oF k) R broR LA A Pl el g s
of r¢shigs. t est dat a. In particular, the pattern recognition
Sy%hce {pstzs;?%}gm QQ)? tnﬁi? a@sro%%gﬁ C?%‘EH Q&j LR dbﬁ% lﬁlf-!z‘l?l1§fy"’l:haractenstlcs
pattern entitier 2014 a classifier
andfornptoblems jagroginted jvath the iadmpqﬂlequméslnﬂa@me rthvsmarwchﬂ@ng and/or

' testﬁ? gﬁ:icé/s d 1‘@15l ngh AtndBY: SOk %@%9 dnRyleSEMERita HE one or more

|er Classifres the identified patterns to
sourdpsf 4nd raetntnawﬂma@étfégre?tﬁégcsd}f therfesi Ria ARt RIgBIERS, issprs, or
chaﬂ&&z‘isﬁ%ﬂn‘ 16 Mo £ 8irigO bt t@ﬁ%r&@sscqwtﬂegt@it%td Jbaﬁ@t‘énshcs do not
sult manner to i1dentify 20 patterns in the
corrgipprd to Edpowk igfiyss hen fhgdeshyseB Y iTersive phd @Preze"mwfﬂgn relatmg to

the %wetaﬁgl i¥is @RPAIsE 8 the? tHeitdst Hhte@UDO hapBatS@loHidghote new test data -
exhi bit no patterns, generate data relating to the

chaiggferistps s they apfacopRfeed and sel ect particul ar patterns

f Ol dri@sutrf the atabBtic $yBteinlD26 R RBAIM cdihﬂ'@ﬂddi feAitomdtibally identify
pattern identifier 2614 con‘prlseZ@ Lﬁernﬂltel 9
andz@i%fy test datarofirractenistipn c Ty P 3™ AN ™Ay AR OBt ey argpde @

notifi6Aidn, shfifaP inghdlidtd hib® andé lGed@itsit RéposS "Moh&ldﬁﬁﬁcaﬁon criteria
B TR TR T

thlg@lﬂ@ﬂ’eﬂt p26bléeQ ke iRforhitih iesuihily brolvi’(’lEcD fontk Idﬁgn(fsﬁc) Bgstele216 for
sets d es

dat nat
e OB BV ATE? SRRy P Bl o oa Rersts
facﬁlaﬁt Gorissmt emﬂms QB2 tendhty 286 rddiss gémantdredrithie ahe diegnostic
t ggéfi tx?ou%le 1ec;oeﬂql1 ¢ ({aaana Stlso sel ect features for
Syt 4SS 1 FERTTBRY BBV ek apl 8, *"the pattern filter 2618
stbﬁbiaynptta)rrbcf itese slata chxgnbsmarsestmcﬂ.llﬁena:}ohélognrﬁgmiedt v @iggnose
ro th recelv t etec
ol BRRL A Jer FTPAE g Rl ol Bkl PR btk NN ccBlleq, ot sun gime
remehei frasta stage s;tshael pﬁﬂrtcempleflm pepneser matsl ipstpnog @s@ersmclude
h1star1<‘t dagaafl_”@cvgl%?géftc s&%ﬂé‘{’xt erﬁl%%g tt'e& atfa ol Mgesuﬁz[b'legéoﬂ@l: such

tern I scard data set

"as wmmgtteqn,anetmlmq, prasassi cagjrol \A@cmscopy, spectroscopy, and defect analysis

andgif’@?lsqorgﬁ %ff fhlésa%%ﬁ!de%gsge?&z%x ﬂ@& gcasé gmteyedragm such as

erns

- smaptied idefe raed:l fittgred nethpyasie tldﬁre avéadd@wsaltd}betbatﬁ gefigraged based on the

i ndividually or in conbination. In the present
enbodi ment, the pattern filter 2618 reduces noise in
the data set, for exanple t3@ renove intermttent noise
fromthe test data. The pattern filter 2618 may enpl oy
5 any suitable systemfor filtering noise, such as .
spatial filtering, nedian filtering, or a convol ution
process on the test data. The pattern filter 2618 al so
anal yzes the test data to identify patterns in the
test data. The pattern filter 2618 nay be confi gured
to identify patterns in the data set in-any suitable
manner. I n the present enbodi ment, the pattern filter
2618 anal yzes the data according to a
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10 pattern mning algorithm and in conjunction with
one or nore masks associated with known patterns or
theoretical patterns. In one exenplary enbodi nent, the

. wpabdsaoisef i | ter 2618 utilizes spatial filterir@y/uUsi21050

as nedian filtering, to reduce noise, such as
test Sa’:tzi tsuchrd bpeppdts, SROdaE spatal dnalysisitath, eduslier Hath,veomgadita data, and
d S?agple referring to Figure 28, the pattern
atf‘s’lgt’a "“%ay be configured to performmedian filtering
of Fdreexample, defemingsionfigaret ¥o- tie ndiagnomial systetyi Abd@fithe present
Th
em%Q&HnHrﬂ% %&gigt}éd W éﬁb{zg g\mp 8 n{gﬁ Qy;\%ﬁ%}( flata de?h@ﬁitanes{k ﬂﬁéﬁt 216
andwe tinegaw eiefttweweﬁaﬁtrﬁ%ﬁﬁ\ﬁﬁ)edw%étae ovell s e FVOY hintsiggature data

ZST@QLJ)raQacB' WAEK | NEhe BRR BRAL Elgﬂaﬂlrméﬁ 2§14Sh‘11<1§ %la n§ Qﬁ}J @ﬁltable
to the pattern to be identrfied by the classifier.

clagsifigapeme datp Hesgdaph dhien ENES keswisy fort piample eshaay dieo swetateé nby the

sufpRRhahehtDshalybie cRARRODG! @n 8L Pkt SMBSBRBM! the E4vS auetgnature
as the cog%osnte mask data from vari ou data S

dafgep e MPHRT SR CaTHRIKINEP sachdryeg,on %w eéedaﬁmg&fﬁ tne&nétude of

theSdeidb ' traRrd, hRA e Elaﬁﬁicaﬂﬂis o€ gidssElYnif@nt) 9€ tharginal, as @6t€rmined by
medi.an filteri n rned around each val ue t hat

the YRP RGNS tae"?:‘ta 88&7 ﬁ’ask in the original e-binmap
dat @he Bnagxfa;autd $}Gt¢tna2],6 glac feceladsapr@essndontrol dhéledhiddad teSE(ET) data

d selecte t.s. surroundi the each data
25t 5 P EipRlEne DS AHEERLRP LA rdhs RGP of B Ypeg nar
forth©¢tnchofael OﬁaFutﬁlet hiat didghosie lspedne?l 6hyaytrb®imbd<bit1 fap Bea 2518
forng'ﬁe \ﬁag’a ]ﬁldlc%lilngft%e passﬂ‘atll %1%%chLfasmk %0 for tﬂes Icgr%{ntl)nrégts a106. In
adthhme ehdagflagdasteesy\ancmdm\ﬂ mﬂihmscavedtht: au‘@at sgxtahae bfnambp 2520 for the
wagert oxb Ie)gam Iepd%l{a rg%ne@:g &{ t!hg nﬁt[l&%ieag Tﬁc?i’é(?neél%@ ?[‘fl %og%baqnple each
oufliat & teetiga hatwhqulqeaﬁtdeatm@ynayalb sedingl yr erdticeloacrerding to kddected

sgentified patterns to particular issues. Under

cert ain circunstances, however, raw data used by the

pat The diagriofis systans 286 nmy bsoronfigurdgein gy tshilpble mapmer to analyze the
recBl V&S t@ytdért?t?y ?r@c%?é chithctdRER; SEINSEAMERERY  ort BSues in the

pattern identl 4 may conprise a system for
maam@amme;;ordeﬁt aroceras dle precesh eharasteristiga may be identifig acperding to any

?ro%s@s $bi éﬁﬁqp%we@mng\@@ﬁgq;ys%o BhbQfabnostic system 216 of

PCT/ U82004 02105 he present enb (%nrrent t he
th§ PERsent eenibedimeat GpmprseH ageﬁerbateésartaé/atru?@é) tqtatdeespremwcess
chhBE OB dc0ftdfnk QO téﬁ@ﬁr@@tc@tte?ﬁt ARBRhARSedeRNtifle the diagnostic

pattern filter 2 The features may be part|cularly
sYRERf 6 1Y STOmPpESs aneatteﬁn VIRGOBRitioTh sy F 4| fog aidgntifgng “process

chﬁ’r‘aét@ﬂsﬁ&hlHaséﬁ%n'pmwgﬁlz@dlnﬂﬁeest dde features may then
be angﬁfr}/zed glF the classifier 2616 to identify
1

typH AUPHRASE FRASHCLE018 A BlE Eientett 4ataet%r particular
chiBd&istiE0sorRKRAAWNE to phdicilSafubleme X Tha tﬁbulafiaﬁrmmstbe su1tably
configured to c ute a set of var | es basgd qn th
CoRpRRSE BEEROVP St PR, FUESREPENE (D REHESHT B P aErug ssues. The
ruRé- Bdsﬁd afalyzyr 2N esg@utm;e cdirﬁ‘ﬂg@ﬂé@&t anlam@thﬁmﬂa lQ‘dSt deRBtedl itypgs of data
in the original, data t he cl.as
ang G5 AT 6 B Byt PR 1Y PUDISPIGE e pvler utput
nod@bRmaRiplel dofnPoreatsldo ot P8RS an}T Reulfs @aklY Higsdingpsis ey B8 may
any appropriate information extracted fromthe data.
In the 10 present enbodi nent, the feature extractor
2620 cal cul ates several feagqres, such as a mass, a
centroid, a geonetric set of noments, and seven
nonment s of Hu fromthe test data. The various features
may be determ ned for any sets of data. In the present
enbodi nent, the features are cal cul ated based on bin
data or other test data for wafers. Thus, the nmass nmay
generally correspond to the nagni tude of the
distribution of die within a bin of interest or other
val ues, 15 without giving any information about the
Iocatlon of the dlstrlbutlon Vhen the test vaIue at

o . - r 7/
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Xy where N is the total nunber of data points in
the test data set. The nmass is normalized so that 20
there is consistency between data sets with different
wounizenfsePf data points, such as the nunber ®CTHIS2003/021850
waf er . The centroid may be defined by spati al
gerﬁ:ﬁﬁd’ flinoificaton ﬂﬁhlth'ithaS(a)(me anghutyidde isTive faetibniog at 43 ov (Wleie test
oca or mat surl ng the center of nass

pro('f? (te faP%@ Btﬁctuin% P%Pthe die. The centroid of the
dat Hlermytexbeeaogﬂunmi gytted 2612 @yitdly doafigueedtancreive teudatn fogn the

vax%%xg{u%ers] gg{% dfe%tlﬁ% y%éefrﬁ)g 1[‘1(?13(@ (%% eﬁlé%taﬁe%] feco%ltéolg e/stem 2612 1s also

suiibhly qpabgmed tocmatolmihst 1§elmﬁeq)p:§@rns (vpth_kr@wn issugs asqociatqyl w1th such
at‘g‘%ﬁgﬁ{'oé%%n 91@'1;&%3&& ?Gﬁﬁt)qfhgbcpgf 5( 9ar¥1aﬁar 1§€lul=, @é‘éeﬁg)n the identified
pa@mﬁ%&zmp@ww% wz&d)smng smﬂam-waﬁ%mﬁ h’&t Tegtis or outliers
1oABRA iR sd¥e bdditn SRt difreAIONEES Sndd! QYA S ﬁ?tl&(hb“p‘{(ﬂﬂ&min the
representation_of the datg set, in the sense_that
mAFHAFENERIACeR 106 RETST et em@%&ﬁm s ag¢ afﬁﬁ/@s patterns in

theXaBh@hat may IMdSoate@AEH 1sSTBYTE Fie nﬁh‘ﬁﬁfﬁétﬁx@ﬂg@zﬂ&/oﬁﬁﬁw&sa
certain anmount of the mfg{)natlon re

bi PRSI PRSP SRR 25 GRR R el Sopen=Ratedrner ©
iddgflfylﬂdtt&ﬁﬁnaﬂlesﬂn6ﬂﬁ6dt ded &l ahSee tidlpattdfnkor cd rkésﬁdjﬁbnce to potential
aftern recogniti m)rrenSIn Ls
B G TG TBHPEL 01 BF RECT A ITLBIY, Bl glogengp sysem 2612
corhpiFsed 8 intel Bz A1) syst&’ﬂﬂ&oﬁﬁgm&ﬂ torcevenize Sp:ftlal-bjatmrne of plustered ftfects in
thei, @%e({a ! hﬁl aciclu%{js of %t%e{-q? rnefszpng%hmn s% éesng 2}3 f?faiihg &agesent embodiment
inch@eO B qiht&gn identifiee 26D1| dndwi d1hgs1ﬁq%ﬂ6 offise pattern identifier 2614 identifies

patterns in the received data that may correspond to issues. The classifier 2616 classifies the

identified patterns to different known categories or an unknown category.

The pattern identifier 2614 may be configured in any suitable manner to identify
patterns in the test data. For example, the pattern identifier 2614 is suitably configured to filter
out data sets that exhibit no patterns, generate data relating to the patterns in the data, and select
particular patterns for classification. In the present embodiment, the pattern identifier 2614
comprises a pattern filter 2618, a feature extractor 2620, and a feature selector 2622. The
pattern filter 2618 determines whether a data set, such as the data for a particular wafer,
includes a pattern. The feature extractor 2620 generates features that exhibit information from
the data sets designated by the pattern filter 2618 and are suitable for analysis by the classifier
2616. The feature selector 2622 analyzes the generated features according to selected criteria to
select features for classification. _

For example, the pattern filter 2618 suitably comprises a software module configured to
process the received data to detect whether any patterns are in the data. To preserve the
integrity of the test data, the pattern ﬁiter suitably processes the data without losing information

from the original data. The pattern filter 2618 may discard data sets without pattemns, leaving
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10cl )77 = ,20 +7102 (S/32(7720 - 7102)2 + 477121 (133
=(1730 -37712)2 + (7703 -37721)2 15 CD4 = (7730 +7112)
+(173 +7721)2 (135 = (1130 - 37112)(130 71 + 12)

wbeifkRtss7 11 2) 3(7721+7703) 21 + (7103 - 3712 PCIABO®4421050
7121) M+ 7121)2 - 3(7112 + 713)2 20cD6 =072, 3-71)[fto

only AR sefs Hading Qekctédl pafterme.” Thd @dheln/ A1RQ hfdy e donfighnettb7ahdlyZe the

7721+7703 773Q -37712) (7103 +772])[ (7703
Var—ir"}"gi?ifﬁsé’f %@%%lymmco‘wl’i’é 2‘the rimare the central

' rmrmarths pfe@ernt @hdbodimen, dﬁfplaiﬂrﬁﬁi ﬁasf prisl: [:té]duces noisehia thé¢ dath set, for
ey GrrobP S GITRRER GRSC IRTICY CHERFac Hu 080 o8 ma oy
any ahitabl sz»fstetrhé&eﬁucrangt ndisee suchams kmtisle ﬁyerinar gedan dﬁl_tenng, or a
corgvlpqu'ﬁl{ SIQ)E:ess o, Y Qésfj dd. e%g, b%fémpf lgelz%rl@alsg Qﬁalﬁrz%&l A Je!} MBta to

absol ute val ues nmay n an asse
identify patigns2io 57 00 1667 PWWG'W 23 08P be P@Iﬁ'@lﬁﬂ & ldzlﬁlfﬁpaﬁems

1nﬁ‘1§dzft§?etti{1ra%§suﬁ';@{%rhd?ﬁ{é“ ance of these features is an
advant age When bi nmaps or other data sets are anal yzed

wi t 1 8¢ grratttireabeflimsale dhet naiem dUtch 461 Squpbiaes BR daiaaceording to a
pate?C AfiriQNa1gHthRNGH iR EorP@@tidn Wifh one or more masks associated with known

patterns or theoretical patterns. In one exemplary embodiment, the pattern filter 2618 utilizes
spatial filtering, such as median filtering, to reduce noise, such as “salt-and-pepper” noise due
to outliers in the data. For example, referring to Figure 28, the pattern filter may be configured
to perform median filtering of the test data using a two-dimesional e-binmap in conjunction
with the pattern mask. The pattern mask may comprise any suitable mask, which determines
which devices in the e-binmap are selected to perform the median filtering. The pattern mask is
suitably similar to the pattern to be identified by the classifier. For example, the pattern mask
may utilize the information generated by the composite analysis element 214, such as the
composite mask data from various data sets or merged composite mask data, though any
appropriate simulated theoretical pattern may be used. '

The median filtering is performed around each value that has been selected by the mask
in the original e-binmap data. In particular, each data point in the daté set and selected data
points surrounding the each data point are compared to each selected mask. For example,
around each value that is selected by the mask in the test data, the median is calculated
considering a neighborhood of a size n-by-n, such as a three-by-three window. Those data sets
that fail to exhibit a pattern are ignored. Those that include a pattern are provided to the feature
extractor 2620.

Data sets having patterns may be analyzed to match the identified patterns to particular
issues. Under certain circumstances, however, raw data used by the pattern filter 2618 may not
be suitable for analysis by the classifier 2616. Consequently, the pattern identifier 2614 may
comprise a system for creating data, based on the test data, that may be used by the classifier
2616.
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A representative set of 26 features is suitably
extracted fromevery binmap or other data 5 set
designated by the pattern filter 2618. Al or a
woadssioomssOf the features may be provided di r ®CTIUS2G0¢/021050
the classifier 2616 for classification. In the present
enbindharpratent émbmhmexh,ame déakur@éxttablﬁr b e2at gemerstesrdigatine that exhibit
d t I o Q u
intBlrUbLIRn{Re LAE G ARGl bg%ﬁelg LORRSATB, b Fek GULESy be
partipidartyi usefhksin @ﬁ@tlpnsymo’fhlqhhbe may@t@s ;drfﬁc}éiscs imBesgihlsito gse The
f?u'?& %%rb QE RELYHRS f
ca n’lw e xﬁ Bﬁnﬁ a%&ﬁk‘??msoca Cf%gﬂrk‘g?he &fpe 00 dt1ﬁedby

exit anc
thefett@e flegr &P ] 8z aﬁor sn\rrmlq» P rf‘tai‘lé%exﬁﬁ“?fr?é% g% B¢ @qnésu@@m@ompute a

set@%ﬁa@l@ﬁ%a@& doBe BUIRET TIf fedtGad L ﬁﬁaﬁlg O gllfeﬁ"tcg Efciedtlencode
Ie, for the present classifier

thegréheﬁlam FEefioh rsidgiseitthe erigival dpfa apg bs sﬁsﬂ le:r t@a@emﬁﬁy%lﬁ to

claSsity ﬁes‘zsmgoﬁdmgtaaaehmawt%o @b sEthﬁo mmelgsepf ]Er ai ni ng

par s Nto the nu er ee classiTl

D Bt iees ™y sl M hpiap sy nfoge st tm i detag I the

pregent ambElimentnthe featifre ettastst 1420 rcalpalitadilvetbfeamtes,Nsudlp as a mass, a
limte

ceiRnbi-oReBE PG 87 pPhiEparcor Fofm e g g amme varous

featudss Onay bei depermivied fda emg eansensfa!ataz dh Itlal’prﬂ;%ntt dibodinRas itel Mtures are

2 he .f.e L ar 22 rese
"al‘é“_\(/?%‘%d basshar -Elznegat? he °g o{her erSta ed of ea i egfh‘éscc T a??gm?yo generally

corsappamd ttcetheamagmerdeanfttlm dseh!emtm pldit withm o Win of interest or other values,
: - : e e
w1t§%\.g%§z:ﬂ% ag‘gitnltlfgﬁ?%}log gn@i gﬂﬁﬁgﬂgé rrooftstg dlst?%%tg{ \%ﬁ% &12 st value at
codréingtesreand p ibExanathy ress bind shitablyntakealagedr mce;rdmgab teafpllowing
eqlifod: Nduced by providing fewer than all of the features
to the classifier 2616. 20 The feature sel ector 2622
may beXeofkijured in any suitable manner to sel ect
f eaMur € transfer to the classifier 2616. In
the present enbodi nent, the feature sel ector 2622
whbxﬁ'[N em}m*tbﬁl mngaen ef data pdigoni thdwestidata el i ntabelsfneaﬁanilz@&o that

there 1%?03151& ncy be f%vegr(l) é\%l:['g gell’{s] \?ﬁn ncﬁ@ r?%n nl?emu (gte cﬁtamgﬁ:?si Eﬂch as the number

of&ebmtwmhs eI|n1nate t he dubi ous sol uti ons, and

t i | th .
1808t 59 BB, T BRSLLF ELOBL T e
profides lacationivefprmgtion bg mesuging thezaier ¢femassioptite didtrilputien of the die.
Th@Leg)ﬁ{)i'dtoq M &atd Qﬁ %?%Llcﬁ&!ﬁd'q‘n' a srngamedrﬁéfﬁﬁext g\?chpers a%ceo§(§i é:) to the
evol uti on. Re nt

errin
followinggewséivise al gorithmin the present enbodlnent the
f el ect 22 starts by initially defining
zﬁ%zggfgr the$Zﬁ%g taneters (2710), 30 starting a
gehgf@@ypn Gougﬁerg&@?lZ) and randomy creating the -
initial popul atti‘on (2714). The popul ation suitably
COMifeig8MifetAc MBMbMAEbE Rder@f = 60ded; 4 0di ¥y HiiAdeoalcaRd Q%ng to
I ndi vidual represents a set of selected features.
§@&M@ﬂ6€“§Pn1nd|V|duals in the irnitial popul ation |s
xatyejd xr@ndom y, for exanple by an automatic
cogpyter program Any suitable paranmeters nmay be WO
”20052@01&67PCT/U82004/021050 used, such as paraneters
corrésponding to a nunber of epochs, a nunber of
individuals in a population, a size of chronosone, a
cost function, a selectiongpate, a
crossover/reproduction rate, and a nmutation rate. In
the present system every popul ation has ten different
i ndi vidual s, which represent the presence or not of a
particular feature in the optimal solution. In other 5
wor ds, each i ndividual has been binary encoded into a -
chronobsone representing a set of features, i.e., a
string of 26 bits (nunber of features) where a "1"
represents that particular feature is taken into
con3|derat|on for the cIaSS|f|cat|on and a O means

1. i T T 1. i L )
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The classifier 2616 classifies the identified patterns
to different known categories or an unknown category.
The classifier 2616 may conprise any suitable
wohessofsstat i on system for classifying the p®CTaISa8N4/021050
identified by the pattern identifier 2614, such as
Balftesintormatgn iswphied Pk Bis gbefonenaatsgirgyides gn eglupaéw repgegentation

of tHAQR: Ra! AR deh& Rt @l%%nﬁ:h’ﬁ)r can b@%fsﬂcte%tfﬁﬁ{ i{é S66leRs of all orders.
unsuper vi sed 20rul e-based classifiers, & cl assi f.i.er

Thup GaE BPEHSOpfeisBintorEHE G Feait amapnt o, fhe gfogRatiog residing in a
binnfabassi fy the patterns based on anal ysis of the

features sel ect the feature 'selector, 262
| i e PR SO BIER ten HHRonc) SHF preaps gqgidered (sce H
M.KG OVi¥uhISRSteid rB@ighifibn Be imbatekts iBudaintSIRE Tangationsemr laformation
netwar ik IS functl E
ey e K2 o P LA e Ao et TR BBt T el AT wncer e
acticanof traeatidneschiiey andestatel. dht eximbnts biiéu lﬁxesabwa@u@@ld@cctmng to
ing to 25 Figure 29, an RBF neural network
meg@%ﬁn%aﬁ&? an to various aspects of the present
©, empedgj,ment suitably conprises three |ayers with
different roles. An-input |layer 2912 conprises source
nodes that connect the REF network to the feature
ectqn 922 to receive the selected features. The
seé Iayer 2914, which suitably conprises a hidden
Iayer applies a nonlinear transformation fromthe
ut_ space tq the hidden space, in which the
qVﬁ@?gH%PJ%GF?onS of the 30 neurons (h,(x)) are
radi al basis functions (REF 43). Gaussian functions
are connDnIy used, but Cauchy, nultiquadric and
D, Fuer me- mﬂma+thdr|c functions may al so be used. In
t he present enbodi nent, each hi dden neuron conputes
the distance fromits input to the neuron's centra

o, PG, Emz)@m ﬂt(ﬁm.z)esx JBF to that distance. The

r 2916 (oi(x)) WO
+@@Ogﬁl@@iéﬁﬁ ﬂUSZ%%A a%gSO performa wei ghted sum
bet ween the outputs of the hidden |ayer and wei ghts of
the links that connect both output -and hidden | ayer,
q>$@% @ggﬁpm@-aggquﬂng to the equations: hi(x) =
|I 1) 0 j(x)= wuk(x)+ wo where x is
+4‘%% mh@ﬁt%54l i's the RBF, ci is the center of the i-th
hi dden neuron, xi is its radius, wj is 5 the weight
i nks that connect g i dden neuron nunber i and out put
D, 7B O D ({750 *and ~W6Ri*g:d 1bi as for the out put
+0ﬂegﬁ9®3+ﬂJKmlﬂm9thﬁﬂz“%DQ§ the neurons in the hidden
f 2914 a a nonlinear transformation fromthe
|nput space to the hi dden space, which is of high

qﬁf gyer 2916 perforns a

Wh?e g rans%%?h% m&?@rﬁﬁﬁ nk’ﬁden unit -space to
The 10 Justlflcatlon for this

77"”arrzgngé?r}g t F39§h§ pattern cl assification problens

Caghe RANsix bMNB&E mbriehts @rehﬂlsg hnveltidie Gsde Otha hétiopt o8 Meﬁloahehile the

nore likely to be Linearly. separ
st GPRGFRSTBal s RS of Tse G Ra B Y e et Bty oo avoid
prediadraprbléma nidd pgdrithms ot the asofueataliice Mapbe ¢dkeh and pisemon to the
obtai ned by the feature extractor 2620 and sel ected by
the feature sel ector 2622. The data is processed, 15
such as by the RBF networkAlto conpare the data, such
as the features, to data for known patterns. If a
known pattern matches the data, the correspondi ng
i ssue or characteristic for the known pattern is
noted. The classifier 2616 may al so assign a
l'i kel i hood of a particular issue or characteristic
corresponding to the pattern. If no known pattern
mat ches the data, the failure to match is noted as
well. The resulting informati on nmay then be provided
to the output el enent 20208.
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The classifier 2616 may al so provi de a suggested
corrective action based on the correspondi ng
characteristic. In particular, the classifier 2616 nay
woeowsoafsgured to access a nmenory, such as tReTaB@ATES0
114, to identify a set of corrective action candi dates

cladsifier BHPGE $antire. ViRe liroeSarkabf thesa tféabitestit e advah@gd whani@fdps or

"Rinlier
ot BTG R TR AR FEAC R PP 19 8B D R P deeafon, o

mgobnpmments have been exceSS|ver exposed to heat in a

OB LRSSy r e

set desigmatefl Ay tho pattsot ﬁhﬁe 2481 oH @or ]pceBCpootduhn deatugest ;ey be provided

dlre%hf‘{oatﬁé ShdsiFed 5616 Por ceﬂeﬁaéném ) ﬂ1§§ﬂé$m ﬁﬁﬁolam?eﬁt Qv ﬁgfa Bff of the
enper ature or duration o exposure o

feaW&ﬁ @nﬂy he providedsigrih %@Flﬁ?r Pohb forearnplp togeduse thegmher of features to

be RRIVLET BRGNS tHR MinkhSbRMy 28 Re MRWsRpRReNe R‘é@&bﬁﬂg&% Rfnber
to learn additional information about the identi

of fralreRies 1o FRdUeeFOmBYRMNA SREPieibi and redugdangy, Jggfidition, the required

genel@hiaﬁblﬂpl{) @Qiftﬂe@&sﬁﬁle‘i bem IR@/]rquEBYhebﬁm%?ﬂff E@Hﬁ'&do bOlimited.
t.ion after

recei nos k infor
ForsGey1t GUaHe PewPLAZEOM 13 CObOAnaa PPy PRgFrice oL et 2616
mail’ bérredb @@ o hes rafie ed hiRChunttiaf of thihing I’paﬁﬁie{e&bNMo the number of free
rres onds act ua s identi

fi
cla ier par: e(:rﬁrf; néq%rgertng er o?ge@g.geg Cf’ﬁ?ﬂ’o‘&fég%%h]ﬂr%eﬁ gumber of classifier
pararﬁiﬂeﬁﬁ ishtless Paidtie rweighlsheFopat firfie And @q@ln nltrmwm mﬁyb?dr &NTofMiining

osis f edbac |nfor r. future
perigighy $86er R GG s R e U8 WIS o oo,

51 iThe pfeata)tel exgcton 6A2 | of theq:easmdsyﬁtemmrtalyeesv &l gansrated features
acc§r(a]né select&ar? agtggl oI g’elecp geﬁl%.\% l ler %n lai%étgo?lr ];f;r)lp%art chlar the feature
seleeboa@622§/1$tso1tdbhownﬁgt0hﬂ ErﬁslectTmelcdﬁaa@anm@s g0 by sxta@rzwax&l minimize

t I
e ISR BBy A B it B0 B 4B B8Nt S s FRRER 2016
The fremrepsetegiod €622 olar fhe Cpaﬁmleqdmnraem csglmbtq mnnrsym eqlecR BepRires for
Han\gﬁkgr{h@gjgggmg%lghe data to identify patterns in the
data. The pattern recognition system 2612 may then

andh {heeprespt embodisenit the featireyglecter M2 fiplemonts @ spnshelelgerdhm to

seldcPhP @Ednlr e Be g@ﬁ&%f ALdrith Ba0F th&Sdeb 'aq)a{aﬁélus%émh Hb%ess which
attern recognition system 2612 suitably assigns a
“ﬁ‘g@&‘cﬁ@t‘t&ﬁs:\/\ﬁltﬂﬁn‘t‘% dhep dphique uﬁo ions; @ SmpEpye good

sohffdnd. hQ‘h@%Eﬁe%E Nigofifith gﬁa@gﬁcﬁ's&ta%wsiﬁm:dzgo(sthg%n@&ssﬁatures for a
reconmend corrective action based on the 1dentif

nunghet efdiferpdions, apdyge guipy of the alsaritipis S Sest sl wtiom fourd rwﬁv process of
evoldlil generate an out put report i ndi cating the various _
identified _issues and the proposed corrective action.
Af tRefertipgeto Fé%‘? £ bdo repliracat e egpelic lgaitBwda dhe Rrepent embodiment,

the [¥edtire IsBledt6IC OGP $tdrR rbysm&iaﬂynd;mx?g ayes fBE meveAOBaw&bﬁg 8710),

f.eedback .i nf or mat | e diagnosj s feedb
starfipg & RFRGEAHOM oquates Qﬁgd a‘?drfa’ﬂ‘}%@%g%%tlé‘ﬁ ﬁherlélélélgﬁﬂpi’l Al (2714). The
popEMEbILsi A} 2orhtised)s Eollettion F edde@ RAWERRR, and eddheindividual represents

R L S e e R S R T

randonly Aoe eagipld it andleshnatio compasiiréugarh. Hiny stit®leSpaemetedf may be
the present invention in 20 any way. For the sake of
brevity, conventional signal processing, data
transm ssion, and other fungtional aspects of the
systens (and conponents of the individual operating
conponents of the systens) may not be described in
detail. Furthernore, the connecting |ines shown in the
various figures are intended to represent exenplary
functional relationships and/ or physical couplings
bet ween the various el enents. Many alternative or
addi tional functional relationships 25 or physica
connections may be present in a practical system The
present |nvent|on has been descri bed above mnth
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MCSLLP CLAIMS 1. A test system conprising: a
tester configured to test a set of conponents and
generate test data for the set 5of conmponents, wherein
wbheoseesponent s are fabricated i n accor dance P§T{U$2¢04/021050
fabrication process; and a di agnostic system
usédOBch @l badmte@rsro@ﬁadpuﬂlﬁgh@ atlﬁlﬁibeﬂﬁ{ @oé}fspammh&rtoémdanduals ina
and, aut omat jcal |y ana the test data
b RpmtioR & FE lspopn & piaiph dite P ol Prsgimarpdueton
raté Qhd & eitationpad) eltie @eenirsgsteny elvery phypnlaioalhysies | dlffmtaat Bilividuals,
edlagt&smsstem S. an. |

w c&rfa%r?sr? g géer?fr'r% < OF n%t 0S i e%g]%uiaf eature Hl tiﬁg %{)!ﬁgeslafunon In other

recogni ze
wopdst beshnindividpdiehas dstn umma encoded mtg @nﬁaoreostome rp@re@gtmgzae@et of

fea%figst gL natsgm &%V\M’gqﬁﬁrﬁt%; Bf ?e%ﬁ%gj @Lg‘rg an b h‘eﬂf&%nts that particular

1ar act errs earn an additional pattern based
feaire {shigken égo gmsziemugaior de glassifbation and at"@ meanpdipas fhe feature in that

pogg&ﬁggg,tqlgeéo claim1l1l, wherein the test data conprises
east one of el ectronlc waf er sort data, data

der ThelamresleaPea2? disn eValptss thesaifipl ReRyIationdPHI6)yapeligs crossover

anll §Rlati6R loAhe 9&) 18R (ﬁ@é @72@)%!@%&&11&&& tﬂbageaeraﬁ&ﬁcoﬁm&e@m) If
system according to cl t he di agnost i

thesgfslﬁrémri %ouefahhasga%cé%ﬂ 3 Breif CBW ﬁgﬂtﬁ?&? ruEh 1A uslnnumber of

geﬁéﬂﬁgﬁﬁ tiheOBathRSE16C 1M D 60 N Rrrhidlged thé hrﬁli/sﬁ faad ﬁ@)tlﬁés thé l;dIected features
st.em accor di

to ﬁ}?ﬁlaé?ﬂefr?éégé%n@ 1ol tlgﬁylg‘tllgﬂq ﬁ%?t%gggreac}@p gg fqafu&er Selector 2622 |
refse@iafily @Wﬂ@esttﬁe 6ﬂf@8iﬁg populatien eI gnd FpliePtht t@sdver and mutation to

th "Zﬁ‘ég fh@t‘ig‘ gf“étllfﬁeﬂ%%ﬁ:ﬁ Eeieant he5c:| Qstsiefsit efyigﬁg]r i ses

a ngus ahssitet PIkelassifies the identified patterns to different known categories or an
unknown category. The classifier 2616 may comprise any suitable classification system for
classifying the patterns identified by the pattern identifier 2614, such as Bayes or maximum
likelihood classifiers, supervised non-parametric classifiers, and/or superviséd or unsupervised
rule-based classifiers. The classifier 2616 of the present embodiment is configured to classify
the patterns based on analysis of the features selected by the feature selector 2622.

In the present embodiment, the classifier 2616 comprises a neural network, such as a
linear neural network, like a radial basis function (RBF) neural network, or a feedforward
network configured to analyze the features selected by the feature selector 2622. Referring to
Figure 29, an RBF neural network 2910 according to various aspects of the present embodiment
suitably comprises three layers with different roles. An input layer 2912 comprises source
nodes that connect the RBF network to the feature selector 2622 to receive the selected features.
The second layer 2914, which suitably comprises a hidden layer, applies a nonlinear
transformation from the input space to the hidden space, in which the activation functions of the
neurons (k;(x)) are radial basis functions (RBF ®). Gaussian functions are commonly used, but
Cauchy, multiquadric and inverse-multiquadric functions may also be used. In the present
embodiment, each hidden neuron computes the distance from its input to the neuron’s central

point, ¢, and applies the RBF to that distance. The neurons of the output layer 2916 (0i(x))
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306. A test systemaccording to claimb5, wherein the

neural network conprises a radial basis function

network. 7.A test systemaccording to claim]l,
woherisediset he pattern recognition system incl Rg&d/52004/021050

feature extractor configured to extract a feature fro
perforh @ weighted gamabetreosn dhepuipitsof the hidden fen avet & o thogizs that

conneeY B4R BUBRGAA ﬁll'd@& Ther, Gtk ihple a00b@Ing tdtht beuatiedt ur e
extractor cal cul ates at | east one of a nmass, a

cemxr)eldxd{lx—av,”geﬁbretrl ¢ nonent, and a moment of Hu based

on &ﬂ Z t(’ﬁ 9. Atest systemaccording to claim
ereif’ e“f"eature extractor is configured to 10

wher@ Xtisf tB€inp@! & lieas RBEWD lsftwfeﬂtél&ﬁf ter;aRhiiben rieesh, wWiRti@a radom,dvi; is

e NGRS 4 S Pasto G BB GO G L ene o
blasfoewebutbhtaﬁulahl of the features for anal yS|s 10 A

stem accordin
BRSSO bl Eabeen
froma‘.hcgmputtstm:e to thé hidlert spste, Which isanf &lgp giimensipgalisynapd the output layer
zing te ts.f
291 o%[nés% glae ug‘traﬁgt%ﬁx%{lgrg rrfrlo@at?iig %Hiﬁén-wgyg&e Y the rolﬂ%:h{n Q;ﬁEee &he
]ustlﬁlBlmfr for flos asztrxgpmwg it thet patiom Cépatlgcatlam HIOQGHIS Gﬁﬁgﬁwt’?aély into

hlghsd\'{rﬁ%n 1%5?% e&t > 8 Q‘gaté éﬁ(é?y (16 MR Yepavatle G\ ih QUbR Mithdsional

ana and identify a characteristic
spacof the fabrication process based on the test data,

Whe QI RsiFS 6 RIAARI LG FRURIIANE GRAR feSBSs hich ﬂi@'bhérﬂﬁ)ﬂﬂincd
pattern recognition systemconfigured to;, rec

ni
by theefeatere pxtragtor @20 @gtselgcquaby the feature selector 2622. The gzgta 18 processed
such as by the RBF network, to compare the data, such as the features, to data for known

patterns. If a known pattern matches the data, the corresponding issue or characteristic for the
known pattern is noted. The classifier 2616 may also assign a likelihood of a particular issue or
characteristic corresponding to the pattern. If no known pattern matches the data, the failure to
match is noted as well. The resulting information may then be provided to the output element
208.

The classifier 2616 may also provide a suggested corrective action based on the
cbrresponding characteristic. In particular, the classifier 2616 may be configured to access a
memory, such as the database 114, to identify a set of corrective action candidates in response
to various fabrication and/or test process characteristics. For example, if the characteristic
matching the identified pattern indicates that the components have been excessively exposed to
heat in a particular point in the fabrication process; the classifier 2616 may check the database
114 for potential corrective action corresponding to the characteristic to remedy the issue, such
as to teduce the temperature or the duration of the exposure of the wafer at the particular
fabrication point.

The pattern recognition system 2612 may also be configured to learn additional
information about the identified patterns and corresponding issues. For example, the pattern

recognition system 2612 may be configured to receive diagnosis feedback information after
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25. conpare the recogni zed pattern to a known pattern

associated with the characteristic; and automatically

| earn an additional pattern based on the recogni zed
woabdseoes7 12. A test data analysis system a®CoFRIE021650

claim1l, wherein the test data 30conprises at | east
1de1§?cﬂﬁn§§ pﬁeﬁﬁﬂlﬁ%a@n&ﬁf fe¢dbsdiihforheitian swably coeesporel td Foural issues

sort dat | ect
1deﬁt§'§8 dlég‘ﬁ maén\l\%ctaﬂ?q or tF:st a)gc%cggs t a_r[ggu&éci %8 1de&§$%i rgan ax]% Sl?xé I'Il'attern
recSphiftion Byskme mylihag uiedh@dlagrml&fs:pdhntiemémmattdmefmdﬁuﬂ'gm@@WF@ of data
to@%%%ﬁ%%#%m%%gﬁwgg %d to provide a corrective action

on based on the identified characteristic.
514in Aptren, dhéet iareariagdyfiins the ysiqusrseuesor Bergtatingtjally apalyped for

rulm% &i 4? élg%%s gﬂél} & datd %@%ﬁ&hé’ Qxagﬁ'}stoelmoQPMIExﬁﬁsTﬁe diagnosis

Ier  confi gur ed llassify the recogni zed
sysym 2 lérgqnq@wnonwffgﬂ tndlcatmerfm\wrﬁwlaf issyps ideptificdyisingdhe pylepRased

ana"l’)flﬁl Y9k gatd %&B&'Er&qgéartg kR Paftdin Eélc@gnfflo%‘éyst&ﬂ e6 i, Which Qnalyzes the
assifier 10conprises a neural netwo

At
I T e R e T T
idehfiGedDaitr fof&?ﬁé@bkddﬁ@d’@rphﬁl@(ﬂar&nefnaﬂbtahnéi)@%sﬂni isnet.i Die pattern
network. 1517. A test dat al ysis.s ng t%
rece i SYstem girsaitablY a5siETsA tkéﬁﬁ’ %{ é%%cgﬁ%f ‘i@h %‘? %‘ﬂ% ues based
on iiRGlaHEES TRe ﬁl@@riobiﬁ @ys&%ﬁ %jk’BCrh@r ale&B(folnglwh& doﬁr@tlee(idtlan: based on the
at a as

id featur eerflsr Slnli Eat ?Et 1a 1§ S a

cpRbecgermt e ThS ¢ogiara S §01 Sk et B gy oo

md(i:daaltlgéufﬁb Riurdols 1d&hﬁ‘ﬂieﬂlt 1@gﬁ§;&dftbﬁﬁr?{g®:lbmggﬁ?fg?0 After the reported

iss IeSS c § ay Jecetve dipghosis fee ac
4 2 %gnﬁ{g 2618 dy; fhosis feedback

infgzio;%f Ti’se diagnosis fee%’gik mform}tliﬁi is stored :;béi pattern reiogmtin system

2612 for use in later analyses.

The particular implementations shown and described are merely illustrative of the invention
and its best mode and are not intended to otherwise limit the scope of the present invention in
any way. For the sake of brevity, conventional signal processing, data transmission, and other
functional aspects of the systems (and components of the individual operating components of
the systems) may not be described in detail. Furthermore, the connecting lines shown in the
various figures are intended to represent exemplary functional relationships and/or physical
couplings between the various elements. Many alternative or additional functional relationships
or physical connections may be present in a practical system. The present invention has been
described above with reference to a preferred embodiment. Chaﬁges and modifications may be
made, however, without departing from the scope of the present invention. These and other
changes or modifications are intended to be included within the scope of the present invention,

as expressed in the following claims.

45



10

15

20

25

30

19. A test data analysis systemaccording to claim17,
wherein the feature extractor is configured to extract
at least two features fromthe test data, and wherein
the pattern 25recognition systemfurther conprises a

feature selector configured to select fewer than all MCSLLP

of the features for analysis. 20. A test data

anal ysi s system accordi ng @‘@Mﬁ m 19, wherein the
feature sel ector operates | unction with a
genetic algorithm 30 21. A conputer-inplenented
met hod for testing conponents fabricated and tested
hccorditesy systema, croamrismtu on pr ocess, corrprl si ng:

obt ai ”{e&%r Fﬁgﬁ%ﬁ&{ & £ éetf' r?gg&il s A l%‘ﬁgr tte?tf%/altan gor the set

analy2|ng data an

& fRoacitsrwisdréia thd cdrhporﬁﬁahmt Ediicand pr acesdnbasstl aofbrication
the test data, wherein automatically identifying the
RReEsEANEr i stic conpr i ses: recognizing a pattern in the

test daifnostic systén? ORI ﬂgd tt@ Gel RO &80 aRat ﬁ@xﬁnthE Oceﬁer and

known pattern dssoci ate h the characteristic;
mﬂd)mardallmgmalyzadhb tasodath, gmi toerdentifys® dharactehsic of the fabrlcatlon

T T .
ddnprlseSin ﬁlﬁélﬁ%éh@ PRtidrA 8&cophitib ?s‘rterﬂ @Snﬂ)éur&i fetronic

vvafer sort d data deri ved om el ectroni c wafer
sort data, re@mleamemmectat@ta bin map dat a, and

outlier data. 15, 23. A.c | enent ed neth
Dottt | gt e oot RAeRT id ARpFRT HeBSm Ripfleg with the
conpr ikmideeerRii@ndi Ng a corrective action suggestion

based on the identified characteristic.
learn an additional pattern based on the recognized pattern.

2. A test system according to claim 1, wherein the test data comprises at least one
of electronic wafer sort data, data derived from electronic wafer sort data, electrical test

data, bin map data, and outlier data.

3. A test system according to claim 1, wherein the diagnostic system is configured

to provide a corrective action suggestion based on the identified characteristic.

4, A test system according to claim 1, wherein the pattern recognition system
comprises a classifier configured to classify the recognized pattern according to a

known pattern.

5. A test system according to claim 4, wherein the classifier comprises a neural
network.
6. A test system according to claim 5, wherein the neural network comprises a

radial basis function network.
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20 24. A conputer-inplenmented nethod for testing
conponents according to claim2l, wherein

automatically identifying the characteristic conprises MCSLLP

classifying the recogni zed pattern according to a
known pattern. 25. A conputer-inplenented nethod for
testi ng conmponents according to claim24, 25wherein
| assifying the recognize atternls erformed by .a
foar o eSSt 2CSROMR Gorlati dr SIS 4B PaGe e ROR Rt System
inBIRHES D fRRITP CR@I ST RRERNIIEH 1Y ekiPack b FbATuré FroMiliR R5tddt Sssociated
neural network conprises a radial basis function
with therpatte®0 27. A conput er -i npl emented met hod for
testing conponents according to claim?2l1, MCSLLP
wherein automatically identifying the characteristic
820nprA&8§ s@xtmagdcbringatd lain 7€ wheRm tH&efeﬁtﬁﬁd eﬂﬁicﬁ)r calculates at
assoc:| ated with the_ recogni zed pattern.
@)?&199? ef 2 mAss.entshireild, AeeAwsiricanomenst e wmﬁah@%ﬁg based on the
fding to claim27, Swherein the feature conprises
east one of a mamss, a centroid, a geonetric
m)rrent and a nmonent of Hu based on the test data.
%9 Aco uter-inp %emanted r testlng .
on.po‘ﬁéqﬁ s&e@eaﬁ:c&r ag{q}cl@‘ulngi em ofeaiure extractor is configured to
OB icad b FRAARES Frvi thel R& @J’i@rﬁﬂt bl @hef b'e[t{eh?rrecogmtlon

conprises selecting the 10feature frommultip
fyetqtmftaf&lef opmprisgsyas fegture 3elector comfrawrest tor scdeld tfb‘@emﬁ)@n \@hh of the
f[s r Sﬁg& gyructl ons execut abl e by a machi ne, wherein
FAETS 3ctPons cause the machi ne to execute a nethod
for analyzing test data conprising: 15obtaining test
data for the conponents; and anal yzi ng the test
Hht a Arfestaiyssraneeoading tp céaimi Py wherein disafeatire selsetor opgrates in

%ﬁ@ncaggwgt ',%96‘% gy | based on the test data,

rern au éentifying the characteristic
COTTpI' i ses:
11. A test data analysis system for analyzing test data for a set of components

fabricated and tested using a fabrication process, comprising:
a memory for storing the test data; and

a diagnostic system having access to the memory and configured to analyze the

test data, and identify a characteristic of the fabrication process based on the test data,

wherein the diagnostic system comprises an intelligent pattern recognition system
configured to:
recognize a pattern in the test data;
compare the recognized pattern to a known pattern associated with the
characteristic; and

automatically learn an additional pattern based on the recognized pattern.

12. A test data analysis system. according to claim 11, wherein the test data
comprises at least one of electronic wafer sort data, data derived from.electronic wafer

sort data, electrical test data, bin map data, and outlier data.
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recogni zing a pattern in the test data; 20conpari ng
the recogni zed pattern to a known pattern associ ated
with the characteristic; and automatically |earning an
addi ti onal pattern based on the recogni zed pattern.
2531. A conput er readabl e nedi um storing instructions
according to claim 30, wherein the test data conprises

t |east e of electronic fer sort. data,. dat . '
Ber i VAL B850 PERTTE Aoty diPe Ko glamyL1-aeitin dbs dlagpostic system
ik e&dnfidated, tdigroBe #alotrectdntd ablidr !sﬁé%e‘gﬁé@;baggd An the identified
conputer readabl e nedium storing instructions
chersiedsiily to clai m 30, the 30nethod for anal yzing
further conprising providing a corrective action
suggestion based on the identified characteristic.

BB. A Aorputdara meslgsibl yswadiadeordingr to@ldimstin yothedéis the pattern
according to claim 30, wherein automatically )
TEEREM U TYAIEM FRMBHSES Sclassifier cen fosglassifythe r¢cpeniged pattern
dcB6rdl 489 knd6A paatiner N according to a known pattern

534. A conput er ‘readabl e medi um storing instructions
according to claim 33, wherein classifying the

cogpi zed pattern.is performed by a neural network. .
155 AR R ar iy B enti 80 (ST g AUBTrge clasifier
REGRISEN NPeurfl etwdd 34, wherein the neural network
conprises a radial basis function -network. 10

MCSLLP

16. A test data analysis system according to claim 15, wherein the neural network

comprises a radial basis function network.

17. A test data analysis system according to claim 11, wherein the pattern
recognition system includes a feature extractor configured to extract a feature from the

test data associated with the pattern.

18. A test data analysis system according to claim 17, wherein the feature extractor
calculates at least one of a mass, a centroid, a'geometric moment, and a moment of Hu

based on the test data.

19. A test data analysis system according to claim 17, wherein the feature extractor
is configured to extract at least two features from the test data, and wherein the pattern
recognition system further comprises a feature selector configured to select fewer than

all of the features for analysis.

20. A test data analysis system according to claim 19, wherein the feature selector

operates in conjunction with a genetic algorithm.
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36. A conputer readabl e nmedium storing instructions

according to claim 30, wherein automati.cally

identifying the characteristic conprises extracting a MCSLLP
feature fromthe test data associated with the

recogni zed pattern. 1537. A conputer readable nmedi um

storing instructions according to claim36, wherein

he feature co ises at least one of a nass,.A.
Hont 15 g G ABMETA e BRBRG it e RURRET B epcaadk e tested
£0ordiey thasthbrilatian pesteds, 6Opidigg: r eadabl e medi um _
storing instructions according to claim36, 20wherein

aut onattainigtst deferfen thy cogpeneatscpad act eri stic further
fgrpgdﬁxéﬁ%gn?gg.[h%c{elsp gattahgldf S&E}ﬁﬁﬁchlSzofHer'IH%yﬁdéo laeclfa?a%el'rllrs ic of the
fabrication process based on the test data, wherein automatically identifying the
characteristic comprises: |
recognizing a pattern in the test data;
comparing the recognized pattern to a known pattern associated with the
characteristic; ar{d

learning an additional pattern based on the recognized pattern.

22. A computer-implemented method for testing components according to claim 21,
wherein the test data comprises at least one of electronic wafer sort data, data derived

from electronic wafer sort data, electrical test data, bin map data, and outlier data.

'23. A computer-implemented method for testing components according to claim 21,

further comprising providing a corrective action suggestion based on the identified

characteristic.
24. A computer-implemented method for testing components according to claim 21,
wherein automatically identifying the characteristic comprises classifying the

recognized pattern according to a known pattern.

25. A computer-implemented method for testing components according to claim 24,

wherein classifying the recognized pattern is performed by a neural network.

26. A computer-implemented method for testing components according to claim 25,

wherein the neural network comprises a radial basis function network.

27. A computer-implemented method for testing components according to claim 21,
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MCSLLP

wherein automatically identifying the characteristic comprises extracting a feature from

the test data associated with the recognized pattern.

28. A computer-implemented method for testing components according to claim 27,
wherein the feature comprises at least one of a mass, a centroid, a geometric moment,

and a moment of Hu based on the test data.

29. A computer-implemented method for testing components according to claim 27,
wherein automatically identifying the characteristic further comprises selecting the

feature from multiple features for analysis.

30. A computer readable medium storing instructions executable by a machine,
wherein the instructions cause the machine to execute a method for analyzing test data
comprising:
obtaining test data for the components; and
analyzing the test data and automatically identifying a characteristic of the
fabrication process based on the test data, wherein automatically identifying the
characteristic comprises:
recognizing a pattern in the test data;
comparing the recognized pattern to a known pattern associated with the
characteristic; and
automatically learning an additional pattern based on the recognized

pattern.

31. A computer readable medium storing instructions according to claim 30,
wherein the test data comprises at least one of electronic wafer sort data, data derived

from electronic wafer sort data, electrical test data, bin map data, and outlier data.

32. A computer readable medium storing instructions according to claim 30, the
method for analyzing further comprising providing a corrective action suggestion based

on the identified characteristic.
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33. A computer readable medium storing instructions according to claim 30,
wherein  automatically identifying the characteristic comprises- classifying the

recognized pattern according to a known pattern.

34. A computer readable medium storing instructions according to claim 33,

wherein classifying the recognized pattern is performed by a neural network.

35. A computer readable medium storing instructions according to claim 34,

wherein the neural network comprises a radial basis function network.

36. A computer readable medium storing instructions according to claim 30,
wherein automatically identifying the characteristic comprises extracting a feature from

the test data associated with the recognized pattern.

37. A computer readable medium storing instructions according to claim 36,
wherein the feature comprises at least one of a mass, a centroid, a geometric moment,

and a moment of Hu based on the test data.
38. A computer readable medium storing instructions according to claim 36,

wherein automatically identifying the characteristic further cdmpr_ises selecting the

feature from multiple features for analysis.
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