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i ncorporates the disclosure of each application by

reference. To the extent that the present disclosure

conflicts wth any referenced application, however,

the present disclosure is to be given priority. FIELD

OF THE INVENTION 5 The invention relates to data

analysis BACKGROUND OF THE | NVENTI ON Semi conduct or
ok U BIRRNEE Soch Up IR by BRlenld oo the extt ha

r Oper data not only
medﬁbehmdmelomtchﬁhcts hethcmypmfpemsi ppmisttionn hpyyoygle rthey present

o) cate deficiencies in the
dmgo&“?%%ﬁ%r ng pgggess Accordi ngly, many 10
seni conduct or conﬁ@ﬁﬂé@F§H§ﬂ§¥@%ﬂﬁgqcoIIected dat a

fr O’Fﬁesltﬁ\ye%ﬁ@{brleﬂieg toeaéaraaau:swonent s to identify an?h
correct problens. For exa any may gat her
test data for RN prggﬁﬂgﬁ%&Rgggﬁg&afer anong
SeV§§xﬁEorﬂhcft$re(Eo&l{pEmEsﬂte§ coiﬂ@ﬁﬁendab &nsuagy theothe compeneats operate
vari et ar.amet r

I
Prepeuy. H‘ée teBtha?aCrgwlrt %EIH éiﬁtgrn%l? Eetlg L gﬁ:ncon é)l)r?elng f@r&'ﬁgﬁ &%Lerly, but
alddl @apSinoioyte ddfiefeguiesd irs pler Snanefagturingy psqsesst r o&@@rﬁylglymepny
se?lggxilfl ugtg)r Icé)ngqag%g %%Q%Sc%ﬁg’cté‘dod’atadﬁ&ﬁ Glyeda? dﬁ’fé?ény&n*fpoﬂéh@s to

data may be analyzed to identify
ldmmmrd cdmédt pioblvois e Eoromxamplat thepampapy mae gather despiata for muliple

chi g%ﬁt ety whRRf Erﬁoﬂgr@rferﬂaiyffe?ém 'lché t TQGU ahth IayaBdfle from a variety of
r.? ormance | ssues and dent i or cl.assi
sourses; - Welf | ase §areyHYHe ?S%YFtcél teSS’PE’e p%p“ﬁ‘éy mpEEHO, escta%{%n efegron

mRd0B¢ lenbrB$ dispdr W) )@1‘3’? spea_tﬁﬁtdpp,@nﬂ $oct1§eﬁ iianetehy ppoeeshas foraldfect
bef ore devi ce .pac

erlin bt SO of b SEmtY b TRPRE Crasdy . SRk idpricsor
paaBels anNadfyerd digddneist pattatiat ingy estiiéngiality aakh derfdrmxance issues and to
1d&rg S(légl éﬁ?slfy'at%t O&T%Bel: %)Lc? %Sx%; '3 ﬁ%l 1¥1ay3 HQH%'eStaIEeQ th h:%rrect the

rea orrespondi ng out put_ si gnal s
préblems. dieétipgtis wpigabd p;rfmgyd bgfogrdgylyezga@k%glgdétt\@f?ﬁlﬁv(gl) as well as
u;{on%%ng?letlotnhﬁ aSAHY gﬁ?f tedtS Operating properly. Each

ener at es arge volunme of data. For exanR
eac Iﬁqﬂgegpgg ranmyalw}gf tet rﬁago@ expengive an,] tlgle qumng utomatic

tegtgﬂ'pagﬁ?nstl gnaRNY 1RAGHRbentsNARGrede Bt &oﬂ&)ﬁorbl&xgr @n&latsx@ﬁhlsl OThe
Conseq uentI%an 25.te

dﬁ\gOf asng 1so % roerly

oyrpy} signalF @y (hg @nalwet g deterpite R (OPREPR S PRTTRE Pt RG
EdQQe s gBRERes aQé}g&JﬁUmﬁﬁH & dath. Parlekaraple esohvasten hlay ggfoem 800 tests
may. be connected, to seryver r

ORASHAE ORPUE LS BoTOE SrBdr s ersafd 1 SREL ehscquenty. o
te@tﬂifa,smfgh&oﬁxﬁdirlé&trmztywld:mODyessltso rBesauseh@ch tsier is wating 1P orgmore

cgrggq%?%sg% %?{Jrfa%? severalat%sqerg QSy ‘8@@&&&4&&1%%13 Al saha! ¥SérSrmous

convent | onal database
ahomvmla,ta et stesd flmrﬁwretlo pecets sgalaiaaibasartey YRiSalpstqreshe test

data m at c?ata%r% léalxmégh@mnﬁﬁlﬁ’ﬁﬁ irﬁeangl%@of E&érda@r BRfage in a
he test data presents a conpl ex ﬁ
cpmem@naﬂdamgaqg;}@c\@g@ 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
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test engineer prepares a test programto instruct the
tester to generate the input signals to the 2
conmponent and receive the output signals. The program
tends to be very conplex to ensure full and proper
operation of the conponent. Consequently, the test
program for a noderately conplex integrated circuit

i nvolves a | arge nunber of tests and results

Preparing the pro ds exte
corsBEHT FEAEIFD R PP T8 PORET L A b "B T T 500 e
fullﬁn@ﬁxbpcmoﬁﬁﬁtiommf G componpiito @bmueﬁt@r t}@)@gﬁpqogramdorragm@tely
cor?p acu}nga Nieq &Er%{ll? 11%[0 QL helE}é@ %ﬁm@r%f‘%&? and bt | Fﬁpanng the

ona exer he anal ysis of th
progatntiements datepsiveslesibe mdom@ﬁcemrt to afrfig ay @ SHitfectery Sl°h*8°n’ and

oo TR GO e CApORAB0 i i

tesgtimepreguitee additiprakexpion.pyt i s instead typically anal yzed
bet WReRaly s bf HeNGttRfedi datallk ARG diffitwheThe 1Bluhe odltheedatatoey

sone. of these burdens, a
S0 3 SR GHR PGPS PRTS S o LR Lol e b pOAREAR sbilfeed
at bt@&&t fuR @imeabibt 1Dfnstehistyﬂ1a:tla anlkipzed \betweerp rq:gq;pessortlh@thelt lpp@:hes
gﬂuzl?tgélfogge ({;mese ﬁrldg’ sC Qomr% sné‘s%éx.\gy saﬁﬁfgptjhghﬁa %Q the testers

resu I ng rades the conpl ete,
andl md@rcsmamlu rignatyfzing h@s tbes tan p’ét;hﬂ Hata, horvﬂw&d@ﬁttrmhat thevretylting

anz|1 §s1sr cea{mé)i? R«ie {é\’ 1§t ﬁrglgletg fdnJ ﬁ%&ratg ap\@ a GRNE rs%ﬁﬂug%grﬁd‘é@ tHe @6 MPlEte

sheer vol une of the test data
ungrrgadivg of Be feblrewltsi es in anal yzing the data and
ext {26108 evEfBRnEd full sé@$ thi dita g-Ehﬁatécﬁb)atmﬂqstec onttained, the

ficant informat _the de
e DI b 466 SR R, HHEIRT BTG o PiSCEE opd gesting

mémﬁﬂgiﬁﬁrebhﬁ@d THe daepmey eorin digaifitaon infomeliom bbdut the, desiqeh, the
tes:tlgg%%%ﬁgangn% B},agl%ctlfnnﬁ gpr?ﬁ%ysnt%at \%1 aﬂ@é ﬁfsedhtgviﬁl ﬁ)rve production,

mati dn to the user
rel@bility) abdestingy &t eaw iof the habiné nfdaty how@/eﬁmaﬁes msirréeserrm& the

in fﬁréz}tllgg toqge ‘\%ﬁll S g&tﬁ{r@&s@eﬁi@ @ha'lléngﬂ'%r formed manual |'y by

revi e data and_ nake. degglct i 0 o
abo Etlrtlteheorp awich ghthe dain mteg@gt@tpqnﬁ@peﬁogaqgggarﬁ eaﬁmeers who
retflg\g Itl'[e da@ARE b B EBuRBAS Joalmtﬂd tésk hrddymautdBrutiR@proedss basait dntheir

test process. Althou ual analy
emme@eq g Eamikiary Wik (R fﬁhﬁkﬂ%f"§ta%¥ﬁ“tpﬁ°€eﬁﬁat§‘?t}‘%“§k‘%‘ﬁual a%?li]yms '
ot SEetVS teﬁéﬁeg%‘ ﬁnﬁ&ﬁt@rﬁi th&fgbr@dﬁdotﬁfn& tdshaystemp diffeent o arad are thus
arriving at diLfferent. subjective con
PEOPfe tos AREING A £iff A??(Stsn‘ia‘f‘cnﬁ% Cfﬂ‘cg) B ar | seshaﬁﬁmp Bak” Albter
pR¥IBAati &8 Ghehn E)@Eﬁaﬁcdelbersloe[wll Ratehthe coompBINgr 23¢ otherevise unavailable,

ot her nava .00 thei g d th
fog e \sl,\n?‘%]&&%g 2 4 u(n?erset e 2 caiﬂlneo rfllbgggBWegrg ge;lg? gsrtﬁr%nag )
irtdtetationtof the et ded @nnombe tasidy trapsferrediip athernervinshe easily

transferred t F9ORer THIRRDREWARECR PTI ON OF
THE DRAW NG A%nlgéag%?g%ﬁf et e under st andi ng of t.he

pr e sk iore qouplttd lmderﬁfa&dutfef’fd@rnf?ﬁé’éi IpNpRHQI TS erf&“"@d’ytrﬁfem“g

ﬁ]lg dggkaldles%g GRSHE Rt dla@xﬂs @HQ\ Johﬁd&éd&h%nr\éﬁtﬁﬂ with the following
conS| er ed | connection with t

iliistrayiye figuies eviighy iz £0t b F%ﬁa%;ﬁlhf‘of e%%%“cf' 61“8‘8%‘? gefer o gmilar
Jeal Rt BRASn TR GESes ef er to simlar
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el enments throughout the figures. 3 Figure 1 is a block
di agram of a test system according to various aspects
of the present invention and associ ated functiona
conponents; Figure 2 is a block diagram of el enents

for operating the test system Figure 3 illustrates a
flow diagram for a configuration elenent; 5 Figures
4A- C iIIustrate a fIOM/diagran1for a suppl enental data

cee Aol PAp WS 1
sec% ﬁs 8]: gga( ?légrargng astgsg S %%nl? ﬁgéo g‘m g sh@WSof the
pf&blghﬂvelﬁlofiﬁn(ﬁsgqmateﬁélmcﬁlddammpmeets,a f1 ow di agr am for a

Subg éﬁg% ?ﬁlo&adﬂ%waﬂ{‘&‘e)éﬁieﬁts ot bR the fstdybim7

i |10 tes a f di a ran1 or_ an out put elenent; 10
F| gbigured illustrates faxy @@a@? forp FOOSHRRFIGAL of an

ex e FRLAE YA 4a{1EtaeR Aot diigrafyed aesmppmﬁm damglaty@s\z'lamblﬁus
aspects of the present invent

a.
of Figgre Sdise élagef“ of vgrioys Se6?°“ﬁﬂ+ % ‘r’?fffean‘g 6%”%1“&1‘ hmq% i"yur e
10 ipguRs AP 6@t dlliseate of lav dabam had sgplkmbittalplae analysis
devices and a resistivity profile for the wafer; 15
e??ﬁ%re 11 is a graph of resistance values for a
pOplFligafeWOl‘lusﬁﬁtes‘zeﬁdvsﬂi@gr&n ifoy ah hgputglemonts  devi ces of the
nal s Eﬁ' 66 dHfard kB ERioh & AERPIBSEEAm Aty systom

det spectively, raw test data an
aoe@rtiingervarldetasmtﬁ ofthe PfFi’j’gfeP‘éPmFQ?F t he various devices of
Fi gll#l SrelPis a Blodbt &t data foPa @stfoifﬁh\ﬂtlgle@&hﬁﬁﬁhlgi a COerOSI t e
anal ysi rocess according to _variou
the l{ﬁué% 5 ¢ FRPERTRAGRR OFP g Payng P ed}"%ﬁ}r)r?‘bdr ée““‘“ty
pﬁﬁgq&ﬁﬁﬁ&ﬁﬁlve dat a p0|nt | ocati on on three
representative fers; ures 15A:

di ad-'rx%ﬁq laln)d aagrmtfg?tresisgp%ﬁ Ya es ?)r a é)og lgfxo f(%léstogsql\g’é}}eev rious
6P OR_hd veafelaff Bigareaby si s process 25 Flgure 16 is a

d|a XS fdspetlve®N ofraWadselata and outlie

%‘rl%ures(li%ﬁ% g Fenegﬁéﬁgrbe&g&géégi mSﬁobf% g%np?o )?| mst ya a and outlier
dmngmtnggrgs for the sygious Evipes S FIRrg ; a di agram of a set of
dat 3&&% % $s 2??9%%&?&3 of 95:9&&56&4 ¥naWBils Grdcksd Giccordih@t Garious
Iagram of a cluster detection and

aﬁm@%ﬁ%ﬁﬂ@ﬁm®ﬂ®@@§§ Figure 20 is a diagramof a set of

cl USHighs 190 2AiNRde b Sieble@sitati tediatiott ldcatibnamdhre3presentative
filtration; Flgure 21 1s a diagramof a set of data
wW3EFt s nerged usi ng an absol ute nerge process;

Figures 15A-C are a flow diagram and a chart relating to a cumulative squared

composite data analysis process;

Figure 16 is a diagram of an exclusion zone defined on a walfer;

Figures 17A-B are a flow diagram of a proximity weighting process;

Figure 18 is a diagram of a set of data points subjects to proximity weighting;

Figure 19 is a flow diagram of a cluster detection and filtration process;

Figure 20 is a diagram of a set of clusters on a wafer subject to detection and
filtration;

Figure 21 is a diagram of a set of data points merged using an absolute merge process,

Figure 22 is a diagram of a set of data points merged using an overlap merge process;
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Figure 22 is a diagramof a set of data points nerged
usi ng an overlap nerge process; 4 Figures 23 and 24
are diagrans of sets of data points nerged using
percentage overlap nerge processes; Figure 25 is a

bl ock di agram of a systemfor identifying a
characteristic of a process wusing test data; 5 Figure
26 is a block diagramof a diagnostic systen1 Figure

0 gram of c
g%l?‘éresz% %“glz‘ga’al géﬁag’ﬁ?fsftsg%g oénrtsn%%rltg?t eri %g pro BeQuLep
mngeg:WOessé’sQ is a diagramof a neural network; Figure 30

gﬁeﬁgweagrmle cﬁaegsmpmy@t% @Mﬁg{mﬁgcmﬂayacﬁmcafua@gocess

nor e out 10 r"dentification al gorithns;
usibg tpstrdaty; 31A-B are charts show ng rel ati onshi ps bet ween

Chag 36l 96 isSibideR dRY améfsarag:msncstym&es of input data and

possi bl e_causes_ o fgacg ﬁacterl stics; Figure 32 is a
di a@ﬁga%zéfsaaﬂ"&dé%?r?f’ ISYHCHPHREBESS and Figure 33 is

a fkgwediawcﬁd‘gr@ﬁ ofaa gaafrh fiRdring prumess) opt i mi zati on

pro ess igures are illustrated

for @PW&P‘SCNE cr}elé 1|1%°Ig'valfﬁd have not necessarily
beemgdfeaaMns taahgmi ef a Eyatenefoaapb!eatlcalheseée@ﬁfmewl @ rieorg Aflier

d by sone of the elenents in the
1d?nt“gpa%°£)% E:géée exaggerated or omtted relative

ot hEiguss GirbRt ae checs seowing eplatiopshipy é’efcf’ﬁ%féf@faéﬁﬂftﬁ@] op lifferent

m%gg CRF&%Q&%@S&Q@C&@&%@% chad\RRAkic@N. 20 DETAI LED
VPLARY EMBCODI ME dS The present

i nvé&iurecd lw}la%@na%%%?swﬁéadwr RSB RES of functi onal
bl 0 GeuEIIRONBEW Sia@hil of ¥ PdriiQiSvaph ommm epsess.Such

o e Lok e LRI DALk et BB, o

ware co onfi gured
nebasarmy beeh diavheo splec iFbi exdmplethe ¢aonetiorand step@axmb@ed breome

%rrrllten in tﬁyﬁig&}gs H@y b€ EEB%%XM&@SH AMBed RBLG & other elements to

pr OC SOI‘S EIgste rocesses, and
hedgl @ompltommderetagdm Csfte pdmpreat tl@mjwﬁ!éénve%r y

el ements, signal processing eI enents, neural
net wor ks, ttern anal yzers oqgi ¢ _el , gr ans,
and neDETRAEDPRRGRIT G QBERGVBLARY HHRPRRERFS
f uncie QRSerd RHGHtioh Ry &0 Bésf:ﬁded@rf teﬁﬁﬁ;f@ﬁncﬁ@fal%blbﬁsdompsnents and
ni croprocessors ont r o dev
vagys PIOGHS SERfe SﬁF}ég*é‘ﬁtEO“fr‘lﬁi}‘éC%i ?‘B‘ns Ié’e 5°ra3%§tdq’afeaé‘y nurgber of
h&@Rire N t do@iFaréd dofhpaieyitsnesmfigired fo pa:ﬁdnnethw spcmﬁa@nfuschoand For

stem described is ner e
e)&mgrq (E%/f‘[ PIS?’?H? We[}t‘ﬂ% maHVeemrﬁll oﬁan)é}.lsﬁ tSt%Q pr%%ﬁgggé asg%aegﬁtsystems
piotases3] amh alyeuythmspé. gy statisyical nengines; nafmoryy wiﬁmnfﬁ,oﬁalllal processing

P PR Eat st PBoPRl Y SpuC BPRARE BlogtMoPliat, b, wich
may carry out a vanety of funchons under the control of one or moré testers,

microprocessors, or other control devices. In addition, the present invention may be practiced
in conjunction with any number of test environments, and each system described is merely .
one exemplary application for the invention. Further, the present invention may employ any
pumber of conventional techniques for data analysis, component interfacing, data processing,

component handling, and the like.
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5 Referring to Figure 1, a nethod and appar at us
according to various aspects of the present invention
operates in conjunction with a test system 100 havi ng
a tester 102, such as automatic test equi pnment (ATE)
for testing sem conductors. In the present enbodi nent,
the test system 100 conprises a tester 102 and a
conmput er system 108. The test system 100 may 5 be

confiigured for t n onen
s en‘%&%ﬂ-aﬁC? g} bﬁe | Crgé}godaar}é a\RBEFe S accgr%m% 89?&%&6&9 Igs §fs Of the
preantiageibnteviace &, coojunaibheith @ testaystewal00 bavingn fegtel 102 such as

ui%%atng (E?ét‘ eqhgmgﬁﬁﬁﬁfﬁ?{&n SohedianEat. uf e pﬁ%pé’tﬁl%ﬁin%nt the

eIn egrated circuit dies forned
teaﬁy@nwwoeaompmes p@etkra]é)é @nd neamputst Bytery 108y Thetess system 100 may

e? Yﬁ&ﬁé& foIEE@tMQBﬁB&n%n@-Q& @ﬁc@x &rs@ﬁ{c@ldiub’tﬁi 8icds on a wafer,

rlcatlon process, whi conpri S? %B g ﬁﬁ ;
cirprih PPAES Lgaplg@ge%pqyggg I foétrer Gleetgfz}l g PhE £ h &1t Bresen
ertEHAimeat) the @B{Mpdnﬁﬁﬂs usbeompi R Stultploiar sated mﬂmuﬂldlem&ymed on a wafer

t bI f .
o peResef gpeated Hiso B8 i ReRe 165 SRUERS aPg Y Gigaed usng 2
faﬁﬂéah&bﬂn’;tce@@ aich sreg camyrist et susghld mamyfcturihg protess fog creating the
c?rﬂ)e ?nt e{b%san%oxgaﬁaggude%etgs% AL&S, v%‘f%lpﬁﬂy daldisd elyakilti f8cess

may conprise nultiple machines or
fap tdatrg thfsmrmetsofdlﬁe cgmpenentyh@S. t est er 102 may conprise a
convgptipnah; Qf&%@g@&h s@sea%% &dst eq%l-iﬁ’(&nﬂﬁat&esl@coﬁ@bﬁéﬂﬁéﬂ@G and
tester, and suita erates in conhuncthn Wi 1 0
seyetates ougu Frrreislatinglo they heeringt iRy ORETise WP ﬁgﬂ“‘?ﬂ'é or other
sdueRt 8F ddp2 Tﬁayesi@m@ein@cecﬁnebr@ad c6®Bhtic@blr Atbnatic dastti, nsgclt & a
the particu] ar onents. 106 totb e;gst entoré8ﬁm
Téﬁaﬂ@? teéﬁbra’&f’p?‘?tﬁtibéql? aitelsé‘f‘io&'“n 108 vt ophgt cappmeptior st
tdsrhgcomemaa‘e'rl 002 \dhalyhbd lelectadinmpnd eonf&ysd em&@@gtt@ thf: oparticular

| cgﬁgg? quggg&ggg&@gf%2%Pg%?§§gnﬁggﬁgland/or execut e

program co provi de 20
i NSt Fhectestoni2 troayt dperateeint copjungipn veifathy Lempyert sysfamal 08 to, for

ega%gatlg g{ogl ﬁiﬁlg festglaf(ﬁnﬁgcﬁgrﬁl/or anduit e tbdr Iﬁﬁ)grah-n cbiRet data, provide

onput er system 108 receiyes
insitions Ahedetar AR, tanaéyzp iest s TOL{ARET PREPFGF N\ kG dn the

p%s‘ér{f‘ ef’ﬁB@dxM&h Sthd beute? BstenN BRERHARN sty Odta frbR thegbter 102 and

he co uter . system 108
p§tf%ftnis Srieus| daRmR lyes ?WC%%&PW&“H%@ S %“mg?‘ﬁr 1% 5 Tl computer
s¥ Qegn 1@8Sm¥\Eikplea®nt a&tﬁkt&@lﬁﬁ@hdz o aﬁgﬂsiee:ﬁtam thetester 102, as well as

entifyin roble
L 55 PR SO T B g
;ﬁ@ﬁspllbh:&ﬂ o8 \ie ttestrdal0 SFIHmymmmpystqsrel% TRAY[SAMBIiEe ACOPAMALE eomputer,

2 0
SP(g'l 252 P§ pers na reci(rrg)g;%r ort \ﬁé}[l?a%ﬁ oﬁ{ect@@{olﬁtn@tkvbﬁ(@d w?tﬁ RRested02 ¢

ne tester exch ange
extignge &nmhs wiith thedester $62e [In g_rgagtenpﬁveagﬁlbgqilp@ptn@p pQraputer system 108

rggi% Qi A rond mms@mwotmwnnmoftméstkagstm@a &l various

omor integrated into other conmponents of the
foyesipeaTman b RerfdrmedrhyoetSer fompernBnsichay’ e tﬁé?’f]&rn‘gdelﬁ‘?e“ts

QLieleq GHPRRSSRKS, such as the tester 102 or el ement s

0 connected to the network. In the ﬁai@f Exegg ary 1o
syst &hfhe Prreent SHRTIRIAEY SISy B CBRH ST 7S RO Pes A RepSOr
#nt0a rRRBrR IMTBNDEeY pbdeadsor The @ngeiessaty dii@ble gprpres®gssuamyas a

sui tabl e processor, such as a
6
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6 conventional Intel, Mtorola, or Advanced Mcro

Devi ces processor, operating in conjunction with any
sui tabl e operating system such as Wndows XP, Uni X,
or Linux. Simlarly, the nmenory 112 may conprise any
appropriate nenory accessible to the processor 110,
such as a random access nenory (RAM or other suitable
storage system for 5 storing data. In partlcular t he

112 of th
CoﬁYfetéé’gl Iﬁtgll,rgwgq % é’te Zéscﬂwe(gﬁ\élc}: eef\:/{;::élsgesroc% aﬁ,éanteratxrrlg in
coajnﬁhnbﬁ v thi ztrabduy:atﬂﬂ lopérginp exglsteni,t fucls a$ fWiodawst XP.clpacer Linux.

itate erat i n
SiEHEp i P8 b R T R o R S P R eBy Adsitlelo the
prwpsacl 10ysublpps sroddnnaroessmemery (R&M ot etherseitableetprase strorh &r
st?n%gtdg% %%aﬁ-ﬁglarf A Inbhal g o?ﬂi’élﬁfe?sb& s9§ter¥1 ri&llﬁl% Qlﬁst access

menoiry 112 i s conf

merhay Hefestering %ﬂétrle?ee%a Ingrmatiogt and 4f SUFBY %ﬂﬁ‘gwgﬂ with |Shf%°lent

cam:&yMCIﬁrafe%ldi;&raﬁ&mfmaomnys 112 is configured to
store the el enents of a

o o 11l HEse. SRoaBRen, i e 2 CB et Sapany o SRple puput
rewtstr&%éd)ﬂoxartdé astet DE2 adchdktaing aeclyos df g dutput ehtetataedlhe

C e 1s CP ﬁg?#g%/ A& ﬁf}gaag‘g’ %r";jc{ ew %f egtséat [ &p é{“ 1s i:o\ranous

stores a co
emuﬂxarmtcm‘sJ the nﬁemorseatﬂms cbﬁﬁgumfpgn@m thg @B menty o a&b’ﬂ?@ly datalog

Sl.lltgbqr g sﬁ? %gtr c;tqﬁf&q{lﬁkﬁl geletcféd% m%stbstt 'sycéfbrrpfoot ﬁ@/or the operator
ﬁ{) 6 ? he tested wafer.
a@dmgmwleete@wr@ﬁwé avqﬁywﬂ@sqé@ﬁﬁwesaff?lﬁay be

assqo} ak le V\ﬂhé Mnéndpfritid Guitadly 6eRpPan &ﬂﬁpoﬂl@ﬁ iddntifiktefor each
corresgqﬁ X-y coordinate on the

sqca éh’f'iYFP‘ngﬁ%Ss‘°6FFB°’l9f“gr’r‘b? BQ’ABW°S|°8§HB%{H%"“%&%6 on
a fwhﬁ} fhaiC £k &ﬁsema Gaferf Bichexadopldmatetintha mepmarst 11Q whagrbe hwsdiated

f d t 10 '
N T e,
cctrﬂmanam ﬂdeeisiim ihek mg wonpofigit, aidéch Geldspiesponds) fov aample, to a
1 nliflg X n e
paa‘? (iu?ar jtest, ﬁfrfc{}% tl';le ﬁon{m%{enp SosCaNhd géHeSﬂ) hfg | Uy‘:{)&gﬁ %Flyth

e user as esire accordin
wafey acsttister wehttedrto rﬂm @srespwrbngc@m@av@e@tr 10698 gther; 15lsv é% nthe

m%ﬁgx?di 1% Rhy %k S&nﬁéﬂrédam HclD@S 2RC GRS Jach@ficd Bf Aed@Lr as desired

system such as ahother nenory (or a portion of the
ageerdineyo anyxyiterig opged drive array, an 25 optical

st Orﬂﬁecoﬁh‘)ﬁthe s @frth@bifwdht &h%ciiﬁhbinﬁalsd Qiitdlf}@ hay sicesto T erage

st orage syst ocal Ilkeahar dri,v
st G PEOTHE i SO O TREC daPep Mg e
oPl AEragLIyBbR, orSathdd saitabR stdnye dysthmi. vEheastorage ystew giagtbe docal,
hg%%ﬂaég Pri\garc%/egﬁgeé) tsc‘)v@e c%pnggtgrel 0% %ﬂhe §e¥t%; ﬁﬁ} grqga b‘% remote such as a

Ssystem may
harddirive adayt assordeel with arsavaonpmobrthel@s S(Wtemtlﬁ% rls connected The

oo onGat Sm?{ sholl€ phd aﬁnss%ﬁﬁo? BathOsed 14 REcIMPBRENDS or other
ﬁa}g Osly Re sto age system conpri'ses 30 a dat abase
chtforantapf thbteet syjtem A0¢ drife@resent sehod B!, RGHAIESISIE™ fagpprises

& 0 G 8 wa
fd)aé%ﬁg%’ &/4 %‘v&?g gegrg)gé deRBr 118 bMfHsidgOfor Sxai l{ﬁ &ion

14 stores tester |nforma

sgum{oxaasmgr@&cgmng frsility. le'le @gtabaﬁealslﬁéforqg Agster qucrrglgthno?uch as tester
BRefrd ibiet RSt @sd f3YopkRM1 AP taf ydtdn 100 RO L NofporieRS] test
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7 progranms, downl oadable instructions for the test
system 100, and the like. In addition, the storage
system nmay conprise conplete tester data files, such
as historical tester data files retained for

anal ysis. The test system 100 may incl ude additiona
equi pnent to facilitate testing of the 5 conponents
106. For exanple, the present test system 100 i ncl udes

a devi ce i rface .104 e
peoer FRELO HOGET By o) oA " s, AF iy te
std’ﬁa’:gﬁ dyﬁeni hﬁy ceoprjse vempiste 416G dnta fitasosrichi@s hﬁtorlml desten data files
y@ f e conponents 106 and the tester 102. In one
<R TR

the device interface conprises a nultisite
devTbe testniyeteald® monficlyde additiopal cgpiRmERtACATitpSs testing of the

coﬁiél;r{e!ngll 6. Si*“(;re&arggne a.hesﬂ)rgﬁhteceé{\@}fs%fn IOEhﬁclﬁ&§E dS\M&I 1@(6}@&(1 04,
y 1nc 10 connected to, o nen
hkeqmommmnal S5 WBFEEe SRS SHLS3 Jedit BRSSP PROgEig s handl the

cohfShenR 306 4nd!JasyideGaMRERRE béwde Sheaompomtnta § 06 andt thetester 102. In
parti cul ar conf.i gu i on Lication,. . n
onetfanbodipent, Ly JPUF TE??)‘[ CePeRe e PTGy g{]}/“ltgrg ﬁ&ﬁéﬁgd ©

actors
slﬁm&muay tdstmblkigle pit@sant sirgiepedérmahe test dystemd 89 mag yrastudprpr be

co%% eaiﬂ n n ex%t oen%ntts oquglm%&pgo%feasn% tﬁ@ﬂi@"t@ 'f%qthtg l9estmg of the

SUC ar ea net wor k I ntranet, or
cogripotxals lm)étamxrdmg toka,ae phiiculert eonfiguration, applicaH@iyiepvironment of the

teth?sQJMO' glnotﬁﬂ QLSS factdr. ?stéx@x'ﬂ'ﬁle i @l%r@s:%nttdﬂﬂ)oﬂ1ﬂféﬁkt fhe test
e test system 100 may include gne or 1

sysiomel 00 ds canngctad o ah APRERREIAS rCORBIMBICHIGATRILIY Sughy@s a pospl area

n@NGPInGancNE QOEHP the®orkl B8 MRYinkehet Gt NMemtmsid iifornmition to other
appropriate nunber of, such as up to twenty or nore,

sysEEp.ap 2§ g r%"&‘lf%?eﬂ\’eﬁbmc o various factors, such as the
systmakest syttlém Qo hﬁyl incldelodelve moortkitgysl i G2 and pnodr mére computers
1@8 I[;?zéf axtaélp l[_one c?xﬂ%ut%rglg)§ mtap §%§omu*h@g ar;l'zgﬁrogﬁyte REmEL of such as

i nt egrat ed
up né awtrine ot estrertest@e 102 cncccedmarm garipup IfPCiCPTFrgSUC 6 th system’s

tisefpu b chﬁg‘ %&{ﬁ?uramf fhgéomﬁlteQQBS C il e comflitel 68 may be
1?‘%&’ F e tester 102 itself. In addition, vari ?
sdpamtstifonthe trsier He2, SeRY Pﬁﬁ’éPgE?FddPtPF‘é@r‘@ﬁ?r 1@611%&?’81“%’ e yejzing

oBXHRLE r&esfsbrﬁ SthemdrREPUd R Icirbiy, @artﬁeonme Maht¢ GdSr 102 itself. In
pre- anaIyS|s t'asks, sev ra

aqdigon, waloRS REHOPRARY lenP %Wa?n;gfu feRt °°5Wn§‘¥%%n§e ﬁs’éamé’?et st
cSthp & T RSBt ioRE Q&afnayﬁheslﬁynamlmonﬁﬁtedahal thegs receive the

and/ or qt her out put ana n
385 SPORIOD. Sk By ST PRFT St R TBAFS Sy YRS the dymamic
dhtﬁMstHnﬁ/@ﬂothﬁibh@ultdnelysesammtS 106 and provi des

enha Cteg sys@e@n X&d %cc% )ﬁt EJS\FanBlﬁséébéc& ofF BE p@ém&mi&r\h@sts the
enhaticéd ¥ anal' y i ncorrect,
compsiehte hfdng prcmdes,l puleocel anaéﬁulapé test Tagyes iFor grampes the enhanced

afleﬂd4 Oha glﬁ%&zy m\%x{'éat ﬂué'sﬁé)xﬁfﬂbvcﬁ |u¥ust1ilg£buﬁ§ o&attiVel thays, @rﬁd/or tests

system 100 may al so anal yze mul t

B0 wlas e malambabslw of Bgaithe FHIEETET ¢ BhTRY FIP E;‘i‘aé‘/ze ¢ Bufipte
fo?r 3ta aﬂgﬂ Qk dlaﬁtt§kegf frd/i@fn@l'itﬁ)le WeXegemenalds of MARES itd @enerate
ata based on nul tIP dat asets. Vari ous dat bn%yt LSQ,.
comperitedath astthen Tliple dgiaicb 2166 5 TAY A{A G5 4oed by e 18k ke
10034 @&dnB¥ei chirht&ristieh ih ki fibaation atst,@fd/ort caist proaess/soch astphdlems,
process, such as probl ens,
8
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8 inefficiencies, potential hazards, instabilities, or
ot her aspects that nmay be identified via the test
data. The operator, such as the product engineer, test
engi neer, manufacturing engi neer, device engi neer, or
ot her personnel using the test data and anal yses, may
then use the results to verify and/or inprove the
test system 100 and/or the fabrication system and

megcltcggg’lg \ﬁ%:te:?%l W‘.?rﬁ% 3@8&@? S LB a§pﬁ§s hﬁ%aﬂ{é&i&mﬁl@% the

resent |1 nvention
tesﬁd@&C Uithe Spaitor, euch as the groded lengmegx; @egtsengmger,t !@fg‘lﬁlfaﬁ@n{l&]@gmﬁ:et

onent 3 et Usi estWa Zih sE&t tdatsa
dewr,cﬁa engineer, of oéitglgpﬁ%?%b?@ rlg[etﬁib 09,2964 ﬁﬁ@géé £0thé t Its

Sul operates in co Q
to vérifh aral/fsofnpw the agsphistemt §08 rﬁ‘n‘é(%e@% faggicafon S’FFTBJ ?Qﬁiﬂii‘&rthe
C°A8§‘ {Redeerring to Figure 2, the softmare appllcatlon
e present enbodi nent 10 | nCl%ﬁl& ml J%nnon executes an
el efeatess sysism §OR3FORERE 1P YRR &P eI E ST °pT OC s
enixa'ﬁ@édl{gdt Pbcads foE @aafingti¢ ainipohenel I0G@MAL calB@ing and analyzmg test data.

sup | emen at a naI SIS el e
Thgtes ﬁtFm lég g}/ talyly aper %stm g/nélfnétrlﬁnl ngxna rﬁgéggresgﬁﬁ%tgog JQ&&JQE‘ By
ﬂx&d’&’ﬂ@ﬁﬁf 108. &l@&h’mglts Fighre 2etht safivirefapplicat of fiepgeseny smhodiment

m%r% rﬂ\g g e em gn%r qﬁ’%}@ﬁl@l‘iuﬂgﬂﬁ@tmgmeé h&t tp‘?&:‘ésssy&ﬂ@mg a

|agnos I C syst for |dent%@¥ qg
coafiguraion elﬁmsttt ae,z; a awruplepontertdpta pnabysisislemisat 206 gy an Ry @&pent
20§ at’[ﬂe te ?5% Ro@ ey BN inéde a %sx%Qﬁalys&’s’l&emﬁi B14sfot hrablzing

rises a sof twarermule eratin

0 n
caBOB SOOI GBS ER LIS CETE Y ot aiesoon b
218 5 iy RoicOtadrRh@Ahd g&&namcemfs esing Ehsteslsi}lat em 100

;g;%&séén%%bﬁgg%o%n%%ﬁ 07[}.(6 BEHaE’{‘}e 3 u m@rﬂ%m@toﬁeratmg
orl @8 lcBrhpuk&21 08 S0 padiryz@dotsotagen é}eatreallys @pmoeﬁ@mn ylement; 202
prg%%eg ﬁegh%u' L ‘196 %‘ "taesm%lﬂgd taﬁa 1saﬂ{jth@%ﬁlgﬁgdt£'§‘hit¥ anawaﬁ element

en transmtted to th %
20Bp entpdtaest dnta afnpot the| rteS@yé% 1 anglu@eﬁ tR geReFe 8{?ﬁlﬁ6‘§‘i‘tfré st ata,
su&%noay thxjug hr%le %{EEJ\HOH%{}: iyl o o Bty test dsty St tBdR thh&mitted to the

e out enent 2 The con

opEskaqreeTt anp ther %ﬁfﬂb g‘éﬁhe'@ tf‘hém’f‘lé’é‘t‘e 83744 t“érﬁqefg ?{)4* e des tghe
sﬁ!&ﬁﬂl@%ﬁ’@m%ﬁp&@ﬁm&ndo@nal yzing the test data. The
test system 100 SU|tam

S d
i ni tThel cosfpurhopesiemeph #02 |°f°“§%‘§ﬁsr'§g tes S?' or rrarb%o%)’?fq ESh?ré the
cSROORE 88 Qihd t MalFfing Al teguidsta.t hEhet emt systest @PQ SOkrblyThees 2

bl I [ to
P%E%%‘E}“éﬁ rﬁehg%m&xral g%rgrg%}%r? an 1!f Gésﬁrgcﬁ 111%1119%1%911 'ﬁg)l'hr ﬁxg d%xta!% t

arame ers to mnim ze
cOIRuRttE tat feraarite Tie ttehesyit@stIO%ySstuéﬁhblG}Btlauy configured with

pggétiﬂg{ugﬁ %?glg%%aparng:g@sdtﬁ HS&HB%;EE&QBI AHEaatd t@rih@&!stts‘]&em 100.

or exa e via the

AipBtmeRBfew bt mgde to tHeicguffauraion byrfhesRsrIcif ‘}es'é%‘n qu g’ﬁwh ahthe

géqﬁrqﬁssoo performed by the 30 configuration el enent
%eglns with an initialization procedure ( ﬁﬁgﬂ%Q%)me

t o sBeferring to Eeapsud.can FOBPIREY FRIBYRIOP A%, ©

chgfw L GHE ekt ﬁiZeﬁ%ms VA2 ard h}ﬁtﬁhh@i@ibﬁlpﬂc&earﬂﬂl(stq:awl)no set the
Iguration information 3 %3 5&{ exagBlg &ﬁ%ﬂl

coteuteratbage Al Sor Thh éOYk(t“ et 202 then obtainy applic=tion

configuration information (step 304), for example from the database 114, for the computer
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9 108 and the tester 102. For exanple, the
configuration elenent 202 may access a naster
configuration file for the enhanced test process
and/or a tool configuration file relating to the
tester 102. The master configuration file may contain
data relating to the proper configuration for the
conmput er 108 and ot her conponents of the test system

100 to execute 5 the enhanced test imla
10BR8 ESAPIEET G HEFBIE e b Py Pir s ] bt méster
cohfiutdtion §ile footht kthahed ttar pra@ss and/of 2 gal wﬁmatlos (iddrelating to the
te(%on ct I"lQn mg.gtgre %n% I‘at1 lnpﬁ%d g{af S&mtaineﬁgtg rreﬁgﬁjge to the proper

Tehtd fi Cat Fon. urer, tlags, prober
configmitioh iforathé mmpu@r l%yndcqﬂh:e eompponertnefithe fopifFtpRL PR Fp execute
th% [hatdI® te%ﬁﬁ&c%gs ]Sggﬂarl;nﬁe EONbALEAbA R sﬁbﬁfﬁﬁﬁlud@@@atd@lﬁhng

en configure the tést system 100 accorlcll](Zjl % d
tot the tepter al ROPAPARHEIPN] SUh S SARRTCHP: C‘B’P‘?FtP’é’u t9 g‘i’?ssf |t°fsE$r node
(B Qon! REnERQIrerC ML) HbbeR idettifichidn of Siyegiher efihent linformation

addi tion, the configuration elenent 202 may use the
ﬁ%%ﬁ#ﬁ@ﬁ%&tlon data to retrieve further relevant

i nf %%Bnﬁgﬂraflbxoéﬁ:mhﬂ 20 map ase cdrifidyre Shectast agstdnn €00 according to

tester's dentlfler
e L
30625 Tresddita, thi henfigestion deremb 2108y wsa thsrapnfigustion date to retrieve
furt%ert rg{gl'a%;,é H?&HJQ%&&H ‘?neocfataGBE €1 Ad %E&Lgstthepﬁﬁt@xr@i‘ i (Qr 1§erﬁlhét (step

accept ed, declined, or adj ust ed

SQib @raswplanmataew@dﬁsléws infancee & teésfiééaé‘hwbé‘e t?ffeérl%t Thsfest
sysith 1d@cxl'xfégrﬁat%cbﬁalsm%@tlhéﬁd& ahe o ﬁﬁef‘deaGlO phramtters 8RCmay be

rul es and%ﬂgoa s that are submtted ¢ { tpet ope ti@ot OF mation
agsgRsFe Herdiped PRAdUSIY ¥ BN PPG P %‘ﬁ‘amssm? cHhsYStar Lot RSr

rrap RicRRE gRbA statifRallpasceappiitaN PC) aniel/ apd gmasjthﬁu aaeasubmrtted to the
The test tem 10 Qr I 1
o&eéaﬁ%rutllpton%¥ zlgtloﬁ;acon gtolrlatﬁ n@&/ér?lﬁ %‘;& eﬁa?&oéﬁﬁé ng or approva

e sulta
amfm@uﬁoedorf oTheeasc kyspro@cnformesipe may elsninehién tiefiléwswaf%/rrmaps

0{ o ef‘r ﬁlgs ]clt a?%%@ﬁ%h%i?uég ffcﬁ%%choﬁromt QJaf‘e? Q.Ioﬁlgoxt&ﬁ td8€or other

gur atlon orit
itpa nMaeragfectae:daeaﬁyct@t biethe éqst fy&emaloﬁa&hs éogii&&f%@an plgorifhms,

pﬁrgx%:tgx% Jn'dlaﬁy Btﬂér BRSY nR§ 6EsSred MATERPARIE B eds) acceROEdrfelation to
products and/or tests, and for traceability. \Wen the
spasificipagduet Ard/ Qjsster andriorreerabiliy i s conpl ete, the test

syst @ed 6 1ﬁ9m5fi3gﬁﬁhan pro@Sd is kcotfplett he exanPEne 10Mcommences a
conjupnction wth % nventi onal rjie

i .
test pigy @éﬁ)&agl;\}ﬁ wﬁogunc %f‘ C‘B} Sralonzs ser: P {e%té,t%z %écixaiérg:e with a
téstlipkcpfdny. ERIGC ke 10hauitablyt expruogr thn tod mpgwy tgi appkyl sjgnats to

connections on the n gt
SEELEE 3 P B B AN o o
tpmtﬂ 02 maympértarpl naﬂméstests om cash compeoen d Aer a PRBT enthg wafer itself,

and eggh tg% ntx beV\@fwe%Fed SE&?’JI tlme M hee@mb cgﬁﬁcgneﬁmwﬁbel‘he tests may

eat e veral tinmes on e same conponent 106. The
westis mypprwm:wtes@esvahys @moblmeétt@ CPRIFILY, SURROHCUEEN!, leakage
cl(uerrLt aﬂ%étﬁé@t&tﬁ ol dMetrcUFhdnIéliah fundtidRRa)id Gkdss @, , Test data from

e 30 current, paranetric statlc par
g tgsted 1@2 ingiered fon atirfotrarss anFuRRlsaeakl falypis as %8%&“ ‘Li‘éat‘%\“qu“ed
QM ) a1sh 88 tiBfed HD2ohStefh R @6y ffe subpiuzkt aelgssdand
suppl emental analysis as the test data is acquired.
The data may al so be stored 1i0n a | ong-term nenory for
subsequent anal ysis and use.
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10 Each test generates at |east one result for at

| east one of the conponents. Referring to Figure 9,
an exenplary set of test results for a single test of
mul ti pl e conponents conprises a first set of test
results having statistically simlar values and a
second set of test results characterized by val ues
that stray fromthe first set. Each test result may be

C ° ”E?c‘h Fﬁ%} deflerdtds §c 1SRRRE rds@Btor Atildabilon@ Bkhecdripbaents. e&tfmmg to
particul ar result f or%fa ‘g ‘g‘gonent exceeds
F@m ?}en exemviﬁrx set pfjest %ﬁﬁé?fé‘rﬂng‘ﬁé%ft RS &TFROBE Y °m£“s
FirstPRd opt%!ét; resulf rl]@\txﬁ? EMﬁs‘ﬁé‘allﬁ} |sasifat aleeh adcosadbmiyset of tdseresults
test and/or the test re
e S e BB o MR ABPE S8 v
up%&ct@sﬂ? Gmithad a¢ond et lithit.miftaspartighipd wsudt thes gomng@texcep:%;re]ther

present. pur 0 t tor b Wide S1abdM@dd aSdok @Y to the
mf“fé}fﬁc"TBO’F g |ﬂ%§ ssé%etd EQSO%%Igﬁﬁotr oxceed the control
whmﬁﬂmsmﬂutUSMErmnse fail to be detected are referred

b ?P?l &F Bsults Me Qdbdl $Bf tBatisRayl fiéin IR SHrst!s@ShiAyt &bl the
e |

and anal yzed for any
cq@upldmstéﬂ W@h@ﬁ‘%@%‘@t iFgEthe PF?“HB’F@HTS &F’){é e%)l‘ﬁs‘g S%éaﬁf%ay from

the ARPLPRALS notmé‘ee@ tHe |cbr@¥oS lit#syor o&kﬁs@seh‘ﬁl vdedeteged dewlfdrtfey to
a varl ous pOt enti aI

probl e and/or vV, o n
aﬂt Prutliepsst E§aouthipgh it Het it nFLbF“&eb e g igea?ﬂgz hhor any
@t@ ﬂ@aseg@eleasab edentify@otemiily nwelisblesompérentsuTpueutieesmay

a r e onen ¥ i
alét{ ¢ éﬁg 6@, ‘fl ﬂtg:y 8us I?I-O%déltlal ﬁ?&bﬁe'msaaqg/& gﬂﬁg etn{egtrs] 1'1 %he test and

a tester ta fil
nﬁmtfmntrmtgeﬁatessbata recei ved from each corrponent 106 i's

anal A &d test¥r eh%g%?{ 1e912re§uﬁs GhagShuk Yest &1 t'b?reﬂdhrcmihﬁ&ﬁnt
of t'he conp such as mtoaparf?lc | ar d
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11 The supplenmentary data anal ysis el enent 206 may,
for exanple, calculate statistical figures according
to the data and a set of statistical configuration
data. The statistical configuration data may call for
any suitable type of analysis according to the needs
of the test system 100 and/or the operator, such as
statistical process control, outlier identification
and classifica

an n
cor r8F SPRP, eﬁwmﬁgr‘{aﬁ ’alyfl glemenl{ ﬁ tfgrs & t a&lcgﬁieastanstlcal
ﬁgﬁrmordm@aoshn pablayd pesef of stsitrt camfglusﬂgprs date. T statistca
’adn fita éﬂxtcgl'l Ror @n t&b?{ltéﬁr of aﬁﬁﬁgr&g&r&ﬁg {3RUHeER of the test

OWI ng eratio t est data.
ss@ppl@meﬁpaﬂly opRsdter alwalay stptisticad ProRes 90%5 °H‘&9f idgngifjcation and

cﬁ%fffcgﬁcm tsﬁﬁat@@ 34n¥1§ée§ it @tcheaioy. Mrthbr, the Isdiﬁplementary data
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anaysisyelemprat ﬁ?fbé‘é Fnytrzsng"%Sy@f aROE0 TaF (18 e @ﬁ%ﬁtﬁ‘%ﬁff of
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wafers are to be anal yzed (step 414). If no indication
is provided, the conputer 108 suitably defaults to
analyzing all of the wafers in the test run. If the
wafer for the current test data file is to be anal yzed
(step 416), the supplenentary data anal ysis el enent
206 proceeds with perform ng the supplenentary data 5

anal ysis on the test data file for the wafer.
O herw se
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acceprdli lsdiyglemkﬂtar"y haatat ﬁﬁtymp retbgfeﬂm%nﬂﬁp Bstetblh@ bgs pemore section
|dent|f|c sectlforstrou

BIOHB? d° bE Bt V%?ﬁnfg’i' E‘ﬁ EIOLHMEECh Sect ?15 gr r a i an&Ergxfy the
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dat abase 114 as well. Al of the configuration data
may be provided by default or automatically accessed
by the configuration elenent 202 or the suppl enental
data anal ysis el ement 206. Further, the 5
configuration elenment 202 and the suppl enental data
anal ysis el enent 206 of the present enbodi nent
SU|tany all ow t he operator to change the

con ra at cord " ti IoRESe
ap%errfaﬁegu B relactil T NG ek N s1%§f @5%5 HmWiEhes
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el ement 206 may al so classify and correl ate the out put
test data to provide information to the operator

and/ or test engineer relating to the conponents 106
and the test system 100. For exanple, the present

suppl enentary data anal ysis el enent 206 may perform
output data 5 correlations, for exanple to identify
potentially related or redundant tests, and an outlier
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det erm nes whet her snoothing is appropriate for the
data point and, if so, perforns a basic snoothing
operation on the data. Any criteria may be applied to
determ ne whether snoothing is appropriate, such as
according to the nunber of data points received, the 5
devi ation of the data point values froma sel ected
value or conparison of each data point value to a

tthe o itia
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si mpl e exponential, |inear exponential, seasona
exponential, exponential weighted noving average, or
any ot her appropriate type of snmobothing to initially
snooth the data. The data may be further analyzed for
and/ or subjected to snmoothing. Supplenentary 5
snoot hi ng may be perforned on the data to enhance the
snnothlng of the data and/or inprove the tracking of
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B e
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enbodi ment, if the data analysis indicates a trend in
the data that should be tracked nore closely, then
the suppl enentary snoot hing nay be applied to reduce
the degree of snobothing initially applied so that the
snoot hed data nore closely tracks the raw data (step
814). 5 In the present enbodi nent, the degree of

snoothing is reduced by recal culating the value for
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equation: Sn = (Sn-pred - Sn) * MB + Sn Thus, the
current snoothed data point is set according to a

nodi fied difference 5 between the original snoothed
data point and the predicted snoothed data point, but
reduced by a certain amount (when M3 is less than 1).
Appl ying the predictive snoothing tends to reduce

poi nt-to-point noise sensitivity during relatively
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In the present enbodi nent, a signature anal ysis
process may be perfornmed in conjunction with the
snoot hi ng process. As the snpot hing process anal yzes
the tester data, 5 results of the analysis indicating
a trend or anomaly in the data are stored as being

i ndi cative of a change in the data or an outlier that
nay be of significance to the operator and/or test
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utilize the information in the hexadeci mal figures
associated with the data points to identify the
failures, outliers, trends, and other features of the
data. The suppl enentary data analysis 5 el enent 206
al so suitably applies conventional correlation
techniques to the data, for exanple to identify
potentially redundant or related tests. The conputer
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gﬁ{l%ng% ﬁll?re%gm%ﬁgaq al ysis and select a
diff éliher?pmalrtgolr%tlmrh peffeam %@p@@hemlwsyﬁ@mas apral g jggnerated

ahiRfiRMnd 26 uiRY tegnﬁfaagu%h a8 axﬁ&ﬂa&!ﬂb‘ @mt@ylﬁgimetﬂasglg/mg outliers
&Ie5| nate outliers, such by npari son to sel ected

5) aﬁ*a?lb?“ga%aé’bfﬂ?‘ﬁ@‘ ‘i“’é‘mi‘ F%"&f%t" ¢ selqaied; pfgorihp uitably
ldentifiee tibabalisTOOF Bipagicelsr ﬁlgd)rttﬁﬁllﬁlgna@ﬁlﬁﬁrﬁﬁé forRDket of data, the

I t d
P TRr sy sty € PRt eL b o R o RN g te
autysivatd ekttlaydiffadnt Ygaitles. its sensitivity to outliers
b I | at i
DS oDy ERS Aol A AL SRy S ) IR R3] B8 Rl o
¢6é1°aitt¢ ok, suchap éy Pmnmma selested tvalues anfoearaerdigs ¢y treatment of

#t ke in Elﬁfd:éfa%gthi?@d?tﬁltel%ﬂéc&o&% thg quﬂlﬁe rgﬂdcﬁltllem{lmﬁcatlon
or nedi an, or conbinations thereof, to define

FlEmert pirardipg e YaspusaRRests Rbihg prepent ingentipninitigly Tﬂ‘%%"é‘ﬁ%“y calibrates
rnkeadiivignt ouiliBe badedton Stle@al stitRli@l radMishships f&f @ch selévh@MBatum

B P 3P B D R B vt o e

cfirdncepoiatniich budie 8atd sbég m:k&ﬁ)or médien, out@uliindtiest thefadifato define

1?'%%\%{1&?1%%%91 tgg%rlg ePp e%ent gﬁ‘l%&dusgrtt tp{ Sgn ?ca(l1 relatlonshlps are
@aked ifer @ar@glte &p O% 8yo, ﬂirhae alsdﬂ@pﬂemxtdtdawytlcdlapétha ldatla ysidsfine the
&Iffgxgﬁtn&uﬂ%p@mﬁﬁt&feg%tép 6f e;‘fﬁg $dt§h9 te3t é'l’attd hy fien @E %m&aﬁed to the

outlirers in menory denti f lers, SucC
ouics threphpld Eimése @n#&tl@@d 9}3%&thap@aut\m8t ¢ata aar@ythsra éshep & 8).

st at i Bl ﬁ@pﬁﬁ%té}ytdaiae&xﬁlﬁ@te%ﬁheﬂ‘ﬂ@(% stoieb it ?egultmg statistics and
statistics, out]iers, and/or failures may als

PHRGY By MHRAY PREMEIIRTSePER £S the Jut Halis meR ﬁfzﬁr%ateénasswated with
glyenth atisticsnag S)ﬂ’@ers t(ﬁcpaMO@pSEIait@ll‘ statlsﬁd'sj @@l&ﬁd REd/ar fail@‘bi may

R e OB o0t Fehes CREE T, SREE, BroPalapan opestor

aigedring |a£h°htl tem%,nstopaﬁﬁ the mstet tiBsoranotiBthgacaivemg el enent

giol ein(l;iheg%}esgﬁ{t b§q61gl!1ta§1§ Is%ﬁ]l)?% {‘181& dﬂ%ka amglg&s ZL:eLr%elrt-Elag includes a
szghrigeelsmne gteahdopefuflier plesstfsatamctlemehteluv alhgesalimg @mm@ 0 is
EhaiEtieg R Plicand LealebifectdPLRericERE 2R Sthdr &5 ding to,th
) PPl el Sk Rl RImEEHS s b Susssoroging o he oo
and/or classify the various outliers in the data
according to selected al gori ﬁhms. More particul arly,

the scaling el enent of the & esent enbodi nent suitably
uses
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various statistical relationships for dynamcally
scaling outlier sensitivity and snoothing 5
coefficients for noise filtering sensitivity. The
scaling coefficients are suitably cal cul ated by the
scaling elenment and used to nodify selected outlier
sensitivity val ues and snoothing coefficients. Any
appropriate criteria, such as suitable statistica

te }3\5 | at Jlﬁoendc’un Fslhss Xtrog%le%%gtdz 1% O(!Oﬂﬁ?lﬁ!!d tla?dentlfy aﬂd/or classify the

% FUS ted from't
vapowcetists mTthedwcmrémg ts>| Salsgﬁd‘ dlgoaittingn el ement 212 is

sui §apl ?ﬂarﬁ&ﬂfﬂyg lt't{eeg:aﬁr% Lidast i o %héag%éﬂf eb&s@bdt Yuitaby uses

the outlrers I'n conmponents 1 Qut put . t est datahln
vagipHs/ %aftls%ﬁﬂbF%llO%ShWésfﬁﬂ fxmamicalby sraling f’!&“‘%{rﬁ?“s‘%vﬁ 133§} | sgroothing

colibiRhtt F WBise ﬁlﬂenﬁ% anﬁlhﬂf}' THe @caﬂhlg tdeEicictts a&Sduftdbﬂ:}attaloﬁll’ated by
el ement. 212

the, SERUFEISE BT P et 1P d@ﬁtér %F"&%%di ‘E’J‘ﬁheélsaﬁ}t’ivﬁ ﬁ%n[” aala sthoothing

cobﬂﬁeiﬁiitk f Knp El@rcﬁihaﬂé’lhﬁ&na ahcgmslstxm sgtisticeldrefadanships, may be used

ntlf i n Lers, | dat a.
é%f %Ne#’sscélén era 3‘ ?EX elggl%tptn?g%ul ation
d| strh¢ buliar ohss;ﬁcgmhlmhaﬂlans soibly eonfigugeslie identify pndser classify
b ARLL FNR EJ}g}oFén% 158, & ﬁm gardaat £ndf P bnaBRR risBRd aceaxmgeo any

I nappropri at or anot outlier classificat.l
sugstbigre ganithrps] njadditin, thalspgherc%ﬁﬁlﬁ@a@% glement 43 may B%fqnésléed to

utﬁ’@% VWEAAn1d LiGieN budiat JepORIlicH aRBSthAR thnd aidErQiiFﬁtdnS 3<lr| Yhore

sel ect one or, nore out]|ier |dent|f|c
lepasiser Bifed e IERRIY BT Al 1B YYD s DB Bt
digfata. p&hﬁn&utdﬁff&hh&sselcﬁcmhtom I’dsatyiers édesttficafionopigenitiim that is

rlate set .of. candi. Nt fi i
SrRRGUTE FHRAES (s By BRPPiTeT At Sy i Hatels o almen
2120 ianyitablyi tcadfigeredr iot @iffesentiatel tenedey sdifferefodate xpapplations and
aurtcierrfla calftyn%ieﬁp oﬁé lt”rgorgo tﬁé;]eid g&itéu@ﬁ a@éo@iﬁﬁ‘x{sf bfséﬁ i6@Nthe data

COﬂ gure to autonmati cal y
pqpelafioy tpeaf st late (B 4uAmas Pt W Seleptrfoseiny @ppIaRyiate

seP Bp&ﬁ(g&ate outE iRHifidaBdn LiRids! drfdahdyPar AR MecldPaccording to
suilt onpri ses a pre-processing engi ne 3010 and a
mwﬁa§§k$¥%%?ﬁﬁh”%ﬁﬁﬁne 3012. The pre-processing engine

301 Gros ekdndh, Yef&ﬁﬂ@ kAFigGre Al Ehe toQt11215 clhs3ificdtioh @tenent 212 may be
sel ection of evant er i dent.i fi

I.cat
o (haomftaiCPELET b B e SR stPiop mocess
TEEb R0 Slagiifation eldideat X1e Isaivadlytcomptides eprefmngsmgwcgnq 0 and a

rithms. deptifies S r i
cl\ﬁ?gp 6ttﬂnpfﬂg"ke gjg)tli dat’s e er océssxgwﬁég ?er u"f‘t‘éﬁg %lrxeg%:sg data to
faoditdtd @iecdan ctfe]satrplemnéouthﬁrtldeahfﬁo;tlormlmﬂm@d Tihe clagsification engine
3@3}: slbnlj'c}%ﬁy é"éhe@‘é ghg !)r(:r?tSrE Penevglllt%m@lt 1dgn1n%ce;tign QIQQ‘(IHMJ%@ artch@entlﬁes the

t est O conpatibility with various
outhiersl pagandmgbut | i er |dent|f|cat|on al gorithms. The data

may B @Uﬁﬂl’t Y€ Qath NfoR R¥argpié Wik | tSkeNBRCE JaRichidE s, faye initially
appropriate alggrlthnsmﬁgr |denflf |ngl?q$ outliers

pfoidetheo Jbr gudien elagsifigation. elpmgnt e%lérﬁm qpalyye, thepoutpt Jegh fjata for
&H{%@in@eu&h vhR&us Wa i 6RE & 16@1t1ﬁ6@1bﬁ1 @lgoRAthm301The data may be
recei ves the output test data and pr E? % cﬁt%g heomhas
saleet MR SYRPIemERnST RHETHHY SRRPOHS ABYSPTPE A ETR o8

iDYhe loBlpll 13¢idAE. FBEeRafmpeTinahe predeht mbodmmt t}felpmfapnomasmg engme
algorithmlibrary stored in nenory. The

pre-processi ng engi ne 3010 &hal yzes the output test
data for outliers using several of the
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avai |l abl e algorithns. In the present enbodi nent, the
pre-processi ng engi ne 3010 anal yzes 5 the output test
data using each of the al gorithns designated by the
user, or another suitable selection of algorithns, to
generate pre-processing data, such as outliers as
identified by all algorithns and various descriptive
statistics, such as mninum nmaxi mum nean, nedian,
SO Sl 2P Srpfre oo AP Selifr g Alon tsorithms
svlu@%iﬁ b}'r@dmeamg-tbiem fxbrs g otlier ideBtifitation) algarifiino kibgeryoparédein aweynory.
t
T B Qg Utk 8D G Gl LB F DL B evers of the
aydilghlg plgotithms.y {1 BB [PYesend nmbwwl the prg-prasessing enging 6910 analyzes

XA RstldtadldBlg eadh@TPEE ] goBihnR HebigRtdl Uy&he user, or another suitable
identification algorithms, for exanpleée accordin

to
Sflff;é‘o’b a?zt g%lpnés[, to %ﬁnsraﬁ ﬂ%prawasgfg c}aéastsucsras phtgers as 1dgnt1ﬁed by all
alBAthAe bfd b&idug Sesofiptive 8tatiRisd, SudhOasDRinBRImh, Gh4®Aum, mean, median,

sebdar LRl BT iR, ek as norrml o o
| OgaThetdlgnrldm_ﬂsﬁnmeHHbed doi indugitay starglamingeed JQRy médmm €IPK*sigma,
eQE)‘taﬁ‘d/@:%?{gﬂgf%%ggE‘%gommxeus&a&‘ﬂhgda&uﬁle? nlltiff% ndnqgéﬂhﬁéésc%ﬁé Sfhtier

orit [ ( rlse any Ssult
idephficatien algpréthm dibenryliiss suitay cpefieyrable hyatha userg i rexgrgple to add,

rérﬁgv@ ror%lﬁ‘tr Sdtlie® i8RRHG6d g&ntﬂﬂ£ n@} e@n&ﬁer h&yxtd(é;m tRe particular

| QR normal distribution, q
PFRS‘F%P“degteéﬁogﬁ‘E chpregterfstjes HShenissts t°6besl?egfﬁﬁ“e biltieierstt algorithms
nitly GRI dppRdBEdte GhradiFeeht sakigHabll lﬁdpmaﬁod §pest a@Akds| dotal, logarithmic

custo ased.on 3., 6-,.0r ..
R SRR L AT B0, BB T B ORI Ta « e ity g pifgaton
alperithimt imay tomesrise ﬂmsqunlﬂe peotlssiongarengtypne 430 BBtrivayoralof Gata,
I h a rj
P HAE RS i3l (G Fd-BuIRATLALE STIAATER Tk PBirputon.
sisme;- B3R togswing), & niginacl QR010g nemgal cfaslgmh,ab@osieéralgeu@ms clamped
a%ﬁﬁlhétl'o@%a a@:ﬁlﬁpglrg&lltﬁxﬁs Q:fustsrg glggHIhHthageﬁ%tn 3- d@t @r n- Igﬁa and
pre-processin gorithmresults are dynam cal
pgwrléte%yélﬂfl@rnsga‘tma Browseiivitish. Thepre-processing geing %Wto may also
aBPR I BN Hata td)@nbte lchR4cteeib s %liﬁn‘éaﬁ ’ch@ But@ht&gﬁ Bita. 2Bk example
anal yzes the test Il(ﬁesul ts.to identjf é}t e nost us

RrPreBior T Ran PRIt Or Y BRY PRI Yargut SBtca gopsTtithifg theﬂ’f&’“t test
deiat a fromthe sel ected outlier identification

Ial gon C(i) &Mn%aggongl;(%resﬁg are%ﬁm%rﬁlcal%rsgg% e':r‘?tlmg (If-}lr(t)l%& Ig%%cﬁi[on. In
tmmpreschassboﬁumt,|thmqtelnﬁg|cn@sx@@1® ¢lemait &3 andlyves thegest results to
hpity e Bl REAE SRR AR IS [ En BRORRA R A PAELA fom
s3lpeiedc D@tbsrl fdertdichtion dzngithres B@ﬂieaqq‘alnyé,eyhliehéle remaining data is
dichaddl %?%f‘in{bgc e presént %ﬂyd%nﬁ Qheacnéémﬁé’dtltoﬁ‘@llx e 3012 receives
criteria, such as predeterm ned and/or user-defined

theo sgsplés. aF ithee re-proRcEsinet enalyes eaenfiaied ityeeasBr ofi fig available outlier
1@Jnﬁﬁ<§iﬁ@t§ 85iihas. dahé caattcaion e\’l@ﬂhb @Uﬁ’ ﬁ{aly&&rﬂh@prezﬁoc-gglﬁng data
rul es may be. any app roprlate rul %[ exaﬁJ
%%@‘%F%@‘yﬁﬁﬁql%frft% SYCH 2} B ﬁ?m‘QFQI“B gr useyeg{ingd recipe-driven
1610 Ae e AP nSwRkthes the @, prodekstgihia isA4 M variBusicoitei. mean,

nmedi an, standard deviation, CPK, and CPM to vari ous
threshol ds or "other criteria For exanple, the
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classification engine 3012 may skip the outlier
detecti on process under certain circunstances, 5 such
as having too fewtest results or a too narrow or a
bi nodal distribution anong the test results. The
rules may be pre-selected and/or may be adjusted or
added by the user to accomodate specific conditions
of the products and test environnent. Further t he

clas ification engine 3012 be cp nf| [oTo] A
5P R B BB PPl PRTR e S‘a“a“’? i or
vaeoeamble ayeempdring stagistich,t §keotintnien, tremman,emkmmdm fapderd

dealeﬁgr{ t(!?f‘iyl %q ?hﬁt rt$ l%l'ttrdug rhue%xgldgop Sther Wr8Sia Meor example the

a particular test Is applicab] For
clessidipgtion enguheewl% mays siif the autlias detegtigh ROCSOYTeTREaIR 6%5\5@“65

srfc Qs ﬁ{v{ﬁlgtt&) Rl Bk ?e%{'r‘l%l & atdd na?rh@ oERBirhda D@ stEMLbA 8mong the test

t hen | QR norma tli.er jdent.i
fea‘ﬂ@o T he HRAeS TRy B)é HH%’@'%F“CF g/ Pfemﬁr E% é‘i’it‘s"edsffs?dgﬁ{ L¥ §§u‘fsfr to
adch @b @it Q;Le@ﬁfkl EdaaiS@t b thyi preduatsr dnkdetesr énvite@gknf. OrFurther, the

outlier i cation orith ul.t
PR RerER ST vaﬁr‘gﬁ%‘f’ a3 BRGRITpRb 2 ccrlla e
ocdea,Sﬁt éxaﬁ@ter vaten ehecremiits o2the testeaye krlosm to d,iemar ﬁaytlcahddlsmbutlon

gmg X1 Sede el 1?19 v%u{herj grpsart}cﬁgd teSt0 gp%%ﬁ&‘oﬁ 19§r example, the

ts and
chmffmtmtmgne g@nemat eaphip thet ERK sqm gresheldt &f the 5&1?54 i§ érﬂgw the

%sﬁm erenthgIQlf%mﬁf(@m %ent‘flﬁﬁldﬂl—bﬁéohﬁﬁn ﬁL)aﬁeslhsEdl Cai th@ﬁkesent
IS sultab configured to clas
sXstsrp m@ﬁtfsonwsalgrﬁt@n é?qs%’if’@é‘l TPlﬁﬁFeg‘fsﬁdaf°f gBer P E ¥°at‘°“ Other

afg@rtrtﬁxg%shl%sfor fhaxr tes@%r@@imaﬁy hgﬂo@@ n J unct ion with
user-defined criteri

AN I ST

afBdolripbeents 106 b ofdiig t B8 tesroutbat test coniprapd the drformtadert generated by
tl}e engFg mert]1ta§i %g]ygl\se/g e}ngrllt\ﬁg%q ali'og gﬁlrrlpi ﬁl@tohﬁ)iglsclﬁgﬂca@igélel)!ﬁéﬁ 212

ysSis:
i mdfably ¢oe§gurect ito plamﬁsphhmgommnemarmﬁ dliﬂ@pefstlcﬁl(’@aﬁ%‘m’é&a"d part
CQQ!%%E’% Sl Q}%@E@Ee’ in0 Qn}u%csc‘o p\hﬁﬁﬁ@ﬂhefﬁ@& lcAleA@t ls@defined good/bad

|er c assification el ement 212

szaualsmttrxys m&eentm elessi§eatian cbrertifephdaiofoy s %aaFm@rﬂt%“X“ test

&@;iﬂ'ix{ “Gh LMty RMEHafbhs YesiRhs; Eksﬁ&tﬁél@ lervblﬁr@Sanﬁllyms dynamic
son rules, "'to 25 characterize t

h
WS iR ANdPTAess FFIP S3PRIBHTORPAEHFRPSIERDS 2 %‘ﬁr‘%fa C;}et‘&ﬁ‘ £§ EFRregam
oﬁ:lﬁ"&zﬁiﬂh%n&@deﬁ 91"1@ ouflibdldssiflcation elerfidnt zizaﬁayl cldsgifytdatarin hdcondgnce

Cal ‘??g‘lkj%‘t h% Coagédmf‘g Sg%g? agp I atﬁec‘t iR | fér%&léogq—ules to

<ﬂﬁﬁﬂﬁdbﬂgdﬂﬁ t he needs of the operator. The present

out g‘ﬁef outlcl:er% tc,sl1£fica§oan o&n?iﬁ%i@o f&%sxﬁgso&le 83??%2?3 selected set

cl as i es’ ou e output te

oar@lasanﬂcsmremnedalmmt@smﬂtt@ds énbcrppmrlvtalt?l}e%ﬁcahon methods may be

u%?({ [ 8{28&91{ {%gthg Qat? rl@ r&u){g)to tfujﬂﬁé?:@s o opbktor. The present outlier
i Stica scal e standard devi ati ons from a

dl4ssiBertion erlemsru@ﬁ’ der epmpleeplassifiss pHtliersdy Compae e ‘?P@’é‘f g5t data

B4adli&s hdShdsl LRkl Qﬁuleco@ééﬁdnHQFfto bk, ft\hd Shr%l'dﬁkﬁﬁw satdisally
to normalize any identif

sl FiaHa S TR APPSO SFATTeTE TSl tof cdien
outlier classification elenment 212 anal yzes and
correlates the normalized outliers and/or the raw

data points based on user-dé#ined rul es, which nay
conprise any suitable
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5 techniques for part and/or pattern classification.
The suppl enentary data anal ysis el enent 206 may be
configured to perform additional analysis of the

out put test data and the information generated by the
suppl enentary data anal ysis el ement 206. For exanpl e,
the supplenentary data anal ysis el enment 206 may
|dent|fy tests having high incidences of failure or

Tog e in QAR P TS et S b R A R e any

teqaagirdlessloﬁdatmh asglithdecant! radative misgne or nore threshold
val Lllgﬁ Outll §1a§§ ?tllo%r@e,%fﬂ{ y12daﬂ£1$ze€£‘rﬂl Merkfate® e HBMaliZd@utliers

e configured to cor ate data from
andof ferentat et bieed oo figfined pilgsalvhigh iy SOPRTifecgny suitable
teJhEu P&{Sfor ga(?tr an%)fﬁ%tlte?n BissFRIRA! IThY suppltienatyl data @rQb_I/BiE %lement

I ers, /or correlating outl]jers betwee
206rme e rcoqwdstetpgrfomh édd‘%’ﬁ]p Pty O ° P4PY éﬁﬁ‘\gﬁ% ipad the

in®hHRABA tger?e@a@edn@ytha I sﬁﬁ)l@&ﬁ{apﬂ@ta&ﬂﬂlym@ lefeelenit 206d cfton ekangphe, the
dlfferen

tif {
sueﬁulf:rfx?n&aéjf Hya r515 ﬁ%@&?%g}g reng% lglfﬂytlf}a pests (?]L\aliﬁ’sl# élymglg% Ly df’ﬂﬂure
orafliefs, sucﬁl’h‘&ysmplphlmgﬂm fatayordntrageamaibytsqualbxqugn@qﬁhersz owoutliers
in aﬁ?n@&l%r%la %‘&fto%ﬂgoﬁ&g ?‘;L fa e from different

user good part patterns
and/Toe snmaumpxaarv dptataoaéﬁﬁsﬂeemma?oé By @l§o beygonfigired tg cprglate data

b S RHLR ASES 1P {d e AYED Aithifar LR Sdissinki B vbRBU ‘fctr' @(@mpfgh@ comparing
suppl enentary data anal%‘%l s el enent 206

cusnyilatizppapnie criflicgR FSEpr corTelatian gurkiers BRavesA T é’l“ﬁf datafgts, The

suppRft il hak Qﬁﬂlysﬁsﬁiﬁn&ni ZDGI rﬁES'rhﬁﬁofayalyI&&hd defdlnedhta from different
pertinent ra

0ses of, dynami cal |
te&‘éf?ﬁ?‘é’é‘@' eﬁé c{aﬁégtpgrg{maﬁj gﬁtgal] aﬁ&g r%;ga and/%%oog pagsaon tie wafer.
Tﬁdlﬁl{pbﬁm&ﬁi@rdyltadafaams ateaieytsmé xetsemtecnanaz&s amdy\comtlaty data from
SERRLNES, AMRBIE! a8l bitt daiths ARATELY | pit ok 654 series

situ setu
ofpuriérs foir ﬁatpurpnseanﬂdmelansr thydl&ﬂ@ﬂ ysis. Furt her, the

SUPPHE @E{%})ﬁéﬁ%tar}ﬂ@ﬁﬁarﬂg@ds Béf%héntejog ri@ﬂgo mgblynab{nﬁgured to analyze

contribute to test | evel i ng anal ysis,
swicomshes e f9mi ARy e depRd PRty def or the

E‘r‘ags%s BRYynRRich P EMRRES Mg @Rl tbdp dak @do (ﬂ{enﬁw €TNd S®plementary data
produ0|ng i nappropriate results.

oI STy 0P S oS HEHD75 0 Ty RO EDGUA O RIS §oLCh i st
f&rQést ﬁ&c&hﬁsﬁh&h{ﬂ;&lxualaf_ﬁdaﬁod ina spumpm)s amlyefs. tFesther,ptho gtpahnn_entary
t|n1za i on j.ncl udi u
é’FﬁIXSfS e eﬁ}ef‘tojr?% &ayrchgﬁgtgaﬁ)ttes e glellljfs‘ri:e\%e%q %r%rlysfg {og gahxbfé Py
ureea‘,fyingsmanlcér oubhrltlarlar @stahodsi rsayah@l 1ppr®wrbn pajibzatkdi of etherwise

pgoﬁtgc?}no L%éppg%%a . TesBiRd 'I%lg é&pleygﬁsrg YRR laxt%'ﬁ%ﬁte?e'iﬁénm &nay moreover

enent sui configured to
amdmtand sorctatet theddta foetht surpdsoy ofésétawpgremwy i alan; 1?“3}‘}‘1#@ but not

1&‘3@&" ?uu%nfaﬁ!: llcfthl ?rl UP?&Eurfd@ﬁt 188k Es@lﬁt Sorrela@sil ®sdlfahd outlier

never - , /or tests exhibitin %
adeISQJ#d pr%durm@idsrwpﬁmet*refm uge {0 dpabyss-ahhg wplgmﬁﬁwgﬁ%n ysis
N £ ik 9RO bifably @AM to ﬁcﬁﬁﬁfy gafidal teﬁt@, fof a:&ehpﬂﬂiyelﬂentlfymg
such as tests that are rarely or never g %@F ) %@bnm a
ragilasky fejled of @mestdpiled ﬁeéVetﬁstﬂ@?té&ﬁt%‘am T EST °ér?§ﬁ€ P8
Q?h@w al ysis el enent 206 may al so provide

|cation of the best order test sequence based

on correlation techni ques, &fich as conventiona
correl ation
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5 techni ques, conbined with analysis and correl ation
of identified outliers and/or other statistica
anomal i es, nunber of failures, critical tests,

| ongest/shortest tests, or basic functionality issues
associated with failure of the test. The suppl ementary
data anal ysis may al so provide identification of
critical, marginal, and good parts as defined by

ensi t ar apet er n a recipe.confi t :
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10000 expected for a device near the mddle of the
wafer, but is still well wthin the nornal

di stribution range. Referring to Figures 12A-B, the
raw test data for each conponent nmay be plotted. The
test data exhibits considerable variation, due in part

to the varying resistivity anong 10 conponents on the
mafer as the prober i ndexes across rows or colums of

devi ces i ces fected t
B PPl B B opae U8 B Cu e Tof A0
(Figastildat a or conparison to the test limts. Wen the
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outliers, or other information generated or identified
by the supplenentary data analysis elenent, in the
dynam c datalog (step 704). If so configured, the
identifiers, such as x-y coordinates, for each of the
outliers are assenbled as well. The coordi nates for
the operator- selected conponents and the outliers are
merged into the dynam c datal og (step 706) mhlch 10

n the current enbodi ne
gl D EARCP HROR TSTRTIenF e A AT P e o
in€leitiaal | stdppert lﬁelddy nahd Gardplingl @ogef awnerStesatae set c@ﬁ'rprye ssqrdmates
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100 according to various aspects of the present
invention may al so perform conposite analysis of the
data and generate additional data to identify patterns
and trends over nultiple datasets, such as using
mul tiple wafers and/or lots. Conposite analysis is
suitably performed to identify selected
characteristics such as patterns or irregularities,
amn |t at ase For ex A
ORI N R i o
oﬁtblﬁtdoémy)t affevp rtlescmﬂtatxpxabt e npsfent oretrr@sfef tor the main server. In this
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and establish conposite maps that illustrate
significant patterns or trends. Conposite analysis
can receive several different datasets and/or
conposite maps for any one set of wafers by executing
mul ti pl e user configurations on the set of wafers.
Referring to Figure 13, in the present enbodi nent
operating in the sem conductor 10 testing

envi ronnment, the conposite, anal
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y engine configured to generate one
or nihe corwmﬁmbtatle Slnfa@k geriseated by opMPAIBE daip HOWHThe varigus datasets

{s qggﬂﬂ@' I%a?texﬂy Qilt(dy %‘a?ilﬁlt@m&gaﬂéd%&s a |F810exaﬂf>1@ CES SorhtRite data

conpo e nmas for exanple to refine

mmpeeasherated b ranlysinFpeing configured Prpsedieand ARl thecqmpesite data

Ac@orﬁﬁg tP Elﬁsﬁxﬂﬁblg Qf@@t@hﬂﬁﬁtproctasﬁe 1P ERXrd¥bit e Bdfimest, the composite
recei ves [ tiple datasets, either
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through a file, nmenory structure, database, or other

data store, perforns a spatial analysis on those

dat asets (1320), and outputs the results in the form

of a conposite mask. The proximty engine my

generate the conposite mask data, such as a conposite

i mge for an overall dataset, according to any

approprlate process or technique using any appropriate
o3t A gBERERe: BnpoY FaRaRe LR b Blalone or moe
cofrib82@) mask tasgd nerﬂm éasasetﬂ &ht [SOMPYSEp @nquSfSo?leru% 244 mapjealso
prg(?'egg th? coﬁg&gtp %a]gksxéﬁé &4 é)&i?hgl%)to IR & phiideYinfofR@ioR8n the

so be configured to refine or enhance the

“@wnp@smﬁbd%%sk data for analysis, such as by spatia

analyy %Hespreséﬂaérﬂ%lilﬂgntt 0e Jﬂﬁ&ﬁlt}f Q{gu{ee&w\feb R@ltiple datasets, either
characteristics in at as

engovi n
e Blseeney St Sarus oo e st P fpgaBalyss on
thpdeaisR s (3R dhd®itiuts thdvesults tithafotny oaimpesiteanaklor Ti® proximity
onposite ma ener. 3 n
TR B E 0 TN b R S Ao BRI E e e po ovrat
dqseracubrtiing tovely ghpropritelBacsss oatechniive gging m@ppmpw& methods In

parllcu‘?atr etfxétsg/rgs%éxﬁﬁ eJﬁ% sQirta%iS) rHér% HRNDDEsiERYta i JriBnA\h @ §1322)

or other operations USI )g
aruisgner@lte# dmaibut tepers for 9o ythg wser eranatdprobiem (hid)- The proximity

er&lirfécrﬁgﬁﬁ&ebe <§Uﬂ§g1ﬁ§§ﬂd| rbfifefor hi@nadb )é&hﬁosité masdeHfQJﬂbS lhadysis,
mask of the inputted datasets that 2 trat

sushat bappatisl splsisaraing Hﬁtdmérf?fsfe‘r“&h‘}%oc AR e o
réiﬂlvﬂgehtmtﬁtdb%@notﬂaasaédaaﬂlcm&y engi ne can utilize any

appropri ate ou or msdlu |n

s? PJB?lifrpéessent e’é‘g&‘g’ﬂ%{’gglse PROITRY SIEB plpl CAtT gon S, osﬂ?&aﬁﬁ gRlctation
1812l endd BSe disél &t Zosftgored 3o detelmigesexchugipn fajere §3 1@y poform|proximity
welrgL 1|3rl]6 ay}@dgtgct tcler i%& 91H§ter£ Iﬂﬁ SC%pgl%kfnﬁtyrgﬂéllﬁe my/" glso {>rov1de

ty engine may use any propriate techni que
pgnsmetyaadwsmet @rmfm@p@retxongssxmwr%tjwsd rylgfc PrEffian gresholds, and

%Uéﬁléhét "i"‘rﬁ é&%%ﬁﬁe m;atyIsHQQ§a c%ﬂit&&rﬁsl{ of ﬂlﬁb"lﬂﬁlﬁedﬁ@aﬁs% Rhat
l'ectri rul es, or "ot her user deglned criter

ugiie, PRR! o PR @Rt BE RO RT E &iis RPIpsmey
ehige o8 Lﬁﬁfbsdn‘;%bﬁ@pr@a& &ifpub¥eihad br ﬂétﬁﬂﬁpaﬂﬁdxﬁgmemory structures,

“Stacked" vi ew of aset s
coetagTonb P RO BT oA R aBersagt BIfGR ML fles i
vidhite SRp tletgmpditamadkom nul tiple datasets to identify
potential .relati.onshi € ' :
t he ﬁg %{ zfg?ty e%n%xaay tgsrga tan)(/: %Wg@tt Jg&ﬁgeg{ror%egé%tﬁgﬁé doﬂqposue
mkak dataTheludiag aumwiativg zse@armyxetb@dsawypomfospvlpm%e@&t lectrical

rlul,gsC oy %herglsetr Iagi?r{eg}%t (ﬁ’mlgs lIl‘i ﬁx[e Sgsgﬁérﬁbodﬁﬁgﬁptc ?osﬂ@ﬁm@sk data
ure analysis data, and/or any ”Ot her sui
mtaftta coBsiderad o b opralbemempssgreciraTkedt iew of Bxitilerdptasets. The

Sat@s 5 anfI9kds Qﬁﬁofﬁldbcﬁ&s dn@xﬁ@tdht@rﬁimf)ﬂmluple
p%%%l pﬁﬁﬁy Iggr?% Referrlar?g9t8 14p each waf

datpeetyl by idgrtify ipRteniis roleoBBYRS] ‘Hg‘mF’é‘E’ﬁt‘i gerisfigs Tl s for the
;siar%mgn @éze&“ &%@gn@ﬁg aiwr O i ataeaﬂa@em mﬁy cbat an@ reppippiiaendata,
SUc ﬁ coot di nat ¢ dstt &n tu analysis gatprrga%rrgnt Xther
léﬁ@q‘?f’ethﬁf)ar‘ﬁb‘&?"’e lteregt %?taf’ §po gaSIeqg ‘3" é% Srespon v
duasd d@ns or data points, such as location 10, 12 as

shown in Figure 14, to i
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identify patterns in the conposite set of data. The
proximty engine of the present enbodi nent uses at

| east one of two different techniques for generating
the conposite mask data, a cumul ative squared net hod
and a fornul a-based nmethod. The proximty engine
suitably identifies data of interest by 10 conparing
the data to selected or cal culated thresholds. In one

enbodi nent, th roxinmity .engine co are

poi H &e afeS%FFg’gﬁB‘ﬁ% mj %%%‘5‘5’98 et nﬁ 8 Var goﬁgr%gp%ndmg
lodaaber Gn amdﬁ;nf Wwaérs. Refetring ete hBigoks t43 cheh evafern baswhevidee rin
cotags[%%n ing Jo éa%%sctﬂgt m%obae{%& edr{x%tn& Gh n% r@ﬁ{a%ﬁeﬂttllﬂgauon system,

ne-conpares each datumto
sucings apx, yoeadinie exsh:m d@ws ewo)@mlmmgew cpmparpiedatasiay dpicespt

c n i a &5 18 1RrRdeddedrivat us, o
ohg%)g{h\—{ gai g«{t BRY b8 %@129 &lioh a%l'isat @nsl W t

cul at ed ed on he current data, or a
ldmijé“@aﬁlém%é‘é%‘t?éwma@torlcal data. For exanple, a

f | 1 §he prERARYERBhe OF tHe Beesttt @ﬁu&ﬂﬁm&ﬂ @xdshit ledstengionevo different
npl enents a . cunul ati ve s Fc‘{? net hgg tougrg{lrpmeghod am?a
te@atqaeSt 8" EFeEAting TRFs COMAYSIS ALK 3iRaf , PR RYS P
fofrm@4lbedl tetiole [TheXgiréRithiyy efginen eulsahiyt glohtifies eiaECbﬁ iderest by
cogtgwgaga ae%z} g SﬁP:f;teé ]c')r5 g‘a@ula&eﬁ t%eJh lrdsc't Ind(%e%?rﬁgdnn(ar]tsélg })roxnmty

par tl ar t
engue toropakea rtheddwa mmantmt carrepsmdme dncatllonwafl e varoug wafprs and/or lots

L L

Tmoxsrmtx erigine companes cagli @AY Opg PFemSE thF??P‘&%%n ‘EﬁCEl nP‘é‘PJ%*hm%Y
seﬂscfe@ﬂgﬁl aPproPMRY mhddet, tsuch@@ a ptHaPfed lvh1e, ta, vaRiB daltigted balsedl, on
and be sel ect ed a ,glﬁ ng Lg any appropriate
the F‘Frfeé‘r atg, °‘Iaf"ai‘ﬁéalcﬂ%1tﬁ Prsafie exceeds the
t hr &sh ekadnpld .o fiyst Ieﬁlbbcﬁma{t df hian ptebint tphmxesiho buginehinplegrents 2
n the ol
45 &Paret é"%’i%[ o ?re ct1u a‘?attaf {%I th%g}%ecpat]gé ﬁhl&s Tef&hnz% b
Figem lanthah»mmer@wrmma’oly ®lecty @rmewemm(s&l@ ut ) ﬁrst dataset
(1%%}6 alsha re%ﬂmaﬁaéﬁ léfq sERE 5?%?29" d2Gicd Gh a ﬁﬂ@cuﬁ?%fer ina

p0| U e 1 0 compar ed
pu‘uwﬂalr &t and combares ttnh ﬂ%%mmtd’al(li H1Bgount tflrefh?@ (1ala4t) abe‘o'thﬁhOId

.m\éé‘L&h‘?prﬁé(erresQﬁabﬁJ‘s%l&UM 'aésl NP REMad! fEIeShGhitbe, 4 1bﬁerdm1aan

oI nt ue Is cunmul ative value for t If th
umr Hmioandtthq likspand may 5%??&“5{1 &CRHRENE A1 mte\fg °Bé ©
dﬁt%oirxhealg@te;&e&ﬁ RO ittitshold ., FiE o@wdmtha_m @ giresholtl e pigher shan the

rocess for ey corres i
derirol iy ek g v I rerichieh felBp fhagR ey
bé,lin b luteDdounter @ itvesmearet ¢St §do geronp ofummaleraie co@@pmqulg to
other desired tests or conpari sons may be perforned as
ﬂ?ﬁ/éjlaﬁapf”é‘f’ the data points and datasets. \Wen all of
t he Tiel @taamnt aralbaispiso worspared to heupwiptiNcariue hresheld (ddn If the
d%a%%%?'\sfa xtcpe%s tlQ:chle gﬁ%ﬁy oS 9 0& o B e G3 Peinfl Bue/RlabRE to a

e sel ect a, such as data exceedln 5
cpaultam\@mahue forhthe ditapdiat (152D te gensistecanothpresumymsgy Hlyeyfor the data

p%{xlxgl Hf 398%!{ %aén(‘gme%p%atgiﬁ@ E)f%k:éss 2000 g%*’e!r@&dn‘é@)ohﬁﬁ@&zﬁ@b&x& (f52p) in

ach s correspondi ng data, based rtL ? cunu tl ve
evqu gpéevﬁx@jrda@%(lpg‘]t)espghgs every wafer in the lot or other selecte groupo wafers.
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data point (1526). The overall cunul ative threshold
may be cal culated in any appropriate manner to
identify desired or relevant characteristics, such as
to identify sets of corresponding data points that
bear a relationship to a threshold. For exanple, the
overall 10 cunulative threshold (Limt) may be
defined according to the folloming equation: Limt =

(Scal eFactor * St i on X -
A e S K Sl
&mﬁasconp03|te popul ation of data, 15 Scale Factor is

I8 Arori! kB 8§61 g@t@qn tt% g&iiuuatn hhR &%H%‘r&chéééé Yhe

e cunulative squar St andar d_Devi at | on
prp:gmmn enmearn@amumvaatqs esedfondbg elestsH detay such @g dity exgegding

Q@cqu ﬁﬁetsﬁoidsp%lr”eﬁrﬁﬁ@ R préainfy eRdikk ﬁﬂ@&lwlﬁé Hx)erdllscut'rﬁﬁtlve

erence between t he hi ghest an Iﬁg éﬁ W
thyeghaldisfori s 15O ORFBIPTENGH R PR ol Ve gr By rglevant
dattzhﬁmﬂ't\(@ﬂ@ 1| TRASREEAL duvflakibe 25dInd1dl may de daitiulmed i My appropriate

est abl i riso val ug f |dent|f LN d
ANt | ai‘nt‘?yntdeg%gt °F ¢ f‘ﬁlgt ¢ a"geé's‘t Sedt Sy ¥1da a damffy sets of
cddiaqmndmg &l pdinte thaobear laarelatiomstap to © timshald.i Ver ¢xXamplshthk @yerall
XI ' I gnat e
oL PO B TLAR WEIEG iR O
for exanple by conparing the count and cumul ative

val ues to threshol ds. Loxi M ' £ o
or es einin A agBL+ ol P8IeRQ¥I ™ E¥a HNSe PhtibAS) oi nt

(1528), squares the total cumul é¥iexe ME)val ue for the
data point (1530), and conpares the squared cumul ative
value for the data point to the dynamically generated
overtlelte Avtiagedé iheandanraibof the(db&3R)the tdmpokite srpulrtiedof data,
Sc(t‘:axei@'J agﬁ%isv evaltu\é gr VEAbIE aea%cge% to (?%S?M‘Sr %’Jshw%@k?g u?atlve squared

esi gnat ed
miethod, Usandard Dematlctnels Glu;mbailsiilrﬁ eledatoa of &3 ppint Wi@fssabél@l cgmgosite

Q.l%.tl%l? bt Yo gﬁd {l\g%( 1 R/ﬁn dati P@ddce Weéﬁl R0 hi3Best Qﬂpl%ﬁveg data

an overa count threshol d (1536), such as
ppmevam mdbeepmpiaterdpslatone! datac Sleaaipllys Eg Vel SHBRVE éigeaold

io EleﬁneiI & eRHAEPL Q:omﬁarﬁ@ﬁ Gand @&eidﬁiftlf)tlﬁ're dithlpaREs Of inWedse S the
or other datasets In the population. If the 33

pagWrdpta s€ount er val ue exceeds the overall count

t hr eghwl cﬁllculﬁthﬂrbf teeveal &nﬂﬂﬁtlﬂé thPﬁab/olda,gt&l ploxiRity engine determines
desi gnat ed for e

Iu510 .C d
wpﬁtéterpt‘o Sesignatey %aclé B?.tfl é)Biny rt]cﬁ é?cfhgf'oﬁ'ﬁ‘l qg@;composn & éaa f(gr exam?;illte by
corhbeay theT&tﬁnpﬁxﬁlXtmtﬂgzwe Ivgliuesctonthsestalds o I}Gnterpatnetyteheme of the

péc]s% rewg?qe n}én% sgt&aﬁ sebaétzslan%ﬁtodaﬂegomtgg ﬁ%? gua%éatlhe Wtal. cumula’uve

imty engin
valy fa tisalatatppint (zléBQi arﬁ@pmpgr@.thmg@edsg;muéqmvc walue for the data point

tg gln % acmilélg %ghgra?e(amgﬁh E\ﬁnmg t}gé)slhé\d (ABEP rlmﬂe %qtﬁ?&lecqmuiatwe

to varil ous aspec Pr esent -
\iahlv expie¢d@ rﬁle@sersll Viamtletb'le dueshold, ti‘l@rthwaéf’spmfé s des’g“afed for inclusion

B HRK &ﬁ%#@g&aégggefine a conposite wafer nmask.
The absolute counter value for the data point may also be compared to an overall
count threshold (1536), such as a pre-selected threshold or a calculated threshold based on,

for example, a percentage of the number of wafers or other datasets in the population. If the
33
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For exanple, in an exenplary formul a-based system one
or nore variables may be 10 user-defined according to
any suitable criteria. The variables are suitably
defined for each data point in the relevant group.

For exanple, the proximty engi ne may anal yze each
value in the data population for the particular data
point, for exanple to calculate a value for the data

poi nt or count the nunber of ti {1
abwéqure@r Yl greetUharvere gt nregld t@%‘ﬁﬁ%ﬁﬁ% ““%y g b
de& @latedIf@itifdsfonrin diacbmptaitadauo(l 5u8) i The hesesds switally Perfor@atﬁf

defi ned Yl %q able. 15 After calculating the variabl es,
eaghfatapotng g It s may be anal yzed, such as to determ ne
vvhetrhceIprobchmtydatgalepmmtalsmn@at@ Hee ceyenosiffefiptefdata using other
adgxrtxlortl %‘ltexﬁﬁfve %Q%Hﬂ Fé"?&geng %fdxﬂﬁg' ér@{rﬁ%ﬁy aH@){mb& a
g6 Vi cal cu

usi n vari abl'e val uesr g
fotrinda-Brop e EmER LRSS T T cOFRPHite v G2t o A BT AT Y

acycﬁthgﬁo vtah&sddgﬁétsp@ B pre¥ntbRveast gt atatler addn Grmislag ror
Int nposite mask data. 20 Thus, the proximty

eXpreEfine tﬁ‘é‘iﬁ“@éﬁ%ﬁ‘%ﬁ’@‘é" walrgaskyt composite mask dat a
aC C@bAExAgpleOin ad Ryerfiliry ddrinelafbaed 8gsengon¢ eTiere (yasableghygny be
I t osi te. mask. dat
usth ?,c%gg]ﬁgﬁ L&Y 581&{%2 critena. Ay nggfarol Egl% Cfﬁlta%%l de@ifnedjﬁ)'i @ach

e results o at a ‘popul atlon
da‘teO;lio ieac the cdvantpoiupt FoGomsplgubaprbximity enginedeayanplyze each value
in égr daFtag Ee)()é)glﬁ&[g RP kﬂ#pﬁ@ylalb@ata' ;?)ﬁ'gtfof éx%ﬁil Rv& Ealé'ﬂl’elté h Phige for the

I exa resent enbodi nent h,ia
dato ppios o1t eountak ndmbe afetimes|3 W}a&\?répfﬁ’é‘flfsl T arErYgeile
wlrlqgl@; hQ % cglgulgtgﬁfor SRAESa ﬁé’iﬁ&ﬁﬁ@x& @4thssit foCactodefined \tahﬁﬂle

ers,” such as widely variable test gsul ts or b dgemme
fai lAfiee celeasag theyarabjen st dake ROGHS KPS AR 5 Bl £ 8818

whIRM: AL Bfal polrk GReth thetubd- dHBxinfcﬁtéthFd?g:prle dasdrgiafined formula
process nd, t be us

AR V6 f 5 VG? uﬂlag éﬁed c;{{a%attede vanaglﬁ vaft)xgshprrggs Q ﬁxeaﬂgﬁtﬁp ré&t[a@s t§>/ a

pﬁ’h&ﬂhr bﬁluamalrfylgedf tauegecthe da’a @oiatiiay boAesisnpted &frrmhism in’the

the conposite mask data may be anal yzed
CT'BPOS%ngFth ‘e spatial trends and/or 30 patterns in

t he "ﬂalb,abfeprsmamtm feuging gashganerpte @rsef qf|composis ﬁ’ﬁ?kf datasapording to

f%ﬁt%l@émcé ﬂx%qlie' l”[thg FdstEnd QmipS&te &RsiCdath! dofiprifes @B3t of data
| SO ated data pol nts, nhaq_bgat ar. r

thaat e@rsespm$ igthp agsulicef] e data RApPUALOR fTeef B | {3?‘8?‘1 ‘%-‘/’
gﬁsc@erﬂt?éé'fg‘rgthg Eﬂﬂ\lﬁmﬁm&a&l iQértiGitd 6r m'ﬁ]thﬁleaﬂtmm:‘.l Fe enas;ﬂe in
ata o the present e or
thsepresgmy eértpp@alefxtothg ﬁg‘f‘??ﬂte Eﬁn% %gaexgayt 18ustrate &?ﬁwl{l‘[ﬁ Y Sevicl Potations
tﬂh@ IRRS Icﬁa@acfé&&tes @at@uﬁmd vakip keheas padde vargblertest fresults or high
nposi t ta. Sel.ected exc
e S e R A R
cﬂﬁﬁrﬁprﬁ&ys el thlsn‘myebd useditgyinpraye andohizel @@dufaw rgbgsting.

| one | f [ 1 Bmati
i RSO S AP A g o
HN eEamse, nhycoaipsmterrewb\detacnayoh?\mglw&ééo ilfpstrate gRpGiek tgmde and/or
pa exglsa Ly ligepcﬁ LaOdks &laide ¥£ﬁtffy Bpﬁ‘ﬁer QFﬁﬁga%l PttbME kdkh as filtering to reduce

rnsirgniri cant or unre t he resen cul
@wttso diomerstativali ésolated da wnt% (FhAREingsy f?ﬁéméoﬁﬁ?aﬁ Jaing pergeular

éhgledgtglllgtlxs oP &fidrin gldlaﬁrha‘@§§ ket BekaAQRES. 1The thip@nepasd data of
data such that data points fromthe
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desi gnated zones are accorded particul ar designated
treatnment or ignored in various analyses. 10 For
exanple, referring to Figure 16, the proximty engi ne
may establish an exclusion zone at a selected

| ocation on the wafers, such as individual devices,
groups of devices, or a band of devices around the
perlneter of the wafer. The exclusion zone may provide

the senP%o‘cd {HhenP foxeés&lnylgemg}eﬁé lefbcfi@tt@ s;ﬁ@lhlrﬂn&yieﬁ @Tsmooth the

er data points in rommtg anal zﬁc a
coamcﬁitermaslv\éatgmq q@gmleﬁﬁﬂeraw thysamnesiteraask daip-gifleelsd exdlusion
zoﬁé%c&lgdﬁgelbenpﬁﬂéﬁleﬁ WchtoAte sU¥B AME lcomBAsd nAAsk Bt m]1§3 be removed,
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_excl ude
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emRdipety he RIPERE RS AUE PR HEBPS 353 VgAY s
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The proximty engi ne searches the surroundi ng data
points for data points exceeding an influence val ue

or satisfying another suitable criterion indicating

that the data point should 10 be accorded wei ght

(1716). If the data point exceeds the influence val ue,
the proximty engine suitably assigns a wei ghcTtus2d08803923
mai n data point according to the val ues of the
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point is found, the recursive program selects the
encountered data point as the main data point and
repeats the process. Thus, the recursive process
anal yzes and marks all data points 10 havi ng mat chi ng
val ues that are adjacent or diagonal to each other and
thus forma group. Wen the recursive program has
found all devices |n a group having a certain val ue,
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and/ or ot her conposite data. The nerging of the
datasets may be perfornmed in any suitable manner,
such as using various user-defined rules |nclud|ng
expressions, thresholds, and 10 precedence. In the
present system the conposite anal ysis el enent 214
perforns the nerging process using an appropriate

process to nerge the conposite mask data with an
ori gi nal
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the data that overlaps and/or satisfies the m ni num
criteriais nerged. The nerged data may be provided to
the out put elenment 208 for output to the user or 10
ot her system The nerged data may be passed as i nput
to anot her process, such as a production error
identification process or a large trend identification
process. The nerged data nmay al so be outputted in any
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anal ysis and cl assification to report probable issues
based on the test framework, rules, and synptons. As
the di agnostic system 216 is updated as new patterns
are associated with 10 particul ar problens, the
di agnostic system 216 facilitates the capture and
retention of product engineering expertise, generates
a hi stori cal database, and provides for consistent,
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E‘t%cé[i@fzs‘? r(E‘?P %9 rzsfl@rfort Q6h WARIPOAE S ]beﬁsxgEé!ﬁrE hﬁ&a 2518 8nay

gnosti'c 16 may receive the bin map data
CQ@n®eme suxtah!e obeaﬂ@?anprnént@:bqsvdqgl thp EVRREesifsafor exAmPiA 3sgnay be
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e diagnostic stem 216 may receive the out]ie

BV greént sigratise iattedy |2 SoUPESE gthomapERing By eacté@wﬁq gn a wafer
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The di agnosi s system 216 may be configured in any

sui tabl e manner to analyze the received data to
identify process characteristics, such as problens or
issues in the 10 manufacturing or test process. The
process characteristics may be identified according to
any suitable criteria or process. For exanple,
referring to Figure 26, the diagnostic system 216 of

t he igégxg%ticen‘g | nt C egg\';es %‘?o%c@ JoH!rﬁSdapaai’ﬁ@ such as data

anal process characteristics
reaﬁﬁg)tod tha gelectricplr e@ea‘ctensms chm taelprwapomzecﬂnt thg 3 fpryangfor for the

co%lptor?ern{gqbg Vﬁl&ﬁer H@%xe@n&gg %felncz 16 %M? tQ@Bve i bifBYial @d2518 Gor
ern recognition system 261 r identif

in

thp pvgfgelgxélcatl:[ls the h)asisg@{ Ripping ql@gﬁ%gg o bo&xmogenrt]ssy% gn addition,

thé ﬁﬁg&@t‘lczsglgethﬁls hﬁy tr&&geG gabadier! s[g'nﬂaﬂ’etbllctﬂlh[aﬁﬁotfbetge wafer, for
rul és-base zer t test

Pl AP CFE O e BUEC BT B e B D2bAar o et ot

inRY dataGhilyak cRsstfiel esmbnyh asaidmediums, os edticalf acdtedmg] tot selept@g @ieria.
The rtlcular c act Iy R S8 h
knomgg@?“ P & corrn?}es po%‘g‘%"%%d l?% g?ta}ﬁg&ﬁ ¢ ttge][sleﬁ%¥ e

reqeivudf a4 uo | ingtifis pussss dHarctenistiess - Wels ¢d PRIFHY evr isgey in dhe

m%yqucﬁ?m orCthQ %o%é% eﬂhé&o&&%h&f&%ﬁ&s 29 vel ?Heﬂtrﬂc@raccordmg to any

dat'a and generate a es aqndi n%
sgfagin aﬂuten@umr«@gsanﬁrreexamﬂle frefrfig toFpurety sfig,sygtem 216 of

tHe aﬁrtée&uérﬁfodﬁ’ﬁ%p HmpHReke a Qllledblsdd Eﬂa@z&o Hﬂ(l)nﬁﬁtlsend@mgoprocess
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act i t he. o ut The pattern
€ Qﬁf @y%%:wgfe¥§““§“§ﬁﬁ?9%$y configured to
r eca]n\p@rtifcrlﬂa' datrale§-boed a2Bzar 2610/ may enpdyzs dhfr e glatgrfar particular
c arac etnstgcg %&f&ﬁﬂ% tl:) a&%at%&@ems-rﬁgedp@{ Eﬁétrbfr&ﬁﬂl&nﬂuteh 0|The
6 |'so sui tabl confhgure %ﬁtCh th
parttietmrlcmrsxﬁerp'aqstselﬁaﬁb’ agfptiselaph e R Sel il §213 SAFEPYUL g twt“r‘F‘“a’

t&?&hnaﬂ@faét@r{mssuéso Frhe X AdIRhRd Bda12&6YMisREitadly dokﬁédrd’dl(m ghnalyze
articul ar cause based on the _jdentifie

ﬂp;acrataetp rglectmbPes4 R and generae 8 FaTEpPoniG sisad- ﬁgw’ﬁ%&‘r"e I tests

é‘%xl)rﬁ[ng @@Dpaﬂﬁcﬁﬁdr B@piinddd @Shilitifle empoaetitd doerics plodeatayresults
he sane n on different wa t

sh e DB 8T s koo SR StE) bR digRibae i
nbhRnf¥idhing fon (H) ereoeg;nprbbam n® pepeain Retading d@rﬁutpfut radeand

anal yzes atterns in t dggg;qh§ggpﬁ

i ssu é e paffe ‘?‘H&wﬁ% %&eﬁﬁ%ﬁgﬁ Sqé%b?}? 'gotng{g%4 o ?’oé’ esse o
ﬂrmnpm doerces ang mgnﬁytpammssyﬁreéwzemam fB“é’gE‘BFW fygfﬁrné&lz is
a]sro] sult nh?pé tom&eﬁ\e tRntifled %Qﬁe‘nfsymﬂﬂtﬂo%n%uésrhswaﬁted with
vari ou ata and analyze the patterns for

wdr pespenive esanle by Fetiging & likelfeask ‘éfc% BRTtiAYeoFaupeased on the
iSRG patth s, tFla?e)@ﬁlﬁﬁeaﬁsté?mghE@ Mhvind ﬁﬂlhﬁ&foh@ﬁsﬂmg bin results or
recogn?tlon syst em 2612 conpri ses an. i.ntel

@ylyfselma@ém tbg SFRPISHIOp 8 g%xiegtéw oI$ [OAY nglcatg & (Pﬁglgglar problem in

iy %ah%c@r@%r&&ﬁdq STRY pi&ieﬂlsﬁeafgﬁﬂord @isﬁ:@rt 86 n?r 1demrtﬂes @nds analyzes
in the test i.cul ar

dat
pasiey it B thaéyzer sl S nipis rrb%r*s%“é il ior et process.
includes a prelimnary processor 2614 and a
classifier 2616. The prelimnary processor 2614
processes the data for handl*tng by the classifier

2616 and/or identifies patterns in the received data
that may correspond to issues.
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The classifier 2616 classifies the identified patterns
or other data to different known 10 categories or an
unknown category. The prelimnary processor 2614 may
performdifferent operations on different types of
data. For exanple, the prelimnary processor 2614 may
not process certain data at all, such as EWS bin
signature data or other data that does not need
D676 TR HREN PLERRSS LRte! £ 2 Sy 12 FEpileca 1 o) AR uoner 1o
identifyi pattprog in ﬁna\fayslilsstestﬁbta @5 aexlazvpthe patidres for ebirgspordenge to
ptelif SRR factBh om%é/st RELE.C 'irmh@ Risdrh? %b@@dn‘n&ﬁ RO Bﬁﬂ:ﬁrecogmtxon
anal ysis ont EWS t est gu I'ts, which genérates one
SptteiBe @ Céﬁ“@'ésﬁi/@b‘f%}@e‘}iﬁﬁte@rCOEﬁQJéWQFqEé&mZ"WEemS such as spatial

pﬁftérﬁkcdf@ﬁllstex‘é@ BErediest catlBRAN IR t8st ARY. B&aRRGIEd tHe |'f9attem recognition

covarj riate vari abI es, such

SRR Fﬁf?gegtﬂ?e ﬁf“%teggg?‘&s%@t tagludes dr PIRBHY, dessssey ke 2
cﬂmﬁs@r%lenmhd |prﬂmﬁnar>t hecgssor |26 prtasses ph@dasgmr had@ig by the
c%é{ﬁesr%éfue él%r 1c%nt9heers] tpa e%r%rlﬁgsesrgc%weé gg \M { 1 SyS ccgre aqond to issues.

envect or a

Imtdiassxﬁe mlghtégslﬁes tenidaitified , paamis pyrthere data He different known

cQthﬂ?fEE‘&QB%nﬂowcL@g%gﬁ significance. O her data may
be”summari zed or reduced. For exar? the process

cont T & Prelimigary mEapesser 26y perégm siiffosens gparetionpen digigrent types

ofahie FSHEB&n&IéT fh@%ﬁ@fﬂgx&aﬁgp%&skh 061emhy AdtIPScbidrRaif ath REaI,
waf er.  Thus, prelim narg}(ﬁ rocessor 614 suns the

Y 1 ELS P S‘é&"é‘l‘fe f’%‘% Pr 3707 dafa i’ 4oss ROt B IATFHTURARY BEOCepHRg to be

usddntiyethe GlhssE4NB6 1(6arcoih¢r hess reELhe rﬁ?alyZﬁ sﬁ)lfjedldaleto \$&ﬁ§tﬁﬁl)anhl§sxs For
t her.ef.ore .i dent

T BTy P by P e FRapo e el e
HYS ttdse rpnles, iwiiohageperpten ©es somore 6igenvedar apk amﬂl@nvatdue The
S AR08 501 0L AR LSO AL B s
ag sefer Joewsiont thrd artand svafer spaupmen: Ip dherpreseny ephedimenicthe prelithigary
p@&egs&s%ld%@ seRUCh égentvaﬁorbds%mgﬁ@ »@@t@gkﬁpglggmmw%l' et the

ignature bin map. For exanple, the prelimnary

eﬁﬁ%@é@é gRsooderlav ‘Fhsth‘% Dﬁgf‘%b?@e“&ﬂ\’ﬁ% d iggres &her ‘iOF‘P%‘F“E Ofith lesser
sog@\tmar&et s that exhibit no patterns, gener at e dat a

rel ati toths} pattern |nth§ at a, [1 14
part ar paY EFPE“‘ERZC A5rgP45dr FOhgRAR eﬁ%’t‘?"&%‘ Ppo! data
r@dy&&suﬁmeﬁied @sa sdrias birest pﬁl@sﬁmﬁs cemdspatidingnd thetidsestructures on the
vgaé' el I’mu ,?té%/ url%‘f:ngl%f}:;)rgcetssor %élél %ﬁg rth vzﬁu r? %arcg rtfgste Folrle%&)r test
spEaEe. Tﬂfheuqztat pesumsf(andt thys 268 Qiehee\remor)esthm@trh@pntaal to the

rfi’xﬁﬁ)@rog%‘e%tsﬁﬁ&&lgs as the data for a particular wafer,
I ncludes a pattern. The feature extractor 2620

genePgredats emt/ @lse de titkiared and fusther fregessedrly ithsrprelgpingy prpsessor
B4 2 IREkRanthS N Bl B-linkY IsrB&sdeatzmr ﬁaJ bé tcsﬁﬁg%ﬁ,a&naaagi sultable

are suitable for analySis by the classifijer

gt fp dlterdioise pothes @2%815%&%@@ the, datgyish éredéqré%rm?l@aqawé%m the
taf: ca@trad?ﬁg a% GheSBh %b eHtaCdnli Lty ?L@lllerts%nﬁﬁrleﬁﬁﬁ rrfa§ atw @%anfpl, the
classification ern |

R A VR L AR R e B R

patterns, generate data relating to the patterns in the data, and select particular patterns or
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sui tabl e manner. For exanple, the pattern filter 2618
sui tably conprises a software nodule 10 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 filter suitably processes
the data without |losing information fromthe original
data. The pattern filter 2618 may discard data sets

|
Othﬂ’éfhéf,aftéﬁg {o? él?%gﬁcatxeﬁ%\é lhpgnf: 0123? 2t ?rglﬁ%uﬁegggti g@éflin%ga% grocessor
26 Qoﬁfnnpgl@dfsadpatterna'maﬂ 8, 4 fvetumxltrwg 260peand @ffe@‘aﬁ gelector 2622.
ThE B m Hl%a b cfg{efr}uﬁes epﬁﬁzitzp&t sIgheach}%: Qe hes Parhidulak Yafer,

ident any appropriate patterns, such as
indbudkd sp@ym Ilhetfea@mﬁxtrathﬁém ganeratep fagiires $hat pRhtisnfoppation dor

th&{] afaEfd hes?ﬁ@@&jbﬁﬁg battetntePBI18 @hdark blitaBIE fof ﬁﬂﬁysaﬂ’b@|tMZ@ﬁ51ﬁer
data accord |nzg to a pattern m ni nag g gspépecﬁrﬁena

26161 BSAPAREISHT AT BF SRS ERE el S

to L@&matuﬁatcirelmﬂicﬁtront heor etical patt er ns. For exanpl e,

refe t t.
conft F\ Bﬂltglal Iﬂgr B%lr (Y, Be coaggclljﬁe%fatlol en[1 at‘térﬁ! tnﬁgé/ ahg sg% any
sudszﬁeamatﬁxbm Foa exanvplel ihepatsano ibdr 261 Ebsmmup cq)rnpnsgq-mqu’w@tq medule

co\ﬁﬁ%ylgedt tlgt%ng ?ststtﬁer Q&eﬁ‘@eﬁ Ktata tg %et@&tvsh%fh@r %ﬁ&ﬂé’ aC R BB, To

determ nes devi ces in
presheve dhebinteemity oAthe tew |detetté@| patigrpBlter @Putﬁbtmréomﬁ Hiy data without

10%11114 {28 rhRbn £&h thee&?gtmll @atat r’[@1@ Rakdre fer Ty rbzi%' giedatdn@tla sets

rom pre-e stin r eal - wor scenari os
wigion e sV Ay date 6T TR ORI PR The Dot et 2618 ey

b Bk gihrSd ﬁauhﬂa@@é YheStafibhisafypdsOoft daéa Qx&vﬁlﬂiltyeﬁmmt @mib@nation. The
identified ;/ t he classifi

PO PP TR TP PRPETEP R Sy e PO eiia B Efrggnd
otﬁé’ﬂ@at{‘e&&pOSI te anal ysis el enent 214, such as the
REO%M pesiR 8&1@%& Ih%% YRRIGUS16 8k SelE B ARRARL 0 o

t'e mas any appropriate sinulated :
pzttthnaomemg elgbrithmtané rrrponnlyctbe m@@ae ormpere FagsaAssoriafef afthigown

prtt%m? E{ %%%E%éﬁﬁ%ﬁ Gof Bahpkale Fk%lﬁghcaﬁ:xglﬂﬁsz sb@e Batﬁ:ﬁ{ ﬁfl&i" @ty be

In the original e-binmap

ta.
ccplﬁgwrpd: tol performpmediargitesing of i thhdaf%léméatt&O&éf‘e“é‘ﬁaal ¢-binmap in
c&ﬁln@@&ne\gth A el Qhddk, SThS YhtfeBinshk Ry RorGprisd &ﬁﬁsuﬁl@blﬁ tnagk; @hich

onpared to each sel ected nmas a
SgeTTheG Shish Jeviete T B SOMEEP AL Bye P RAEGRT T R {Rge. For
eﬁl@dﬁp%, thd QatfeRshi @Ay ite Gdined)Ifire gre- GS(&tlﬁQ nsalebearldngpeaarios, or by
iaggxggéplg?r%g%gmwaﬁcg%a@e exrh%xgés/ e[}aapgtgem %}Sasl? s, su tat%ly sxlmllar to the
patehi foibe idenfifiedtbe i daseﬁergmm eltbr efampe tlterpattern metkmiey wilize the
gpatLern c%greateg rb? Yhe c% ﬁtetaﬂﬁ SJ aéﬂxéﬁ'i §1@)§L5haé§tt9é‘ cc%ﬁ:%gte mask
T8 ia tering {'ques may al so ed,
dstel thmasritus @ata patoorimergey Carnmsy%mSSkﬁa‘lﬂtfé?%h |aBb¢P§fqP6He Siniulated
l,osed herein. 5 In the present
theﬁ%ggﬂﬁgéﬁ”myﬁog ge;dttern filter 2618 al so reduces, noi %
. n tFee dedizn Blering i earfoanedrspund eacty wahisvBati R3¢ Bpop Fleelqd by the
erthé 5r%rﬂat E@mﬁﬁ? Batsl aFnE})artfHﬂ@r ph gk Poiht 1h&1&fda&&1&nﬂ&§iected
suitabl e system for félterlneq %'Sek§ amle
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AY Qhdht VaQR tRAtQE 68 tedbyl fhe ntaciS in dhatiest dhin, thmenedieipkacufated
errbodi ment, the pattern filter 2618
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utilizes spatial filtering, such as cross-shape nedi an
filtering, to reduce noise, such as "salt- 10

and- pepper" noise due to outliers in the data. Data
sets having patterns may be anal yzed to match the
identified patterns to particular issues. Under
certain circunstances, however, raw data used by the
pattern filter 2618 may not be suitable for anal ysis

by . the classifier_.2616. . Con en r e data
copddeaE £ G 2D 'oﬁ,g{, SPE AP TR IR %ase @i ﬁﬁxﬁw hose dat
setialﬁaa failttb athibiva/panernascghopad. {These thagssiufg @pattemarezs Q\Gdedlt% the
feature J))([r? %oqr%&@ nggtg}nmtﬂltehx%‘:tegfﬁxﬂug{ ﬁ:af)éfs{) @Gtagﬁheg%gh as the

eatures that e I nformation fromthe
prdatnays@@sme%qngﬁ@ie@a tqgymiguepdipdesedhaicir| | t er 2618. The

f eatyy fh%%rélaif eRBodilé: thCpHierh| fitetiBeAk Wlso irdliusds tnbigd in(mﬁddtanset
whi ch the origina ata is dlfflca4 ,@1 o z_ﬁt 561%
foy gxampleTioaremayst iffeauitichs oish Epm JBe M MR, etf SR FRE may
erﬁélé&sﬁiyfshlﬁible&@s’kﬁn @ ﬁlltEiﬁigtdofsy, stidheas tsyqnel fitferipg trtediam fiR@ing, or a
identified

n filt ar 26 Eqr I
CoHRBRRFS T GETRr 60 HAYPBY RBHFr AU ERy fer 2618
utﬂﬁesosib&naﬂ @lteriignsuch af anmhapo meilian ﬁhmn@ruogﬂdmaeb naiset such sy (shlt-
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to bdd sitereyiye petrowsdea he apdyzed datmitelr Genidertifisd pattems to
pgrﬁccdlaq %gges' rI‘Jn(iHeceR{xh gl'fdﬁﬁ‘lsta&% RoRe\dr, BB H&Edseb)byttlﬁ'éepattem filter

assiftiler to classify the_correspon
268t maf At bensuttpfge dorranalyshy by Hx@d:la[sag?rt%& as(‘g@geque%ﬂé the feature

etRBhHIER L Eordhe Aits basedichaky istcialar thatingd bé nembanye dessifier
of data, and are thus i ndependent of the particul ar
26l¥nponent s under test to the nature of the tests
t he mﬁ&ﬂle\/lﬁ&ent-rdﬂﬁ)oﬂlﬁﬁﬁtuthe Seatupy/extradtpr 163 @ genasatea feafuogsithag exhibit

I nf o%?“nél onh e e51 a(eg tt!;]e ?a(ét@rtna%ltel' 5618t hﬁﬂe%ﬁlﬁgsnltnay be

ea ure extrac 20 cal cul ates
p&eméarall uséfsatnwtealonha!twlpﬂe@e atigingl setads Aiflicylton dnpgssible to use.

'[%9 ri) ﬁx‘?esserga}ﬂ 21%1"{1 be %9@5‘129&1 H' z't‘ilxel Hastigas 6k as Saeafityt the type of pattern

I'cul ar devi ce beln tested or characteris b
1@ﬁnﬁqdeb)d§1eapa§tgqn ﬁlg:g@ﬁlsas Far ﬁaﬁtg@le, éhecg:ﬁtpfeo;)gact%r 2 O may e

gﬁ%ﬂ@ﬁ ltd EncO&@d reRlant mm&mn 23 GrigRYefRRE B¢ By @fmphling values

romthe test data. pr ovi des . i.nfornpati .
oAl VAR Gaeq DG Aot R THeCTAELA SHEQY CIREReRE B gfsienty
eﬁ&ide (ﬂfe RV @Férmatidiresiging krthel oﬁgiﬂMi ddesand bedded mctht iclassifier

such X coor.di nat es, ) t

2éé§ﬁo as% tp&%o\éregzlon 1%p gfrgi \’nltlbe aIaOSﬁtOxl nqﬁ\.ﬁ%las% lﬂﬁeﬁgatures are
QO HIRAbY Calomd@nfrom agyicét wislam, find dre glats indepdrBlentonfie Barticular
cgenerex?%gm%ptegtqgmé%atg ofth%, %'Q_‘E ﬁ%r%ggl@etsl on of the data

Seven nome nprise nmoments that are
i nvaThafeatutesgey comprisa@by ampsopoﬁte mrfammrl@n pxmcteds Eromithegdata. In

tfxly?regeg %ﬁo%ﬂnen? g@ﬁaﬂéréxgﬁiﬁorfﬁﬁﬁ BAIG3td¥BK VR rebtrey tmtr}ﬁéjsent

sets o present enbodi nent, q)
rfoera:tlmcbsndmrew@é@e@l datrcsrbpensially svpamicss ahithg Papigres éﬁvwe eing
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REDEhg MR st Dt thM didt@Bitkiod) withil@ dafayset dtfintereRt iTha centroid provides a

44



10

15

20

25

about the location of the distribution. Wien the test
value at coordinates x and y is f(x,y), the 10 mass M
is suitably cal cul ated according to the follow ng
equation: EEf(x,Y) Mxy N where Nis the total
nunber of data points in the test data set. The nass
is normalized so that there is consistency between
data sets with different nunbers of data points, such
as the nunber of die on a wafef. M QB i
o Borg P A 5y e e gl ATl cdter B e it o
thé[tie Thngaooiedic nymopisdesh ko Bli sehofi 13 BeHeNts: Epnefpe an equivalent

RSN §0 Qa6 ERE ©Frndfse IR SRonfhts! S1HE | SinplifUnbRBhtOthat are
fe%rﬁ‘g&%ﬂ e. Th_eacentroi_olsgf Ihoe dz;t a, may bg cal cul at ed
inyarjang Hydes B egioneoitiptiaion, sstivg 284 T4H0Br ding to the

fol ITQWV&Q)\U@M&@H&& deEdhedrindd fEEMEy( ¥etsYpf Xatd. YinXthe present
emspuigietihe (ot cheulyed ke gy 4ot oI gt (TR Ao
daBCERNHfstg Tiust he &hoksloai paertiyabirepondEl stiey thhgnitudé) of the

nip,. = X f(X.Y) o The.inf i i :
L
abbepiieds@tibmefi tendigfibutioe. Whermthe tsit, vajup at deerdinates & andiwis fxpyd the

mzpsis gﬁggul&ﬁ.‘lg cggulgtgyi&&ﬁ%%qhg foﬁ(m'ihé _§quat2(§1: monments of all
or der's. us, each nonent coefficient conveys a
certain anodif@f»)the information residing in a

bi nmap. M=+ sent enbodi ment, the seven nonents

of Hu are also considered (see Hu, MK , "Visual _
Pat e N ie degetaltriuphernf deto paints in thaigedptg sets The mgs is normalized
y i AR bl QL ek 80 with AifEREOhMmbeMOdf.dafd (pdints, 8idh as
Solt%[hiege;{s C?%gsie)&Tﬂ‘té seven monents of Hu are invpgri ant
they perelrer pfvlie o Wafes of transl ation, scaling, and

r Ot athl OhtroiliNBay MRIRRAR t9fspdtid] doBMiMARs CatiCa tapdly. . The centroid
pr%\(;ige?srlgéatqgn in}o?mgtpo% bfy(;rllgaguvr\{lng gne ecgnl%eartdf %%S of’ the diZtI71'§L9io-r|1— o?&g %ie.
The centroid of the data may be calculated in any suitable manner, such as according to the

following equations:
T X xf(%,y) §>;yf (x,%)
TIIfen T IT Gy
Xy x

X

The geometric moments of order (p=0 ... 3,q=0 ... 3) may be calculated according
to the following equation:
?%x”y"f(x,y)
"I ()

m

The information supplied by this set of moments provides an equivalent
representation of the data set, in the sense that the binmap can be constructed from its
moments of all orders. Thus, each moment coefficient conveys a certain amount of the
information residing in a binmap.

In the present embodiment, the seven moments of Hu are also considered (see Hu,

M.K., “Visual Pattern recognition by moments invariants”, IRE Transactions on Information
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reduce the dinensionality of the analysis process.
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corrp%‘tza(gzr’_é’ﬁ&mg@ T@%'@{ﬁand redundancy. 5 In

addi +¥pm,+ad@;t@dui red generalization properties of

the classifier 2616 may require the nunber of

features to be limted. For exanple, for the present

cl asgl L0 - ROUR,+ 4 N8, 99NEFAk, ZaL ' Pn properties of the
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The first six of these moments are also invariant under the action of reflection, while
the last changes sign. The values of these quantities can be very large and different. To
avoid precision problems, the logarithms of the absolute values may be taken and passed on
to the classifier 2616 as features. The invariance of these features is an advantage when
binmaps or other data sets are analyzed with signature classes that do not depend on scale,
location, or angular position.

A representative set of 25 features is suitably extracted from every binmap or other
data set designated by the pattern filter 2618. All or a portion of the features may be
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i nprove the generalization of the classifier 2616. The
feature selector 2622 of the present system anal yzes
the generated features according to selected criteria
to select features for classification. In particular,
the feature selector 2622 is suitably configured to
sel ect particular features to be analyzed and mnim ze
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feature selector 2622 repeatedly eval uates the

of fspring popul ation (2728) and applies the crossover

and rmutation to the population until the limt is

reached. The classifier 2616 classifies the identified

patterns to different known categories or an unknown

category. The classifier 2616 nmay conprise any

sui table cIaSS|f|cat|on system 15 for classifying the

patterns identified by the prelim nar ro§ sor 2614,
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networ k, and/or a feedforward network configured to
anal yze the features selected by the feature selector
2622. Referring to Figure 29, an RBF neural network
2910 according to various aspects of the present
enmbodi ment is configured using evolutionary al gorithm
t echni ques, such as PSO, to function as a classifier.
The RBF network suitably conprises 15 three | ayers
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approach can be characterized as a constructive
nmethod, such that at the beginning of the evolution,
the size of each network in the population is m ninum
for exanple only one neuron in the hidden |ayer. As
the evol ution process proceeds, the network grows by
adding nore neurons into the hidden layer. Al the
Petvvorks are initialized with a single basis 15
unction in the hidden |ayer, and
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is the best found by any part of the population, it will eventually pull all the particles in.

In the PSO algorithm, the inertia weight affects the trajectories of the particles. A
nonzero inertia coefficient introduces the preference for the particle to continue moving in the
same direction. The inertia coefficient may be adjusted to inhibit instability, such as by
decreasing the inertia weight over time, typically from approximately 0.9 to 0.4.

Alternatively, the coefficient may have a quadratic expression such it decays parabolicly
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Constants cl = Cz 1. 49 5 Coefficient values in the
PSO al gorithm The classifier 2616 may al so provide a
suggested corrective action based on the
correspondi ng characteristic. In particular, the
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The pattern recognition system 2612 may also be configured to learn additional

information about the identified patterns and corresponding issues. For example, the pattern
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connecting |lines shown in the various figures are

i ntended to represent exenplary functional 15

rel ationships and/or physical couplings between the
vari ous elenents. Many alternative or additiona

functional relationships or physical connections may
be present in a practical system The present
i nventi on has been described above with reference to a

preferred, e di ne Ch
e el B BB PR BUCSRERAF [ E et Rl A0y Bkepe
1ss1tela eTmﬁﬂﬁmrecbgmem sysiem ZHHQ@smbMS@mSI”Péﬂwaﬁ gesgcigpd with the
patP ar 1I Sa 48R ?ds ﬁtl?e zft]t{eﬁnd’ﬁge & %xkaﬁs sffert DG4 WG 13l dedbintinend

ope o esent 1 nvention, as exp ressed in
cortdaevefaotx¢rmms¢¢gorx:tha1dmﬁlﬁe§3amnme data. Rhg @%&mgi@ﬂgmm may

then 'T}?Jr},té? 'aH gmtp%t L é&pottGhdi&a 'ttQU\Vaﬁgust Qleﬁt%ﬂ 1§5u€seind0ﬂhe proposed
onents and gener at e est data for th

comwﬁow@m s AfighEherepprgd apes ofs addesjeedeliy @Bﬁ?‘i‘ é?fP%“d“‘P Fystem
2622‘3{31@}5 Yet%elt'@lﬂllaﬁrﬁ)ﬂs ff%ﬂb&kﬁx[f@diﬁahli\ﬁ T&Sﬁl&gnoasl deedback information is
omati ca anal yze t est dentif
stopddmbihe R 5 Op’UP’(S’B %é@teﬁ;:g ?% g’f)ﬁec a |eﬁ &na ySé ° 2 0 Irrpg n Znt s,
wheTwd partidatar dmﬁlgmexﬁitlous shosnheml idsscobef irg umee‘dy flipstrative of the

reco e t
m\iﬁgtéodx ii;té ag E} ee ?nﬁina{/r\% F?'%t“l&%led&g ?bg%?mkgllﬁiﬂQhé@Bmfttﬁ@present
in@ysdnein am,cmayil nBort the shkei Af breviphetoayentionad signalgpgesips. data

h‘a{l?\%l%:' ES?JH %rﬂic(ltﬁleq %cﬁona?&sﬁ&?’s‘ Jeiegs syseome (au '&@!ﬂp&n@nt@ bees irfdividual
ern using an evol utionary al

OPSLysmgemnmeW%jP%@etS&sst?ﬂl%un?ﬁYZm WhEFSTR® ’ﬁ‘e &% Yol g‘trThSWéﬁ’Fif the
cogzlhegfg:% I%Aﬁﬂ]},holivg(ﬂégﬂelﬁmﬂts Piirkd £t rndad wrepéseutiezatplap 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. Changes 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.
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CLAIMS

1. A test system, comprising:

a tester configured to test a set of components and generate test data for the set of
components; and

a 'diagnostic system configured to receive the test data from the tester and
automatically analyze the test data to identify a problem in a process for fabricating the
components, wherein the diagnostic system is configured to recognize a pattern in the test

data and match the recognized pattern with the problem.

2. A test system according to claim 1, wherein the diagnostic system includes a

classifier configured to classify the pattern using an evolutionary algorithm.

3. A test system according to claim 2, wherein the evolutionary algorithm

includes a particle swarm optimization algorithm.
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