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tl ed METHODS AND APPARATUS FCOR
SEMSW%'TESTI NG which is a continuation-in-part
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continﬁﬁﬁd'n{-inz éPDX. mfdnk W@ﬁc%ﬁ"@@l NP1 &BEARSS, l-ﬁeg OR February 14,
M ANALYSI S"AND ENHANCEMENT; “and whi ch
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Docket No. TAI. 1 1 160UXO0, UB8, piea “eoruary iy,

[UUM, entitled DYNAM C OUTLI ER ALGORI THM SELECTI ON FOR
wWOokdAé03BY44 MPROVENVENT AND TEST PROGRAM OPTI M ZATITAN 2068M29585

clainms the benefit of U S. Provisional Patent

|ication No. 60/603,312, filed Au
°U/°4€ﬁ %t (UGS NEPRBES Bhd 2WhaFaiitled fQ)YN Cio(ﬁ ALGORITHM
Testing and Local Qutlier Detection; and and
SELECE&NE%?&MH& BYIEROYRMENG ANBCFESTHBROGRAMOBYIMIZATION;
reference. To the extent that the present disclosure
and conflicts with any referenced application, however,
the present disclosure is to be given priority.

BAeiaREDEh Hr of HES. |M%h@ﬁa§%ﬁhﬁ;@ﬁ@dﬂﬁh%& ©OrMp3 i1 2Sfiled August

t est conponents to ensure that t e components operate
20, 2004R8 1% MdifiodsCata g%&:ﬁraﬂ@t fo? Y ofniCGH LMY "EesHRE LB 'LIcAP Outlier
conponent s funct i on operly, but also may I ndi cat
Det pef|0|en0|es in the manufacturing process.
oAt %lngly, many semi conduct or conpani es analyze the
col | ected data from several different conponents
i dhinperporates thedisglosurp Pgﬁﬂcéﬁgplqu*&?n by afpreace.t b the extent that the
conpany may gather test data for multiple chips on
present dishloware sonBictswitls enpereidrentied fpplmation, dowevare the paesent dreglosure is
cone froma variety of sources, such as paranetric
to be gib@cpddrital testing, optical inspection, scanning
el ectron m croscopy, energy dispersive x-ray
spectroscopy, and focused ion beam processes for

def ect anal ysi BA@RGREOUND OFait NVVENTHION data may be
anal yzed to identify common deficiencies or patterns

identif arts that may exhibit qualit
aReer e ol Bt ehendan oty A dhesdifpyacnts operate
user - defi ned "good parts” Stegs may then be taken to
propedyyr Tdsttest iatippeprdglietenaine; wepthe the ﬁp@apm%ntqoémwm@pperly, but
bef ore devi ce packaging (at wafer level) as well as
also upgn irckeaid edéfwrenofes ass ethb| yaghfapt@aking eptocess?2 Exypresigngly, many
Mai | Label No. ER 503482291 US
semiconductor companies analyze the collected data from several different components to
identify and correct problems. For example, the company may gather test data for multiple
chips on each wafer among several different lots. Test data may come from a variety of
sources, such as parametric electrical testing, optical inspection, scanning electron
microscopy, energy dispersive x-ray spectroscopy, and focused ion beam processes for defect
analysis and fault isolation. This data may be analyzed to identify common deficiencies or
patterns of defects or identify parts that may exhibit quality and performance issues and to ’
identify or classify user-defined “good parts”. Steps may then be taken to correct the

problems. Testing is typically performed before device packaging (at wafer level) as well as

upon completion of assembly (final test).
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Docket No. TALI 116Gat hering and anal yzing test data

i s expensive and tine consum ng. Autonmatic testers
woapm/oz3signal s to the conponents and read thePCT/US2005/029585

correspondi ng out put signals. The output signals nay

b nal vz tq.determ ne.whet her the. conponent i :
o 5Pk 5E ahelutift FldlR i B8 pnldinic BRI Rg, (Rutomaic testers
vol une of data. For exanple, each tester may perform
apply pignale i theopompananty and: srdote morrespaadingcontpht sigbale The output
. tests may be repeated 10 tines. Consequently, a test
signalgfmay b¢ auplpzasotopdaieminerheinee iy @OO®nertsis| dperatidggaomely. Each
each tester is testing 100 or nore conponents an hour
tester genkeratey elape velherof duey Fwe examprRetel tedert i@y f&if®m 200 tests on a
server, the test process generates an enornous anount

singletonfhdhént, di€cad I i L ¢
s di fn‘fj'? cult. The volﬁﬁ)hrritegt;s rﬁﬁoe%g{)%%#g? %gﬁ%ngénéh%ﬂy’ atestofa
. Lani. £ i r [ a. resul t,
single? e ML RAEIBOTCANE BEMSsS B 158t Rl a0 or mor
but .is .instead typically anal yzed betwen test runs or
comppienis ooty 404 peieral festerp fmaybgcRnassed (B1ing HERGSYTHiRdest process
some conpanies only sanple the data fromthe testers
SeNCIAHAHFIOERPYS %m@um&fiatamm yzing less than all of the
data, however, ensures that the resulting analysis
c dhaenalys 6fithe gatheredidatags alsol difficult. aflee vokeme of theudata may demand
sanpl i ng degrades the conpl ete understandi ng of the
significastt pro&ssihg powbnariickéiné.i A8 a resa@Nthetdat it A6t dsablly 8@41yAH4 at product
test data generated by the tester is retained, the

run til%g,erlﬁft iy Rsten® tﬁicéllgeaghfgl%d dabRePlesSint §r §t&%ﬂ%{téﬂe§§ g‘:orhlleviate

anal yzi ng t he dat extracting neani ng resu

some T8 R F0b AL A0 0t 2 B e
A I XN L A L ——

data, however, isolatin? and presenting the

fully ¢ompletgeani secyrate; has agesulip saraploghdagrasgs theedmplete understanding of
chal | engi ng. Express Ml Label No. ER 503482291 US

the tefdoeskbis. No. TAI. 11 16BRI EF DESCRI PTI ON OF THE DRAW NGS
A nore conpl ete understandi ng of the present invention

MRy adiBti6HE lev e WhBY thefullr det BBtebOddtd Ber@itad b§Phe tester is retained, the
description and the cl ai ms when considered in

sheer GRINEE toff We WedtNddth GrERhis e hities in analyzing the data and extracting

meaningful results. The data may contain significant information about the devices, the
testing process, and the manufacturing process that may be used to improve production,
reliability, and testing. In view of the amount of data, however, isolating and presenting the

information to the user or another system is challenging,
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illustrative figures, which may not be to scale. Like
reference nunbers refer to simlar el enments throughout

wa heehisgures. Figure 1 is a bl ock di agram of apd®EB$2005/029585
system according to various aspects of t he present
i nvention and associ ated functi onal Qnents; Figure
2 is a pl ot BRIEFIESERIELION OF TI“H%PR@F nﬁﬂﬁﬁl pl e
CAThéYe &binpleté uabrfadling ofthdi preveanin@éntionsysy bendéved by referring
automatically selecting one or nore outlier

to the 'éi?ﬁﬂ{ed Elés%ﬁ[gﬁ&paﬁ’d ger didi¥Bwhen! QSiBerdd iif coni¥c6K wihdlE Nowing

ements for operating the test system Figure 4 is

illustragh'lgl : gsf \{L_heléﬁ rﬁla%; gcl)tgg t@%cgg.Obﬁlqugfelrér?E%@ﬂ%rg &8l to similar

ure
pat h foI | oned by a test prober over the wafer;

elemewﬁ&HPlégb@uf@e{‘géHe&gr am of variations of test data as

the prober follows the path, Figure 7 is a flow

dFlggrealmeadﬂwkdfbhgfﬂmfl‘?gteﬂitéwﬁm@e@qrﬁ@géo MaraQus aspeckipefithe present

recent test data; Figure 8 is a diagramof a central
inventtodngnd assoviciatad fansvadinal canmpebnsotsy oundi ng bands of

conmponents; Figure 9 is a diagramof potential filter

t FRe% £ Rla N6tOfites: Hitadored K¢t of muttiple cmpOndnts;a f 1 ow
di agram for identifying |ocal outliers using proximty

a13 %S5 5;s Bl @H%ﬁnﬁoﬁa s@nl B fRGRLRLIIPReREfy %é %E Jmore outlier

I'ng mult | devi cés and a resistivity profile for

o T M2 BB AR B TR LR v v

of the wafer of Figure 1IA; 4 Express Mail Label No.
SyStenER 503482291 US Docket No. TALI 116Fi gures 12A-B are

general and detailed plots, respectively, of raw test
dEigaredhis aplot ofdest detadwevingiglabel eugliers and jocaheutliersi ous
devi ces of Figure 1llA

Figure 5 is a diagram of a wafer and a sample path followed by a test prober over the
wafer;

Figure 6 is a diagram of variations of test data as the prober follows the path;

Figure 7 is a flow diagram for identifying local outliers based on most recent test data

Figure 8 is a diagram of a central component on a wafer and surrounding bands of
components;

Figure 9 is a diagram of potential filter types for proximity analysis;

Figure 10 is a flow diagram for identifying local outliers using proximity analysis

Figure 11A is a representation of a wafer having multiple devices and a resistivity
profile for the wafer;

Figure 11B is a graph of resistance values for a population of resistors in the various

devices of the wafer of Figure 11A;
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Figure 13 is a flow diagram of a conposite anal ysis
process according to various aspects of the present
WO nooentizen; Figure 14 is a di agram of a repr eseat/ak1008029585
data point |ocation on three representative wafers;
Fi gures 15A-C are a flow di agram and a chart relating .
tRjgeres L4 Biae\generglandodety BATESRESHYEL YR Ty ¥ jtest data and outlier
process; Figure 16 is a diagram of an exclusion zone
detectidrtriggeds fonthe vaeibes devikiegof Bgule/-A are a fl ow di agram
of a proximty weighting process; Figure 18 is a
dFiggealB &f a Jloweldiggtanilafan paihpdsite anblysistrotess preotdinigtty various
wel ghting; Figure 19 is a flow diagramof a cluster
aspectQ&ftﬁGgfe@Eht@ﬁ%nfibﬁ;t ration process; Figure 20 is a
diagram of a set of clusters on a wafer subject to
tection a fil Lon.. Fi 1. [ .
SO 0B gl &f FlorD bl s pofy oo oF AT BiredEntarive
process; Figure 22 is a diagramof a set of data
waferspoi nt s nerged using an overlap merge process; Figures
23 and 24 are diagrans of sets of data points nerged
uigwigs pldcEnttgge diagrameangea shad S6kHRE tej 4 Graulgve squared
a diagram of a sectional separation of a wafer; Figure
composfie sta analysigpewessf a wafer and a spatial anal ysis
w ndow, and Figure 27 is a flow diagram of a spati al

aﬁ?hﬁésliﬁs deih%?:ﬁﬁ of I eXBhNiGh doheldofindd @M @afeRS €
illustrated for sinplicity and clarity and have not

Al Vgrdﬁagﬁntl Bf 2 5RxEmity VeightiAgPloResst he
2@%2%%??%% a%n %t eps per ¥ o?megmb{/ sléﬁeﬁ%gpr ess Mail
bel . ER 503482291 Dacket . No, . TALI . . )

o s s n AR £ 57 2f ey it eknap areamby N ey
relative to other elenents to help to_jinprove '
ubigrreskoHin aifloy dps@mRd ‘ﬁ%ﬁﬁ‘i@eE?Ft‘?rﬁéndgﬁllé‘ggﬂ? PI9SEnt i on.
DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS The _
pFigaerit0 is niéapram of aagt df slugisscon dwafer qubjedt g dejpction and filtration,
functional bl ock conponents and

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;

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

IMerge processes;

Figure 25 is a diagram of a sectional separation of a wafer;

Figure 26 is a diagram of a wafer and a spatial analysis window; and

Figure 27 is a flow diagram of a spatial analysis process.

Elements in the figures are illustrated for simplicity and clarity and have not

necessarily been drawn to scale. For example, the connections and steps performed by some
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various process steps. Such functional blocks and
steps may be realized by any nunber of hardware or
WG odobza7es conponent s configured to perform t hepCT/US2005/029585
speci fied functions. For exanple, the present
i nvention may enpl oy various testers, [ocessors,
of the elpmenign Wy Jtesras M Reegegated AEOBItYTPIHKE o ihgy elements to help
- statistical engines, nenory el enents, signa
to imppive nedsstagding efrembedimenigiof thelpaessnt inyensionxi mi t y
anal ysi s engi nes, prograns, and the |ike, which may
carry out a variety of functions under the control of
one or nore testers, mcroprocessors, or other contro
devi Wﬁiﬂm%stcmﬂ@hmomgmmmmwmmbs
practiced in conjunction with any nunber of test
Vi ronnents,.. 4 3 r i
TP M BE A SHBEF T (RS F AERbRITRE, donfttRonts and
. present invention nma |0 nunber of ..
varioug, BrRFENFt Jiehtal §%¢l‘c¢}ﬂ?th%@§gf58‘f5y i ée%?n%‘f‘%& @F&?algsﬂ&é{naé%nmb“ of
i nterfacing, data processing, conponent hand]ing, and
hardwareon sEWarRe ¢ @RPINEHISt @orrﬁg@m%e top ,Pe’éfoﬁﬁt%dSP&ﬁ‘éieg functions.  For
apparatus according to various aspects of the present
exampllg) k@ tpreseno peeaties nay copioynedrious tedters, processprss\siaragn systems,
100 having a tester 102, such as automatic test
procesS&Y AABAILoritAfE) ef Q) statisiidan@ngmes, Coleiony @icnents) difyeal processing
present enbodi nent, the test system 100 conprises the
i i T, ike SYISER Hay carr
el e R e e e Tk SV g oy camy
such as.sem conductor [ 0
out a RS eIl GioolE Gl aforkfisfs, filfibdessors,or other
optical systens. In the present enpodi nent,. the. . .
contro} @@viefse R Rddibione Bigressat myertiop) %axnﬁ? B ieqinsopppetion with any
dies formed on a wafer Express Ml Label No. ER o
numb&Qa3 462 2eirduSieDtsc ked eaub syJtem. desaribed o meerd g exemplary application
integrated circuits or devices. The conponents 106 are
for th€ iB@hiéh. UFurthera theapresanmtinentipn acgsenplofiank mmmber of conventional
conpri se any suitable manufacturing process for
technigﬁé%afok Rital Bﬁl)&%}%ﬂ@%&lt LRRrfading @AY provebsifls @nipdsént handling,
rocess, which may conprise any suitable process for
andﬂ%?ﬁ%ing the operation of the conponents 106. The
ester 102 suitably conprises any test equi pnent that

tesfs.co nentg 106 an nerates output dat
- Belefinig W Brioe 1 B0nray adhdPRapts SR () iogp aspects of the
machi nes or other ) . )

present invention operates in conjunction with a test system 100 having a tester 102, such as

automatic test equipment (ATE) for testing semiconductors. In the present embodiment, the
test system 100 comprises the tester 102 and a computer system 108. The test system 100
may be configured for testing any components 106, such as semiconductor devices on a
wafer, circuit boards, packaged devices, or other electrical or optical systems. In the present

embodiment, the components 106 comprise multiple integrated circuit dies formed on a wafer
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sources of data. The tester 102 nmay conprise a
conventional automatic tester and suitably operates in
w@onporsTed on Wi th ot her equi pment for facilitapdngsion®02958s

testing. The tester 102 may be sel ected and confi gured
according to the particul ar cgonponents 10& éo be .

or pagkagede dntggaledr CERYS ofth @FVIStor oE’Fi serapjenise 1o argrpfgeated using a
tester 102 may operate in conjunction with the _

fabricationpueasss, shictemay 8mpoise fry swteblephenufantiigaprogess for creating the
tester 102, | oad and/or execute the test program

compahents @06, afidtnday ipclade d st protessovhioh may@otripeis¢ eyt sritabledrocess for
anal yze test data, control tester paraneters, and the

testing th& Sperhtibrf dfRh@EGHFSHentMOEdi MENt, the conputer system
' 108 receives tester data fromthe tester 102 and

offic RERE L7 SRl COhRASRAY T cLiBRenCIH ECRATRBAG M0 and
onprise separ at e, conput ef . pnal._ ..
senersf el ool MBI SR oot Gofibris RRLFHS Fhashines or other
with the tester &)2 t o exchange si%;]al wi th.the itabl
sources of dafa. 1582 tesisT AAZ ANPFUIRIISG & LAYSHEh putomac Lo And suitably
system 108 may be omitted fromor integrated into
operates ine¢onjimetiom arthsother Qmm@%tforsﬁagrﬂ@hnxdgé tegHag.vEhq tgster 102 may
functions may be perforned by other conponents, such
be selevsed dnd coafipeed 20Drding ¢ thepattsubo nompomits D6t théde tested and/or any
“network. The test system 100 nay include additiona
other SpropPlaR dritérda.f aci l itate testing of the conponents 106
or exanple, the present test system 100 i ncl udes a
deyd ?fstér N{eRr frﬁgeogl:gﬁe ih |6 RjuRctFRAN WAL the RImpe GRtem 108 to, for
i ntertace boar nd/ or a dEV|ce handl er or

prober, to
andle th r Iyl I 4 9 .
a6 R 2 e 0B AR .o
) interl ace oetween the conponents 106 and the tester..
instruttyms torfhe tester |y SRAlHeIISD Sty SHTIEAI HERLET GRS UG ke, In the

to ot her conponents, equi pnent, software, and the |ike
present gnfhadinént.athe compuiengysemt I8 eeeisemniesies datadrer dhe dstrg 102 and
to the particular configuration, application,
perforapvvarionseiata afialydie firesions ystependedly obrthettéster 1. evidmat computer
factors. For exanple, in the present enbodi nent, the
systerh 868 nfiySdoRiPris@@ deparaRIuvAGIueH, §uehaR aARRSIRAI t@hButer or workstation,
conmuni cation medium such as a |ocal area network,

conne%:t'a& rt@BpLGtwgP(Cgl Wit theBL¥OTdS tbl dkBhdnB8 sigRbRWARE tsheitﬁséer 102. In an

ransmt information to other systens, such a

altemerltlevréoém S 1&1\6/1%[ t}:lle190mputer system 108 may be omitted from or integrated into

other components of the test system 100, and various functions may be performed by other
components, such as the tester 102 or elements connected to the network.

The test system 100 may include additional equipment to facilitate testing of the
components 106. For example, the present test system 100 includes a device interface 104,

like a conventional device interface board and/or a device handler or prober, to handle the
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The test system 100 may include one or nore testers
102 and one or nore conputers 108. Further, the
w@ooplorEn4 108 may be separate fromthe tester BRORUSDNSG/029585
may be integrated into the tester 102, for exanple
utilizing one or nore processorsg, nenories, clock
compoggrts, |} Pp £Nd HrAVIFE, an igmacs betigen Hie, smpapsiis;L08) 10 the, tester 102,
addi tion, various functions nmay be perfornmed by,
The tesfisiystemelfl0 mayrinelusiesor bs coprgctesh toraihsr TODIPABEHS. FUHPMH!, software,
various aspects of the present invention tests the )
and tleodikenentfailitte testingrafy e sompbeantse d 0an atoprding atad thee particular
results. For exanple, the enhanced anal ysis nay
configindBh,| dppliéaioea Eftlonm@hiest the rabkystenon 00 rursutladr relesart tfactors. For
The test system 100 may al so anal yze nultiple sets of
examp?j@tiﬂ’ th? Y&k e RS eiBb d@ndeRK Ghe tE@ By St 100 & WeHrRE®d &840 bppropriate
ots of wafers, to generate conposite data based on
nul t.i pl e dat aset,s . :
commifiiicafe S 36 £ 6cef AR ronc HiBE cr Mol AR tike the
. devi ce engi heer, or qther personnel, using the test
intemnebefp Araasalt SHATYRLIoD 1o oeT Feia, SR A S B Yes B i 1y
and/ or inprove the test system 100 and/ogﬂihe
f Bl testatysiem Eipsmayningheriecqrigosinpgre fepters B8Rk ARG on fgre computers
The test system 100 commences a test run, for exanple )
108. Hurthenthecomputer MB toaysbecssparetstframm the tsster K2, of mep be sntegrated into
accordance with a test program The tester 102
the tesBd#i 102 ofoy egaBslduéifizinp@né 6Smofy grocasors ananptiss, siogk alrsuitspand the
the conponents 106 and read out put test data Express
like of‘/g{é tek@Peb2 Neelf. Efn 203133 294iddS eatoat nNg: bd Perfornell by different
l16tromthe conponents luo. ine tester 1UZ may perform
Jtiple tests on each conponent 106 on a wafer or the
fer itself, and each test may be repeated severa
times on th ame co nent 106. The .tests : .
chniss S¥tagm | O AR Vs aPeqit i AB° @y gvontion tests the
limted to) continuity, suPpr current Ieaka%%
compangniselfi6, andaravides snhangest analysisaand et reselte g Axgmplen the enhanced
functional and stress tests. Test data fromthe tester
analysiQmay ddettidy entofeet, questionaide carsurasenl gegnilis e et ight system 100 may
anal ysis as the test data is acquired. The data may
also anhigge BRiligHlOserd dfndata,| suoly-at e¥at nikem fipnf atultiplbseafersrand/or lots of
anal ysis and use. Each test generates at |east one

wafer%,%%eherfaﬁer c&thpdsia datBe@font MAIHRTRARLA. S ThEIpefatdr'Guch as the
(0]

comp

product engineer, test engineer, manufacturing engineer, device engineer, or other personnel
using the test data and analyses, may then use the results to verify and/or improve the test
system 100 and/or the fabrication system and classify the components 106.

The test system 100 commences a test run, for example in conjunction with a
conventional series of tests, in accordance with a test program. The tester 102 suitably

executes the test program to apply signals to the components 106 and read output test data
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Figure 2, an exenplary set of test results for a
single test of nmultiple conponents conprises a first
W@ edo602378est results having statistically simPer/us2005/029585
values and a second set of test results characterized
y val ues that stra fron1thegj|rst é@ ach t ﬁ st 106
from “Pf‘e%qwl%onﬁ’é‘ﬁ Ie dBRFRSIE AV By perfppe muliRle tgsfsn eagh gogponent
lower test |imt. If a particular result for a
on a wafemponée wafes dtsel, and pash leptniney benwepealerh seisral tifass p the same
classified as a "bad part" or otherw se classified
compoaewtol0di ribhe wstshsayt eshprigedingr apphapriatestests.csngh tas (Batnmot dimited to)
the test results in the second set that stray fromthe
contln{ult)r SéuppBl cUB¥nteXNefage tduereGQ Npdr@hetticNittic, pdrametriot Bgnanic, and
do not. For the present purposes, those test results
functlénlaﬁtana;tsfr@éé felem the dfafar FbmStik t@&t&r 102 ROt B0 UiEl€ access and

cont r ol |mts or oth erW| se fail to be detected are
supplefnézgaﬁ ¥ras asgt%e te?‘? %th? ug%cg egfg@{le%}g e a'(l)é? l;grk@oxje&% a long-term

ap riate ose, such as to identify potentlally
memo{Yan%éF B‘l‘@nt:%l‘?ﬁ?% AEISCThe outliers may al so be used

to identify various potential proble nd/ or
i Bashdost gaprates At lepst ope sgsull for atdenst era ‘Bfrtﬁﬁ §OmPRREBLss Referring to
As the tester 102 generates the test results, the

Figuredljtap ekernplsty stapfitesoresutschar & simglsrtesitof mudtple cgmigonents comprises a
repetition is stored by the tester 102 in a tester

first sétabBtdsi k&ultd haviagtspatistitABL sidtdlaf vakeeiavéth Eocondsst MAitdst results
Label No. ER 503482291 US Docket No. TAI. 1 1 16trom

charac Bd %? NRRRE Mat sty FOmAMBIfYSaRt. YEAG tefSballt hey bk @ompared to an
assi the performnce of the conponent 106, such as

upper ées{ Bnflt BRA S ;l %utrqgst anﬁt.dﬁaac‘ gbxftl'cﬁlaf k&0t f&oi£ c%ggﬁglﬁ 8pc%’eﬁgs either

arison 'ower test
X results of the clas |cat, . so_sto in the,.
limit, 16 SPBIPOREY aiafheeclaserﬁsdlasgth ol r ARV R Sl gpdadeORaing to e
additional information as well, such as |ogistics data
test angfpy thectgst ipfdlgr am i denti fi cat i on data. The tester data
file is then provided to the conmputer 108 in an out put
f Sbrag of thehtestsresultstintiasagond sat dhatdtray fioor thet firgiSEDM)ay exceed the
file, and stored in nenory. The tester data file may
controlifftsp@hidé othedt domdt.hEosthe pagsentyyspases, fthoseltest gesults dratstray from
storage for later analysis. Wen the computer 108

the ﬁrEteﬁ?blYtQﬁ) 1 exéRIURS c@bRIifnith Br ofherwiba 128 betdiRctdtade feferred to
provi d

as "outliers". The outliers in the test results may be identified and analyzed for any
appropriate purpose, such as to identify potentially unreliable components. The outliers may
also be used to identify various potential problems and/or improvements in the test and
manufacturing processes.

As the tester 102 generates the test results, the output test data for each component,

test, and repetition is stored by the tester 102 in a tester data file. The output test data received
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enhanced out put results. The conputer 108 nmay provide
any appropriate analysis of the tester data to achi eve
w@mpeera7iabl e obj ective. For exanpl e, the conpetBUSDOB029585

may i nplenent a statistical engine for analyzing the
output test data, at run tinme or er., d

trom eagfh RRPYACHE ‘NS AR 5 By 12l Bipsf¥cing pesfoppance of the
interest. The data and characteristics identified ma.g/

compobentsh0fr egh agnntoe RRatularthip classifigntion Jfon examplg bygempanson to the
retai ned, discarded, or otherw se disposed. The

upper amhjuwtes rtest(]ﬁmtsaqubehef wsuitsaefdthe ictassificatmml 3reiadsof sipwetiipike tester
upon the generated statistics and the output test

data filkatThe t&us atstila wiayriadludeddditiondEinforinatiog aawell, such as logistics data
classifying outliers. Analyzing each rel evant datum

and teﬁg?&tfr%fi@exﬁi@icm @lta. PR SRt 84th Eilk RItBEH protided so!tHeabinputer 108
Ifies the outliers. If a particular algorithmis

in an obxga%’?ﬁ ogﬁdhaat % difldafd 8GLr Pika fi&?ﬁu@t’ (Stl" ‘f’g@gﬁ? ?ﬂbrédoiﬁ n&hYory. The

configured to automatically sel EC rent

0 |thm The c t.er Q
teter if i el i S0re 1 B LR DR TR Lr oy Wmyggorage for later
conmparison to pre-selected or dynam c val ues. For
anal}’Sl§xar1'pl e, an outlier identification systemaccording to
various aspects of the present invention initiall )
aWhendhé carhpyter 208 becaives thet issteedatp tfilgi llt)?m%lb!z%utthmdétfasto provide
based on selected statistical relationships for each
enhanéedl RivAN resdté, UThoconifutézxiDBensy prbvvide hapepprdpriatERnalysis of the tester
503482291 US Docket No. TAlI. 1 116other data. Sone ot

data t$ r&@lﬁ@veg sgitdbtbbjettivdl | oS Biaspla! e tdaRTDuD NMOBI @6y ifipRment a
hreshol d or ot her reference p0| nt, such as the data

statlsthQl ot 1&?@? ’a{lzﬂ&ze Hg‘ﬁ#«f‘ P&rtﬁéie 3 [’l+ o{‘r?letol?%t@[o nd t1&%:nt1fy1ng data

efl e re Iimts.

and c}gaggqst%gsttic?e g??gg(ge Cg LBE} ?'t a1t | Ct%hcfi é:Eldraa'(:é‘t:ggs 1Scrs],I ﬁgntﬁ{e% may be
standard devi ati ons _of the data to define

storedgvhAedatathag ot dentifigd mey Be setaiferd disgarsigd. qré’é‘%e%?ﬁ Sispgsed-
then be conpared to the outlier threshold limts to
| Thetcofputend 08| meyifeyforheaddifiopat analysis dunetions upon the generated
outliers. The conputer 108 stores the resulting

statistiek ahd Shd 6stpantdsodita,i sacls as dutormatcallyaideinti fyingt arfdi dassifying outliers.
such as the x-y wafer map coordi nates, associated with

Analy"il ¥ SRhreddvahi Shiues B8stdRBt td Bhé - orsﬁxb@é?tsel@ctéﬂ adlp&rithms , suitably
l1ers, and/or failures may al so trigger

1dentlﬁgs thg ioﬁﬁlit& LNf g\bﬁﬂfcﬁlar §fﬁ8ﬁﬂ@1§ is inappropriate for a set of data, the computer

108 may be configured to automatically select a different algorithm.

The computer 108 may operate in any suitable manner to designate outliers, such as by
comparison to pre-selected or dynamic values. For example, an outlier identification system
according to various aspects of the present invention initially automatically calibrates its
sensitivity to outliers based on selected statistical relationships for each relevant datum or
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sending an el ectroni c nmessage to an operator,
triggering a light tower, stopping the tester 102, or
wooish337mg a server. In the present enbodi ment PCT/h82005/029585
conmputer 108 includes a scaling elenment 110 and an
outlier classification engine 112 The scalin I t
other dptay PAME G {1eSE SRHSE! BRIFUMURS L5 then, FAMRTFL L9 géﬁr‘*gﬁg or other
coefficients and ot her val ues according to the oqut p%t
refererice poinasugh a¥itee date made, mearOrmedian, F camgingdions| theregt, to define
configured to identify and/or classify the various .
relative ohiliee tigeshold himidatla the pmsdit rpntiodinseit etheesthatistieal rrelatipmships are
More particularly, the scaling elenment 110 of the
scaled Pfof $RathplerByosticlens, thieef atdl six ymadard aleviationssofathe siatac & define the
rel ationships for dynamcally scaling outlier

differenf %ﬁﬂ{e% \é&r{aﬂi’tud@.e Pheloupat ¢aefdataL APt heRMR SdthpaEd Yo the outlier
cal culated by the scaling el enent and used to nodify
lLected.out.l.ier [l V] ppropriate
thres}@?ilmgsﬁg,lé)eslﬁhgﬁ%éisaggélﬁ?g% deu t!\%lk giﬁlﬁg%\ %ﬁlg ati onshi ps,
may be used for scaling,.The outlier classification. .
o SrEPELS 108 storps e ol ages e e ISR I gt identifier,
classify the outliers in the conponents 106, output )
such asethe Xtat wafenagrocoordbriesi asspaalgd twith By Yeh ptatistishgng outliers.
1 Express Mail Label No. ER 503482291 US Docket No.
Selectdd\Istatigtich, bgliers, addidéorafagorss imey alse tiggebmotifieation pegnts, such as
classification engine 112 may be configured to utilize
sendin@Hntdl@t@nicaneisaial 1o aawpkiatr, iriggeding a tigltitowenls@ppinghhetester 102,
and identify one or nore algorithnms suited for :

ornotigﬁﬁ?tais@%ﬂg outliers in the output test data.
erent tests generate different popul ation

di Stributi ara i L .
e o Sl LAY 84 RELEP R g e 10 0d an
. ina opriate f ther.. The o {er classificatio

outtieegRftsaan hine £13 SBR% <aling FRTEBhH 0 SeoRpERER I GRlnRCany scat
between different data popul ati ons and autonati cal | .

selectesb|ceefficignts end rather walues @pcqrdaat ior fheaOPBHt dpgjolaien mihe outlier
based on the data popul ation type of the current data.

classifitaionengimatlil@ is ebeligureh tovientifyl andforfalasmifnilje various outliers in the
appropriate set of candidate outlier identification

data a8¢@@nk th8ect@dgoryimper f or m the sel ection according to

any suitable criteria and anal ysis.

More particularly, the scaling element 110 of the present embodiment suitably uses
various statistical relationships for dynamically scaling outlier sensitivity. The scaling
coefficients are suitably calculated by the scaling element and used to modify selected outlier
sensitivity values. Any appropriate criteria, such as suitable statistical relationships, may be
used for scaling.

The outlier classification engine 112 is suitably configured to identify and/or classify
the outliers in the components 106, output test data, and/or analysis results according to any

11
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For exanple, referring to Figure 3, the outlier
classification engine 112 may be configured to
wapdoened7ecal |y performan outlier identificatipP@r/US2005/029585
al gorithm sel ection process. The outlier
classification engine 112 suit.ably conprises a
sultablf S FHBE S S8 AGCEAG HE OSHT Al o oRsBe L BAY b gopfisured to
312. The pre-processing engi ne 310 suitably generates |
utilize gultiple andidate putiieridsatifcatipy Aleprithmseand ddenfifh Pt mpisralgorithms
identification algorithns. The classification engine
suited FoP idantifidbg youslaire oo shormatpt teshrdata. el Rifferant dests iggnerate different
identification algorithnms and identifies the outliers
populatiofi Aigib@lons, Stk thatt pubutliesidentifiction atgoeianpthat idadparopriate for
taken froma particular test, are initially provided

one tektOmhy'Be MHpbidpriafdl £ BhbtheAt TRE ofiNgt BRssiAcation ehdaleYH? is suitably
the ‘out put test data for conpatibility with various

conﬁgﬁ%@qg gﬁgeggﬁﬁ% i.c)j&{ve.éﬂj&i@fe}éznit tﬁgt%:pgﬂul%&%rainﬁmdniﬁﬁ%lg AL18ct one or

yzed I n any sul e manner to 1denti

appropriate.al gpri.thns, for identifying f.he outlders in
more i ferg e bl bespd o i ol sidoes e Buh daa
enbodi nent, the pre-processi ng engi ne 310_receiYes,the )
The ausempia selestion may seleATIR SpY ABRIOPHEC 5¢f0f casfidate gpiliepjdentification
identification algorithms, such as by retrieving them
algorithmeyandrmayupdrfeem thelegledtion@atardimg &b ey $uitable|oriterierand analysis.
stored in nenory. 12 Express Mail Label No. ER
SPa4 &andle, Uik ab MNgureTA\ theld@liae clasdfigationeanimg 112 may be
engi ne iu anal yzes ne output test data for outliers
configh®dng ag@HekieAllyYerfdi AVGili bdtifit 4Rl APSFRhm! s@leu’i%l process. The

present enbodi'nent, the pre-processing engine 31

: . th d ' A . the. .
owe PSRk B 1 5500 Rl g B B, 10 an
.sel.ectian algorithms, to generate pre-processi -
classifiHigh SRR IL2 G PIGPECeiSmEAORTT P Da B LEF AT go PR e Apfeciliat
and various descriptive statistics, such as mnimum
selectign @i relavant, OVl adﬁntléﬁaéweaﬁﬂor&gmsfﬂ T8, claspilicaiegmengine 312
and the like. The algorithms may be based on industry.
suitabbt selelds dné eargmord @etevane divglier +identificstigmealgasitomy aaddidentifies the
proprietary, custom or user-defined outlier
outliefs@esbrdingBat i on techni ques. The outlier identification
algorithmlibrary is suitably configurable by the

USRE oulfft 16342890, efdk Cex@file data taken from a particular test, are initially
provided to the outlier classification engine 112 to analyze the output test data for
compatibility with various caindidate outlier identification algorithms. The data may be
analyzed in any suitable manner to identify appropriate algorithms for identifying the outliers
in the output test data. For example, in the present embodiment, the pre-processing engine
310 receives the output test data and prepares the available outlier identification algorithms,
such as by retrieving them from an outlier identification algorithm library stored in memory.

12
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renove, or edit outlier identification algorithms, for
exanpl e according to the particul ar products under
WO e®@b/023744 he characteristics of the tests to bECT/US2005/029585

performed. Different algorithnms may be appropriate for
different statistical ulation t ,_ Such as.

1he PIRGIPREFSINg GBBAS RYPBANS AT ONBHHiSSAat i pHlists Ugine sgygral of the
CPK data popul ations. The candidate outljer

availahlgl algorithmsat inghe aregentiombeodimen, the Rfs-proeessing cagine 30 analyzes the
al gorithnms for various types and distributions of

outputdtastadats wsingasach nifethe qaligorithme desigoated b@Rhe nsemredr another suitable
distribution, 3 sigm; IQR normal distribution, 6

selectish @ @lgotifditd, @@ gbfdrie|pre-Brove @iy ddtdRutlpgs ootlierl as Wentified by all
si gng,; bi modal al gorithns; clanped algorithnms; |ow

algontﬁﬁ@aﬁkil \Laﬁ'ﬁéuéldg%phb%tatl%t ARHAIRiAIAE RaSRMNDmém, median,

6-, or n-signe; and propri etary al gorlthrrs havi ng

standarrfgcﬁev?a#%nséﬁﬁl bi’M ta.h(?'ﬁ}e e pre-processing engine 310

SO0’ anal yze” data to generate

car ctelstlcsr ating.to the outpuyt t dat.a
oY b Fp LT n G AEa b niéhcaremff’ N*sigma,
varlous statistical properties of .the output te
etc.) apd{pBPropHetaph euPRe ek asehgeinedaritiviidendifigatian tsrslémques The outlier
suitably dynam cally selected for outlier detection.
identificatibh exlgnrighrentibraryb sdsuitahty, configuoable bgrthelusesi for caainple to add,
engi ne 112 anal yzes the test 13 Express Mail Label No.
removERoP @31 SR%t identiakien dorith,. fot ekimptes iddosdihg to the particular
identity nme nost userui or applicable outlier

produétéj ﬁﬂ&érftbﬁ YritRe cl%lrgaéﬂlél'aﬁr‘éf the'R@std 3 defpefBihéie  Pefr@ehteslgorithms
[1Ter i1dentification algorithnms may be retained,

may te élp%oglme ff&"ﬁngfé dé}sne?@*s%} g}lﬁﬁsﬁ q?}?eat Eoth 8 %Bl%ﬁgl rithmic

esent e assi f 1 on engl ne

nom%mpgﬁgﬂg%se ?:P?ﬁfq‘éttgs ladthfné gl{f}?lsclpxgcﬂdﬁe OUMICI' identification

i dentification aI gorithnms. The classification_ engine
algorithurs g pqRRISC: Y Syb‘rtéblﬁ leostunn T yariaus ey dichgisirbutipgs of data,
suitable criteria, such as predeterm ned and/ or
such as&at‘er-ﬂeintliﬁathnge(ﬂ(lik} torimad distribugions 3 sifmnas ri@Rnpomed disgribution, 6
the pre-processing data satisfy various criteria. The

sigmaf WDRSlogaiorigl, 3nsig@ppIQRriogmermall éssighayr bienodabhigorithms; clamped
enpl oying statistical ratios or values, such as

algorlﬁ-nﬂ'gP%W Y agatrlllgtg'rac-lgérﬁﬁmsl bds@orMalfofieiths BRYedBHTB-, MBABr n-sigma; and
proprietary algorithms having various sensitivities. The pre-processing engine 310 may also
analyze the test data to generate characteristics relating to the output test data. For example,
the pre-processing engine 310 may calculate various statistical properties of the output test
data.

The pre-processing algorithm results are suitably dynamically selected for outlier
detection. In the present embodiment, the outlier classification engine 112 analyzes the test
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devi ation, CPK, and CPM to various thresholds or
other criteria. For exanple, the classification engine

w3 idener4ski p the outlier detection process UnNBEr/US2005/029585
certain circunmstances, such as having too few test

results or a too narrow or bi noda Lstributi
results frofRpH §hc BBt el PR GrDer gt e ign ek e data
and/or may be adjusted or added by the user to .. X
from thecsetented datlier idsabificationadgntithme may 5 retaged wjlrthe remaining data is
test environment. Further, the classification engine
discard®d 2 Fonyxdneple,dnfthegpreset embediplent, thepdassificatien engingot 2 ngegives the
to a certain type of test, for exanple when the
results'dF3he pi2-2bcdskiag aaslysigpendtntedby eacthafvthe avpitabld cutlier identification
di stribution. O her rules may determ ne whether a

algoritglfﬁg.t W Rissifieaion shefRRP 12CaklyRes Eﬂrpr%%ﬂékﬁn&ﬂhﬁ according to any

assiftication engine 312 may conpare the Kto a
. threshold, |f t | 4 ( €0 td B8ermi
suta AT i s, led Bl Q- FoEpERifvon OEE J Btemine
used. In the ent }slzstem .iesults froman al gorithm
u

res
whether {hg B‘F’;Hrﬂffssamg dpta sty JULMSEBI™ Byt | i er i dentification.
O her algorithmresults for that test are_ suitably. )
i Brrorudes. MTH ey IRPFOREIaES B, doft PSIAs sMRloYIng S%%lcal ratios or
also identify and classify selected outliers and |
values¢ angio ne rtosnpbfi6g astw Bk, nigket minimang umpimunas meppsedign, standard
and the information generated by the 14 Express Mil
deviatioab @PIYO anER NI 48 220ibus/Shidslokéd  ooothdrAketitetih6 c divpuexample, the
IDS. tor exanple, ne outlier classification engine 112
classification’ bﬁ@ﬁé %150y G B Jullice |dRREfidY piodessapiaReag s ciléifnstances,
Into critical/marginal/good part categories, for
examl e i , . . C_ dat.i
such § 137y ot Rk W8 SATLL P 2 hd PutE or AR BEkbdamong the tes
resul o PP LSS g Pegtre SaetHpd FRYST s B @ Riryr SRR by the user 1o
qual i fications and anal ysis; tester yield |eveling
accomarpalates specifipy rapdisiongrad %ﬁabfoéhﬁﬁ ofnd g"éf VPRI pi gther,  the
for part dispositions and dynam c retest; or test )
classifivatign angiop 8 1 rimax be oonfigvatd/toepplyrrparienlan abgorithm to a certain type of
classification engine 112 may classify data in
test, fO€ 6RAEFIBGhenl the reqittéestt thenest afiPknewntto dlave ul psticudarcdistribution.
as Western Electric rules or Nelson rules, to

Othercﬁ%saﬁﬁ?raégrrﬁiﬁ@ Widiger 4 NArtRialdrl R%t ¢ applidabfAt iKYt example, the

engl ne 112 suitably classifies the data using a
classifslcealti%ﬁte%%in%ef)t12°Inay compare the CPK to a threshold. If the CPK is below the

threshold, then the IQR normal outlier identification algorithm may be used. In the present
system, results from an algorithm satisfying a rule are used for outlier identification. Other
algorithm results for that test are suitably ignored.

The outlier classification engine 112 may also identify and classify selected outliers
and components 106 according to the output test results and the information generated by the
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classification limt calculation nmethods. Any
appropriate classification nmethods my be used to
w@ebasazi7es i ze the data according to the needs PET/UN®05/029585

operator. The present outlier classification engine
112, for exanple, classifies.outliers b

compuiRTiSkit ¥USTHAHIRG, Y LR EERCAPR BT 120 ?ﬁ%abs‘-‘/ Sohfigred to
val ues corresponding to one, two, three, and si

classify tthe j compoagnty Kioainiel csttigpldRAEINEEo0sk PaT sCHILORIED “for example in
threshol d, such as the data nean, node, and/or nedian.

conjunttien ivdtntiseridefined oritdriapuséridefised goodibad 1wpatisé rpattemd sreeagnition;
normal i ze any identified outliers for any test

classiflc@@ed @f gsestindnt (ata) foratasler tdace camnressibmt tege setap sia-sithihensitivity
outlier classification engine 112 anal yzes and

qualific{on§ laﬁ% eSall 8 (DRI I8R LR bhAIRIS SNSRI wifBemap W8t st strip

0| nts based on user-d flned rul es. "The outli er

mapplgg géia{'t: %tolslqlong AL e%ééi taldsy gﬂ)%{‘ opﬁrﬁﬁﬁﬁon analyses. The

tron accor |ng {0gach 1

outled SRR R EY | LBt ey rfh 4t ABioreder oV TR r%‘/’n‘(’)e“‘mnal SPC
suitable criteria may be used for classjf ﬂ
controb BrgsosHehtas Western EdsetcrilesiogiNelpopgulghdo eleﬁrwt%%e the datf-
as: FAIL if the part fails at |east on one test. 15
EXipr egleriadsificatien emgine ER $0BHigxrasifiestiooditensing a sglagted set of
11 16ii ut u. no. uttii identified to have a LARGE
classif@datibh Bmitodalc@llationaséthdbdw ADipdvbroittd tlegsification wiethods may be used
different tests for the otherw se passing part.

to ch i2Anhd 1afl ad@ffihg OcBethEeﬁéedE‘a&' preBpdrdRAt | fihedprbent outlier
ave a MEDIUM outlier or at | east four SMALL outliers

s P4 2153 e B O R Mt s s
select(igiafbfresYl ?@é%*%ggﬁg%;gg%%rﬁf 19%%%}({]9% \Ng h%aSSI ggst”f is%alnstlcally

for the otherw se passij 8 part. Criteria for [, ..
scaledratanidand deairationsfige afirasheldssughgs e da r@%ﬁtneawée,@glﬁmr fgdian. The
to any
identification of outliers in this manner tends to normalize any identified outliers for any test

regardless of datum amplitude and relative noise.

The outlier classification engine 112 analyzes and correlates the normalized outliers
and/or the raw data points based on user-defined rules. The outlier classification engine 112
suitably performs the classification according to each test, which may be performed
independently of data from other tests or in conjunction with such data from other tests. Any
suitable criteria may be used for classifying the components based on test failures and outliers,
such as:

FAIL if the part fails at least on one test.
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suitable criteria, such as threshol ds based on the

test limts and/or characteristics of the data. The
woniokioes74c| assi ficati on engi ne 112 may al so bePCT/US2005/029585

configured to identify local or "hidden" outliers in

the data, which are inconsi i i i i+
SRRt 5P 0T G BT o3 A e R P LA R Br atfeast
defining.the "global" outljer, boundari es.of the main

two MEDII O ttrs opR e A REnt At of e b e seasitd AT | [ or

lies outside the data distribution of the main data
PIPRGINAIn if atdeast opeitast asdeen dgatified tiBaysor MERIUM outlier or at
outsi de the data distribution of the main data

least fquoSMALL ontlicoutn fomy diffevént testsfoythie fotheawist passingpaat.
smal  er | ocal population of data points, such as a
tevmpanatf ® Rhstsoet fead has benaidemifud @t hor. a EMARXaoglier, for the
referring to Figure 5, the tester generates data by

oﬂwnﬁﬁék&gggyﬁiious conponents on the wafer sequentially.
The tester noves the prober from conponent to

ti t r NEDS :
AR ot AR SMATL MIBDIORE TR OB Tof BIERGRAse passing
materials and the testing process, the test data may
part. vary regularly as the prober traverses the wafer
(Figure 6). Data points 610 lying well outside the
varitesn fonsmatle I%‘?‘ﬁ‘?‘ﬁaﬁ?‘i yarge utliars gpay, ke gﬁ%ﬁ'&ﬁ according to any
outliers. Data points 604 within or slightly beyond
suitablelveitetd, fachras twesinlds basdsiedn the tesElimBe dadfondmragristiexedithe data.
No. TAI. 1 1ll6variations ordinarily escape
cTias suflice aldsSificationaegdindall 2 auiy iaBb, beevenfigured e idiattifiy local or
points 604 significantly differ fromthe data points
“hidddn® oufRA infthk YaRe ¥hih L& ifcBhSISEMAREH PEnGOMRANAbSal g6l of data,
outlier classification engine 112 nay be configured to
i dentj f C plLers. 6 c ' ] f th .
but of (REGpE THE e, Behiibg B “Ua AR A HABIAR of the main
anal yzed as the data is nerated or after the .. . .
populdiag SEFETHG ofighth Bt AR Runtaps S dibde B diggpbution of the
~ the data may be_ preprocessed, such as hy renpving . .
main dgte pepulginn  lepcs! awesy homgvar.fdoy not awtﬁé% glegﬁg?s@xmbeaon of the
as failures, or nornalizing data across various _
main dag populstiarf, buheapedeniate sigoificanslyt fremsasmplerdogH @apulation of data
Figure 25. In addition, the data may be nornalized to
pointsasidhes & tehpdregocsatially Wadlpophilationray be generated due
to known causes. For exanple, if the test data was

IRBERIBAe USLBRINEULS IF3dr€ 5, the tester generates data by testing various
components on the wafer sequentially. The tester moves the prober from component to
component, accumulating test data for each component. Due to variations in the
manufacturing process and materials and the testing process, the test data may vary regularly
as the prober traverses the wafer (Figure 6). Data points 610 lying well outside the variations
are ordinarily classified as global outliers. Data points 604 within or slightly beyond the
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testing in which nultiple resources test wafers or
conponents sinultaneously, variations in the data may
wbeodonesraed due to disparities in the resour ceBCT/ES2005/029585
multi-site testing, the data nmay be anal yzed for | oca
outliers for all of the site, for each site. .
varatipnFiRIgEaEN CAGAPE LATFEFANQY 2P| Slokal AT e gV {fothe daiy points 604
test data may conprise any type of test data, such as
signifigrntly diféar| frcan the data points forspetiallyi negrbypr gorrespongdiag spapapgnts.
enbodi nent, the local outliers 604 are identified at
I'The duther,clasifichtion englind El2 mhwnbs confearédto identifpsudi Realsoutliers
integrated into the test program executed by the

604 act&QlrRto 1Y suitdblOmectRniatonotess.a¥hPaita welybeandBized asSthe data is
processed, the outlier classification engine 112 may

gene:ra‘gegltoc("lélﬁ%t egxﬁsjlglggis Ldnhibred BAE B UaflSstéil. BultRGaihe @tadmay be pre-

, suc sel ect'ed number of nost recently

ner at ed .data. The t e [ .
procesiil Sufh ERUDE il BAT shoRCalll AAE S PRI Sfisifed as
fuilurcicy FoFOR MISE G48 ARBPAF PO GPTBE LI s S he Sections shown

spatially related data points_i addition, the nunber

in Figwt 2§ atla agdition,sthe datemeay ecrarmghized te address differaseeiy dagp that may
according to any suitable criteria, such as using a

be gerpratedsdiectot ladwmerness. dfordatmpleoifiths tast date verstgeneratedersing multi-
nunber of data points according to various 17 Express

site ted¥iglin WAe miRiplERsOABESBRMatels ddaktiondits sihiltandously, variations
11§cptepa, sucn as tne variability or noisiness oi the

in the qgtﬁfi’l%agl fe {nBEcdahR t{) AisPAith: in YL BT T ntlAti Ait8 @shhg, the data
may y by

aut omat i cal dj usted, for exanple

I ncr.easi t he nt [ of ' LA
may bg BEAPER BEed PRI Do Y A B Tt i Gy, BB fora
out]ier thresholds may be dynam cally, re-cal cul at ed
normagigsch iRt A (6 GH1S BF IO ARy P O LIS IS et sy gesults or
by using a first-in, first-out (FIFO calculation, The
parampigic esting idatad dn shef presenh emberdipehle Hiedogd) optisrsfQaargrdentified at run
then be conpared to the thresholds to identify | ocal
time, andt the entier Elassifoatiopleagine dfl 21is intagrated Hitg theetsstproBam ¢wecuted by
outlier classification engine 112 sets the size of the
the tedt®Q@b. data set (708), such as by retrieving a
pre-sel ected size fromnmenory, requesting a selection

f 108 d BEbORREAL 85 palineh Gith A hidGeRBd, aRP bRIMe! BlaSsifitARn engine

according to a
112 may calculate local outlier thresholds for a local data set, such as a selected number of
most recently generated data. The data to be analyzed may comprise any suitable data, such
as preceding data points, subsequent data points, both preceding and subsequent data points,
temporally related data points, or spatially related data points. In addition, the number of data
points in the local data set may be selected according to any suitable criteria, such as using a
pre-selected number of data points or selecting the number of data points according to various
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sui tabl e algorithm such as according to the type of
data, conponents, or noisiness of the data. After
weedoenriTmg the size, the outlier classificati oOPCEOSI00&029585

112 popul ates the data set with data 730. The test
data 730 may be stored in buffer.,. such.as.a ElIFO

criten, g dhe VAEIBLYY PEESEREHAT ( 4 15(hqdAa isdisy the nippey of data
data points correspondi ng to nonexistent data L

points frayybgragtomagically adjasted ot Pemple by yncrrasingithy Bymbgr of data points in
popul ated with initial data (710), such as presel ected

the locdhtlata detiemiredied thakeffectoof dheenaige dEtealotdrouther thresholds may be
remai ning data in the buffer. The data 730 in the

dynambVdfl{ @¢-c At latell &4 th s@Umutation lof nbwtparanpqee datagfor ewemple by using a
| ocal outlier thresholds 732A, B (712). The upper and

first-in|, B¥¥%Eont ?ﬁﬁbb eMELLESN. t TRESHAhESic (3R Yor Bhc"RYnpdBents in the area may
cal cul'ated Usi ng any suitable techni que, such as
cal cul atj t j: Al s t he average of
then b? %Oén%af%%éé)gtﬁ%éngsgﬁg%g%n m\}%ltlhgis??u{llg%ges of conponent
val ues, or ot her appropriat thod. For..exanple, t
el ainfs, e R tiBHen AR patich glasspcAPEatipe 13 sets the
) snoot hed value 734 or a statistical value based o
size ofnther Iqskle dpgi sot <703, s PO &Y TeHigV SR Pre-sglefed$128 KyRnmemory,
medi an, or node for the |ocal data set. In the present
requestinp adietaetion frdme thep pperatandor ealgrlatingcarl appropriaie size according to a
t hreshol ds are cal cul ated according to the foll ow ng
suitabl@%l%)ﬁitlﬁﬁ,ss'ucﬂ 8s kdording tdVihk ltypeadfdataNoompdreh33diBRAS fiess/ST the data.
Docket No. TALI 116Upper! hreshold -snmooth _ data +

ize, HRoGBEACIQIRIfib 8a41AL 417 pspuIRieh the @kA4 Set-with dat
Aﬁer% rcgggglllﬂs%e’lt@ dat acwheré1 UppeérlThr esﬁoﬁg is the uppevr1 .

73058} 5ot 1Y 53T 8 oSN SPH o icions
N RN TR

~constant, such as a user-sel ected const ?imt, and
outliers Ot be iignarerd or ropplatpdamith| i@ittah gt 6110 8uch: p% preselepted data,
| ocal data set. The threshold val ue may have any
idealizdidaaboraverdge elataf for thexempihingisiatadie ¢ire latf%ant 1.5 and 3.0.
The test data for the current conponent is then

CORP Aat@ 7 300int the buPRE hreathdn lvevdto talcwlhtecupiplet @nd lower local outlier
thresholds (714). If the current data exceeds either

threshblds €BRAl & (11P§. CRPGRPfnd Sower local outlier thresholds 732A, B may be
calculated using any suitable technique, such as calculating standard deviations from the
average of the preceding component values, ranges of component values, or other appr;)priate
method. For example, the outlier classification engine 112 may calculate a smoothed value
734 or a statistical value based on multiple points in the local data set, such as a mean,
median, or mode for the local data set. In the present embodiment, the upper and lower local
outlier thresholds are calculated according to the following equ;uions:
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designated as a local outlier (716). The |ocations of

the local outliers are stored for reporting or other
wa@is®s/0Ti1e4 | ocal outliers may al so be further prODESBEHN)29585

such as for classification based on magnitude or other

sui tabl e processing. The | oc set may al so be
pYRRes e H G = HIRPbt HEf +4Hi effg’é‘li e?égia@r mat i on. For

EKSWE T Breshdll OthbitRT dalaastidsheld™IQR, engi ne 112 may
anal yze the data to “identify relative maxi na and

where z}gpfﬁzhesvi%@h 1$ ﬂlg u&)g?r og%ltolﬁﬁygév?és%l ds dﬁgvéegzg}egl c{ld ‘T’{%ls ll(ﬁ’@er local
the relative Xi ma_and mn| 1qQt be  sui

outlirhischats, ewopd A e G YAUSR VaSHE 88 MBBEF POUYS I Jocal data st (n
Consequent |y, the outlier cIaSS|f|cat|on engi ne 112

the present ¢rebasimentgihe ancdian valuek thrgshokbis dcanstand, ek ave uyferselected
mnima and rule themas ineligible for designation as

constahtpaad J@R,}, issthe intdhquantile lrarege of Itleesdstd inctht ilapal datgisete The2hreshold
may identify the relative maxima and mnima in any

value ﬁ?%hml Ry FBRLRE vallig) foLxamplEbetiveer dboupl 6904 8.0.
enbodi ment, the outlier classification engi ne 112

.S’Pllleet‘égtﬁaﬁa P rtlliél Qlredt cfifordat R (BEL conSPAedd BIh& upFdr ah@ %wer local

is smaller or larger than the | ocal 'data set, 'such
ouie R 1Bt e LA B G S 0l rﬂ%%%%nem s

s 508 BRI E0.% Pk 550588 b rporing
503482291 US Docket No. TAI. 1 116maxima_and mn

or otherarse.eXherfsicel @yligrs aastalsegbe fyrtherrsosassade schaasdor Jagsification based
values in the portion of the data set and/or a sl ope

on magitide@r stheotuiedlaabeessingngi ng bet ween positive and
negati ve. The buffer contents are then updated to add

t PRe 128! d¥@l 4¢€ My also MRVprecuIRANAtangNsthéresuinablet information.  For
ol dest test data (720). The process repeats until al

examp% {hg ﬁﬁéracl'agklﬁ&?ioﬂaé r%e'i 12 %’eg; aftdyde thed@hd t%ofdeﬁtllfy relative

onents on have n processed (722)

maxmilad %n?r?lg]gt Elié(i qglrngt:l?e ov Jaﬁgc%a Qelt’tolrlsﬁ{ﬁtl Fgé/rtlgﬁs o{' the data set
(718). pg} &%;‘;:ug ,slggg?otnléi qll?g I?ellat(i)\?earlnau?lumtal | %rrrsﬁng}{a &%gpn%rt lbn %ultable candidates
for classification as local outliers. Consequently, the outlier classification engine 112 may be
configured to identify the relative maxima and minima and rule them as ineligible for
designation as local outliers.

The outlier classification engine 112 may identify the relative maxima and minima in
any suitable manner. For example, in the present embodiment, the outlier classification
engine 112 selects a portion of the data set, such as a set that is smaller or larger than the local

data set, such as one quarter or one fifth of the local data set nearest the current data point, or

the entire data set. The data in the selected portion of the local data set is then analyzed for
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data for individual conmponents to |local outlier

t hreshol ds cal cul ated using data for spatially related
w@oonporsamt s. The proximty anal ysis may al so bBCT/US2005/029585

wei ghted, for exanple according to the distance

- between a central conponent angd a, nearby copponent. .
ey B FRGo0 Bl GOFIoRy BB B 86 et PSSR alies in the
system such as a dedicated proximty analysis engine
portioropf thepdata seti and/aarrablppé in Siegimothesdsdnta shanging befwgan pREfive and
task, like a proximty analysis engine used for

negatigener ati ng conposite masks based on nultiple datasets
as described bel ow. For exanple, the conputer 108 may
benheCiTdr $hRBtst e tiANipdaied [to@ad tigliekt Rilge By a new component and
identifying outliers within subsets of the overal

remov8 e @st teSHfi g@gw TR ProBak fede@s uitiPAl 6€hE8 da@lif WR ®ita set, such

components on articular wafer. In one enbodi nent,

referriing to Figures 2 7 r 108 ma
as the ‘éag? g%la;”sc%mgoaflﬁg W 6‘1%6125 ngzgegpg&%g%gm%ﬁt hat rrayybe
used to select nultiple c opents on a wafer, 2612. .
 Theamialiera o SmOLBIR- oG SORUFT HBES Pe PRy g @ proximity
spatial area of interest, such as a subset of the |
analystso riblamplioximiéy andlpsigedestifioplopal quiliers byecomparing RAFARRSHS or other
2610 may be sel ected or adjusted according to any
data fatintdiabluel corhparents, todocdh oatlier eeghppls aafculatest using data for spatially
conponent or the desired sensitivity of the outlier
relatecébRhponiests ( 3hd Proxihitg anbigpie n@y dlfvcbenveighisd Ry ekarkpleiaseording to
be sel ected according to any appropriate criteria,

the dis%oéh%E ggﬁ@g ARERIrES SoniRinknt @R8] nditby ERRABAS28R%irkd®y analysis may

TALI 116t'he spatial area of interest

2712). For example, jif th ' . .
be perfrfieh g PRIHRS piet Pag A6 Srdbatd Rty 483548 heine or a
~near the curved edges of the wafer.2612, an. . .
proxiTify BINRS GRS "0 DOTEE S K64 PR Al S gine used
to accommpdate the relevant area of the wafer 2612.
for gefidrating qeampasitemesksdaseron mpliipledptassts\eg destibed pRlay. of
the wafer 2612 (2714), and local outliers are
i Bentxdmsld, droogmpiter d@8 amdybecamfiignedt © wentifyn ladak outliers by
wi ndow 2610. For exanple, the w ndow 2610 may be

identifiymfgt bdlitrd vaietth is@BsetsPoBihet Bietalladddet, SUCH ag svithive daapfer a selected
eft section of the wafer 2612. Because the upper |eft

group %?%&nggnénlfkeowfpﬁﬁicqﬁ?%vd?&t IR0RE Ridbodint i€ e et o BighR¥ 26 and
27, the computer 108 may establish a window 2610 of a selected size that may be used to
select multiple components on a wafer 2612. The window 2610 comprises a perimeter
defining a spatial area of interest, such as a subset of the components on the wafer 2612. The
size of the window 2610 may be selected or adjusted according to any suitable criteria, such
as the type of test or component or the desired sensitivity of the outlier analysis (2710). The
shape of the window may likewise be selected according to any appropriate criteria, such as
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conmponents, an alternative wi ndow shape may be used to

sel ect a set of conponents. Data for the conponents
wowndlaioms7she wi ndow are then retrieved from nenpeyuszds/ 029585

anal yzed for outliers, for exanple using only the data

for components within the w ndow (2716)

( .. In the ..

the spasiebarem Ol Enerseli @EH); Honexample. Hihe area é?Fﬁ’&ﬁ'eﬁ&Reé 1Ry facilitate the
al ready been processed to renove sel ected data, such _

use of aseqthnginldr vanddw erush andedrah¢ ourwed edges of heewafer eati; apadigmative
identified. Any suitable outlier detection system or

shape R@peaelectddfobtheusidow@610antacéommbdaté teateleyant arex of the wafer
Locations of identified |ocal outliers are stored,

2612. along with any other relevant information. After
identification of the |local outliers, the w ndow may

) t . L. . i 1

%r(gl\ﬁﬁgw f&éallgﬁé{l ghﬂ% tb %now’fsot{reﬁ)@'fﬁé Qafdr h@ll\’ziz‘g%g)and loca

e nove y one colum to the right
. The |l tli ' tificati Y
o) J5 e S IS PSR ARG Rt 28I Ry exampte
new [ ocation. This process repeats as until the w n&ow £ th
the windsutt BLD T OF HEHEINS RGO PISEREFS S Ho B UPPRSICHSHEY of the

may then be noved down by one row (2722), and the

wafer p6 % eBecanspibgtupperTiefisaren ofcths svaferydase npleprditbiba regtangular array of
t he wi ndow has been applied to the entire wafer

compdnaitte.eh. altehmnrive oimlost shape miap e usat tocelertsd set pfigprhponehts. Data for
identified |ocal outliers may be provided as output or

the co&PBﬁéﬁ@Jwﬁﬁﬂ'tM@@%doﬁnﬂ&e el véd fromUnéhery and analyzed for outliers,
classification (2726). 2 1 Express Ml Label No. ER

for ex%ﬁ%‘gﬁéﬁ%ﬁ?g& ;ﬁ?é ggtggfi\@omﬂ_&%thtsu@iﬁ R wahddRh (BilieY.e Il?rthe present

et dirment, e conputer 108 rmay perform
e B TP B 5Pat; 50 BBAISsARR P e
such 2o AUBIFrLFRt FS b GAING SABOREM MEE. nARgcn g outier

conponents or distance fromthe central conponent 808
detectivaysystens oF eppedchooay denged doaidgntifyi theploealceytlignsj g Locations of
Simlarly, the type of pattern nay al so be sel ected
identifi &ElecdTiogtifets &} stoedd, hlpng adthamgiotigr rdewnpinforgwitiont ed
type, an operator designation, or an automatic

s Rlaeride Qi8R 8% the 541 cANRID IR \AiRAEWdhAObd Mot dtbtoad et location.
around the central conponent (e.g., edge, enpty

For € The %x}d%gﬁ%’b? b€ S ERN4t8Qy oh® cbREnSRERENt (2718). The local

outlier identification process is then repeated for the components within the window at the
new location. This process repeats as until the window reaches the right side of the wafer
(2720). The window may then be moved down by one row (2722), and the process repeats.
This process may be repeated until the window has been applied to the entire wafer (2724).
Upon completion, information relating to the identified local outliers may be provided aé
output or further analyzed, for example for further classification (2726).
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system sel ects a pattern having at |east eight
conponents. The present enbodi nent anal yzes
W@ osezui4 ve surroundi ng bands 810, 812, 814 0PCT/US2005/029585
conponents. The nunber of bands of conponents nay be
any appropriate nunber, such as between one tpo te
Jaransaltqpaativer oy SW%P@éﬁﬁléﬁﬂiY smbedimpent; thesgompptey %Wepeffom a
anal yzed to establish a high and a | ow threshold
proximtyc amadysigy foro eanhy couponebt @ncthiet wafen oRefemtrignfayiégured & Hfor each
and | ow thresholds are simlarly determ ned for any
compoaéhti dri tHeawafeans .protiftghalatisisdesiene chafyr ol yzantita 8%dciated with
814 that are farther fromthe central conponent may be

surrouﬁ(ﬁ n%g&ﬁgoﬂeﬁi@e "ThG uibed of @éMbdnbfts ob dRENGE GOmMAY cERte cO@ponent
ined to generate | ocal outlier thresholds. The

808 m%%%%?léc%d z{chr ?rf%nt%raﬁkl Eﬁ{eﬂgﬁ&?g}g 2.88h;! la§1 ! @Ry SOhmAkE may also

'oca Ier t rm ne whet her
datumis.a Nbre t|c
be sc:1c=1x:[§‘$ie('sercaI §mfe09)FF1&1?F gc 1n§ top? Bres '%egec{ St ﬁ)ferOr designation, or
| ocal outliers begins by sel ecti a co onent fo

an autgatiy sseleckinl PIOETFi 95 FXATRRE AGPTIEENdR cadﬁ%c?ﬁ%‘mds the central
(1010). The test data for the surroundi ng conponents,

compomenyt (elgaredge ahenty gpaceadripystblesamptieg): Ha tﬁ@@?éﬂser&mmé}ment the
thresholds. In the present system the test data for

systent defects o jsdttehainaling atdesspeightrdomponentpr i si ng ei ght
conmponents, are used to calculate the local outlier

tmeegfb@érﬁsen(ﬁo%ﬁém draBabs hsEeufveSarvhhding dasds B0, HRB, 814 of
503482291 US Docket No. TALI 116outlier thresholds are

el i SR e o -
b
BN e e —

average for each band of conponents, |n so cases,.

a hlght w8 Jow Jiisehaly 2SEMEEERGRNYgpsiabig f&‘“ﬁ%?yo’hfﬁcnﬁ?‘ﬂli? (dtigh and low
conpl ete data sets. For exanple, conponents near the
thresheldg @reodimilady deteeminad Jorramy aldékt@n%ldmpdh ehhrgshaldy dariyefl drpsn bands

that make up the surrounding bands. Simlarly, if the
812, 8latigat 36 faRher hednthpranes sedpdrent mapbe asdgreedflower weights, and the
conmponents that have already been classified as

thresh ﬁhlrﬂiyeﬁleﬁrbeoé&hﬂnﬁé@ to GBRraENs QU UG thskiidd. aTke @atuin for the
t Hose conponents. ['n one enbodi ment, the m ssing

centraij %rgpé)rigént 808 is then compared to the local outlier thresholds to determine whether

C

the datum is a local outlier.
More particularly, referring to Figure 10, a process for identifying local outliers begins
by selecting a component for analysis and identifying the surrounding components (1010).
The test data for the surrounding components may then be designated to calculate the local
outlier thresholds. In the present system, the test data for the first band of components,
comprising eight components, are used to calculate the local outlier thresholds (1012). Local
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i gnored, and the process continues using the data that
is avail able. In other enbodi nents, the data is

wo epbazad Wi th substitute data. For exanpl e, tPEI/US2005/029585
m ssing data nmay be replaced with idealized data

representing ideal values for. such onent s |
outlierdiesals el ABA BIRIHE R BERE BT PArs Oherraponelisci] 2a4fd014)
components i n surroundi ng bands around the m ssjin
Outliedthresholds owypsreevulatedinoy sughbntiangerpBish @p a?rsorfélﬁgg? Hhsraverage
wafers in the | ot. Wien each band of conponents has
test vahRe andstandazrd deviatioys fienathe averagd fon gadh tand tof cermhoments,
conmbi ned | ocal outlier thresholds may be cal cul at ed
bRSREhOfhstd) 8hé Birkdildirgobalds U0, 81, 8thmeshadidisiclude complete data
cal cul ated for each band (1016) The conbi ned | oca

sets. %8} lekzﬁﬁpl{a h&ﬁﬁgﬂkﬂ% HBY (he & 6hRt Refet @n@nﬂotsh‘évteaéﬂnﬁ)onents in

nner resent enbodlnent the outlier

. t
locatl%“ﬁzh%% atkgglplt %?‘g%‘ﬁ%?‘&% accgfsél hg 10 P%h&aga %@gﬁ%ﬁé&n‘}ﬂocessed fo
romoveI s e ERBANC e Ree BB IRFES RIS 3| PORIeR o8 cputtiers, the

810 may be accorded greater weight than the threshol ds
surroundingthiandsslagk datapfan thoge 2ompprenis eln; enecpRadingenty they issing data is
second band may be accorded nore wei ght than those of
ignoredhend the pebchssnabnéfides BihgFhpdats shavas availablel ImotheERmbodiments, the
503482291 US Docket No. TAI. 1 1 16Upon cal cul ati on oi
data 1§T§‘ep‘1¢&€@ RAth subslutddithi For teRardpleptidsmisking daesinagiaieurplaced with
for the central conponent is conpared to the conbi ned

1dea11%eﬂrcﬁ§ P%pge%eﬁt%x%z@efll {lcfllug‘ rdALN TLRPERIES A @mhﬁ%sed on other

evant atun1|s deS|gnated as a |l oca

co i R eSSBSy P RBn ROy SR

outllers nay be C|aSSIerd such as acc rdlng to the

OT COPRARENIS I EOTESPPIMENS PORitAqNs, 08 LheT YafHs {hibe 8 Poxi mat e test
results. For exanple, in the present enbodi nent,
oWhen@ach bangl of camponénigihassbesmanalyzedeaigangratgdogah putlier thresholds,
The distinctions between each classification nmay be

combined elet# doutiemn ghrashpldsuintagbbe calcutagadi hasedueh the iaitialirtbeal outlier
of standard deviations fromthe threshold. In another

threstRHRAAIHBASG forNRcRBbhhd €1016).aTht fdofiinednioedl guniter itheshalys may be
initially assess

calculated in any suitable manner. In the present embodiment, the outlier classification engine

112 assigns weights to each of the initial thresholds according to the distance of the

corresponding band from the central component 808. Thus, initial outlier thresholds for the

first band 810 may be accorded greater weight than the thresholds for the second band 812,

and the thresholds for the second band may be accorded more weight than those of the third

band 814.
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whet her to performlocal outlier detection. The
outlier classification engine 112 nay assess whet her

wo oopee¥as m | ocal outlier detection accordi ng POT/ES2005/029585
suitable criteria, such as according to statistica

calculations relating to vari,ous,.pontions, of, t
<Eipon PRIGUIBHIER (0% 1A | QB R lopiit ke s, Elnﬁygegt 48bA for the
configured to identify signatures, site-to-site,

centrak egrnpaient 15-eoEmArshtoathg qwm%&efidhr%@% E@b)-aﬂi %ﬁ&atqﬁb gxceeds a
exanple, referring to Figure 25, the wafer 2612 may be

combiped thr¢shokde thei reteyastedatarn del desigmted asua localsovtberr (18082 eFhe process
sections 1-4, a center section 5, and a whol e wafer

may beGepéatddl for ehbie datuid irethecdans sétf(il624)i din aidifione 1dchP ondligrs may be
cal cul ate various values for the various sections to

classifi€Rhé ¥s dbdfr@ng 6 Qhe n¥dtaltud@s ofMeil@ifice dromllthe pidximate test
probing, and facilitate normalization of the data. The

vaki 0 | ye ' n it 3 - :

o B MR TR RS RA L EBh ci,o

large. z’hiegi:i{t cﬁé%&@%@%%@&%ﬁa ﬁiw% elected using any suitable criteria,
site-UQ Error="RawJQ Range/ MaxRawl QR' 24 Express Mi

such as apembepof stapdapbdeysaiipns Bamphe keeshRl. TAl . 1116The

val ues may be conpared to one or nore threshol ds and,
i In @nether embpdinteht, etk odwkicraglassificetion caginehbl oMmay witially assess
classification engine 112 may proceed with or forego

whethleP aperfutin Joexl aielieratetention. Fdhe extirpklassififatioheengine 112 may assess
site-lQR-Error is exceeds the threshold, then the

whetHePfAerPrth!16@) ofGlcP gétt ANl RESHAINGUS SnyTBUAtaBI crit€ria, such as according
effective; if statistics of sections 0-5 are sim| ar,

to statt(i)%%?l[ (?eag:?lle%t?)ﬁgkealﬁﬁg ﬂ.oe\farig?s[ @g{ii)&rbfﬂﬁ@ g4as §et[ml}he_tlﬁ1tlier tg:lljz}ssiﬁcation

ICS O ction 1-4 are simlar ,
couin 3 4 o S B Sy e By v
to-wafer variations.

For example, referring to Figure 25, the wafer 2612 may be partitioned into selected
areas, such as four corner sections 1-4, a center section 5, and a whole wafer section 0. The
outlier classification engine 112 may calculate various values for the various sections to
identify differences, such as may be due to multi-site probing, and facilitate normalization of
the data. The various values may comprise any suitable information relating to the data in the
sections, such as:

site-IQR-Error="MaxRawIQR/MinRawIQR"

site-LQ-Error="RawLQ_Range/MaxRawIQR"

site-UQ-Error="RawUQ_Range/MaxRawIQR"
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if statistics of sections 1-4 vary, then the |oca
outlier detection process may proceed. The | ocal
woniokiogz744et ecti on processes may be applied torpeh®S2005/029585
vari ous sections, for exanple by using a gl oba
outlier detection process on only one sect.ion at
{Theealuph enaydepemMpareros ona g Blore: Keshads 8116 ORfe 1 Y thresholds
addi ti onal analysis of the output test data and the
are exdeellar, Nt buthierelnssifitatidn leyginhd 12 angupreceeriogith psforego local outlier
exanpl e, the conputer 108 may identify tests having
detectiBh.ORor dxahgpeaices of failure or outliers, such as by
conmparing the total or average nunber of fail ures,

%‘tthé SR IQN-ERYE |ik €hReddd thePaTrEdhol, athelt | A8 SlotAlC Bliflien detection
one or nore threshold val ues. The conmput er 108 may

techm(agsglas,no%/tg? fécql% tification of critical, marginal, and

or global outliers and/or | ocal outliers

def i ne [ tivit t

SRR A sBioRE RS M BRRTR BB, dfid RENE progess may be
di sposi tion/classification before packagi ng and/or

omittedhi ppi ng the part that may represent a reliability
risk, and/or test tinme reduction through dynam c probe
nifpptistipsaff seainand argomeilpabutlifferfrom thestatistiss gheections 0 and 5,
Identification of these parts nay be represented and

then tHRUb&M butlier detyctdppragess mheproesetzand f or exanpl e as good
and bad 25 Express Mil Label No. ER 503482291 US

DRGtaakidddr ch?i'ons 1—43%@9 drthocal sl detertiby p@eesmdyestoceed.

prooer control for dynam ¢ mapping), a wafer nap
usgd [ r
iﬁe 1{0%[ o%p{eeé tcféﬁech&}tl( Iﬁfgcneg%‘é éfr% p}ggﬁft% Stﬁ% I\}aﬂo{@@ectlons for

nd/ or, r ts _table.
examplf gy §ng 2 §° %eﬁ%lﬁﬁ%ﬁ g Pl omREpRS enéﬁ‘ﬂa {‘t g ithe
increase quality control at the pr oagg nl
t Sbe cymputers1 08 may, heceniigured, et foym;additional ang
identified at product run tinme, not |ater.
data afditietinformatéon gemerasadip! repmpnter 10% Earaxgwpls, thegomputer 108 may
signature analysis tends to inprove the quality of
ldenugak@s BB G ineid%ﬁt&s ad\fifuire eavutiers, eddhl dsrey comapaymigghe total or
tools, as we as test engineers or other personnel,
avera%y ndrgﬁé?tdffﬁ(ﬂﬁ}gs PuaRad, RtIRes biPg ?la rtieufak |cﬁi§§ﬁczﬁﬁfnetbrdﬂ&§br more
ow to Figures 11'A-B, an array of sem conductor

threshof3 Vigés are positioned on

1€$ of the" output test

The computer 108 may also provide identification of critical, marginal, and good parts
for global outliers and/or local outliers as defined by sensitivity parameters in a recipe
configuration file. Part identification may provide disposition/classification before packaging
and/or shipping the part that may represent a reliability risk, and/or test time reduction through
dynamic probe mapping of bad and good parts during wafer probe. Identification of these
parts may be represented and output in any appropriate manner, for example as good and bad
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a wafer. In this wafer, the general resistivity of
resi stor conponents in the sem conductor devices
WO 206853781 0SS the wafer, for exanple due to UPEHES2005/029585
deposition of material or treatnent of the wafer. The
resi stance of any cEarti cul ar con‘p&ne t, however ey .
parts Qhca APRAMEAIDNEENSEAEd BIOVFY AR GFAR (e §iAmIC ERPPiigly b Ivafer map
the target resistance of a particular resistor
used farmfflodnkingwquipment @OwH/stripl mep fogesivip testing gt Engftegtng results file,
waf er, the resistances of nost of the resistors
and/orapptabaseiresubtgttalde not exceed, the normal distribution
range of 900Wand 1100W Conponents on the wafer my
| QipbtdRntie ieGlanal ykiarat ereaicontiolter levehtendf torificivasd quality control
i mperfection in the fabrication process. The defect

at the é‘ﬁge |G RS Fhal RSt JiERI S LR, qﬁﬁﬁ? %ﬁéﬁnh?ﬁ@l&ﬂtiﬁ&ﬁﬁt product

l'owresistivity edge of the water to 1080W The
. [ i | | t 0 t 3 .
o s LGS b Y e AT ARG 5 natyi e
(0 impFng PR guA K oB dagEOY R oale RHPERRTT BT REpols as well

may be plotted. The test data exhibits considerable

as testwaginedrs onotherrersannplaby ideptifyng glabajiand/oF loeplutisrs.y
anong conponents on the wafer as the prober indexes
aR¢formgrmmws tooFigues U iAsB,oh ateyi fesmicPhduter ¢evinee gt aitioned on
Label No. ER 503482291 US Docket No. TALI 116devices

a waf@ UBCthROwh¥r, tthe gdfdraCiesiBligityrof re3isdrl gompdasits fin ald semiconductor
based on visual exam nation of the test data or

deviceg QUR& zic?(%@ tﬁeowgﬂgﬁ f&eélanlﬂlem:ldesto b6 deb8sitisbf MadeRial 6t treatment

rocessed according to various aspects of the present

i nyentd.on, .the devic af f f

o e YEET Rl e i LU SRl OGS A b P cono

. . data is largely confined tpo a certain range of val ues

timits e e o Pl SORIPIR. dbF e oS RIANGE P Lt PUticwlBLSisior cpEporient may be
unli ke the data for the surroundi ng conponents. .

10009atE dO%i. niyear the erdspdtle waferdhe wesistaneqsofqegshpf thedesistonhapproach,
t he val ues associated with the surroundi ng devices

but domiot broeted tthe nokeiad distriblition cartgeiof POQQ asd 110&Akt i on engi ne
112 may identify and classify the outliers according
t @otipBndiebh ihi®afet nidjeinclapadefects, fof ekrapleudueitora ehmtaninant or

fromthe surroundi ng dat a.
imperfection in the fabrication process. The defect may increase the resistance of resistors
located near the low-resistivity edge of the wafer to 1080Q. The resistance is well over the
10009 expected for a device near the middle of the wafer, but is still within the normal
distribution range.

Referring to Figures 12A-B, the raw test data for each component may be plotted. The
test data exhibits considerable variation, due in part to the varying resistivity among
components on the wafer as the prober indexes across rows or columns of devices. The
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The conputer 108 collects data fromthe test system
100, suitably at run tinme, and provi des an out put
WO e@oen37ao a printer, database, operator interpP@De$200$/029585
ot her desired destination. Any form such as
~graphical, nunerical, textual, printed or.electronic
devicey afipRicdrhy dGERcATT GOpFASUR AetfaDIs hastit oF ik egpnayoa of the
or subsequent analysis. The conputer 108 may provide
test datarpy cempanitondo ghertegdmits ncl udi ng sel ect ed out put test
data fromthe tester 102 and results of the _
SWher deetadtalata d piraceased|agsordinghp viatieuspaspees pf the present invention,
enbodi ment, the conputer 108 suitably provides a
the deviBéLHtdcRid ©f thidadeFedt MY Beh@seuihtpdi witheaitliclatif tixprsi ddted The test
by the operator as well as supplenental data at

i gl L0 i#ed with the defects,

oun QR Ry OB 0T BB Bt v
outliers,,or._other inf ' at j T

nowerfy o WG R S ARy RFDRE e 198 b e
configured, the identifiers, such -y. coordi e

the depigfore Bem (B viHE> BeRiTHEs Siiaite SEOIRGPESHS Rl poil FhEdercet The
coordi nates for the operator-sel ected conponents agﬁ

outliert blassfinatipe renginee | e mepydidentify and Glaspi thegytliers gegogding to the
in the current enbodinent is in the format of the

magnitudt iof thetdeparéure déithe cmtiigp dutaffmmnthe. suivbwngingydatasul ti ng
data into the output report facilitates conpression 27
Exps essipidsi 108 abidctd\@ata FRInd OAR285tebS 1 Doy cduitablyioat rid\ltime, and
1160f t%e original data into summary statistics and

idet | 4 £ t@ YahMRsr, | Mtsbade, SBPErhRF MRkrfak€ bEItRdr desired
prowdggt%]l ?lﬂh’g r %ﬁci ng %Iat ar st or age Pgéqui rements w t hout

._conprpm sing_data i nt [ . d
e BRs AL AL ol RBP4, GEZHARRf o,
stored. The report nay be prepared [n any appropriate
be uselcpyREFSeB eI SERGHT {0R & PSSP S BT | N fgmpiter 108 may
out put report suitably includes a dynanjc datal og
provideaaniyneglectedatententnpnaluting aelpsigd ontpus dest dat froBhihsnisstes 102 and
on the wafer and their classification. Further, the
resultCofithelfigplebdhtarpdataiapelysispose waf er nmap dat a
corresponding to outliers on the wafer map of the
PrEaR! setedl cAHoRRRGRL the cBefhuter 08! Sujtablyhfovideputselection of data
el enent may include only the outliers fromthe wafer

from HERBufput RR{ &fta §eclR@ v3aAP b ator as well as supplemental data at product run

time. The computer 108 may also be configured to include information relating to the

outliers, or other information generated or identified by the supplementary data analysis

element. If so configured, the identifiers, such as x-y coordinates, for each of the outliers are

assembled as well. The coordinates for the operator-selected components and the outliers are

merged into an output report, which in the current embodiment is in the format of the native

tester data output format. Merging resulting data into the output report facilitates compression
27
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out put. The output report may al so include a series of
graphi cal representations of the data to highlight the
woemaneemce of outliers and correlations in thecOasm®0s/029585
The output report may be provided in any sui table
manner, for exanple output to.a | ocal st at
of the grgiiak dpta nie FWBRAN, EATTIEE Ao Opfoal Fa dafanaltss 1 ﬁyﬂ gpalse native
appropriate manner. In one enbodi nent, the out put
tester datpile, redugingedata etoragsdreanifennantiowithew ompromingydatp dntegrity for
does not affect the operation of the system or
subsequérdtastemet analysés. mai n server. In this configuration,
the conputer 108 copies data files, perforns the

afRl hileved HIBMERDAritIRS suRshly stored. OTherepoRimay b¢ prepared in any
denonstration or verification purposes. In addition to

appropﬁ'ilafe t‘iﬂﬂl SR Yindhabyetst cfibolififerdlahe ofipueApbrt Waftfly includes

I'ng system 100 accordl ng to various aspects of

nt.inven r
a dynagp el it St g s 1R eleRlseBRRAE By the wafer and
identify patterns and trends ?éﬁ mul t%{%le dataseﬁt dat
their glaeshficabionsi nighTHSEt ithy eCompulst s 198gmaY  PURCEMPESt R aicf gmap data
analysis is suitably perforned to identify sel ected
correspavdingctoenilinrs o theswafer map pdthepreselented sanappments; tAdditionally, the
anong nmultiple datasets. 28 Express Mail Label No. ER
output>3AER 28dy WiSlideodtdy tidooutligds. frdm thé Faferanaprpt datch as the sampled
mul ti pl e datasets may De anal yzed for conmmon

outputC h@{e%{vﬁlﬁ répottGfiay AI8S intRMeracierieseMdraplaédl eepresentationsisf the data to
irregularities over two or nore datasets. The

highli é—ﬁ @i%oc?t'cﬁﬁ e lﬁﬁ‘ﬁrm RERfibREn I dARPr Opri at e

for "ana yzing test data for conmon

racterlst CS_.apon S Y
R Bt ot B I%rrﬁnsﬁﬁet?ble HighoER ol ?xample output 10 a
the present testing system t he conp In
local werkptations Sens ipa PHver afbyalion 6‘? AlgEp.Lr By 0 \%}1?8 aPI?r8R¥‘ate manner.
multiple wafers and/or lots. The test data for eac
one emhddiment, dhe owtpubrapert B[R bpupﬁ@flqiqsirﬁﬁ lipe paely dhat thefﬁlétput does not
conposite anal ysis process is suitably inplemented as
affect ahs 6pdravioreo 1@ dystenper tbnsfiy torthe¢ hmirc serpert eln thiconfigyration, the
conposite anal ysis process may be inpl enented,
compﬁl@t""ﬁ)@eéoplésrha@f{‘ﬁleapﬁérmls WheareORld, ghd génepites fagalis, dor éxample for
hardwar e sol ution or a conbi ned hardware and

demoEs?ia{lx\l?&eve%%c%&{jﬂurpgééﬁ.t her, the conposite

In addition to the supplementary analysis of the data on each wafer, a testing system
100 according to various aspects of the present invention may also perform composite
analysis of the data and generate additional data to identify patterns and trends over multiple
datasets, such as using multiple wafers and/or lots. Composite analysis is suitably performed

to identify selected characteristics, such as patterns or irregularities, among multiple datasets.
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anal ysis process may be executed on the test system
conputer 108 or a renote conputer, such as an
w0 pabepeiTdent workstation or a third party's Seper/asmo05/029585

conmput er system The conposite anal ysis nmay be
performed at run tinme, follow ng.the generation .of one

For cxgmpify Bt 181 D8 S analyef pigh PrgPh (Bptegfiriios” Mt may
data generated wel| before the conposite analysis,

represcnh pattetiisy trehdss poiriegnlaritieg ever HeordMissiaiase!Sanal ysi s nay
use any data fromtwo or nore datasets. Conposite
artl oosipdsitamal gstemup cerapresesinySppopoiate zmgl){smcfgt analyzing test data
including raw data and filtered or snoothed data, for

for coRffon ERtRSRsticS 4Bn@Ihd Mataseds; Lindngaynibletiiplemented in any suitable
configurations through the classification engine. Once

ecgiV el Rt | vitahl Y04, iheeEdfpuisi 108 derforms
ma‘nneg'erlﬂérsgg?n lg’e}Ii gg%ipﬁ%gﬁt?bisggg%ﬁi%?h can be dglggi ned a?)
t hemat i cal, .expr. EQns, - f
compagy pghyss Shii SRESF Lt BITHL AR aortQ, PHlest data for each
patterns or irreqularitjes in_the data. The conpasi.t. .
waer, g, & gerofreBP B8 THEVLBAERTIo SR GPORRLE, Aers BOCER® sultably
raw data or anal yzed data, to generate an enhanced . .
impleredecany 2 deftwaistmodule opeiAtRS: PR AeepRdersl Usay [ egmposite analysis
provi de an appropriate output report that may be 29 )
procesExmagde Maplemeuibe| howeveERITE@8Y SRROPrial Donfidration, sugl|as in a
116used to inprove ne test process. or exanple, the
hardwiét dUitioneMOs tcofBihep ravdwiee ianl Gofmiatcosoluémt iFaghér the composite
i ssues in a manufacturing and/or testing process. In

analys\ﬁlﬁo&{s? ﬁﬁgtb_e%x%u@éﬂ orf 1R t&P RN EortPferr TR 3 208mded Sonffuter, such

er data in conjunction wth user expressions or

ot her suitabl e .pr , [ lsXéﬂ.eﬁl.t@h it
as an epﬂ‘dﬁﬂtdwgl??%ﬂﬁ?sg%itgﬁgggﬁ ?esasr?‘é%g{e t‘%lg%ﬁlf?l detrate o Composte

significant patterns _or trends. Conposite alysis ca
analySo 08y i WEUEIE IR BREn (ol FNSS B aREr O Somsed) fgfe Complete

maps for any one set of wafers by executi n%ésﬂr,rulti]gfl,e. ludi
datasetss r up@h# 'pglincapn oh datggengrated axellefpgthe comppsite analygisy gcluding

Figure 13, in the present enbodi nent operating in the
historigeldatonduct or testing environment, the conmputer 108

receives data fromnultiple datasets, such as the data .

f TRENcEHpbiR) Sndd@fiefriiyQisel aplysdatd Bb@) twd e miacadatasgts. Composite

conprise any suitable data for analysis,
analysis can receive several sets of input data, including raw data and filtered or smoothed
data, for each dataset, such as by executing multiple configurations through the classification
engine. Once received, the input data is suitably filtered using a series of user-defined rules,
which can be defined as mathematical expressions, formulas, or any other criteria. The data is
then analyzed to identify patterns or irregularities in the data. The composite data may also be
merged into other data, such as the raw data or analyzed data, to generate an enhanced overall
dataset. The composite analysis may then provide an appropriate output report that may be
29
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such as raw data, filtered data to renove gl oba
and/ or |ocal outliers, snoothed data, historical data
wo eoom7eor test runs, or data received from tPE/USBDE029585
at run time hi the present enbodi nent, the conputer
108 receives raw data and filtere data at_ run thge.f i
used torBPIOVE (1R B8 BECESSelyPTCOAMPICs ARy PULePaTh BaY BToY 1Geptormation
anal ysi s, such as snoot hed data and/or signature
relating traissusis én & aranufapiuripp engYPRISEE IAEFSS ment, t he conput er
108 receives the raw dataset and suppl enentary data,
slucthe seseitesystengtthe doutputar 108 @nalyfdscssts ehwafer fdatal wr eanjunction
identification of global and |ocal outliers, signature
with uddtakpfekSiostéPotheviktable Prdvessesl ahdia spitiadanslgsieio buifd arikestablish
raw data and the supplenentary data, the conputer 108
compodfte! ﬁ{agg Bt glmgt%' diéhifi@n phtimPbRirdiRsS dohddodite arld1Psis can receive
conpoSite data conprises data representative of
[ nfarmation from no t r I :
severa| R ARl SR IRy ARE S T T (Blof AR By xcouting

relati nrg_ to the nL,i{‘}ber rffeﬁfai lures and/or outliers for
multiple ysgF eortiguEatiops eR SSELAYHESt or correspondi ng test

data in different datasets, such as data for . i
cBefeuingntos Figure dankj Hig| present PWPP‘HP’%E@F?% iy the semiconductor
different wafers or in different |lots. The conposite
testinglatvarommynt, #@ npuers] O8kieteiveshiata fiom EmtiplEadmaet] sugl as the data
Docket No. TALI 116nowever, conprise any apprupnaie
from Makiple Wafetd oxaﬁ)téj?BaOI el tang niay congaiselanyisngable data for analysis,
concentrations of outliers or failures, wafer

such as %?HL@PEM&@&‘ 8413 td RO eLEHA Al Pé Tbcd) wilIREs, @o6ihed W&t shistorical
or farlures, or other data derived fromtwo or npre

atasets. The c [ - ' [ I n te
ous 5P SR 6B bt AR X FAVRRRL o B prosen
yatterns and ir ularities,anon he .dat aset s... For
A RIS R AR T s e
anal ysi s engine configured to provide and anal yze fhe .
data manposprise et suitsbleodata for arplysisy sueh pnsmeotied slafa ppd/Qy, signature
process. In the present enbodinent, the conposite
analysi\dhtysi Is the qureseht 2méodimeht, dies camputox il 68 rgceiiegithe raw dataset and
configured to generate one or nore conposite masks
supplézh?jﬁﬁy%td, hacklat abemoothBE danidetifieationadly fileres| édwatification of

may al so process the conposite nask data, for

globaLARATBLAT ohffiefsS licRAuR anG BN ARaZ snd/ 6t SWheFRataON 1N the
After receiving the raw data and the supplementary data, the computer 108 generates
composite data for analysis (1312). The composite data comprises data representative of
information from more than one dataset. For example, the composite data may comprise
summary information relating to the number of failures and/or outliers for a particular test
occurring for corresponding test data in different datasets, such as data for components at
identical or similar positions on different wafers or in different lots. The composite data may,
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conposite mask data. In the present enbodi nent, the
proximty engine receives nultiple datasets, either
wo booengdt4a file, menory structure, database, oOPCDUNE®NS/029585

data store, perforns a spatial analysis on those
dat asets (1320), and outputs the results in the f -

nowevelh coMPRFAY {RPIRILKS Ykt 8% F%Ff?afi%f°n%feﬁsaﬁy“3%§grn??“e“a“°m
t he conposite mask data, such as a_conposjte |nmage for. .

of outligss @wﬁaﬁgrqs, Wafer desations BHEHIAY at%gnéﬂsﬂnggbmbﬁfr ?Q?‘Egers or failures,
process or technique using any appropriate nethods

or othepaataidenived fromitwomr oydrerfatgsetsagi ne suitably nerges the
conposite data with original data (1322) and generates
aTheOddimpokite @malid sfimblyuganeiatedt hyecangrring datanfrothahe sariug datasets
(1324). The proximty engine may al so be configured to

to idedtf§ ipaferfl afd IReERarites BRHMPARE Ustastis K FOALRarhIE, the composite data
anal'ysis, such as by spatial analysis, analyzing the

may b? g&nﬁerit&f b%%‘f Yhd ﬁgetgg'igc; amieghiedltb povidt dleindRL AR dmpkite data

ving data that not” nmeet selected criteria. In

t he, present odi.ent, the prxim ngi ne;. :
sccordig b, B HAGKTGUAEPaY: Biroaal o U btskef dhORfER: B Bomposie
configured to determ ne, exclusion areas 1314, perform
analysisr SRTVERE 714 1HCHIGS @SEIONIFY ICHBAF A3 ERRI53 S80S Qg or more
Docket No. TAl.il 16weighting 1310, ana detect ana
compdsit¢ enaskss bebask on 1tBq latayete pFlsx Fempasite mglahsisnalgmenis g14 may also
provi de proximty adjustnment or other operations using
process ¢ cdmpbsiedmaskt elata, doi txamide t¢ hefdshot émphagize information in the
precedence. The result of the analysis is a conposite
compd’ﬁ%éhla@lf dithe inputted datasets that illustrates spatial
trends and/or patterns found throughout the datasets

IV §- prilit %ﬁ%ﬂfﬂléﬂﬁetﬁ)ﬁ%&dﬂgﬁ ertflind te&8iv@O ¥nultiple datasets, either

appropriate output di'um 1 ncludi ng nenory
tructures, databas ot her Licatio - -
troughy§ e ey AP RC Ao 8 OR oylP Bede SR Rarogf S oyl aysis on
in which to output the cqonposite mask. The .proxim .
those datgichid | A28). HSLORRYYS e oo Aths TPBE Ab GUBPDIGRrs dit proximity
the conposite mask data, including cunulative squared
engineretalyogmeralé fisi enrapdsite midsksdatajsuel @h are@BPQsite dmage|fess an overall

or other user defined criteria or rules In the present
datase®HoO6Hd1I®Rb ang apjropiiste praceks atabchnique using any appropriate methods. In

particular, the proximity engine suitably merges the composite data with original data (1322)
and generates an output report for use by the user or another system (1324). The proximity
engine may also be configured to refine or enhance the composite mask data for analysis, such
as by spatial analysis, analyzing the data for recurring characteristics in the datasets, or
removing data that does not meet selected criteria.

In the present embodiment, the proximity engine performs composite mask generation
1312, and may also be configured to determine exclusion areas 1314, perform proximity
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may be consi dered as an overall enconpassing or
"stacked" view of nultiple datasets. The present
w@easiord7ay engi ne col | ects and anal yzes data fPCT/US2005/029585
corresponding data frommnultiple datasets to identify
potential relationships or Eg. characteri stics i d
weighingel Ha ang aelee B JHIT CESICRY ' Sét RS SL TR 1 gfsg.l’m“ ©
The data anal yzed nmay be any appropriate data, .
proxiniitycadjuitmgntt oreothgmoperetionssypiig neerdghpel ruesy ¢5{qsiae thresholds, and
anal ysis data, and/or any other suitable data. In the
precedpficzs eMhe eednitdofivthet gnatysis 1sroxompesiteangsknel theainputied datagets that
for corresponding |l ocations on rmultiple wafers.
illustrdB8f @afilineends ahid/@t paitelds fovad hhroagieut eesdaiasetscgiser. nThe proximity
correspondi ng | ocations that nmay be designated using
engine algﬁfzg %&aipgrd gt dith@ahstadd oY sledllim,SiHEdAE @Bm¥ry $tructures,
coordi nate”system Thus, the proximty engi ne conpares
dat a .f or devi. R ESP. [ I t.] t ;
databaF) Rpte? apHEGEES Bl FIZCRSTE0R] 5Bk ABASBR fles i R s in

. to identgliféH atternls( in the conposite set of data. The
which 4o gytpyy thg E‘?W@“@ﬁs t he present enbodi nent uses at

| east one of two different techni ques .for generating

. q . .
t Flee DroWpoLY CBSiRe SRAYIRICANYAPPIORNALE (eGRNIGYR, i 8ENeHRlE g composite
and a 32 Express Mail Label No. ER 503482291 US Docket )
mask Nata, Talididg éhmubative-sqaared meethedsa N-points frawlasi Western Electrical
engine suitably identifies data of interest by
rules, 6P isegdéfiiRddaitdial ¢ rakb.eli the pessentalnthldiment, composite mask data
threshol ds. In one enbodi nent, the proximty engine

may be HoR&l&ed Lben REAIPRCBHPaRingC R sRSRANMAiAY Jf epdtipenEit3Bts. The
the various wafers and/or Iots to thresholds to

et er.m.ne_whet h h j.ndi.ca [ t ;
preserd Qo O i A8lsels " Bellylel iR ploBfrafle B4 (Rl Smutiple
each datymto gne or. mor.e threshol ds, each of .whjch
datascigp B BEIBHAL IV PO SPTUTE RRHRGTIeEE i e Ypta for the
predefined val ue, a val ue cal cul ated based on the :
particalar seinof ¢arrasposding daip-ueTea daa ahabyed (BAY Hes PRy jappfopriate data,
data. For example, a first enbodi nent of the present
includiigothie pav late synorehédndaita signatereaanalysisidata, ord/examtather suitable data.
nmet hod to conpare the data to thresholds. In

PR khe PleRént ERb&IMERY the pfoxfidite engmé- dhalyzhe dptaofir ndotmesponding
engine suitably selects a first data point (1512) in a
locati&ilsr otf mgﬁ’i'b?es\%fers. Referring to Figure 14, each wafer has devices in corresponding
locations that may be designated using an appropriate identification system, such as an x, y
coordinate system. Thus, the proximity engine compares data for devices at corresponding
locations or data points, such as location 10, 12 as shown in Figure 14, to identify patterns in
the composite set of data.
The proximity engine of the present embodiment uses at least one of two different
techniques for generating the composite mask data, a cumulative squared method and a
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(1510), such as a result for a particular test for a
particul ar device on a particular wafer in a

w@anobiozathar | ot, and conpares the data point vPETIES1005/629585
count threshold (1514). The threshold nmay conprise any

ormt b oA b e PEhle o7 0y Romparin
and may be sel ected according to any appropriate . . i

the dater fot eqlécted o celeulahsk Hirgsbplds. vin gre sbedipent.nie proximity engine
threshold, i.e., is lower than the threshold, higher

compatdsathe tdata pbintss stotairespiriding lachtionshem sheo variousnvafers apd/or lots to
what ever the particular qualifying relationship nay

threshd18s toPdet@Bsind Wwhethepthatdaka indicateCyotemtial patteqiSddipsstthe datasets. The
generate a summary val ue corresponding to the data

iR Heine! BSmARLE R MturidbUshel & RbROIHEARBRE Cehchfewhich may be
proxt cﬁjrr%}fggﬁ ve va ug thr eghol d (1518). If the data point d

selecte ?p %y\e;l)éﬁrﬁo g?l%atrg et %Lﬁtaé \éﬁ)r cfelﬁﬂgd "\/Ql'h@,sy %lgg fﬁ{&ﬁlél%tt?ased on

ed to a cunulative val ue

dat oint (152 t 0, gener.at e ot her summary val ue
me°u$%F%?ﬁeoﬂ%X%P$8$%#¢E%ﬁ8ngP%QFﬁﬁgﬁmengine repeats the

process for every correspondi ng data poi.nt (1522) .in

eliasr gxamalleyarfirsy am&géltme(lg mf athe IRt REORPAYy engiRe implgments a

the | ot or other selected group of wafers. 33 Express
cumulithviel squated| miihod ER ®0482 #81days todaesholddo. I perticulps,Arpferring to

ot her desired tests or conpapsons may be perforned as
Figure@ b A-E ahe ph&idRy angine Blitabinstlades afint data Yoo (B 1R2) of a firse dataset

rel evant data points in the popul ati on have been

(151 0)8 LRGESSE bt 16 PPAKcat WosCfd laNfrtictYar (RY Y ol £patEibuleSwafer in a
ased on tﬁe sel ected data, such as data exceeding

. particular th olds. | hE14yY

panic o b TSR g SR Bapd AR s
each set of correspondi ng data,b on the cunul ative. .

may CGRPE S HG PRI SO PP G598 & FREvb R it an
cunul ative threshold may be cal culated in any .

upper 3ipit; ewt thetlikenandriasy bosaléstsdiacrordmedp aBy appropidte Ghisria. If the data
characteristics, such as to identify sets of

point caln¢ expedwihaghesticdd,fai,rs Sowdrahanbtha thrashodd, dtighen shdnpthe ghreshold,
a threshold. For exanple, the overall cunulative

withirt tHee@PRhsld(limits,t or Whytebd Wefpanedilacqalitiing rélatiédship may be, an

foll owi ng equati on:
absolute counter is incremented (1516) to generate a summary value corresponding to the data
point.
The data point value is also compared to a cumulative value threshold (1518). If the
data point value exceeds the cumulative value threshold, the data point value is added to a
cumulative value for the data point (1520) to generate another summary value for the data

point. The proximity engine repeats the process for every corresponding data point (1522) in
every relevant dataset (1524), such as every wafer in the lot or other selected group of wafers.
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(Scal eFactor * Standard Deviation2) Limt = Average +
(Max - M n) where Average is the nean val ue of the
W@l 2108/023144 he conposi te popul ati on of data, ScaPEr/EsmHoe29585
is a value or variable selected to adjust the
sensitivity of the cunmul atiyve squared netphod, Standard
Any othew degifegriests of [FOMPRESARS TEAYBY PEHPBIFdoRs WaH afob&h%aata points and
val ues in the conposite popul ation of data, and (Max -
datasets n) is the difference between the highest and | owest
data point values in the conplete popul ati on of data.
Gonex alll ¥ tHheclonaat dhla paintyl iat the epdpatatiohdhavei iseed efrocassed, the
to establish a conparison value for identifying data

proxinﬂgi &éneofna.&lrgaﬁﬁ@ﬁé vhited BSseBant he WeRktedadata, SAth abJilafh exceeding
calcul ati onh of the overall cunul ative threshold, the

partic@ag(%} Mo .e?-%lr' g 'ée{h@.rﬁ?l nrr,?‘ﬁ/e file 1 @§§gﬁ&35€er§l@‘énmulative

(5] P
ta pol n I NCl1 USI O e onpos te at a, f or

anpl e by 34. Express. Maj | Label . ER 4822
thresh s REeant etrod oo PR O B H R & B S URA e VAE dor D relevant
val ues to threshqglds. The proximty engi ne of the .
data ppinb $L26) o ABGCRYFEAL cwiietr (resbpldmdy beralcgiatth im, sy pppropriate
(1528), squares the total cumulative value for the )
manned &t @eptofyriesifab@0r|evani¢hemetorstios, wugb as tpuidertify sainpf gemreponding
value for the data point to the dynam cally generated
data poMEY @at tetimul relativeshif ne shthirebh¢53Fpr ekdmplag theqoresraltl cumulative
cunul ative val ue exceeds the overall cunul ative
threshbIB{(EHRD) Hlay bd8&TirdehaceRbiag I@&tlﬁtfolll&wiﬁig shearhed for
I nclusi'on in the conposite data (1534). The absol ute
counter value for the data point may al so be conpared
to an overall count threshold (1536), such as a

pre-sel ected thresholg or cal cyl ated, t hr ashol d based
onL.{nEtrzeéggpéi A pd ?E&&?%f tﬁt@'mﬂ%’reﬁeé‘f'aaﬂf‘gfs
or “Yer ¢ i nThe popul at(i\ﬁ)%)g-lfirme absol ute
counter val ue exceeds the overal uﬁw reshol d,
then the data point may agai n be designated for
inclusion in the conposite data (1538). The process is

suitably perfornmed for
where Average is the mean value of the data in the composite population of data, Scale

Factor is a value or variable selected to adjust the sensitivity of the cumulative squared
method, Standard Deviation is the standard deviation of data point values in the composite
population of data, and (Max — Min) is the difference between the highest and lowest data
point values in the complete population of data. Generally, the overall cumulative threshold is
defined to establish a comparison value for identifying data points of interest in the particular
data set.

Upon calculation of the overall cumulative threshold, the proximity engine determines
whether to designate each data point for inclusion in the composite data, for example by
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each data point (1540). The proximty engine may al so
generate the conposite mask data using ot her
w@omsoeomal or alternative techni ques. The preBeEnUS2005/029585
proximty engine may also utilize a fornul abased
system for generating the conposite, nma data. A .
compappg i SOWHH S%P@H?%H&B‘F%l i ghie igfioldy 313*5 RIS e%%me of the
the present invention uses variables and fornulas,
presenegpbedivicohsuitably addeqtne fBrscdupasintdliedepaumseskthe Hefal cumulative
exanple, in an exenplary fornmul a-based system one or
value fop e dager paibl @S30Mpyundeompaes thefsquaret awvdativegalue fartlhe data point
suitable criteria. The variables are suitably defined
to the fianféaly gabatdiobverali curhilletivecthtesholt (9532)p If fersquared cumulative
exanple, the proximty engine may anal yze each val ue

value éﬁgeécﬁ ehde BalP L BE O thrdshb1d! fh%n @E’J ddt& Fblﬁf isdRE@nied fdr. inclusion

r exanple to cal cul ate a val ue he data point or

) r of tines a caIcuIatlon provi des a
mthe%%??”%ep§a?resz The variabl es may be cal cul ated for

ch dat oi nt in the dataset for h defin
G AT RN A R gaeagrfgga%vmﬂ count
Docket No. TALI 116Alter cal cul ati ng ne vapaoies,
thresheldt @530 seeh ang wye-saketry Aagshold on ap&eleulatad threghold based on, for
whet her the data point neets the user-defined
exampis; it paréantageoof tarampiber ofl wades -od eflienstdtabets rithe peguliéon. If the
resol ved using the cal cul ated variabl e values, and if
absolutd€unfr Wdluad exdesds @lse bverall paunt itirestaid, \thdrithe @latar poigtemay again be
val ues, the data point nay be designated for inclusion

demgn'a{édtf&em?}fﬁ%ﬁslhttﬁe f@g}fkosﬂ@'ﬂﬂta A58, ThRHrideeXisBultibl§Heifofined for

may generate a se conposite mask data according to

[ e process or technique. The resulting
eaChdS{é 'i%:)rask dat a corrpri ses a set of data that

ds to.th t L he dat '
b e L e e SORHRES B B B oo

data p0|nt may be identified over nmultiple datasets

additigna} owaltempstive teohnigyes. pFhesrgtent MOSHRIREFREING WaY als i7¢ & formula-
mask data may illustrate particul ar device |ocations

based sysa¢m Strageneciiap dloe eormpasite snask datal tA forenulmbased systemincaerding to
wi dely variable test results or high failure

various aspects of the present invention uses variables and formulas, or expressions, to define

a composite wafer mask.

For example, in an exemplary formula-based system, one or more variables may be
user-defined according to any suitable criteria. The variables are suitably defined for each
data point in the relevant group. For example, the proximity engine may analyze each value
in the data population for the particular data point, for example to calculate a value for the
data point or count the number of times a calculation provides a particular result. The
variables may be calculated for each data point in the dataset for each defined variable.
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rates. Such information may indicate issues or
characteristics in the manufacturing or design
wEemeasE44 and t hus may be used to inprove and BONUSDNS/029585
manuf acturing and testing. The conposite nask dat a nay
al so be anal yzed to generate add|t| 8 naﬁ det
PONCTHRIEHATES T heE o Uiet B ARARES MY %"H‘)? CREUT) ﬂi é%l etermine
to illustrate spatial trends and/or patterns in (ti
whethetdhe data poianests theamer-fsfingg cifqriae (Fagjeyamples gritser-defined formula
patterns, such as filtering to reduce clutter from
may be sselved/ediyg theaabutateddeariablsoiahtes,, and nfthe dompla equatdsite iapgrticular
areas having particular characteristics, or filtering
value $tah@gdviWiali@s, kRO Waa Bk anly Gk idsdigised foh modm;[mnslthecmﬁpdmte mask
data of the present enbodi nent, for exanple, may be
data. SUbj ected to spatial analyses to snooth the conposite
mask data and conplete patterns in the conmposi te nask
ta. .Sel ec Iy I
uss th% rgglk‘ﬁg'h&ﬁllléjﬁl g%séég:é‘ttgz‘i %3336 ?gﬁ%ﬁ 1@@{? e aBlording to
ved ored, e accor
any SuFRR PRCETeCIBI5, pRPVESLtTg SERIRS T gﬁ%‘&“ﬁ%ﬂ{n@;ﬁﬁ e sgbof dois
Express Mail Label No. ER 503482291 US Docket .No.
that cqrrefp%iéotﬁp@&r@%ﬂﬁa%fkths atp population; for <3el date BRinhr S@@%%l“enﬂy’
may al so renove or downgrade the inportance of data
characpapistics for thetdatapaihtmanbeideatified eover yuliiple gaasqts aber example, in the
unreliable. hi the present enbodinent, the proximty
presen€ R@bBinteay, the compbdigunast data dp nllmsftlylteplmrtla:lﬂad davice locations that
desi gnated zones in the conposite nask data such that

share SiRfrat@R4iBE §n fh@BplchRafdRS seihadseri BN e iBlELteBCFBUIES high failure
particul ar desighated treatnent or ignored in various

rates. %n i1¥r§fgfn§|/ateglrm Xﬁﬁ?éa?e is Lﬁg G El’lglzﬂgctér%n%f HHhe ﬂ'eﬁwufa{ctﬂﬁ‘mg or design

roxXi m an excl usi on zone
sel ecéed I o atl

on t e fers such as indi
processAnIcbE mey Bsdde et b el mi e fing 0 ﬁesﬁng-
around the perineter of the waf er. The excl usi.on .
naje gewpedEe maskedHamaynplee beaaplygrd tepengrate 391&05 j iffogmation.
fromaffecting other data points in proximty analysis
For examiifler theiogipositey mash elathamay [bei analyzed ¢o dldusirgisasnatialafyends and/or
excluded in any suitable manner, such as by assigning
patter¥AinUBS dithgets &fdéorddéntity of figter taglgﬁcaﬁt patdragguelnts filtering to reduce
processes. The rel evant zone may be identified in any

cluttess Woh? Bl VERN i@ated AataCGHR]! EnhaA¥inkUsietfining areas having particular
characteristics, or filtering data having known characteristics. The composite mask data of the
present embodiment, for example, may be subjected to spatial analyses to smooth the
composite mask data and complete patterns in the composite mask data. Selected exclusion

zones may receive particular treatment, such that composite mask data may be removed,

ignored, enhanced, accorded lower significance, or otherwise distinguished from other
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data points may be designated using a file listing of

device identifications or coordinates, such as x,y
wocwos/ai3nat es, sel ecting a particular wi dth of Peancs2005/029585

around the perinmeter, or other suitable process for

comp&¥ib! MhdkI dtal CWC¥Rfer ZRAL LY )Pﬁ'&%ssc ﬂ{gﬁoﬁ% errerlgﬁbge frI cﬂw&%@ade the

present enbodi nent, the proXximty e

. excl Vi waf er.

mpor S R AT B By S oL R RER. €
0 hermnse spe |aIIy treat. data points ﬁnthlp a user .
dé’f' earqsgmgemﬁ? ! g PrOHmEcengtpe, may; be 1gured to identify
exanpl e, all devi ces within this range, or I|sted in

particylp desigrateds zangshin they pprapesiteomask datecsichxiBpiugptenpoints from the
criteria. If the exclusion criteria are nmet, the data

designatedreoges aretaheordstparicwar desigpated ttehenahe of ig!mreraleiat\jaﬁgus analyses.
the exclusion criteria are excluded fromone or nore

For exanmpley seferringhe Figuex 1 6Yithe/proRihifeerpind Mgy esta88Atn exclusion zone at a
enbodi nent is suitably configured to perform

select&ﬂ%&ticﬂﬁéﬁ RN RS SudPANindREd P APRSES %ré@ﬁl% %L?e%W% band of

ditional analysés may be 37 Expr ess Ma
Ligured tor a
devweggg?t%ﬁ%ﬁg%g&rnggr Qpﬁlféq’gaufgﬁ ’léléeA xc():luemn ¥ r?gle ngi rPV1éie & 6{{1c%‘(>f‘1amsm to
ey nmanted at a, seJected

excluder G driboRaiEs Fm, %f&ecegw S 42l ROl OBty analysis andior

exanple, the proximty engine is SU|tany confi gured
weighting.pdhe slata BOIBiSOHE mlgnamg ahexlededr iy suitgble mapner, such as by

based on a point weighting system to snoboth and
assignggwallues ¢hap atet @it o€ therrangeefsubgeqednt pravessks.dat a.

Referring to Figures 17A-B and 18, the present

PTh keldvalit 26t mey deaddingisd tih aoy Giitabld maaded. [k Rksmple, excluded

the dataset. The proximty engine selects a first

data pBRitsthay B¢ Q) grald u%ﬁl%q(ﬁletlﬁﬁng’ 8f &h@/l&flﬁéxﬁfé’lc%lﬁ o'i‘Q:bB‘Itdma es, such

agai nst a criteri on,” such as hres or a range o
as X,y © ﬁ!éx%gﬂsé]te(esg e}%}lpﬁ\é\g’%ﬁoﬁ% ﬁ%lgﬁhgo?w (I;l] %u{l% glegpeqtngi‘qtt%rgég gt%er suitable
t.he proximt ne seasc ata points
Proce%ﬁn‘?gifHH%@ rF‘ﬁE—’:a%Oﬁ ﬂ& (RERosItE i’tavir‘d %P’("ff?fitzsmboﬁﬁéem the
nunber of data points ar ound the main data point may
proximygy engjnesmpiedefans nbandef exelndeddgyioseon ew@éqretslmsamlenglculatmn

to any suitable criteria.
that causes the proximity engine to ignore or otherwise specially treat data points within a user

defined range of the edge of the data set. For example, all devices within this range, or listed
in the file, are then subject to selected exclusion criteria. If the exclusion criteria are met, the
data points in the exclusion zone or the devices meeting the exclusion criteria are excluded
from one or more analyses.
The proximity engine of the present embodiment is suitably configured to perform
additional analyses upon the composite mask data. The additional analyses may be
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The proximty engi ne searches the surroundi ng data
points for data points exceeding an influence val ue or
WG 2006/01374ng anot her suitable criterion indi catramusioad/ 029585
the data point should be accorded weight (1716). If
~the data point exceeds the influence val.ue, .the
contigyred {PHPRY, RRTGPHYC PUTROSH| oA 28 ity ﬁ%haé’cﬁélFﬂfF? data, TRmON pwanted
data point according to the values of the surrounding
data, etaidgniplyi srlected gharaeipristish, intthe qempesits mask ipthe Fpgyexample, the
adj ust the weight according to the relative position
proxingify érpines isr suitablyi ecronfigiated toi perforror pxamity eveighiting eprocess, such as
of wei ght accorded to a surroundi ng data point can be
based Gﬁta%diﬁtnﬁéigﬁt@&g)&@tdﬁg tb Gmbb e HRY cdnislets patternn dh Hg: cahposite mask
point is adjacent (1718) or diagonal (1720) to the
data. M&i N data point. The total weight may also be adjusted
if the data point is on the edge of the wafer (1722).

en al | rr j ' ; gy t

oo e d R PEAGR AN RStk RO HEERLRCAR rough al
assi gned an aoverall wei.ght, .for .exa b | Ag. t.h

data oL OF 4EPaRs THROPRORTE TS BTNy S8 BH L i Checks the
Label No. ER 503482291 US Docket No. TAlI. 1 116dat

value pbihet data ppiat weaigyita erierion sush As AdhEeshRf o anipes REelygs (1712)
conmpared to a threshold, such as a user defined

When tatdaesprontds fad@ighat dxtedds ¢henelaghed theeshadd or isewitkiadhe sdlected range,
threshol d, the data point is so designated (1728). The

the pr@ﬁﬂ%@séngﬁle@&éhéb&laﬂa Poiyitsadusroutiding thethaih danepoiaefdr tvalues (1714).
filter data. For exanple, in the present enbodi nent,

The nhilBer¥rAataBdidts RAANDGhEBYiPEatS P&H Hidy %@_ab? stld&ed infiber, and may
and suitably renove, groups of data poinis that are

S | er than t h .. such as a user-specified

be Sel?ﬁge?deascﬁ%ﬁdg?gatﬁeaggF’ﬁ%gy%gﬁ'gur es 19 and 20, the
proxi mty.engine of the present. enbodi nent be. .
LB PHURIAHY CBEESFRENTHAS SYEUPIned 0 oL for St ROl gcceding
smal l er groups. To define the groups,. the proximty

an influengenealuscer sekialyingrangthsh swb}e;ﬁrgawl ingicating that fig data point should
conposite mask data for a data point satisfying a o

be accordedmietght (FoY6)exHnthe alata paint axeeegothet nflupngenwalue, the proximity
conposite mask data may be separated into ranges of

engind/ 3Lii#fbly aR¢lgms ai @igHt kd diRX nidirtdefaspoiih @cqarding not the values of the
engi ne

surrounding data points. In addition, the proximity engine may adjust the weight according to
the relative position of the surrounding datapoint. For example, the amount of weight
accorded to a surrounding data point can be determined according to whether the surrounding
data point is adjacent (1718) or diagonal (1720) to the main data point. The total weight may
also be adjusted if the data point is on the edge of the wafer (1722). When all surrounding
data points around the main data point have been checked (1724), the main data point is
assigned an overall weight, for example by adding the weight factors from the surrounding
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begi ns by searching the conposite mask data for a data
point matching a certain index (1910). Upon
wenmenrd7es i ng a data point neeting designated PaMES2005/029585
(1912), the proximty engi ne designates the found
point as the main data point angd initiates recursiye
data pgiptg g A BT 1Y daY E’ﬁ‘ééﬂi}‘g Pyt mgy ﬁ?@t‘heo‘i‘?glpfafegﬁﬂot g‘eﬁiﬁlﬁ’ such as
data point for other data points that are_ in the sane | .
a user defthes threshodd (1gRAktIf the Weighianests omaxcasdsithg thyeshpld, thedata point is
val ue, also exceed the threshold, or neet other
so desigested B728).i teria (1914). As an exanple of a recursive
function in the present enbodi nent, the proximty
et doenpdBiYe BRGE Bats @RyCio T fubthe@ialyzpo ita filtethdata.nForeexample, in
certain value, for instance five. If a data point wth
! i 4 ESt ¢ ROI®Mify, and suitabl
the prigg%t?%:rﬁlzos(ﬂ%ﬁn’ E}g"tg‘%égﬁﬁfg“%?gﬁ'h t he rrﬂag?;} devi ce a,nti I 4
it find not he a, noj i e [ :
Temove g Y 85?3% ??ﬁtﬁg‘ﬁ%‘a?‘g ép?g%llr?wﬂlus%l %zﬁrﬁ ) létlj’hseljfegle%:suér(gllS t\3/rlegcpemﬁed
pr.ogram sel ects the encountered data point as the main
threshe{dt 3 point 39 Express Mail Label No. ER 503482291 US
Docket No. TAlI. 1 116and repeats the praocess. Thug,,
t Referrme e Figueptd avd 20.4Re PoXaBIty SREIRG Pk theprpsegh prbodiment may
poi nts having matchi ng val ues that are adjacent or
be corfigagun@l defmeethe lgropse sizatiem,hand feorove smgtlen prouppre o gefine the
recursive programhas found all devices in a group
groups) & prexihigamigiicrsearahdasahrouble egsre dptaipsira $is ihgrethpasitmmegkadata for
group i ndex and the proximty engi ne agai n searches

a data:;ﬁgrﬁ Egﬁkfﬁﬁglaemtkﬁ&l.CP&pékcairﬂp%,eréKatg Posts e Rhlposite mask data

at a” val ues have been searched, the conposite nmask
data is.fully s I j . 0 [ :
may bR o iR NG sh S e G B | IHOYERG engine
. engi ne may. determne t size qf each up. For. .
besingRARBICBInEN e CHPBSR FTER CRGITAER 1ty PROL REPHEE # E5tgia ingf (1910).
data points in the group (1916). The proximty engine )
Upon reagountesingc drifia @Ot emegimsedesignaedt mdghi(h12); feepeoyimity engine
group to a threshold and renove groups that do not
designaeeat the Heuridh pemh @k dh¢ 194i8 )dataT heintjapd isitiatey @ eecuesivgy prpgram that
fromthe grouping analysis in any suitable manner
searched 8200 dirSétihs Tonbyhe @8t datargoitih foriotitke Xdateapaints fthat drérén the same

rel evant group to a default value. For exanple, if the
index ! é}rﬁé{}&kigelg},uﬁ%rsu%taﬁ?ﬂl@' tROkHhS vhlGe fd1MEexdeb® the threshold, or meet
other desired criteria (1914).

As an example of a recursive function in the present embodiment, the proximity
engine may begin searching for data points having a certain value, for instance five. If a data
point with a value of five is found, the recursive program searches all data points around the
main device until it finds another data point with the value of five. If another qualifying data
point is found, the recursive program selects the encountered data point as the main data point
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proxi mty engi ne changes the group index nunber for
every group having fewer than five data points to a
wodafearst4 val ue. Consequently, the only groupsPChans2005/029585
remain classified with different group indices are
and refeatsahdiprocesy. fThus, the redisBrePadRsPaialYz8s anH‘ﬁa.l@ﬁE Q' ddta' points having
engi ne may perform any appropriate ‘additiona
matcKIRE W alubOMEt 5@ AR UiAdHal 6 & o016 mask
daga. idpoha 'ehalemhakangg[ms TR HaFfyg When the

For exanpl e, the conposite nmas a,

: t1S,.0. addj-tional filtering, processing, )
recurggg pg%%zl?aﬁ gf°8¥‘5t 169%{1%% i at gEO&QpﬁasVil?ga 1y Xalye,” thgygroup is
assig%?il used to $rovi de i af rmation relating to the _

# UBiduC BEQURSINIEX 2R the, BroXMBY $BEINE GgRiBescarches ghrdughathe entire
such as the devices on the wafers or the fabrication
compgsifsomask dathe Whansalhgl theedaty valuesdiive deethscanshed, the composite mask
ot herwi se used in any suitable manner. For exanple,
data ig fidlycheparated yntb groupe wi dentiguousdutd paintsdyisingthd @ind ¢olyh fidex.
anal ysis or conmbination wth other data, such as
eXthe UtroRignitys engide fae detetth®s 166 NHiNEL cHd e g
oper ati on 2?1 tghe co%osi te mask dat a, ei%lt g%lpésgg%\/g??mple’ the

proxita@th €hgitle m&R RS IR RAb D FTREKSSindqn tﬁ&éropé 6%31601) n el"ut%? I\é{voximity

aata, ana any otner appropriate uaia to“produce’a
; { d {t [ th
enging Slay (g oA E Rl BF o SR E R Bfpvo:s essRolgiand remove
: h .
groupf e AP Bt edtcie el (4TS berarcps o rmoved from the grouping

exanpl e, .the conposite mask data is conbined with
analygly flepnygsiitablemansien (19200 sueh an by uessttingdhe irslek evalucTioe the relevant
conposite mask data may be conbi ned with any ot her
groupappr defrilhveludat Bori example, sfitheathteshotd nueiber bffdagxgéthlsSs five, the
the conposite nmask data may be nerged with signature
proximay engitdiehanges tllagouphadeiwbteptdi ¢ '
data, and/ o?wot hg?) (}:)onposi te dat a. a#ﬁgéoﬁng}%}i{%ﬁg?} tﬁhag five data

pointstdtaafefdudt VEYe. DEoRRH I INEGe 'oﬂﬁér@ﬂhﬁ%}mﬁtgp@g&%ed SHE i frerent

as using various user-define s 1 nc

group SEALR AR @ABS: ndVHLAN L IR0, ANA gREGECdence. I Lhe

present system e conp S'performs t he mergi ng
p cess.u§in .an _appropri ate process to nerge the
C OB e

BB R ERRNG A RO ARY SPPIgPHAlC addpionnl epargtinsistte generate
at

a .
and re%ne the composite mask data. For example, the composite mask data, including the

results of the additional filtering, processing, and analyzing of the original composite mask

data, may be used to provide information relating to the multiple datasets and the original

source of the data, such as the devices on the wafers or the fabrication process. The data may

be provided to the user or otherwise used in any suitable manner. For example, the data may

be provided to another system for further analysis or combination with other data, such as

executing user-defined rules combined with a merging operation on the composite mask data,
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such as a map of conposite raw data, conposite
signature data, or conposite bin data. For exanple,
w0 edoeneiTag to Figure 21, the conposite anal ysi BCEUSIB#H029585
214 may nerge the conposite mask data with the
original individual wafer data usin n sol ute nerge
the ravg e X BHIEHRPRPTESHEHE 1 bPhclnSe A daileef B9 (ffrgpents rends and
merged with the original data map, Consequently, the
patterng spwedaten Srther Hejdataypay be prgvidediine User Y AR RPRIQPHate output
map regardl ess of overlap or enconpassnent of existing
systemp sutcheas prinkdr opmisyalonterfeemposi te nmask illustrates a
pattern out of multiple conposite masks, the pattern
il thepldselgcembbdimentpive rexbinpleo dposimmsitaskask data is combined with
Alternatively, the conposite analysis element 214 may
other I8 SR H3QidALS theuseP MruBGieWONTHY ddmpeié iiadi@hta may be combined
anal ysis. The conposite analysis elenent 214 nay
- il : B I ieRSh ORI fHeC, :
with sy oEF BBl Y o LabE BN ) For cRahOR e @Biposite mask
anal ysis el egent 214 .nay..nerge, onl i n e .
data g gt Wi anabr® o of Jar defk R Rl gl Gofware bin data
Express Muil Label No. ER 034&5291 UsS Eockeft No,. TAl . .
and/or pther soppRRiLA datt 4 NFFTEINg of Mifoflaselsgiph 87 Peripmagd in any suitable
whi ch tends to enphasi ze potentially related,
mannernfuphnag iusing Eous orspodefined ambgsy wickidiige prmessions, ggsholds, and
alternatively evaluate the conposite mask data and the
precedendedi nal data to determ ne whether a particular
t hreshol d nunber, percentage, or other val ue of data
PRy &{espl%yéi_‘tI@@te&etm@%am@aes.1o@ewﬂﬁlmegh@_rméﬂgﬁl§ process using an
configuration, the data ner ged may only include areas
. . , . ¢ _
approffif fof T BBtk fe cdfpdfit InsGR S AL SRR Bebprc comporite data
mask data and.the original data t j.r
such ¥ ah g SODRTNE el P PRptR Seliipd Wk bl SomERHES daa. For
to Figure 23, the conposite anal.ysjs el enent 214 .
example, refsHEga e 8 L4 e FOBOUA )R B pSmcRe? Haay BigFaeaptgomposite
that overlap to a sufficient degree with tester bin )
mask data Withdhs original indisidualdvaferdateysing an abfeluie mergealysigay ig which the
such as 50% of the conposite data overlapping with
compds@s neisk dhta if Aillyunegethtvith thkharigindl idataegsap. t Gensequeatly, the composite
m ni mum anount of conposite data overlaps with the
mask @4tadl RRrgddahih thd6riGAMPGS hRpdagadless of overlap or encompassment of

existing patterns. If only one composite mask illustrates a pattern out of multiple composite
masks, the pattern is included in the overall composite mask.

Alternatively, the composite analysis element 214 may merge the data in conjunction
with additional analysis. The composite analysis element 214 may filter data that may be
irrelevant or insignificant. For example, referring to Figure 22, the composite analysis
element 214 may merge only data in the composite mask data that overlaps data in the
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pattern may be ignored. Simlarly, referring to Figure
24, the conposite analysis elenent 214 may conpare two
waledobeeamt sets of conposite data, such as dateCT/USIM05/029585
two different recipes, and determ ne whether the
overlap between the two recjpes. satisfies selected..
ongingl GaAgRAROT FANGIER EOTIRY N HiRk. OISR fengS < PRSI Rolayially related
) the mninumcriteria is nerged. The nerged data may be
informgtiofsi ded for output to the user or other system The
nmerged data may be passed as input to another process,
sTiehcaspasitp rapalysis ichament 2d¢ majealtarhdtivalyi evalysto eseomposie mask
| arge trend identification process. The nerged data
data afitBthe@riginad dataub detetihei whettiey agmstivularehdestiold hombed, percentage, or
such as nenory structures, database tables, flat text

other YAILESE dRh tngts 6VerRp -betwechNBafdl ESgthdRERAhERBAfigirton, the data

nerged data and/or wafer maps are provided to an ink

mergegngg%sgﬁglsrr 121*:#1.1?9 a‘f'&gi\gﬁere e P&htsm?rp ttﬁﬁ Q:la%gc&{&ﬁb‘l?(gﬁg to devices,

I'ne 1 nki ng equf pneht . additio

of fli 1 nki na t he rged. data results.may, be
overlafpad sulfciertly BEERETic o BRTir g S0k LR Sl Cafijo meet the
. No. ER 503482291 US Dqcket No. TALI 1l16results tor )
requirgd, fhyresheldaealug faryovstlappipg datagioingp Refering terlgs!é@&%rthe composite
application that utilizes these types of results. The
analysjagletnent|2d¢d magpbe penfigatrddonsnendspnly sampesiter dase patggres that overlap
merely illustrative of the invention and its best node
to a sufficienr deghet with tested &ih fadluedshiee )atled evitds, iththesrigiel data, such as
the present invention in any way. For the sake of
50% dItRY 'cbf_ﬁpoﬁ&n&'ﬁﬁ‘b'\/@(’l@ﬁirﬁg @R tedRerOsiR TailNE dathat Thus, if less than the
transm ssion, and other functional aspects of the
.. n he:.i Lvi.de r i .
mininiBE SE0End 8F SoR BRI SnBilarc it e R RE AL | Bfhposite dat
detail . Furthgrmpre, the connectifg.lines shown.in the
pattert e 8T SEVRTS: 1 ERRIGH BT ap PP oSy 1 ent 214
functional relationships and/or physical coupliggf )
may coBpPRkeciv ot fidfereat sein of ep@ppsitesdataysieh a3 data fxam fwo glifferent recipes,
addi ti onal functional relationships or physical o
and detemriee wihethst theyovselap betyeasn thertveo pecipssisatagiies peleeted critpsia. Only
present invention has been descri bed above wth
the dataath&roveflgpstddsor Rhtesfies thednigithad ichiesmia.is fdesgedes and
nodi ficati ons may be made, however, without departing

f TRehged data may be provided for output to the user or other system. The merged

data may be passed as input to another process, such as a production error identification
process or a large trend identification process. The merged data may also be outputted in any
assortment or format, such as memory structures, database tables, flat text files, or XML files.
In the present embodiment, the merged data and/or wafer maps are provided to an ink
map generation engine. The ink map engine produces maps for offline inking equipment. In
addition to offline inking maps, the merged data results may be utilized in generating binning
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scope of the present invention. These and ot her
changes or nodifications are intended to be included
wowdokiozs7ahe scope of the present invention, asPCT/US2005/029585

expressed in the foll ow ng clains. 43 Express Nai
Label No. ER 503482291 US Dogket . TALI 116CL

results fof #atless \ASSEERRLY O IFSSPIY YDETERTOETSS B APPHEAIOR 2 vetélgztes these
a set of conmponents and generate test data for the set

types affresdtsrponent s; and a local outlier identification
system configured to: select a data subset fromthe
t Het pateitwlar amplemehtations stadwry andl degcribyd laoe aderelytillugrasive of the
in the data subset. 2. A test system conprising: a

inventioBSn@ritss¥Rf imddé afld b A ShtefduIONRRdr/iRMiritWeé Sdopadd the present
generate corresponding test data; a local outlier

inventlo ? %}{1 IaIl%' C@hy.ONFSY ?ltlee FRIEORE 1 GEViRE dddvetInGE tsi ﬁlap ‘i‘)’r&de@zﬁng, data

est data or corrponents on the waf er;

transnll%iq%t Iaf(%/ 8 yg al a § o tthg %g&gljpg gan%dco%gﬂc%n' lg@ of?E e i;'hdmdual

em f or ata

a set of conponents fa ricate si.ng
operatmgb?qwaﬁ%n% e etystems), may; g?td‘gf ﬂssc #Eﬁﬂ FBFP?{&‘OW the
the test data; and a lqocal outlier |dent|f| cation
connegtingtlines ishewm in thecasious §zwie aiseintsnged iurepsaent sxewglagy, functional
sel ect a portion of the test data and identify
relationshtips endédon phytsivel selpdinge tetyeen ithmvardous Zlements. Many alternative or
conput er -i npl ement ed nmet hod for testing conmponents
additidrAbfintaibasl RMiochsisipe dr phesicali qgntetions fraby ibeapresent in a practical
process, conprising: obtaining test data for the

systenf OMARNGFYSNt 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.

43
Express Mail Label No. ER 503482291 US
Docket No. TAL1116



sel ecting a subset of the test data; and automatically
identifying outliers in the sel ected subset of test

wa@2t06/023544 A medi um storing instructions executebl/eS1oy5/@9585

machi ne, wherein the instructions cause the machine to

execute a nmethod for anal ﬁZi test data conpri sing:
obtai ning test data for [g/%n‘ponents; sel ecting a

portion of the test data; and identifying a | ocal
- obttest gystgmp, cORWISHIZect ed portion of the test data. 44

EXPr e33eshB icbnﬁ'@ﬂ@& to ¥8st a5 éf%ﬂ%%ﬁ%i‘ts Wvi @?1%1&% teNdatal {Or the set

116
of components; and

a local outlier identification system configured to:
select a data subset from the test data; and
automatically identify local outliers in the data subset.

A test system, comprising:
a tester configured to test components on a wafer and generate corresponding test data;
a local outlier identification system configured to:

select a portion of the test data for components on the wafer; and

identify local outliers in the selected portion.
A test data analysis system for analyzing test data for a set of components fabricated
and tested using a fabrication process, comprising:

a memory for storing the test data; and

a local outlier identification system having access to the memory and
configured to select a portion of the test data and identify outliers in the selected
portion. |
A computer-implemented method for testing components fabricated and tested
according to a fabrication process, comprising:

obtaining test data for the components;

selecting a subset of the test data; and

automatically identifying outliers in the selected subset of test data.
A medium storing instructions executable by a machine, wherein the instructions
cause the machine to execute a method for analyzing test data comprising:

obtaining test data for the components;

selecting a portion of the test data; and

identifying a local outlier in the selected portion of the test data.
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