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and incorporates the disclosure of each application by reference. To the
extent that the present disclosure conflicts with any referenced
application, however, the present disclosure is to be given priority. FIELD
OF THE INVENTION 5The invention relates to data analysis.
BACKGROUND OF Tim INVENT ON  Semiconductor companies test
components to ensure that the components operate properly. The test
dat%ﬂ@ﬁ@&%ﬁ&% ringWhStber thercopRanents, fuasion: propetlyela that
also may indicate deficiencies in the anufadcturitpg ggoch%s.eegco&%in&géém
henBiETD SEHANER RILIF R oM BaRids SRANS AR CoNected data from
diséveralidiffereteoamponents to identify and correct problems. For
example, the company may gatherdestdatartfopmultiple chips on each

\;ﬁj%%@@gg .%g\{gg?gscgg@rtggt Ipts. Test data may come from a variety of

as paramef“rlc efecliical testing, optical inspection, scanning
electron microscopyB&r&ghiiBpesi/d S By \§petitdicopy, and focused
ion beantprecessesdpimaefest tonanalysisianddaultisotaticomphisrdateperate
pimay De-gnalyzed o, Rt Gemmen AGHG SCIER BERANCARR QU AR(RELS Obut
'i(fenﬁ’fy parts that may exﬁl it quality and performance issues and to
alite yeify erdigaissifip irmcisefiedhg dBRPPRALTING PSRty tHEFPHE Paken TE™Y
séRRehiie prabanes. alagingisciypicadyiperfammed defcliEaevicemponents to
ic{égtc éa%n%o(%gcva’ago rk!,e\ée'%@is e\ga%k)?es,' KR LMY lﬁ&k?ga%%é% flyrdfinghtiple
esty Céat enﬁg and analyzing test data is expensive and time . ¢
clion StrAmel. RO ARG ﬁ-f'f§’€éarl5dé%ﬁﬁfléilﬁﬁalgféttﬂ%tacBWpS?ﬁ'&% °%hd réag” °
séhrGoreaspondipg-onipit sigaels] Theioptpoitsignasparsiyrhesaraipze dlegiron
SSIRHIIDE G%EQQ%QQH&?%B&%&&B?E%H@&W%@H%eﬁﬁﬁt’b&s@rfor defeot
generftes a large volume of data. For exa}mple, e ch.}zster maydggcr{eor{cr}?as or
apppieend GHL SHiePcoPtiSSHENTA RS RRIM7ST (RISS AL RAY he
prepeatetidtfdimesiGafsegtehtyray26ddst afdisingfercoiipenentsmayand to
ié/eigtll(?yzgloglgmﬁs#—qgﬁﬁ@e‘%@@@ ggager i%&@%ﬁ%ﬂ-%@’bm%n to correct the

. components an hour and s%veraége?gter may be connected OEQ\% AME] as

PERHFBIS AT BRI APh BT BRI GSY 158 BGra Elither to process
ihe datedhensdnsemtylyicaily sores the test data in a database to facilitate

the manipylagion aodAnalysisiodtheidalacSiesagr inmecanventignal Automatic
database, however, requires further gtora(g%xgacf())acitg/ as well as time

tﬁ?ﬁ‘ﬁnﬁ’f@é(f%‘@%tt(?réh%%oa‘gf’é‘?ms algu rresponding output si }xps The

I’f aermore, acquiring the test data
presesitsEscoaypie i Pain SeKing sk, thetedr R de PPrEYardTperly-
fest Riegramindnsinied tbpdestende opnesatadieeirpusignals tertie 200 tests
on 2 single component, and each of those tests may be repeated 10 times. Consequently, a
test of a single component may yield 2000 results. Because each tester is testing 100 or more
components an hour and several testers may be connected to the same server, an enormous
amount of data must be stored. Further, to process the data, the server typically stores the test
data in a database to facilitate the manipulation and analysis of the data. Storage ina
conventional database, however, requires further storage capacity as well as time to organize
and store the data,

Furthermore, acquiring the test data presents a complex and painstaking process. A

test engineer prepares a test program to instruct the tester to generate the input signals to the
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component and receive the output signals. The program tends to be very
complex to ensure fun and proper operation of the component.
Consequently, the test program for a moderately complex integrated
circuit involves a large number of tests and results. Preparing the program
demands extensive design and modification to arrive at a satisfactory
solution, and 5optimization of the program, for example to remove
co%lrlexqaa% teSls OHRIBAPMSEMININMizS teglimen deaubes-adeitignal to ensure
e oner e Anglyels ofhine 0athered daja s dlae difienl TheNalumg
full P Bl P PRER PAS AR N and SiGRTCANt Procassing power and time. As a
corageit, ititrariath G qvat Isakity anatycuabsrobuetiurrtinis kbt i€ ey the
prwwﬁﬂﬁw&ﬁlﬁﬁ\ﬂ@%@ﬁiﬁt&dﬁi@é{ti&h&ﬂﬁﬁfib&tﬁfhe&ﬁlﬁdfmﬂcﬂvﬁme and
some of these burdens,. some companies.q om.the .
o B e e e b A 1 Jle O e
tegitiserasattit fHE1 FesHIfittRRalysis cannot be fully complete and accurate.
As arTesulisasngling degrasces-tahdscomopléiécuinderstandimgeob fhbetésts may
adgsults, Inadd g'r%@es%%ﬁ%bM? ndbeful setoftest data.generatediy heryzea
tester retained, the 15 sheer volume of the test data presents diffic Itn%s
atjradieh 2§ Ree AR BRGRE BN O AR TIT FRS (TS MRS Ht RTRy e nes
TeQntAinRSighificdntdnfanmitignabouttipenge\iobs sttme leettindpiorbomsthe dprters
2 &ial UfaGLy nﬂn@t@ﬁﬁéﬁ:&@ aLnay m&%“ag%mwgﬂ%&@%ﬁpme_ resulting
reliability, and testing. In'view of the amount ofltt:iata, oW vergldsotlﬁmnoqﬂ lete
2 RABRRT RS e SRS AR Ih S HRE uSE AP RO TRBP Y EiR 18 o«
uahadlentiaef 20Rerthmwnirore, much of the data interpretation is performed

mhamiﬁlwgoﬁ,na)af%mn@ ﬁﬁ}/'k%v\bth@szd%ﬁa g&ﬁrm@ksydﬂ@lb@twnsramﬂﬂ, the
the test and manufacturing process hased an their experience an :
shegh iﬁ%‘?ﬂ?femﬂfhﬂi’ﬁet‘f%{b?ﬁjfg%t%é%s%{% é@f ‘gﬁéééé’s?%%ﬁ%‘ﬁ% ﬁ%&gﬁﬁa nangT)Eréfélng
nisaoiftefuleffedtive Tongineerssuneeritaenifira th e smoiP At teisthsydesisrs. the
té!’éfﬁ%ﬁ%%%@%{ida{get%%}&&&ﬁﬁﬁ@dﬁ&v& gh@{h diffe fl@ﬁhé‘é%i@%ﬁ&ove Ilaglreoduction,

conclusions based on the e data r 75 problem. ari es when .
r?ﬁ,}f}?ﬁéﬁ%r?&géeffgf%‘oﬁ‘h@ef@é’vég]ﬁw%megﬁ p%%aé%g?fee c?{hésr??\l/?ge u%la\/pailablen,g e
ifiGmthveiprmoilesigeramdimdetSrarding BTERe fabrication and test system
and the intsrpretation afitbateshdairtannepbgeasiysandieirgenignetherho

personnel. BRIEF SCRIPTION QF THI; rPh Wa!é't@fa‘ PJ&éé%EQ&eéﬁﬂ .
rﬁﬁ%ggfa%ﬁl&ﬁrglﬁoﬁf%%ﬁé%% Slﬁ%%ﬁ%?ﬁ%&&%ea eri%vedr Bf‘/r?eferring 30 to .w%r
ctrerthetaiked Hevbrptor & treririmsitHEN RoRETe T o AREG 8PR1YS:S 18
ith dhe.fellowing: iy strasivenfighsesrwiich maynaydento dbatentliked are thus
Jeference numbers Fefer o SIMIIAL SSMENR N RUANGH DS lIgLT8Sa.  Another
problem arises when experienced personnel leave the company or are otherwise unavailable,
for their knowledge and understanding of the fabrication and test system and the
interpretation of the test data cannot be easily transferred to other personnel.

BRIEF DESCRIPTION OF THE DRAWING
A more complete understanding of the present invention may be derived by referring

to the detailed description and the claims when considered in connection with the following

illustrative figures, which may not be to scale. Like reference numbers refer to similar

elements throughout the figures.
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Figure 1 is a block diagram of a test system according to various aspects
of the present invention and associated functional components; Figure 2 is
a block diagram of elements for operating the test system; Figure 3
?Ilustrates a flow diagram for a configuration element; 5Figures 4A-C
|IIl_Jstrate a flow diagram for a supplemental data analysis element; Figure
5 is a diagram of various sections of a wafer and sectioning techniques;

Figures, A B furtheukillustiate & nowdiggeamdosaisypplemientalsgata of the

analysis elemecpt' Figure 7 illustrates a flow dia f
. Figure diagram for an output
PR BFIgUTE Bis A flow 18?53?3??%? lsgf)’e.ration of an exemplary data

smobiawRPdystdntatearitf rpars e SBpHaRE HrEtFe SYEEBMt invention;
Figurggrissaiplett tesb daiagfenddest affpultiplesdonsponents; Figure

10 is,a representation of A WAleLNAY A MILRIE ARy Eas ARd A iasissivity
profile or?he wafer 15Figure 11'1s a graph of resistance values for a
POpUFARIBR oSS i tRE-VAATIE HAUE 42 6 B WIS i 1o,
Figureg#2/A:B-Breugesretalant detailedipts) réspectivelgnofiphwatestnalysis
elgr%g%t?nd outlier detection triggers for the various devices of Figure 10;
| Figure 7 illustrates a flow diagram for an output element;
Figure 8 is a flow diagram for operation of an exemplary data smoothing system
according to various aspects of the present invention,
Figure 9 is a plot of test data for a test of multiple components;
Figure 10 is a representation of a wafer having multiple devices and a resistivity
profile for the wafer;
Figure 11 is a graph of resistance values for a population of resistors in the various
devices of the wafer of Figure 10;
Figures 12A-B are general and detailed plots, respectively, of raw test data and outlier
detection triggers for the various devices of Figure 10;
Figure 13 is a flow diagram of a composite analysis process according to various
aspects of the present invention;
Figure 14 is a diagram of a representative data point location on three representative
wafers;
Figures 15A-C are a flow diagram and a chart relating to a cumulative squared
composite data analysis process;
Figure 16 is a diagram of an exclusion zone defined on a wafer;
Figures 17A-B are a flow diagram of a proximity weighting process;
Figure 18 is a diagram of a set of data points subjects to proximity weighting;
Figure 19 is a flow diagram of a cluster detection and filtration process;
Figure 20 is a diagram of a set of clusters on a wafer subject to detection and
filtration;
Figure 21 is a diagram of a set of data points merged using an absolute merge process,

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

4



10

15

20

25

30

Fig_ure 13 is a flow diagram of a composite analysis process according to
various 20aspects of the present invention; Figure 14 is a diagram of a
representative data point location on three representative wafers;

Figures 15A-C are a flow diagram and a chart relating to a cumulative
squared composite data analysis process; 25Figure 16 is a diagram of an
exclusion zone defined on a wafer; Figures 17A-B are a flow diagram of a

proximit weighting RracessHElgyes dBdsapsliagrasel asetpefdatapointap
. subjectg 'gosprommlty weighting; Figure 19 is a flow diagram of a cluster
JeteLtiGii*and filtration process; Figure 20 is a diagram of a set of clusters

on aRigafeR&ibjedres demetion aseBorifraideriipe DS H i §am 8rss
usfglefidata points merged using an absolute merge process; Figure 22 is a

diagram,oh st Pl oIS MEgRd usiag.an overlap merge process;
Flgure%V an Afare agrams of sets of data points merged using
percgr&ﬁgé@?érﬂ@ﬁ’ ﬁ\‘é%@”@lﬁlfci‘c%l%?é%?a“o“ HERGERS 25 is a block diagram of
a system.fog identifying ofagharactiristig ofaagprocess using test data,;

Figure 29 is a diagram of a neural network;

Figure 30 is a diagram of a system for automatically selecting one or more outlier
identification algorithr{xs;

Figures 31A-B are charts showing relationships between characteristics of different
types of input data and possible causes of the characteristics;

Figure 32 is a diagram of a classification process; and

Figure 33 is a flow diagram of a particle swarm optimization 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
of the elements in the figures may be exaggerated or omitted relative to other elements to

help to improve understanding of embodiments of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The present invention may be described in terms of functional block components and
various process steps. Such functional blocks and steps may be realized by any number of
hardware or software components configured to perform the specified functions. For
example, the present invention may employ various testers, processors, storage systems,
processes, and algorithms, e.g., statistical engines, memory elements, signal processing
elements, neural networks, pattern analyzers, logic elements, programs, and the like, which
may carry out a variety of functions under the control of one or more testers,
microprocessors, or other control devices. In addition, the present invention may be practiced
in conjunction with any number of test environments, and each system described is merely
one exemplary application for the invention. Further, the present invention may employ any
number of conventional techniques for data analysis, component interfacing, data processing,

component handling, and the like.
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5Figure 26 is a block diagram of a diagnostic system; Figure 27 is a flow
diagram of a classification process; Figure 28 is a diagram of a pattern
filtering process; Figure 29 is a diagram of a neural network;

Figure 30 is a diagram of a system for automatically selecting one or more
outlier 10identification algorithms; Figures 31A-B are charts showing
relationships between characteristics of different types of input data and

Dfssﬂ‘féﬁr%ﬂg ¥F %fugé‘ a PQ?EE%%V iﬁéﬁ%ﬁ}ﬁiﬁ#{@ %go@iﬁgﬁagf@mu@fa@pects of the
classification process; and Figure Is a flow di of a particle.swar
PR SAE AFOEED LIRS TN RGORSC are It oy o s
asimpticitysardiptesity(ARE) Haveesios nevisssuiipsedh trantFr 8t SeRRiipaRt, the
te@‘ﬁf@ﬁiﬂ d@@oﬁs&\i@ﬁﬁi engand stepspepiarmestdy Saneeftthesplemeaentsmay
in igures m e exaggerated mitted relative

T L

20D EPARSE B ESE RIBTO RF O R RYRTMECHIRENTS the Fgeent
cRIRSSRHNVRNan May e desasibe dintiskmscgtfen clionakidofkmed on a wafer

"’?r?%r?/ gge%n}ﬁtzeag% JRHOUPIACESR RePSrRUCHIEHNahblaRks ANLISIRRS, -

rea y any number of hardware or software components

A SEPE TR HHE SSPBEHTEt HERRIA S P ERAIHDRE the [Sedgiifne the
civeten mayaatnployivatidus testesss4reCesSsors) Storae systents) @ Brocess
fgrr%%{f}éi%,O%Qgt%ggggm§mgogm§tqg§_tical engines, memory elements,

signal processing elements, neural networks, pattern analyzers, logic
elom eSSBS BRI AT PR, 80 & Vg g 106 =
dRetiensugndentheleontrol GF drtgs Adradpsereringicrolindeaysdisesopr other

s%&%%%?ﬁr%%l nd@M%ﬁ%§6m1 ad qgﬂ? r&?;tmﬁ'itﬁg %S&H;viﬁ\f%ﬂ&ipﬁhfg@yﬁl@ adaracieadas a
Ion with_any number, of test environments, and each system.
R e
thirther ithespreseht imventionsirgeeniployarizwamiserstisenieriorrrticular
dsehniguesdioidrta analysis: somRengptipiRttagingadata processing,

Comp%ﬂee Qéspe?nl%lin 'a?f nc%gg?el%eéonjunqtion with the computer system 108 to, for
example, program the tester 102, load and/or execute the test program, collect data, provide
instructions to the tester 102, analyze test data, control tester parameters, and the like. In the
present embodiment, the computer system 108 receives tester data from the tester 102 and
performs various data analysis functions independently of the tester 102. The computer
system 108 may implement a statistical engine to analyze data from the tester 102, as well as
a diagnostic system 216 for identifying potential problems in the fabrication and/or test
process based on the test data. The computer system 108 may comprise a separate computer,
such as a personal computer or workstation, connected to or networked with the tester 102 to
exchange signals with the tester 102. In an alternative embodiment, the computer 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.

In the present exemplary system, the computer system 108 includes a processor 110

and a memory 112, The processor 110 comprises any suitable processor, such as a

6
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~ Referring to Figure 1, a method and apparatus according to various
aspects of the 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 a tester 102 and a computer system 108. The test system 100
may 5 be configured for testing any components 106, such as
corSINERRAUGIAT daViGEsONGR WalhCi CHtDoass RACKRISAHCVIFRSAE in
other_elect_nca1 or optical systems. In the r%sem\smyodlr&%ntuthe L;
¢ SRette £8% é%%lﬁs@)?fﬂ?ﬁﬁ)lmmg%fedaéircdﬁ digs formed ona "
Siwhiely otpackaged int2 gratedompists o despewsiafhaemmpormeatyblogoarée
piieaind Usingieafabrisation RECRSHoONNRR MR Camsisenanyosktitalifen, for
e s or creatng e A0eamponents 108800 Ak access
SHERIGE Y (LRI, WnfH Y comprise any suftable process for
mtestingithetoper aidnokiiec dfporimsndes suitabhe qeaftered 2viimpbiiient
caggmp%%iaa%@%gwﬁmmmm%@ mINponents 106I anld generates
outpyt data relaxing to the testing, an G I ) maghi
or otﬁlé?}?o rr‘n“(:sgrslto c})é)t(g%% tt%ees éef %ﬁ%ﬁy@?‘r’%ﬁ%&y g%i‘;r!(})pn%entionagl%%tput
readtomaticabdten Suckde 402srb farilinEne Sty sin @S ihtapiPBhisshtn The
nReRIYNCHOR With Rtberaquipseidandaeititatingfthe tesiifg. shlig deserk@us
ay.be selected and figure rdi e jicudlar co
R DG Aof Ay SR Lo et O EXRATE o
SYHESORRERAESITE AoRHHARBRREHAPPREMPUIET S5 TOR t U PeRa e "
aagiathetesterita2 aidadaaed brexeaute tisetestiprogram, collect data,
provide 20 instructions ta the {85t L7, analvze teahrlata: Gaatiekiesiereach

parameters, and the like. In'the present embodiment, the comlguter

BRI rWCBivES Y HaE IFOTTTIRE RS F02 SR prEPme Utiods

various
aCatiranal\sisto nstidnsafdePahdentiyoofithts tedhemi@ T he2comipatessociated

SIE 408 A inplement a.statisticalengingdo. anazs, dala fronhibe Each
tester 102, as well as a diagnostic system 216 f% |dent|§/|1§1a% %}%Qtlal e to a
ARSI T BT AR S BREIGF staﬁgeﬁf e BASET R the & tata.

ased on tes
phhiewtonmptter Systehvl 08 maypoomplise & Seperarsposfiiutey, viefragn the

Personal GAMPLLEL0f WQ KSIALioh£ONBEEHRE:IR DdINARkeetithtagn. The

tester 102 to exchange, signals with the tester 102. alternative esire
r@?ﬁ’saaiH%n*f}%@%émﬁ@mds&%tg}%ﬁisﬁea%%e%ae182%‘.1%% TS U seafogfed

& f%m or Integrate
dntodtiyer egnepomenisrofthe test system 100, and various functions may

be perfRraad,iother2eRRRnets rwsahnas: theclesiap RV IBMeNiStorage
30connected to the network. In the present exem system..th

SO SpS R TOE TS & BV T & by b By, an
qroce ssorgtI9stom prisdsnmyialitsre g roEEsorT BUERTAE £V EERVBAY GRAPCRL
intel Metarolaal-Adyansed MicrerDeyicasteeessor oppeyatingnidte, such as a
conjunction with any suitable operatin tem, such ind Qed. Th
DS LIT S ALy e iy 00 Iy o o o, The
sherRorysicte sl ehpr o seel a1 dataupir by MHRCOMRYEEeddS or other

BEMORHERAM) Qi Qthrsuitabiestoragasystemintar, the storage system comprises
a database 114 available via a remote server 116 comprising, for example, a main production
server for a manufacturing facility. The database 114 stores tester information, such as tester

data files, master data files for operating the test system 100 and its components, test
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5 storing data. In particular, the memory 112 of the present system
includes a fast access memory for storing and receiving information and is
suitably configured with sufficient capacity to facilitate the operation of the
computer 108. In the present embodiment, the memory 112 includes
capacity for storing output results received from the tester 102 and
facilitating analysis of the output test data The 10 memory 112 is

sonfigured fonfaskstarage.And retiaval gitast datadoranalysisn lvakeUSe
embodiments, the memory 1}% is c%onggcur g toss.C re mgtoerlltcarp%erg%s ocfag? flos

st R TRt 5 ORI EBRSHSING & set Sfinformation selected by the

reteisbéysteml 00 and/or the operator according to selected criteria and

analysgsihased-an the test results «Farexampignthe rettiiyit12ssujiatilyhe
stores a compgnent identifier for each, 15 co , SUE
BT CorTeAPBT B OER ol T Ao S0 b el
lilnapofow théoras sy graleiprERschrRy TBRHMSTE A MRRUIFeR &Ry PET e e the
cassociateth it arpaticiataemponesins atthecosrespodingosyr 102. In
ogdordInAte. on t‘RQ%W@ééﬁme%acE@o camRoneRkidentfier RASENCORMNE! to
.ef’d‘é, and eac fleei‘d1 corresponds, for example, to a particular test b
srterpBEbORsHTREEISTOREA 10BSE TR CortE8 SBhIING™-4 pORTiaRBIT 117 >
2 water, aistatistipialateddathencoméspondidgieoinp onénil k08, teatiothel the
Jelevant dasa. The memopy. 1128y bs,eonfigsesb i ncideany8a of e
identified by the user as desired according to any criteria or rtéleg. ; 'It'hhet )
t%ﬁﬂffﬁ’f’ér‘@ég’b‘ffﬂ?é SlReBhiE R0 dPh ST ISy SURABI A HEesEEgaa™
sgiprmAgecystenmssudhtasaaptheriate rronpoicsipo ot whtifachepmbpcal area

nbthionid RatdAriye auay. ARRBORHC R SBES: SYSIRRs Al O TBFSMItADIe other
storage system. The storage system may be local, like a hard drive

SESAtsEP S e EBIIPCREFLOS or the tester 102, or may be remote, such
as a HardiativetamdyGesudinted: withd Sery &t WRcAthe et Bysermputers
1390 15, ConRBtiat. The RiRraoe sysiemmay siosepigramsandioetetauch as

used by the computer 108 ther components of hC_ - test syst 0 s
R éop }8@8‘;& 8rmv.61§ (?6‘? do t0 Various %a.‘ta’ (%\?a J g%gbl‘]gs%ygfg

Himeht. the stofage System comprises 3
thcbd ghyail ablehrzen femetensel s PR ES MO SRy TSP dRafape i g may be
5359%;&?& sﬁgy@&a‘m%mamf}asmm@%@m T}teeca&ﬁaua?ehlmmmes.ﬁuzing
tester information, such as tester data files ter.da rati

e S L oL Dt s s
anditioationtslorthesirestrgiskenperomahistieiRa: [ uBfon fitfeSiotRige? 1t
Siem MaY samRhsacampletaissietdriastien] suelpasrhistoritahtestere the

ata files retained for apalysis.,Th t Qe may,includs . the d :
ga&ai%dﬁgf'g%ﬁp%ﬁgnﬁ%&ggilﬁré%ea{lgég%?r?gs%%%tfgg éggor%ponaeﬂ%s 906e }:gr ynamie
tanmledegtheserr syt 10 iHcludes a device interface 104, like

a conventigngheevioe inesface hoardand/grasdelite hasdieioepiohdssts the
19 handie. e compananis 408 ARG RIAIS ARIRHREE BRNERIINR. conanced

componen the tester 102. In one embodiment, the device

Ry RICE RO SE S EPFrRSHISHES (ROVRIE: ITEPSEY EOHIgUFRE toy® tests and/or tests
simultangpushniesprovitiple sitésion. aRingle waten. IDhetestisystenyZ0ultiple
may ipclude or, be 10 connected t r ,1equi enerate
e T . B e r‘,%%ﬁf?jf@gi’s’ca‘}d%n
oo pardia kasebAfigianb s Pic Ao e PR BB B Hie %t&e*.%“tset retem
16001 08i0thes relevantifactorshenbioaimplestinatiierprtesamb ermbodinrestoblems,
the test system 100 is connected to an appropriate communication

medium, such as a local area network Sintranet, or global network like the
internet, to transmit information to other
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15systems, such as the remote server 116. The test system 100 may
include one or more testers 102 and one or more computers 108. For
example, one computer 108 may be connected to an appropriate number
of, such as up to twenty or more, testers 102 according to various factors,
such as the system's throughput and the configuration of the computer
108. Further, the computer 108 may be separate from the tester 102, or
indBaYRe dntegratecinio e @aieil0 % fon6xapple wilizing e Raerda the
processors, memories, clock circuits, and th like of g@e > lester 102 gltgnelg‘nlﬁrér
tegidaifior PG APSHE IR Bh S FRA) BE SRFIFHISE by thifferent computers, For
dexenmpleee firsttbormnpatenshaymsshfores daircns anavartafaisthaarse S spylts

to%ﬁliuﬁuiﬁmmyrm@%%@\@s@% deda. a6k ey fabrcaiata analysisdartesify the
another set of computers may prepare the dynamic 25datalogs and/or
CHBIRRPGHRPL analyses and reports. A test system 100 according to
variolisedspertsof e edmat myvBitis i Rests thBTBIRTBhEH S AT Sirgtes 2
RIQNIdes e phancest analysiseanehiestia i enbxampladthebrhancedata.
nalysis may identify incarrect, quest I fepetitiver
T A DO AT LRAR [P M PUE et .
theystem RO & Ase BB EeR UH R ST SRR H i S S AT PRR ™
feememultiplesvateisnandser ilatseafonafersidocgemerdtessompusite dafading a

cDased on mulliple, dataset 'eM%iQ&Sﬂgétﬁxﬂ%@bé alsoeheruses Dy thersestiement

system 28610 éﬁagn’ose characteristics in the fabrlcatlop, testz?gg/or Ivain
20t eF ipricesstesu i Byt i MR & PtErta Ralzars” *4 "8
dinsebilities: anather aspectFthaemay betidetwtifictyiadhd testidzrestTigsten
2‘?&’%?%8’&%&&@ asihepredugkenginest, ealangineel. marutacturing

engineer, device engineer, or other?per,s nnel usinggtglseoﬁg d%gd%@dopmﬁng

analyEed AT P08 tHE radtired TVER SR Sisrove the test
osysiervhpiandiortierfainricatiors sysite mCene Blus ity wrigesHFoHentst 202
98ses ool BRiLES RYRILM Q0. 36RIHING 10 viriapSIaspests ahdhedpresentnent
invention executes an ?érshance%iO elsst [dar%cgs tgor érelésrtépegstuhelgg‘lmgpqggtsdm
A6 4RI cETeLHAG AR Sh S Zing teSt TAtE“The TSt Systef 100 suitably
sopairBtesrin Gonjurictivemwitiadysoftwarerkaspsitatiorelast irdbifapanitted to the
SRYES 108 Referringsteiigue Zohsoseftwargsrpalisation of the diagnostic
present embodiment 10 i cIudte§0g1uItipIe elements for implementing the

VAREHEEd P PE SERY ¥R HY & configuration element 202, a ,
suppleéfhertaficaatRarridysia lethennPosesaiis atﬁsb@ﬁgﬁr@é%)emrzbagpng the
Jhe sk sysiemA0Qunalsaineudast Composie anabysis elememtigldses a
for analyzing data from more than o E .thedest gys
e o
potbatial robiemstesingOhesstantasTSECh DRI JEveibpgodgred with
%gm%%@@fai@w@m waﬁ%(&@ S@ﬁmlf:azm@ﬂwemmn@ o0 tHeetsonypiater 00,
8 to perform various tasks. Generally, the r :
S SR e e et v
dateeralySis element 206, output test data from the tester 102 is
analyzegdrtageneratasuppleneaiaty-testidataysutitallyeat A09 tiroametl by the
autamatically, The sypplementary, tost datais. (e R Hansmittad ohe « set e
5B pRTAIS o anothe‘r system, such as the composite analysis element .. .
20 pitte dREGHOSTIESYSIEHI“2 1 6haRRRSR YRS BUESR GleMénit $pgoins 2pplication

configuration information (step 304), for example from the database 114, for the computer

9
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The configuration element 202 configures the test system 100 for testing
the components 106 and analyzing the test data. The test system 100
suitably uses a predetermined set of initial parameters and, if desired,
information from the operator to 25 configure the test system 100. The test
system 100 is suitably initially configured with predetermined or default
parameters to minimize operator attendance to the test system 100.

@dzl%m%&%ew be:pade.tothe confiauration Hy.ihe operatoraitdesinther

or example via the computer 108. Referring to Figure 3, an eﬁjem lar

C BB BFoEe S8 0 arOTE By LR S0 UORTGANAIS lement 2t
rdoegingwitiTan initilizatiofieprotedtite (stop SORYito dut thatoen utée 10@per
cé@i%ﬁr%&@kﬁlﬁg c&ﬁﬁu@é}‘nﬁ!ﬁ%@é'%@? I@éﬂﬁﬂﬁe@@?éﬁ@}@ Qﬁt@%@&ﬁm@bc@t&@cute

configuration information (step, 304 xample [rom t%f}/da a?as L{'z{tmg

o ERATATEF To6 S the (Bcte) T2 AP Rl A e

e con |gura |on
teléments2 0D eayniigoasonm mabtas configgticatiohrfiteoror IReadfisancedefespde

i&%%%%ﬁ”%%%&@é&%&g%ﬁ)@@nﬁ%%trﬁéatﬁi&g t the BepdBdent Rformation
master configuration file may contain data relating to the proper

f%réh‘mju‘i%t8 ' for the computer 108 and other components of the test
systefrd g0 figrexevuteBnean M chen testisoedas iRy, Hesardine to

&@@E\i{%@k@ﬁbﬂl%%%{a&twd&mﬁm elatingdottaedestenifRation file (step
3%08”“ urfs Syieh angonn nectip pﬂege QLY k@ea&grs&mﬁt%mg% refrieve

ntifica on manu rer, tflag rldentlflcatlon or anifﬂOt er

fp@ﬁrn@%ﬁvmﬁdﬂf?aﬁ’éﬁ%frﬂﬁé E’é“stjéfa ‘@2 11’fﬁesk§6hﬁ§d‘r%1ff‘c§ﬁfe?e RifeapBer (step
mﬁh@ao@gﬂﬁg WigathrctestiSystarmiOn fecotdingtowith tihe dstta 102. The test
contal fﬁ’ 59“0 aster canfigrraten dils.apdigrihg.toak g;%mgtma filey ve

f/s tep n, the configuration element 202 may

i e 202 R e tormacion
rdatabase §bdaisustsastipetesterstbDB B ntiftea(stepaB0B)ifarasboitiaditythe

o%@}aé EL%G isticsnstapsesfonies w@t@pwmm teSIeNEAR. @J;@fgea:pproval

system 100 information also suitab y mcludes one zr more de

AR TR iy (7 F8 LA Han N By S g e water maps
@pﬁmatmi.emmeacamxphebmheota“@wam@b@wdwmaﬂm Wmnﬁd@fgl@b%@wf
slatistical Rrogesscantioh(SRG), wlesandsaaaimthatare sumitied ixBighms,

operator upon installation, COﬂfI%UI'atI%IEIh OWGI’ up, o othera?p 0 ria

RS HF AP GUR IS B A AR RASITFHE 18T RS T 150" arictation to

ormation
spayfialpodncludel defasit wdfér mw@lﬂother files that are suitably

configyred, fak 6a6H PrREMGL WATEH.CAMROARN:L IR REAemZQuitehiakces a
[y afect or be alfected b e 1o SSISA00, 110 PONIONAIODcce it o

any ot er criteria may e stored Ina reC|pe
file forgasy a@d@sses@@rrélatmntqblwwn@pr@au@& RFRPEP8t PRI SERels o

traceabilibon me When thasintiakeorfiguiglionprocessis homplptesthea t6stThe
system 100 commences, run, for example i ung

B AH i CBTEE OF IS AL AR AN o 26 T e g flt
testerch0Rssmitably exealnb STrRsAeET o8 i ¥PA SR IBAISD e tess may

CORPRLIANS: R PR EOMBOBEINSs %@@ andread oy tpufitesy data firontdheleakage
components 106. The tester 10 per multiple. te data fr
SBﬁ?ﬁBﬁgﬁW% KRS Wa?%rp?)tp ater |té(—:ﬁ?n eac %ésés? r%%éaaﬁ!gt ata from
tepeated @%\ﬁeqfarqﬁﬁ@rsqswltwecsﬁm@ éb@ﬁbﬁﬁéﬁt TOE/STHE %%E%S?ﬁétfr is acquired.
cORRIise AN BRRIapHAtE tesks-sushasdhubnatisiies ta)igantinditye,

supply current, leakage 0
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30 current, parametric static, parametric dynamic, and functional and
stress tests. Test data from the tester 102 is stored for quick access and
supplemental analysis as the test data is acquired. The data may also be
stored in a long-term memory for subsequent analysis and use. Each
test generates at least one result for at least one of the components.
Referring to Figure 9, an exemplary set of test results for a single test of
“multiple, GampanemiscompLses-alfitst satof testabdultehenviengsstBtiticatjo
SRLYaleR AN A SPRON.SR! At eshirsulischarmpledsapiialuandial,

‘from t set. Each test result may be compared tg

ﬁlt@sﬁehﬂﬁtt%ﬁdeé‘ﬁ%vfé%ﬂi?ﬁﬁ‘qaf”é( SEPHRLIMH YRS ARG T8N otn%\f hjeppres“lts
clexcesdsiaithenlisit,dhercp fapotterfironagt- bBaclagsificehlgray” baGOpmftmérto an
u;%tfﬁr% enyize clagsl I%@vé&c&g{ ing. t@f@ﬁaﬂ@xg@ﬂ@f‘%ﬁlm@f @S&r@&d&ht exc&Ql@'lather

he test results in the second sett str mt efrst

11@%8@@dqﬁgoemmﬂlmlfgawﬁﬂg Sth ebf% 0 OSF QLG ReipE Mg rding to the

Forthe present purposes,
tdhesEdest tesuttsithat stray from 10 the first set but do not exceed the

contrel limits,Qr therwise failde.badesesind are referrdite as fouytliarstd the

The outliers in the test result be identified and a
‘ cgﬁr@%x&x ﬁtévbﬁ?ﬁ&és ga (t,’ﬂt E%Btgg re?s]glzyte réxt%lre]aea ?nho ntasy sglgso{h‘?tr%ay from

éunre 1a Ie components.
tfEHfesostliersimay: atsecBéhasenhts lgdntifoseariou %&éﬁﬁétfﬁ%ﬁ’dé‘iﬁ%fmd o

22RG(afIproMemaatsAn 40 %t@ﬁsamadmﬁmsﬁmuriﬂgnamessesnmwbs the any

tester, 102 generates the test results, the for.eagh out;
RSBt PRS&: S‘é?\darseﬁé |or$/ i ét%tr% %%?tgg%tgq%%lz ina testoélrt data. az
affe bT e dUiopidEneicy da'téﬁ@t%é?v@ﬂ“ﬁ]ol?ﬁ’@géﬁ B POMEHD TS ARANSH 22
mgﬁgtﬁ@ﬁrgg&g& classify the performance of the component 106, such

as intg a, gel ”'%U'? ppin.classific c?t'ecgpref&smm@paytgsfemmomompmm

upper and lower t%lmlts the resulfs of the classjficati nareat ¢ data
tetorend iIFRAEIQD testeicfata ﬂn% tope 18 HBr HATE I Hal Trcl el

I Iona
ARformation astwelksiehtasdagistizaddia tndtest wm@rdma@eﬁmmmame

‘ q’ahg cghe testeh g ata fllg g dng BaRI&Y&@ g6 la.theicompute %71591%319 Bneomiatikon

|Ie such asastan ard tester data format (STDF) flﬁ and stor

ey feStEr BT Ay D S T SOk byt
d@%efat@rmbstqn&g&aiw lader Binatysisngudh aigibyrtiedormebeitaaralysiych as

’Pfenéa% A 63 }t‘x%grm SOMRUIEE 108, r%%'ié%&ﬁ'&@t&&ﬁ&% datacileidheto the
ala

ementary analysis element 206 analyzes V|de
@Wd@%ﬁ%ﬁﬂﬁé&ﬁlt@eﬂ%%ﬁﬁpﬁgﬁ% gé?f/te&a Eétaaii?a ?}arﬁ th% stored
mayepreyideanyappiapridtemayalysisofthel testhe d@faa%sa@m@\f@f apgeer term
S%{E%Z'%LQQJS%%‘Q%SEOEM%’J‘&)%J@&@HB@%Ba@lataeye{d@mﬁmaly&s element

implemeént a statistical engine for the

u S
at run Y}y Mmltwlﬁ@%gﬁce&gf g tasc araé% tée/ rlghcs Olhnp tca§/ éaggta%alysm
maf@stzms thelgperdtodafhe datddardeherdotepsties e nﬁh@auﬁ?é%&mfy data

a‘?cﬂs XYQH%Q%% that isaetddentifisdmay beigthesniserispasadoofoisitchany

iscarded
suitable Ob_]GCtIVG For example, the supplementary data analysis element 206 may

implement a statistical engine for analyzing the output test data at run time and identifying
data and characteristics of the data of interest to the operator. The data and characteristics

identified may be stored, while data that is not identified may be otherwise disposed of, such

as discarded.
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The supplementary data analysis element 206 may, for example, calculate
statistical figures according to the data and a set of statistical configuration
data. The statistical configuration data may call for any suitable type of
analysis according to the needs of the test system 100 and/or the
operator, such as statistical process control, outlier identification and 5
classification, signature analyses, and data correlation. Further, the
SUpplﬁm@Jﬁ@%@l@@yadmh_ yﬁi@ﬁl@;@i@ﬂ&%%@@mﬁ@zpbérnﬁﬁﬁalflmsgmeumwkya&smal
at run time, i.e, within a matter of seconds. or mingites following generation
G SR T bAoAt i L v gt D (AL
cqrdigoretiot datrratysialiatonysridatly Witk shrmalyssimterertibiFdispdpaf the test
sPRefater aniprieshenginesh A0indbe: preseaktesisystertcl @nafiesdheand
HmRuter 108 receives and stores the (estar data, g, (e SURNIRMENRANY data
data ana ysis’clement 206 performs various preliminary tasks to prepare
R EDRIpNERT 108 fBiaRhaRRISBI S RN E e T HAH R d faciiithie @ matter of
sgRney ationntsupplergniantdatadntepeepdaatiorho bap loutpttrredort analysis
eﬁ%@%ﬁ%@ BQy"a@oF'&%6@?1?tﬁ@i&wﬁst%&ﬁﬁéﬁﬁfy%m%ﬂwfm@%mion from the
supplementary data analysis element 206 initially copies the 15 tester
OBHPACK P RIS SIRHPTT directory corresponding to the relevant tester 102
(step ¥ORY. pisers upplomentHy, déta GinalysisieieP®ntceiesalsd setbeliestester

cﬁ&rﬁﬁgy{@' ﬁmrﬂa@ r@ﬂ@ﬁﬁa@ﬁs@%%@@égém%ﬁ&@ﬁ%ﬁmnary tasks to
analysis of the output test data, _The confi uraélon d%tz% SLfJﬁbléen cation of
ARBIHGE £ LB SFORICE A thal Phay e el hue

rlev'é“@ fal’%m ata )
sfitp¢step 40 )T supptetnenfary darat armiysi8dherme o208 disorerddtds in

RO adogisties deferense (sieRA08ThaJadislics sefssentcesmapdnglusifes the
tester 102 informat%on, studch as the tester 102 tinIF‘)erm egggt ge%{je\{elq){r?sqg ﬂl‘?)z)
'#561 EBRifGrStb R MR additioh e BYistics Tetrence is assigned ant
Toentifidetionary dathenebisfiglemtio? daespiayiarsoopriiguation Riehtriicpsre the
dheotest wogramihaigensratedithe avinuhiestdata. The test program

may ke identified in any suitable manner, 25 such. as laoking it up in the .
atab 26 PSR 005, Bl e har i A A L B oved
forvdbaliprei ferfi eHetnSter EBnfgationMedArI8EYs pYoYRIMO0 also creates
ddentification-aan bersiablished fsiep At@netesy prcgtamsdentifidatiomation,
may be create d associated.with.the tester.i ificati te Yo

e L Sl U G
Westies selg B SOHE StFIR B3 Rta analysis element 206, if fewer

than athef tberwaters: I thenpyesentembedimenttifte Supienentarysdatathat
analysis glement 20 acce I8 dndlicating whichs Walers ALe: B Renanner,
erﬂlgﬁ%f;égtﬁestoeu& E{tl%’is Ichﬁad i? %ggﬁogr%%%%ﬁ%%e\l\{he com puterﬂoé suitat%ﬁ?er

dlehaaHSORIRR Ay S dioftREAFatdfs (T AdRsDR Ao tGR tHERy B RiFT 102
thecrssend, test gatinfilatstanbatanalyzed (stépuddi), thie. supplemeésstapyogram

%g% a}@(}%%'é’ﬁ%:%ﬁ%%@&%lgggd %@8 Qﬁgﬁ X\Qy& Bﬁ{m{@&l&%@aﬁm %%W&?Jé{ed and
associated with the tester identification (step 412).

The configuration data further identifies the wafers in the test run to be processed by
the supplementary data analysis element 206, if f@wer than all of the wafers. In the present

embodiment, the supplementary data analysis element 206 accesses a file indicating which
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5analysis On the test data file for the wafer, Otherwise, the supplementary
data analysis element 206 waits for or accesses the next test data file
(step 418).  The supplementary data analysis element 206 may
establish one or more section groups to be analyzed for the various
wafers to be tested (step 420). To identify the appropriate section group to
apply to the output test data, the supplementary data analysis 10 element

Wa‘ff’?s%%t@obf!x Aqgmeét@ﬁ@pr@%%&%ﬁmgm@e@e&&el ferexampley

according to thc test E}ro gram and/or the tester identification. Each section

d@%ﬁbtﬂwﬂ?}éj@g@ﬁe"g BrESdR S As, and each section array
includgsteneafernforetise ctionstofethedsumid s éctiontty psliedticirnypés), the

s&wﬂaﬂ{m&%&%ﬁ%@ @érﬁg&m@@@gmcw@ g{&%@%ﬁ@a@%u@g@emm data
predetermined areasgi p%{ v afer. For§>§Ilu Ie referrln to F|

oo Py B fithy i K57 CUTHR S0 3 SRRRE fld iy argyes
circulaObarts508oraredial Avme8 16! dspudelfster 513); or any other desired
ghrou pm]gl prgfémmfn?M&aQiﬁmgt&&ﬁ&antwsﬁmmmmﬁe 3EGAsEING DN
the configuration e com ents,.su S OI’ r coO nents.

EHTYE Setsose gé |08r)15f10(§f getuvt%O%Sr Wl%fﬁrﬁgo %%Sgg o?a%omgg%é%%m%éhe
aapeomawz@dozcgt@gethépw(ﬁfemﬁy%vtetﬁzarﬁﬁre teo FAROTI GBS analysis

e@éﬂﬁé@mmﬁsma&mﬁaé e fpsesiatectmidh thagdefit g fexampids Hceording
51%”'?“}35 ortion of hﬁevtve%igf&g%?g,ogo@%gm@ﬁ '&&m@fuegmg%r%m

e warer, the test data for a particular group of components 106
SFéﬂ@%taé@bﬁm’éﬁ B A SRS AT DI B S s¥o gt Aot G]?Fe\sféﬂe section
theating of the wafer. Upon identifying the section group for the current

testers%aﬁ% filg, the 3 R@mﬁﬁ@l@§o%t%fa@a%%§eﬁéem%ng?o%g%sﬂsﬁed in

further relevant confl9urat|on data, such as control limijts and enable
FSHRRL 58t BFCRTAFASInSE B o5 EHaE BoBFU paftictiipnhee may
iﬁﬂp@émmﬁ@ﬂdatalm@@sae%pp@nﬁﬂ%stu rabbylretriedddd seidfldesirel), 2

q?}%%'@ﬁ@f&aa latigng as3gsiRisd vt e%%ctim@{sﬁysmeﬁ SBELARy ve
group (step 423), Desired statistics and ca culatlons%%r% i esignated in

\3H ARATHENR SUCHaS B EHE e PAdicof SRRV et & Fhrtivaone
Itt’neassqnlplmmmmacbﬁ:ianatanalyms Glemeént2 @6 mayhtomitentify Hifeasr mehwed

fure analysis, Aldorithmsfaieph 4R A IohcashirlewrRt:BACHAN tYNR:BEiated
er appropriate variation relatin to the wafer and reérlevet e Si nﬁl

Bb%?ﬁ@?roﬁ?rtﬁéaﬁlg{%bﬁ%eo TLHRE Roation © ,55? SFdse configuration da?a?hke
otiey tretprovitied W@M%d@taf@mmh}aaewwﬁmw%ﬁﬁé patislect
glement 202 erthe suppiementa) data.analysis Rlement 206nEFuither, the

Upon identifying the section group for the current tester data file, the supplemental
data analysis element 206 retrieves any further relevant configuration data, such as control
limits and enable flags for the test program and/or tester 102 (step 422). In particular, the
supplemental data analysis element 206 suitably retrieves a set of desired statistics or
calculations associated with each section array in the section group (step 423). Desired
statistics and calculations may be designated in any manner, such as by the operator or
retrieved from a file. Further, the supplemental data analysis element 206 may also identify

one or more signature analysis algorithms (step 424) for each relevant section type or other
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S configuration element 202 and the supplemental data analysis element
206 of the present embodiment suitably allow the operator to change the
configuration data according to the operator's wishes or the test system
100 requirements. When the configuration data have been selected, the
configuration data may be associated with relevant criteria and stored for
future use as default configuration data. For example, if the operator
ap}?&%ﬁ&%a%&ﬁ&&%&ﬂ é@ﬁi@%&@%%&%@ paricyl ﬁ{ekﬁﬁﬁﬁﬁomﬂﬁﬁﬁﬁla%the
the computer 108 may automatically use the same section group for all
d@ﬁ@ﬁeéﬁﬁﬁo‘ﬁ ts 106 unless instructed otherwise by the operator.  The
supplehvé titabefziiauaniiny Srseatameniiged 8b rBvIHe FRY ARG PAERSREd DY
andsieraasnofithedester data figanskaddiienaldala. cihesupplenertial the
data analysjs ele t 206, suitably allocates memaory. )
4 DO o T1E Tacmo 113, 1P IS e T8 1 B ae e ot
exhitdiblgnprOIES FHen B ToFEToP tResrest o BRI h ARG ecording fo the
opHRRlemantal datacapalysiteelantent2@andnsludingotipubiéstdata flgmhave
pae destel, d%teacﬁ'rs‘g statistical.date gensratadiay;the supplementabdatared for
anaﬁy5|s element %é control parameters, and the like. The amount of

fynemiory afteealico My BT AR AR PHERI IR GO PR 8RR tRERD section
grosm beraofatesis pridorn eshgiorities com lenentsut 66, h enumiveratfdbctiorihe
s roeugcggaaé('suZggpﬁl%gwrggrﬂmﬁ&tﬁ%%%@@sls%%@@%&Q@M@Bﬁ&gor.
y the suppf)e entary data analysis element 206, and, the Jike. . Wht(len d
all of The StrmgHFaROR HAPR FefERhgth& S0 PPRMEh 3Ry “SRaR Sie Bré™
steagly artdeuposr receifieohtheddititput test daba, sthelsmopie rAeintaml it glement
Apalysis clement 208.padsdheslevantidesidala tamemery (stepAd8)ata
and performs the supplementary analysis 25 an Frﬂieo?%?% t%e%ttgagg'r e‘[lth% the
a5 pierbntanAHAtA SR SIS RARERE D68 Ay hardrm any number an
stypésoofitdladatanedseseionor ding iocthéinsorh poh&tslaed oy eicitafile,
sttgt?sﬁ@lﬁt @&@ff{%ﬁ&%i %@%ﬁﬂlﬂf&hﬁﬁg@%@t@ﬁa@g@m@f}@d Q‘@%ﬂ&cﬁﬂ’@l‘iﬁraﬂb&rs,
supplemental data analysis element m ured.to
S Tor SEIGEA LB IS R G AR Ly o7 e

ctive

- tbomporenfydbariepadterbs rerpneals difercharade rétres ipnge up arays,

R00utRL test:data dhal RavindicaieunaRHaciiingReNpEERs: O falts. analysis
The present?gtigﬁl mentary data analysis element 206, for example,
UERLES A

f‘/'zes various statistics based on the output test data,
and idwitifiedl ddtthandréeicainponents POBEEiRgs PertRRcTBDafoaRlyss are

lg:ggg;rgaaEbgn%s%%sbamafp@n@wa@?&ammi?g@v{em&amaylaimm 206
Class a correlate the output test '[QBI’ \ %QQ& (i)é}n@x Fvsi
186435%%%% ((%)r"E gg%nﬁ%e%%%%?iﬁ?%%ﬁencol?ﬁponents 'Ei)i:é';and ttl’%é?tznsatysw

systernp0. Fordekample, e preaiRt SeppRthealyata dhanggigerorm
glemenh20G 0 ay ferforn etptidatadoerelaionrssfodtexanipleaton of the test

Isggtgrtzllf)f d?}?%eézgllyéaél Igf rtgflaacgggrggrf%g H%gra£¥e§%§{%rm.a@}%%ﬂﬁemental data analysis
element 206 may be configured to analyze the sections for selected characteristics identifying
potentially defective components 106 and patterns, trends, or other characteristics in the
output test data that may indiéate manufacturing concerns or flaws.

The present supplementary data analysis element 206, for example, calculates and

analyzes various stafistics based on the output test data, and identifies data and/or
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incidence analysis to identify tests having frequent outliers. The
supplementary data analysis element 206 may include a smoothing
system to initially process the tester data to smooth the data and assist in
the identification of outliers (step 429). In altcmative embodiments, the
smoothing system and process may be omitted 10 and the data
processed without smoothing The smoothing system may also identify
co%@ﬁéﬁ@“@@@@%@%ﬂ@%%&uﬁ@ﬂ%amﬂel@&:ld&ﬁ suhiehénay ata analysis
proviged 1o ”He ko by he Qutp! lé':%%fl:ﬁt@? 0f £3810 Jmml%bmon fo the
el%%‘ttet‘ﬁ a%ly"}?rstlp emented ator example, as a program operati
ome@mmmn@ssywae%atmaé%%mﬁwm%t&ﬁ il |§680t¥$tt§é§
exiatiplep hese& f@fpsmeatm@gdﬂﬁe datasacaending2es iarp psrériteriatpihdata
f'f L PR MR *’t Sluele, 3PBSIG SMAqUNNG BEORASS:ENS SuPRlEmeiar

hhases con anced tracking and/or additional

ro
msﬁt'@@ﬂﬁm@’%? théi?églf{)ﬁ'éfés having eayF SHHRE: system suitably operates

by initially:pditstingsateinitiallyaluaoiasilectes testeldatmmotitamdingtdo
in%a St S(%Q Qtﬂ@%s&%{? hnigue andsupriementallysadiusting hecyadde f outliers

accd gﬂto a second smoothing technlc}cg#e if at Ieast?g]me of the mtiual tied
(s{pR1 GR%AncRLHE DA KRR HURFate A T e & & A 8RR ST ThE Fitst® O™

asMbething technigUeviénds sosoath thecdatacTine sessnd saoskingentify

si %%‘AE&%%%%Q&%@%&% spqath the daia and/orimpoye backingddihetor by
ata, but in a different manner. from the flrsts oothlgg[leelgémgue Fur her

t%@”fﬁ?é%ﬁ&ﬁ‘h%&§ cOMPR LIRSS B SRR Srmining W'hmt)he e
ptozapphpsuppemedntabsmootisinty T HeES s fotmipRf isstryB ity comprises
nﬁ%fg B RIM @MM‘EQJH@@I@QQ&@@@GMQ@% dataed daaiplutabityief phase may

prece raw dat enerate com rlson re ult, and 198, 3,585914,
Ehdbth %"fe%rﬁﬁ?&ue RS Belectad Hatam 16 abjust the v %‘Jé ff’ aﬁ '
e@eimtedad}angmné@@ﬁﬁﬁgft@ th@ﬁﬂféhéé?ﬁoﬁf?son result meets a first

threslirgtdsnl%datth@g stheemomtaim@ystemﬁmt@my eajcutiates dntieldicted of 2
sega ?Jstet}ec%Ztgllg;tecg)r %tu a,aﬁq% o%t%l%@ &ﬁm&g %W%Q%éﬁﬁh?'%@sﬁng

e se ec m to ustt e value 0 the selected datum accordin
the BOWhewrdinghie 5@6%%@@%@@@&@&&%@&%%&8 Initialpsalig i %t ©

Ha:Higurpu8caJirst sreastheeirat date paintis shitahbyiseqequalsto adfivsth the
42w fest data, point (ste Re%ée qsthgnﬁmegttu@e sysien aaas»&qggm thexing
next raw eSQ[ dq'gf

OInt (step 804). Before performing smoothing

bt AhS A SOERTHY SySiei ATy ARteT AR RS Emdutiy
isappuopsiatefprithetataifbintands fosdspenfommp svadiasic mmg@emental
P8 tf’*g]'f“ o). the data. Apy.griteria,may-heapplied io-determing. whethed data

SMOoo ‘Tng IS appropriate, such as according to the number of dat 6/pomts d
tpee SRR Breaedindion AR dUBEeRit ?Péftl?é%%ﬁ?%‘&eﬁ%%ﬁé’a VaIGe oo
m&e{n@ammtm‘ pabh @atacp dintvadudjtot shthresholdhérdhegdréapmtaccording
tiz l? ner c *}S §m89tt‘u§9t%{§é§r@ peffermsadhreshald eMpadsshs system

res o com arison determines whether data smooth %tsm_

e@?&%ﬁ@aﬁt%?tﬁﬁﬁﬁuéﬂ%ﬁmﬁ‘é%‘?&%ﬂsaghn‘“ by Bohfigired
proseed to an iniliatsimbothing edjthe HatesldOM otk paitidedadhyuin tiheordmg to
&th%ﬁﬁnth%'pﬁggt@asmutnﬁeptoge%mta{tsmﬁw an initial raw data point Ro,

Is also designated as the first smoothed data pomtt% As aqlcglltt%naa st
data pRitE AR R dnirRBa & HifEreHeR be Weae achiraw
datapointRshancka peeredingesmoothedsdstapoine¢S 0)ths eatéuta‘téeﬁt data
and compared to a threshold (Ti) (step 806). If the difference between the
raw data point R" and the preceding smoothed data point
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15 Sn_i exceeds the threshold T1, it is assumed that the exceeded
threshold corresponds to a significant departure from the smoothed data
and indicates a shift in the data. Accordingly, the occurrence of the
threshold crossing may be noted and the current smoothed data point S,
is set equal to the raw data point It., (step 808). No smoothing is
performed, and the process proceeds to the next raw data point. 20If the
psifesepaedetwesn ggefdrs]awﬁgag%]@%imga@ﬁmﬁrmehedmlgomwmhdiata'ally
point does not exceed the thresho : zulat r ;
L T
sthoteli @1 O)eTHHE AN AFBthiRGDIBEERS BRIV SRR IEsIE s ng‘i‘ﬁg% ther

sthemiataiskopexampleydn thepresent embodimbet, thefagicismothiing, the
rocess comprises, ional.expanential SMAALHIRGRIGCESS, SUShoint
dd’éa%%géctt)%%i%mtgo% eg%%%%v%ﬁgpe%suation: S, = (FRI' - 5,&l * M1 fWherethl\gl @ i;:d
valuseoe SO OtRIMNG FGSHTEIC LHER- 48538 S &V A& Rita I e
cSmantbing ki aeess Suitalphtisses-ausiatively ondesetficRhinnit tonmovide 1f

s& slgnificant ameuntof sneathing,fesihs.dats Foe-biiakamoaihiigothing of
process and 30 coefficients may be selected according to any criteria and
t*tf’djrﬁ‘fﬂ?gured in any manner, however, according to the application of the
smoathingpsystendythe daterprotenveditraiuthe rABREsSaY AP abatiEEtst 2w
dg?raﬁg%%g%himgﬁys%&%%s@@é@fdaaamﬁjh@f é}ﬁBGt(}ji@d ok fﬁxmp-l evdhedinitial data
, ing process may employ.random, random wa n
PETbIEGRCHENTAR THESF BxBoReRUAr s2aconal Spomaniil, CnoteRial °
pweightednmatiglaiareige (or ity colidteh pro SARRFHE ot SHsBRIfrg tolster
dtially.:smoath thepdatanthe datanayihR fuib ercginalydied foroaedotata point
subjected to smoothing. Supplementary 5 ' be ReHoumed
Son thEHks %oteﬁgg%cg‘th% %rﬁ%sgt ?%3%? 1 %gggaggd{%%%prove tﬁgg e
sigatfinn Ofithansrioatfadsaaeiias (4 R Bale AR ipHRseiys Accordingly,
SUpRIeRentarysmeaHiing ey alse be eoasidenad andnifsapptopriate point Sy
applied. The varioys phas indg adnterdensndent; ok
‘&g‘%% SBhEnEs 8g%zlp ition, %&%ggg%ﬁygggﬁa&ézegﬂo determine
murete oship prshaen iy Rbothing is appropriate. 10In the present

embodgimenisthenciatatiseanalyzed tatagtenmine thenptiver i perdormdottagroint
ogsr%o%%gclzggcp le Hraegt%%do} S %@%&Q@gs &%1%2%'&%@%%%@5@@@&%1@ S, in
any ap‘propr.la e crlt'e.rla to determlne whether su pleﬁ%entztil smoottmn £OCESS
PrRyISEap B R IstEHS B R eRE R (TR EHbothilig &y&teSash .
trendssia thedataoatghoasbylaemparinguaislunality ot adjustbdddatat pdnpssic
and raw data poin F pregeding. data, and QeneratindR eHPRRISas, such as
ootng p
according to the following equation:
Sn=(Rn'“Sn——1> *MI +Sn—-i

where M, is a selected smoothing coefficient, such as 0.2 or 0.3.

The initial smoothing process suitably uses a relatively low coefficient M; to provide
a significant amount of smoothing for the data. The initial smoothing process and
coefficients may be selected according to any criteria and configured in any manner,
however, according to the application of the smoothing system, the data processed,

requirements and capabilities of the smoothing system, and/or any other criteria. For
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15 result according to whether substantially all of the preceding adjusted
data share a common relationship (such as less than, greater than, or
eqgual to) with substantially all of the corresponding raw data. The
smoothing system of the present embodiment compares a selected
number 132 of raw data points to an equal number of smoothed data
points. If the values of all of the P2 raw 20 data points exceed (or are
ex%%?é Q) mﬁ%@é{m@%me@m%wp@@t@maatsfa@adﬁauanwa@;@gmﬁge

are less than (or equal t0) the correspondin othedd ta poi then.
SRRSO T AT e AT T B Shch i el Heling

aangshoat bfeenankemmm@nfwygmgdmmwﬁﬁé%éb@ﬁéﬁee may be
noteﬁb@@&m%m@@&%m @ﬁg&e@ fﬁﬁ Hﬂ@éd&?ﬁtﬁ%ﬁe ﬁh&ﬂgﬁg byuapiplyingry
u ement smootni If, on.the other hand, n t C r
AP B RE B TelT SRt T Ao i ol VPSR A Fhaor

irgpried ahe@reah@gﬁétk@l@vwfb%%%ﬁém@ﬁfér‘ydd&ta@mwﬂﬁﬁ@?é HorRppRSERY

smah@n@r@a?@tssmadmem the, critepnprior comiparinththemsmeoothed databe

{90 data s sleclor a/dentiva ranodadbe delabetind WL e 1

agglng Accordingly, the number of points P2 may
db‘é%’é‘?éé‘fé@hﬁtﬁﬁﬁﬂﬁ’iﬁ%%W@&P@’d@%@%ﬁ?ﬁty of the system to

changingdtreneds: nrhairatdatadata is Ehel wappleinentary shetottngprform one

ofhANOES NS¢ fg%‘%&ecgf dhs,Quarall smeothing acaordingdorihe ARaARADISate

ny appropriat lementary smoothln ay be applied t hed to
CHi{gfia EFfEEHRITSISOIF RIS TR e Wérfaal%?ﬁ aH%% C?éor xga ple.

ciuitpee priesamniciiteogimentdftifietdata andlydisindibateSactreneirg thelurality

oqga?ug?é%lt §QQH&%Q%W@&1@%}@J%?bfeégﬁﬂgth%§bﬂﬂp@ﬂé%fﬁ@é comparison

smoothing may be applied to r du ree of s 09 hing initiall
<SSIRBEE R tHE S GBEREE B T T TRl i NC

r8aAnSiipn (theh predesst @mmmmnthahe Qie@*@é éﬂsm@bmmgaﬁlﬂéﬂﬁbef the
Budecalanlatingthe value for the current smoothed data point using a

reduced degree of smoot uitable smoothing sys ,
e MBS ST G HE A O SR e e i e s of
roftiradatatanaysisidmithd preiserodrbdtirments. aﬁébﬁé@%ﬁ%ﬁh%%lf Pz raw

mg&%%&mw%mwﬂ@?% '&)ﬁ&@ﬁﬁ@iﬁ@ $heodaiadisingiAigheel raw data
coefficient M e coefficient | an 0
ROMEEREY! %Séé%arn At %u#ltlvg g%l?’g °§ On Sitivity of t g§a¥![gom%mhwsg%om &

%tsenmey(mepam thes @pe@éh@ecwlz}l@@ ﬁ@ﬁ%ﬁ?ﬁtﬁ@%@%ﬁ&kqﬁ arrdisely-

ﬁ&@ﬂ@%@%&h&%@imenmwahtamw ki aydaehhig heplaandthie: alaerel be
menta dat sSmogthi . Cn eria

Mﬁmgeedsbg Sa% éf ﬂ_ﬁgpigzal‘ CP ind sm n %QQ%&@%H&M%&QQJ%@%Q it

ases of data smoothln% Y similarly
@rﬁ@t}ﬁfﬁih@@a@m%ﬁﬁérﬁ?ﬁﬁﬁér%a point remains as originally calculated and the

relevant supplementary data smoothing is not applied.

In the present embodiment, the criterion for comparing the smoothed data to the raw
data is selected to identify a trend in the data behind which the smoothed data may be
lagging. Accordingly, the number of points P, may be selected according to the desired
sensitivity of the system to changing trends in the raw data.

The supplementary smoothing changes the effect of the overall smoothing according

to the data analysis. Any appropriate supplementary smoothing may be applied to the data to
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determine whether additional data smoothing should be applied. Any
number of phases and types of data smoothing may be applied or
considered according to the data analysis. For example, in the present
embodiment, the data may be analyzed and potentially smoothed for
noise control, such as using a predictive process based on the slope, or
trend, of 20 the smoothed data. The smoothing system computes a slope

%%éegé&@%t%%ﬁ?&&% seleciethAUMREIP3 8t IMQOtheddatR IROIAEe present

recedin e current data omt accordlng to a%ap I‘OBfl’lagg gg%%%lse o
more

e@?f@dl%fé‘%ﬁéﬁ}grg?jfie%léﬂs N‘%Balﬁ’f‘sacgﬁ?gr@d Br e presen
clesslppdiim éntsithe detasyrosthing sysrém apsbeido keduteshe drers 7ie thmagghne
Rg RINses S ssiallish aslaps @B{@@x&%@%@é@gtﬁamm@@b@m
pomts 5The smooth ¥s&] redlci[s av ue of th I ent S opE1 qh
data Foltf BBy 5! ? & rqf’%eﬁ USPE THE dystem uce eh compares
vihe Gliffdrencetistwotirtidetpreiionsns earduratedr e farom@%rwsuﬂable
sﬁ@%%kg%%s?%aﬁ?w &&B)@Qﬁ&g %f&(ﬁic&@dn\éah&d‘@&tﬁﬁ@f cuetsmpotdead the
ata a range nu 18).. If fer
TEAR ﬁﬁoetgraﬁa R = Sfﬁergpiﬁ%d%ecsﬁ%rtenceogay be® no%thegd %%n?j,nt%%%ﬁ%g}ﬁo}%mal
Ssmd@ttaemoelmﬂali)@ﬁlﬂqé fadkstrtnwinete digirro iR is within the
range R3, thea the-cyrrent smosthed data point is set equal to the

differ nce b wee t
e oI LA A et e oo
I

syiaitiphied isytie whrereR IMpliRl Nisrasiaseddel ©f tHraGrBi Pl
piitens:sNTootkadmiatacpaint stay, 82Q)bdkigherhatid: BhieofSf-pred* M3

ou

The supplementary data smoothing may include additional phases as well. The
additional phases of data smoothing may similarly analyze the data in some manner to
determine whether additional data smoothing should be applied. Any number of phases and
types of data smoothing may be applied or considered according to the data analysis.

For example, in the present embodiment, the data may be analyzed and potentially
smoothed for noise control, such as using a predictive process based on the slope, or trend, of
the smoothed data. The smoothing system computes a slope (step 816) based on a selected
number P; of smoothed data points preceding the current data point according to any
appropriate process, such as linear regression, N-points centered, or the like. In the present
embodiment, the data smoothing system uses a “least squares fit through line” process to
establish a slope of the preceding P3 smoothed data points.

The smoothing system predicts a value of the current smoothed data point according
to the calculated slope. The system then compares the difference between the previously
calculated value for the current smoothed data point (Sy) to the predicted value for the current
smoothed data point to a range number (R3) (step 818). If the difference is greater than the
range Rj, then the occurrence may be noted and the current smoothed data point is not
adjusted. If the difference is within the range Rj, then the current smoothed data point is set
equal to the difference between the calculated current smoothed data point (S;) and the

predicted value for the current smoothed data point (Snepred) multiplied by a third multiplier
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Thus, the run-cut smoothed data point is set according to a modified

difference 5 between the original smoothed data point and the predicted

smoothed data point, but reduced by a certain amount (when M3 is less

than 1). Applying the predictive smoothing tends to reduce point-to-point

noise sensitivity during relatively flat (or otherwise non-trending) portions

of the signal. The limited application of the predictive smoothing process
Modhe smaocthed dataoiniscosuresthattincaledlated pieragepbasgd ane

the_slope does not affect 10the smoothed data when significant changes
eaé\a@?ﬁ:curring in the raw data, i.e., when the raw data signal is not

relatively fl&&.= (S~-Fhe Supplénientary data analysis element 206 may

performany-apprapriaieanalysis gbibe testeadatajdpnctudingothetayitference
birreh e i STONELIE BOn (P AUIGRY S BHRIPH: N AC6PRuced

ata. For ef’amp e, the suppl%mentary data analysis element 206 ma

biilteretkan P esstd i HeitaMo e Xerac b AR LB RIS HatE & e fiee tends o
rélistsiisiionctpitonsiesthentighttje chmiguelto detetttierfallumessatermissnding)
paind tail hyes LQ.S-ﬁqi%ge'Q@O§MX datn apalysis-clemanh2Q8maVio the

conduct statistical process control (SPC) calculations and analyses on tt}?
SBOeYR AALYS RISYEPARICRFRS TRIETANE SG A0 Pidhre qRt EOTHaot 2ot
tsUpRiementah ddtan aipalyisisielemernt 20 6craing diclikatevadddesiorevdesifedaw
ﬁgggi%ggﬁg%tam%{\t@yIﬁgtpomponent, 70 test, and/or section (step 430).

The statistics may comprise any sﬁatisticgo%seful to the operator or. t le test.
systerd BPPERIVAY SPE RGNS IRRERhAY IAE e average s dndard ™
aderdationslaminivhsljrnabéme, st dacothatsnO©pied pletes aayoptpaerwise filtered
@?%@a@%@t@la@a@?ﬁ@ﬁmpleﬂﬂ@ 5}@%@%&{3@%@@@&%&@” | r@:jﬁmeﬂﬂiyaﬁﬁr the
also suitably performs a signature analysis namically an :
tgsﬁetbﬁ?éatié%l??tfa%tn’ﬁr@?}’é‘ﬁos g’r? tatrggrﬁ% f6sn e'egll gt%,u %P 78 é%orsﬁjpflée ng},lt
tedwixuinig desettiohilascdronsased rbifkzbridss (€t raRpRgI9BIeHAp! analysis
é&ﬁ&%@@@{i{@: &ﬁhﬁgﬁ@&?s&é@@@&kﬂw&@g@m}lﬂ {slefaAd) adignalyses on the
signature analysis identifies, signatures an ies ighti

S B o NS RO R Rl A, 20 ARRIER A NE R HERRY dan
héviestidatniolit armtfiet oo rob s Al siHaloT U rfaREis gy omponent,
cumulativelyidentifyl sends snadsanomalivmpbist mayiaoniespefd tothe operator
grr&tgl?es arS gn% ?(5()0%'?)%{1 %Qg%t‘gnsrgscﬁxaotf 9} W&W@Je{vgrragg?, E%ﬁ%t'%iations,
process. ‘signaturé analysis ma)%%e conducted for any desired signatures,
BUEMasAYIe preksowsyErhP vidiio AL hIBeeEHifts 4B hoise. In the
present.£ppgehipenty thgcamputerkbatsultablysperforng thefsigaatusignature
ANANSI3 08 tQ?n'%éﬁg“M?%E%%‘ﬁ%%?%8&9&?&&%&%'Q%&hi&eﬁlr% data, for
SEction. y?n the resent embodiment, a Signature analysis process may,
PEBRIFGREHTE CoRTRRISR PP th ESFRBAM ! S EES SAQ gt section and/or
SINQAhING HacassoABdlyzas dap 4¢3teMTiatinature analysis identifies signatures and

applies a weighting system, suitably configured by the operator, based on any suitable data,
such as the test data or identification of defects, The signature analysis may cumulatively
identify trends and anomalies that may correspond to problem areas or other characteristics of
the wafer or the fabrication process. Signature analysis may be conducted for any desired

signatures, such as noise peaks, waveform variations, mode shifts, and noise. In the present
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5 results of the analysis indicating a trend or anomaly in the data are
stored as being indicative of a change in the data or an outlier that may be
of significance to the operator and/or test engineer. For example, if a trend
is indicated by a comparison of sets of data in the smoothing process, the
occurrence of the trend may be noted and stored. Similarly, if a data point
exceeds the threshold T1 in the data smoothing process, the occurrence

- May.be noted 10and stared faslaleranalyRisna(er neiysioBInhe. gL

report. Alternatively, the smoothing.process may be omitted. For example,
dﬁ‘@f@Frﬁ%@“t@fﬁ@u?é@%ﬂ‘-%eél%ﬁ%%lﬂ’é analysis process 600 may initially
calculaté:a peunt (StdpBO)tfor aiparicularsstsobteststattand dsHsed in
cémﬁétw ey @lli;&%&qng pl%%éticmaeﬁes%gf%ﬁ?@gr&%s Irlneyséalg Mt @er data,
analysis process then applies an appropria signature IS . o
GBI EAH AL SO (G0 COAT P Caiee Sl HB ndicsve
opedimmeedh fir daierptesivatisidrrtumry ArgerRigmismectoltREen e antyst
HARR Section tahe: analyzeds Eirarsddentified byniheisignatuee artalysisy the
trend results, and sinature results. ate 215, 10red. (8160, 608 T, it o data
PECRLE R Feeated Tor each signature algorithm (step 608), test ’gtep
pEnOYrendssbe tiorststef 6ol EsRiRapRCte S RSRMRKERFyaEF0ted
aanatysls 20element:R06 reepsdsithiesernors (siepupbd retrend rasultst(sibp the
56%@111? nature rrlra%stgjcjtg rr(&%g&q 618), and any other desired data in the
storage System. ~ Upon identification of each relevant data paint, such .
25 OULREFS MR ot feF Bt BIFHRSOrtaFich SBHHTEET YA hEFSTTS (o ARy ™
aRalysis ceatselevanbdatapoininmy bestabsoadtechwithimitsadomesponding to

a dgﬁﬂ}kféﬁ'ﬁgséﬁ%ﬁeiﬁé( qey;c h@ﬂ@%%ﬂ?cﬂﬁ? e(ﬁ@@if"ﬂf@cegsofh%ﬁadml%_ 8RGRISpriate
relevant component or data él%}omt may. be assom&r{ed \%tlg a.series of

SR, aratubly WSsHEEsd 4 aREBAEEIFATHGUR, conesiohting T8 the '
gesute dfdthesuppied sgtatyrankiysisraladitiptotisech atal podnadgetiion to be
a\{@i%c{n %88?5@5@@% %yf lag 91%95&@5 gesignater Ofaunartisdlagnature results are

characteristic. For example, if a Particgl r deactﬁl g)oigtt:u @aglf%lirl1 qn aﬁggr%g al.
YR SIBFARARRPO fiFSE PAY RSt ec,pg??%sg)énémg BekAtetinal valiemay”
(slepsét.0) apasticidar(cataqidint i¥tbe SOtbigimithy charlesmatvtiete feelysis
3&9&9@ 55@9&&9@%’ be %QE;@@%B%M?}'%n@ m@@q%@g%llﬁ)ﬁkifggﬁ[@e%ylts (step
include information relating tQ the trend, §uch as the duration of the trend
%8&,. én&éfﬁ' other desired data’in the storage system.

Upon identification of each relevant data point, such as outliers and other data of
importance identified by the supplementary analysis, each relevant data point may be
associated with a value identifying the relevant characteristics (step 444). For example, each
relevant component or data point may be associated with a series of values, suitably
expressed as a hexadecimal figure, corresponding to the results of the supplementary analysis
relating to the data point. Each value may operate as a flag or other designator of a particular
characteristic. For example, if a particular data point has failed a particular test completely, a
first flag in the corresponding hexadecimal value may be set. If a particular data point is the
beginning of a trend in the data, another flag may be set. Anocther value in the hexadecimal

figure may include information relating to the trend, such as the duration of the trend in the
data,
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The supplementary data analysis element 206 may also be configured to
classify and correlate the data (step 446). For example, the

supplementary data analysis element 206 may utilize the information in

the hexadecimal figures associated with the data points to identify the
failures, outliers, trends, and other features of the data. The

supplementary data analysis Selement 206 also suitably applies
conveflienapderreiatiofateahaligiiestaethe dotenfarsexamplgsiodd entifsify and

Rotentially. leduadaater nﬁd@&&ﬁdﬁ§t%he sup;gﬂ%g%@f&&%f IS %B@r({%% may

additional analysls functions upont € generate atistics and the output

BUAAES TR SE R BT RIS G s SG GBP feiBrdentty
Ag2fpilrvalyzitig e aehdre bedartbal dtaracdohding 4o The selgetedialg drithmalysis

%Wﬁ@é%%o%oallééesmtﬁl% thereutiarend E%P@JHQH@J&Q%&HH& 15 %H@@ﬂ&%ﬁl Wmple
ft%r u et of da%aait e supp Iteme ta?}./t data-analysis element 206 may be
coh GUreB AR Ak |ca Ny AboHThE Shalysis and select a different

aIgontFiFriilf3 ComURs éQE’apt@memfaryldétht@nallyeslslﬁerﬁem@%umytbp@meated

|Eiaﬁ§t¥c§léﬂame Bﬂ@?(ljfl‘ﬂfstt‘aﬁ@%%aéﬁ ﬁ%ﬁ%ﬁ%aﬁy?hﬁ?:ﬁ%ggmﬁ%&%r@ outliers
lec and/or according to treatment of t in

?ec 51%9 ?'elr?ﬁgef)crocrggg %odr%u%r%cﬁ ucgaﬁ Sutiier Si%ﬁ%t Pc)“ﬁgm suitably

é‘Fé’i*ﬁ@ﬁ% A)&:@r%@ to Rfama@@%ﬁeel&oef%elbp@sempmv@wtﬁ@na«mﬁanff data, the

aujpmatigatly alibiatesdtsisansitioty daoutiers hased enseleeiedily abort the

sd%g%lg%c[gégetégngr}@m r':Palg c%pmrelevant datum (step 434). Some of these

statistical relationsh Ips are then compared to a threshold or other
referencs PEIRETRIEH adath 8k Fleaent A mayoRfaifain, a3y suitable manner to
cesizhinationsrinereoss ty definei20 relativedutliessthiesh @idohcmig&ol fdi@ent of

Rresent smposliment e, Statigtical Jelatioshing are sealed, f %%‘?cf“?‘]% ifcation

by one, two, three, and six standar SJEVIatIOI‘lS of the data tguéeflne
GIFBFBhESORTEE ARG AP Etep, Aseyeamb BURMift e #l i AMAmy ttrally paibrates
corrpariediyodheibioti detht esheldclinbitstotice ntifytiandipkagsifatheutpiitdatum

tegbdaia aspuiligrsdsien a8 The.SuR gé%etﬂ@réfo%@nﬁrlé"y PSSR, ther

206 stores the resulting statistics and 25 outliers in memory and

R ST BRI s S WBREr TS c B ATe ST S8b&AtaEr Witkeahyo define
selehvstatiitc shamtiobltlietts. (StepheirBciS elettdthstatisticsathuitlit s aindébips are

f@e!iWc?%P@%ﬁ&ﬁ@ trigderatificationeyenih AUFR AR SGRAUPAR.EIEEIRRIG the
message tg.an og tor tri gwéng a light tower, stoppln%:[he tester 102,

& noff?yl%t IS POR e (St 3R o PSRRI BSHARBIEHh B SU R RRH SR the
catheatiabybibddl enman@@fbn@mdésSacy@@seaM teledaerts2i0iandan 438).

OUt“er @ﬁ@%’\ﬁk?}ﬁ&ﬁéh?&lﬁmﬁ&t gdysIheisralingoslement 4 Qds.Rfguiets and

g}/namlcal scal cftled coefﬂuegts and qgther values according to

& output és(frﬁaPa W aier St Ao Férﬂléﬂtcﬁirflf?t(?&n"l‘fﬁ?ﬁlélﬂ with
|éréfhﬂf§fhaﬁﬁl€ir6éla.@él¢ytth€s Veiro a4t utfidestid thatidita acbierdimgltor failures may

selectec:algeithti®n events, such as sending an electronic message to an operator,
triggering a light tower, stopping the tester 102, or notifying a server.

In the present embodiment, the supplementary data analysis element 206 includes a
scaling element 210 and an outlier classification element 212. The scaling element 210 is

configured to dynamically scale selected coefficients and other values according to the output
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More particularly, the scaling element of the present embodiment suitably
uses various statistical relationships for dynamically sealing outlier
sensitivity and smoothing 5 coefficients for noise filtering sensitivity. The
scaling coefficients are suitably calculated by the scaling element and
used to modify selected outlier sensitivity values and smoothing
coefficients. Any appropriate criteria, such as suitable statistical
te LEMRHONBRIRS B RE 4sesch faEsealing,. Alternativaly, seatingamblyr bessify the
o,mitteohfrom tt e process. .'rl:hg gé{yi%r cl %gtfkil(r:rzfltion element 212 is suitably
VaEsh i‘g’]‘lﬁr’ee(rjstltr)1 [ enzh?y an oFc?assﬁy ?LG fae outliers in the components
106, Matpuriastlerta i argirgneliareedults A6esRYiIRG0MRSAE ARy uses
valgarithmsichn additenigheodtienttagsification eltiment@iddtmaydbemoothing
SRRgurad 0. llige mple.GRydidale aulieridanification Alaprtims A,y
identity one or more algorithms suited for identifying outliers in the output,
thiestaiatac DIEr SRE tRES KemerHie salfeird iy ISR BistABGTiGRS, SLHhme
cdbrat rptouUtieyr igeniifieationctdlgoith as it ide S apiorbpridtentbirenear de used
sJnaYike INaRpIARLAtedar.anoihes oHhe.euilignglassification element 212 is

suitably configured to differentiate between different data populations and.
oA ST GHEH ST 50 e R AATOH SO o B B

titheudata popelatigrotype Bithatput tesitddatantive aatomatitSeicetiornenigyany

sxﬁﬁlﬁgtaﬁrg%%}ﬁw 3pRLapHate.setotcandidaie qutisrdsentficalion configured to
algorithms, and m_aél eperf rm t(riletsfele%:tion CCH rdisn(;lrtlgz1 agﬁs@%bl& more
WIS RN R FARAIET OBy MBI YREIFRG T0 Figure 30 the outlier
afassifisatiorlefenémtidizzmelidie wolkguredt trdulemalit B peifeopngasrate
aartlier identificationalaarihmsseleationprosess. Tbgiavdtien classification: is
element 212 suitably comprises a.prezprocessing.engipe. 3010. a
AR EAE B Th éx ?&%&ﬁ%’ﬁ%% rfof:gé‘gl%é' egglhei r(l%ﬁé%rf asé%ﬁ(g&t%;n clement
24 nisrateitolatacto DBk eadi Espatiin bt il RRAVIATCR oA

Alaaritbms. Fheclassification engise 3Rissuiwbly selasis vagor snotee data

’ rel%vt?' nt OUt"etr tLdentiﬁCQ (5'28 n allgé) ri} orrrr]lstl%réglégt? tiﬁﬁ? éggcphlg{ﬁ Ty appropriate
PARSHNGRE ° ThE ouput

accordin est data, for example data taken froma =
sparfieuididreseudie idrmfiyasroatied thertherdumsPeriealiRandrcEBmerdts
40 analyee Hheioupubisstsdata for 30 compatibility with various candidate
outlier.identification.algorithms, The dat v b i i ‘
e o o s e b
confisura e datarmieEXATHED iATtE hre daFR Eb oA R eelection process.
THERMEESSNGRNGING 301 01teoeives thenpikput ptespdatssiapdiepdfdd and a
e gallable aylioridentigation. Algadiims, seas R mHeKnG e 1
rom an outﬁe%| entification algorithm library stored in memory. ]ﬁ'he , .
B roceEiG erigie SRR SERTE SR AP Bt foh Batierion eneine
USingusever adlafitheamaitaklecigarithmist lhethié resenteibodindddentiies the
(prt%égr%ce&ﬁ;gsg ngine 3010 analyzes 5 the output test data using each of
the algorithm esignated by the user, or another suitable selection of . . . I
aIgori?ﬁ?ﬁs?‘t@‘&eﬁétrélféaplfézp%@giﬁétﬁé?gf’%&%nag BRHtHRE S h et fise
pyaldlgorithmsudid varssiisdesciiptive StEisticsydyrshths mifiniurst data for
(r:ggﬁgle[ﬁllyi i W@xnvm%%nﬁa&d@{Hig[eya@ﬁma%lglgﬁﬁﬂmﬁndﬂﬁedﬁ%@-may be

The algorithms may be based on jindustry standard (e.g,, IQR, median +1- .
W@ 4n any suitable manner to 1dentify appro){arsiate algogtlgmsgfor %ent{gmgatge olitliers

in the output test data. For example, in the present embodiment, the pre-processing engine
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10 etc..) and/or proprietary, custom, or user-defined outlier identification
techniques. The outlier identification algorithm library is suitably
configurable by the user, for example to add, remove, or edit outlier
identification algorithms, for example according to the particular products
under test or the characteristics of the tests to be performed. Different
algorithms may be appropriate for different statistical population types,

%’l@l“r&%@&r m@bu@g@t@lghﬁg& a;'n% BQ:M@& tP%bl@%@?Qie%ﬁ%ﬁ& Qomthms

Fn ulatlons %? andidate outlier jdentification algg)rlthms may

Bri er5W§VéLﬁta f’é GO PRIPRETOI RIS L ¥ pRS AT DS f’éﬁdslafmmory
ama:r%um%@nm@rgq@ aftlie azshee s(IBR)pormsl distfib gtidier Susiggray @R the

narmak @EUJ@MIHQP 16 ti@ﬁ%eﬁQ&&gIH@ﬁm @r}e %t@llgmc%si@% #Qgr%qm%: afdlyzes
m a Oglt m m orjthms abl |ty algorithms;
B o, e e o R
slgeiiA %ﬁi@%@i%ﬁ@@@@éﬁ@tﬁﬁf@?%@%@s@iﬁwr@r@rs@z@ by all
mayialse atalyzedhedesboatailogesnesae shareleristisselatingienthaedian,

8%‘1&8 1t AlCK thg%tlg dig%r %Q&n%)ngtth?lpre processing engine 3010 may

calculate various statistical properties of the output test data. The

pre-pro&e s4Ag Otk Pr et aiaddyRasedy SetectoB faicgisgier- N sigma,
detestivs. iRk the, piesent eisbottifnentiier aldtict classificationelamenttiier
%%m@@&aeagtmﬁ%sﬁgylﬁ qutgﬁw@xn%m%tb%%f%@ a@@l%%%le o add,

outlier identification algorithms. The data from the sel ected’ outlier
IgBATicati6H aRyoifth i iS5 s AsariREswi& HRPle fearifigedftalie particular
gistardeddézaee xampldiamcthespre € mientzodirentfthecladsiffeationl gorithms

gRgige %&Fﬁ%%@%@ﬂ&éﬁ%&%@éaﬁhﬁo [EROCERIING ANQY RIS I8 NI mic
8%/ each of th vall fg utlier 30 identification a gonthms The

e o @%@ gn%P §7 8B RGP Bro s TG S Seligriifry fisaton
alayrshitabbeycritensdsesuvhssittpredetethmnder amdior tsey-atefifiedibutions of data,

5@@@%—@{@%5;{1@5@9@%@@% %ﬁ@@rbm@rprﬁ sgﬁgeﬁitl q&ﬁtﬁ aRtstion, 6
v.arlou criteria. TrJ]f ruIe be a a&e rule ample

gfipto l%Fanalf {%én%r é %" We“lamp‘”’d

h*ﬂlmrﬁum mﬂm@hﬂimmatmédmtmaﬁm&mbm@m(wl6 ,amdnESPMe,t and

@oﬁﬁg@%aﬁ%@i@ﬁ@dﬁ@ﬁg@ﬁ&&@%@ﬁvﬁg e%ﬁé’@@%d@%&l@éi&%%”o may also
s qio%est"éa S"' %*r‘aet X El'r%&dres%e%“o? e o the o ynder certain I

gifcumstances aving too few testaes 2160 n%lfﬂro\?vO o g e

B}maémrmmb&ﬁeﬁr&rﬁ%%rmé qé‘ﬁt‘%@ﬁk@?“ﬁﬁ@%ﬂ’é@‘ prayveeprs-Heleetny test

amd/or may be adjusted or added by the user to accommodate specific

°°”d'“‘9§5 glthep rs%‘?c“a 3and testenviranment, Furner, the Clglsesrlgctatl tion. In

engine 0%> r% e 80 igured to appr gnpartlcdiar algori 0 a certain

fpﬁ@@ﬁ%égﬁmb@%ﬁﬁpq@ WH@ﬁftﬁ@%%‘@@ﬂ@@erWvééﬂarénkw@v@n% fralveeslts to

Rt arecisdstwstian, &Q@Iﬁ%lé%&&éﬂa&eﬁiﬁl%{ﬁm@lg&thﬂtﬂﬁr arpadieAlIBbm the

t licable, For exam he C|aSSI catl ne e3

R e e P g

ﬂHéca@F@n 31 arf%miremdéﬁﬂfﬁaﬁfoﬁna@bﬂﬂﬂmtbﬁ SPBEigEn Aaie Hekeseives

systemitesdlthiran-anagaihmasatisiying Actule asectsed fas autligble outlier
tification,, Other algoyi or tha re suita nored

g S A Y st

SeferdEd dutisrsUaRBlCoMpEnarts mer%&ffaw fodrna t@gt éfeﬁp@fi fé%%’e -driven

resylts anehihie: infeihkatien genetatadytha spplanentatyianalysis

element 206. For example, the outlier classification element 212 is

suitably configured to classify the com%%nents 106 into

critical/marginal/good part categories, for example in conjunction with

user-defined criteria; user-defined good/bad 20 spatial patterns

recognition; classification of pertinent data for tester data compression;

test setup in-situ, sensitivity qualifications and analysis; tester yield

leveling analysis; dynamic wafer map and/or test strip mapping for part

dispositions and dynamic retest; or test program optimization analyses.

The outlier classification element 212 may classify data in accordance

with conventional SPC control rules, such as Western Electric rules or

Nelson rules, to 25characterize the data.
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The outlier classification element 212 suitably classifies the data using a
selected set of classification limit calculation methods. Any appropriate
classification methods may be used to characterize the data according to
the needs of the operator. The present outlier classification element 212,
for example, classifies outliers.by comparing the output test data 30to
selected thresholds, such as values corresponding to one, two, three, and
six stafisfigally, %@Qﬁtwﬁﬁﬂa‘@}ﬂ%,‘)ﬁ% E'S&m;ﬁeﬂ%@pﬁb%% SHEHiAS s or
data mean, mode, and/or median. The identification of outliers ip this
vibah e bRt SHBPRO R AR Ly TG RRLE Bt TS TRLP rdG i SaE 3P ol
danaptit, dEPENdré| &R, noiserious Thresteldiepclabsificaition el diegtage, the
BOAYZEeS 3Rd corFelates he ney mializedQuliepsand/eidhe savhdataRaintss,

based on user-defined rules, which Maa/ com r}ise (%rl%lssgilf%gl()en%mono the test
SYERRAR YIRS 187 BAHEhdToH Battér SixESHication. e supplementary data
randy siEhelanse mapoBe ey e cohfigliredy perfeintiatigtiotiiaharsisst ©
alBeQusRuE tesi.data andiihe informpatiemgenaiatedibyrifie supplententary the
SRR SIE S MENL200; F AT RGNS BURRIASlIan AR 0ANP S
Sfémenit 20 may i entlﬁ/ tests faving hF RinCidences of fallure or
obtrtefs: suerpEs By EinpaHigthBGHI 67 KYeTade MihBrBIHifsgbution.
odlietsOnautiersdtin aparticulanaassificatidn tpgetts. more theesholdhe
cYaaslls'ijrhecsaﬁon erTvrllr?e Bl?r%ye Qé%{ ageaétk% m%glﬁ %{%ﬁ%m.z%tﬁ@ E&'Pﬁl%? t;%?ow the

configured t0’correlate data from different tests to identify similar or
toresitl dhare R Fo PER IR By s A AT ORI RORY CUME! ol ffisy grosent
saniehor sarretatingroatierdbeteehyvalfdrsaor othefodatalsetsefttfgation.  Other
SUp '%{Q?ﬁ@%%&@t@&%%%t%?ﬂ%@r%% may also analyze and correlate

i

ata from different 15 tests to identify and clasgsi _potential critic§l andd/otrr
margihBi SHaeF L FRC B IREAWaREY TR’ E%B%’e?‘%ﬁ Iy Sgapeted outhiers
analysiselenidnt206dnayaisotahalyze eyidecdtselatdhd andofroricditfmestied by
&%%R%%{Q&-@hﬂ&@gag efined:9eed RALRANRIMSANGer hadinattHaliands: 212
.on a series of wafers for the purposes of dé/n |c.t?st ty‘ggalr/edygga n. ;I’ €
SR erals et a ArdiiEl elemERRIBETS also Tikably Configuredte. ©
analyrs,20andopivelateodhta fronydiffererdeiad wildentifyouseiadfigrag/bad

%%tiﬂsmet%wr%@if%ﬁhaaeymﬁ&s&fp@m@mi@@ﬁyf&owlesamgothﬁa@sin; test
ata into memo_ryi. The sﬁgflemenéarx

ata analysis element 206 may, ..
5548 Hrsliy A8S Y Bo PR tS At fikh aar%rlrsfaf%tse aﬁlslf?‘egvagrfﬁ ?g%qg it for”

testoteaind/sittesetuip vepifiestiopradinssitsiR gl atyanaie reetife fetHaogram
%m%%{%’{wéé@tér ANalysis alemem AQGmay tontiiulestorfestdigdesordance
yield leveling an is, for example by 25 identifying, whether a icular
fatt ﬁ%&éﬂ%‘%’;ﬁb im6?8%81r|§/“ceas1i6‘r15$e‘%f S‘r’l e fé‘:v}évj%%“ﬁ“ro icing R, «
phapproprititedasults. The supplementary data analysis element 206 may
moréoygs analyze and corelrtethe datadfor thepipasesof iesiprogrami set

optimization includin t not limited to, automati igg g’kfiig%t(i)glr}n%gh d b

I (ﬂf ﬁﬁgﬁﬁt’%}s ém&tsfﬁgc%%lfrllroé’la{?ee%éessuI%gya?%) rggﬁlaé? anf%ysig and pré)visclirﬁagy ‘ °
astditiorvabdeaiforiisdart Aneiyling PHESsisHerhdhtat) erits anBRyRIESY outlier
element: 206 isnels suitBbbcepligureia Wentifyveriiealdesishiosutput test data
example. by i ifying.regularly. failed or Imps f%ilg\g tests, teghs that arg .1t

R
scaled standard deviations from a threshold, such as the data mean, mode, and/or median.
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The supplementary data analysis may also provide identification of test
sampling candidates, such as tests that are rarely or never failed or in
which outliers are never detected. The supplementary data analysis
element 206 may also provide identification of the best order test
sequence based on correlation techniques, such as conventional
correlation 5 techniques, combined with analysis and correlation of
ridentified.outliers.and/or pihenstatistical anomalisssnumbenef failuresor any
critical tests Iongest/sihortest tests, or basic functionality issues
to eRATRRCP Uit AT B fr Ve e supplementary data analysis _
may Bisoyhevitessdieniific atorsReritoalzasansirar drasghoaopaptiegsoutiiors
ar%ﬁﬁrtgg 1Y 98 RS}ty B_@J@fglﬂtﬁé&iﬂeﬁ}ﬂﬁlﬂCfp$§@Vﬁi@U ratigrditeriRashil Guitable
identification may, provide disposition/c ificati ckagi
B G A it WA Eoant & Ty Mo e clmnt
24imeaedactoRgivugh Byfamiedsidme nsaipitg O FEdoaky glsadgirnd the
idiingowateeprabey lgentificationtal thesaparts ayde pepreBentedrgird the
su%%jg%};r{g a’%@%@é@%& fe0anRgn, for £XARRIE: 25,9024 ARGPAC-PATS Bllure

ynamically genérated prober coritrol map (for dynamic mapping), a ’
oy pafEpTn Al LSERY Y I A Fﬂ%ﬁ%@fé’daﬁiﬁ%}’ﬁ}bﬁ‘thB&WS%?é‘Bp’?é? gffytiers
itestinrg atfinakiestienresults fiteardéisiodidatedsase results table.

Suppjemental dafa,analysis glihe.cellceptalends veldanisa ineease: da
quality control at theé probe, and thus final test%le ds..In addltl? qualit

> prooe, an . n .
ey BSIFFRAY BaTlioniifidd M BrOBECE rdRYRIET Mot iie R GHTaH RO, “tha 8
csupplementat daté analyis endlsipgatdterahetyses terfees o0otbeirfppage. The
sﬁ@&%&!&}lyc@cagaﬁamﬁy idedete 3o HW§;r§@%§@6@ﬂf@a€H@¥sﬁ&@@iﬁerent

as well as’test engineers or o her,g?rs }melé b %(}enélfg/mgocautll IS It:hoerwafer
teskeiisRR i A HRtHE PL BB ST %Iﬁ%geofnlflo Sfion on'the wafer map '
Tite ntifylngeatgrodpohuomjsorients RAMyesighatarelsmaksesomditatag &om
dfl?iis'ycxlx@ tg'slg i %t@?tg{éﬂg&&@eg?ﬁdwﬂ SalhRenSIGHIALHIR BpatySISea)Ste M series

may_identi potentialloy (?efective oods éggtgor@ay be undetected using

a

O BRGHY S AT ROSE Sl AIE L =S RERR T

SIS. eferring now to Figure 10, an array of
semicBnduetirdeiicesdrepisitoirersr Aowanse Ihidrardied © analyze

Heneraliresistivity, of resistor e pONRASyINdheisamiCepdiretnrdevigesior the
varies acrgss the wafer, for example due to.uneven depositiop Qf materiak
BFRPER e n(%ﬁﬁ%ﬁl%é?glrl?tfﬁsén%e@%%%cdgl% Igﬁynf)eg??gﬂg@ (%(?n%o%ent, Plata

Hrolvevelormely2 be ik BoHEe SHreATTiE BRI Acd Ry e RAMpTR R s s
farast fesistanceofd padtistlastesistensaompanentimaiubeed 0R0&Ppiémentary

a(t)g/?xha %%r etlggeerx@g&o rfnggec%%fxg{ltetpoetggSniéégg‘i:eeﬁ 1%5&195%9!193@, for example by
identifying whether a particular test node may be improperly calibrated or otherwise
producing inappropriate results. The supplementary data analysis element 206 may moreover
analyze and correlate the data for the purposes of test program optimization including, but not
limited to, automatic identification of redundant tests using correlated results and outlier
analysis and providing additional data for use in analysis. The supplementary data analysis
element 206 is also suitably configured to identify critical tests, for example by identifying

regularly failed or almost failed tests, tests that are almost never-fail, and/or tests exhibiting a

very low Cpk.
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resistors approach, but do not exceed, the normal distribution range of
9000 and 110011 (Figure 11). Components on the wafer may include
defects, for example due to a contaminant or imperfection in the
fabrication process. The defect may increase the resistance of resistors
5located near the low-resistivity edge of the wafer to 10800 . The
resistance is well over the 10000 expected for a device near the middle of

the wafer PMEQ&EQHN&UMM%H"% g@@'ﬁ?ﬁﬂ@ﬁﬁ@xﬂlf@% of tRelehinGgg
to Figures 12A-B, the raw te data component may be Iottg‘zqeoted
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erRpin2 0T R Gath 881 8HHE T DBB EaifE S tatd BT AL Tolt &Rt 0B b
rSititadalydadrdindipoe jramy ppowipiescanaputpuborepentitls asprinterndatalests, on a

@Qﬁﬁ%ﬁ ’Es{éﬁa% 8?09@%5%'@%%'%%@ 4o, as%‘é'?eﬁ%xap used for

ph |ca numerical, textual, printed, or. electronlc orlrrtlf3 ma¥ qtu%?d tod/
RS o BRI ot TP RIS SRR OAR A A SR THE B /o 2
deicment208 widy provide any selected content, including selected output
test dﬁ@pff&ﬂ@n@?&@aﬁ&%ﬁl;gga@m Qér%%tlf&l@[f fherseRRlementay gatay control
analysis. In th #ogesent{e glo %nt the outg)utserlgam% c? §f5Lé§ %duct
%F?ﬁ/fﬁ%%e a%fé‘&flg s Font 6 SOt dtTar arses Taecricq by the ¥
ropératonddave|| Bstbupplentertardensnitiplae aetlvel %ﬁﬁélmﬁﬁ%?@?ﬁémté“‘ds
tg%é}igge E%@feuwp H&Eﬁgtgl%vmem @iwmum&aa%%@&mh maauyllpe@dsoas a;c\)Nell
sam range from the databas ste e sampling range
a[f‘jéeﬁ{) ‘éggr}%?ésd%rté)le & o?r%ét%%%é él f’rﬁ% faed it ﬁ%camn&%bggjrep Hi 108

the pnelgéﬂtlef@my@me@ﬂ tivevsHrphiAp réqﬁ@@iaémuﬁé@e%wﬁ@ﬁmt@@avmg |
Sphthevafarselectediiy the.oparatns fardeniewint heqeeedeterminad signature

anamg(s)régg:gsmmrg yb%esn%li%cgo%%r%%%?/r i&@cggfea%}(ods that may be undetected using

conventional test analysis.

Referring now to Figure 10, an array of semiconductor devices are positioned on a
wafer. In this wafer, the general resistivity of resistor components in the semiconductor
devices varies across the wafer, for example due to uneven deposition of material or
treatment of the wafer. The resistance of any particular component, however, may be within
the control limits of the test. For example, the target resistance of a particular resistor

component may be 10009 +/- 10%. Near the ends of the wafer, the resistances of most of the

26



10

15

25

30

criteria, such as data for various circumferential zones, radial zones,
random components, or individual stepper fields. The sampling range
comprises a set of x-y coordinates corresponding to the positions of the
predetermined components on the wafer or an identified portion of the
available components in a batch. The output element 208 may also be
configured to include information relating to the outliers, or other

ro %@8&“9@‘;5 enLgensraled.ar ddeniiiigd by e SURRIGIENIAR datdoanalyais 1000

ement, in the dynamic datalog (step 704). If so configured, the

‘é%"ﬁttftérs such as x-y coordinates, for each of the outliers are assembled
as wélinbhews erdihatesfomtigropdradefegel éotedomphindns engnhaant or

inQuHiEES AR merandintg thecdwnamic daialag (SIRR-/QGh- Wikt BT ta@stors
current embodiment jis.in the for ato the %Yze t;?ﬁterd ta out ut orma#h

kALY ISET O ONTHE At TS $he ynamic’ét alog facilitates comp r\évselsmno
1@B@m@m@@r@|muamﬁmr@mﬁg@ééham%r|tma|1tawldéﬁ5 Wémééhmt@fglal
d§m§,ﬂ€d‘1ﬂ@ﬁl§é€ tester data file, reducing data storage requirements without
comprom isin ta integrity, for subs t e 8¢ ploticd.
e e R S
Thatashreia SeneecmersTde Ror el b’ﬁ)l@ﬁéﬁt&ﬁ/ YAYAR8faRRGgty among

@t@maﬂtsmﬁttt@w&mgﬂmmbmamgadmy soordinastuarrayofdhiees. The
Qeasmt?egtat%gqhé%%t 08)-0t A6 r@t Heyad.ipformation s ttla%m e the

ISadinan a propriate Output report (step 710). The report may be
95t EpRIBF AR AP BpIFtE R mat oi manner. In the present embodiment,

the outpet tepeEt sutitabpydnchides théigynamriowd ataiads havingaserdfeyention,
t@%@&%g‘@%&@éﬁ‘%ﬂ% §§%&9tr%gy%9&@ﬁ&§ \ﬂ'thtbﬂl‘%?sf% %qgg'ﬂ%&a The test

classification. Further, the output element 208 m erimpose w% e fect
dpiafs &%ﬁ&l&dﬁ%nﬁﬁﬁ%a@u’tﬁ%%f VRS v alfe? é K Sfot?t%té? elédted e
hoorvponentslikdilitibnally, theuwtpdialenrentengy Hrclrdaglyithdautlistste

aftom the wafsr, map.or.hatch,as:the.sanled-RuRiut; e QUIRULEAPEI defect.
may also include a series of E?%Iaphlc | re resen tatl%nglo Ile data to

ThigAHGRT FRSEAHTR AEEDE SUHIRAY XG5 ESrraisfiona N the a4ts oripg to the
ogptitiregont drayrfurthéhinoktdde desdremiéndeationdiaadasupporting data

for th%ﬁ@%%@ﬁgﬁgf)ﬁ@ - 8XmpI8erf o deSisRRPER, @WE@-T@n time,

identical sets of failures and/or outtller% the outjpléltagglp%te %9'% demed
2 RYRLHTSH TRTIRE LLAL AR IR dant ARG Telommen at one o

destmbenomitddrinomcthes mmtpwgnamerrphletpé@@mématmerﬁwlm@méw

1R graphicalispresentationsefithe t@s@t@r%U@é@@&mﬁa@ﬁ@thadﬁﬂﬂﬁﬁuﬂ&ﬁém 208
the tests

T eo t ut rep ort ma ovided |n tabI r
T5¢ &X %Vrﬁlﬁlgn fiia: Eo g@alle\?énix}éa?%er?[ege% %fo a g@\é’/er ar(]?t|t\?/1§tﬁ;§‘sr?eqef‘1 e
@$ahm0@haﬁwldm@na§pﬁ@§§r¢atéyﬁtanner (step 712). In one embodiment,
the Otttptt{erﬁfz@éhma%&ﬂnw&vmwaﬁdiearﬁamtlaastttmtptﬁmum@a&aemon of
ffect the opera 0 syst nsfert the m e
‘? guratléo ' the e?gg?r{t E?ﬁer cop dat%3 Hles, ¢ eVF orrr?s gt%%ggllr?aemgsdam *
andn@bnérat@g V@st)t@sdarmr@iaﬁﬁﬁ %foﬁé@ﬁt@ﬁé@r&%ﬁ%? VB Flement 208
RPBSesds a Rmdditionmie thensupplementaryanadysivDf thehdatanphing range
eachawaler, g testing system. $00,36Cording 9. VAIoNs ASRESE:. Oftbeehe present
present iRvention may also perform composite analysis of the data and
geh@cmenad@mmmawm@ﬁwﬁﬁa%m@aﬁa thénefs gl HitigpiRsted by the

dMAsalSosUeRAs Using prediipteiivafessmandior lats. toreposileaanaliisis is any
suitably performed to identify selected characteristics, such as patterns or
irregularities, among multiple datasets*’
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10For example, multiple datasets may be analyzed for common
characteristics that may represent patterns, trends, or irregularities over
two or more datasets.  The composite analysis may comprise any
appropriate analysis for analyzing test data for common characteristics
among the datasets, and may be implemented in any suitable manner,
For example, in the present testing system 100, the composite analysis

glemente d!u% P& RHDS ¢ &%ﬂégﬁﬂﬂxégsrmﬁ%ag?r&m@omwwmem

wafers an or lots. The test data for each wafer, lot, or other rouping
idiead Sippset e coﬁfﬁoﬁ’@%ﬁ&lﬁ@%lémﬁifl S&uitabis” P eoBrdinates
cinplpréinged tas psicfiwariimocidiecopecdtingomehie cothputdrl@8n Tdetified
SAMPosite Analvais SlemantAl4 iy be implemented, however, in any

a prvj)rlate configuration, such as in %gard ware s I tip oracomplne

hard OUtH Slfﬁ%ﬁ%}éoém&ﬁsoﬁﬁﬁﬁ inclu e mfiprmati ating to the

composi e ahaly
celbenent 2tEmialpiyes bxe@ated:on mad@t@swmmmmmwo@aa analysis
eﬁmgﬁexﬁqmmﬁ%w@m&qaépd@@ﬁn@pw waﬂgsﬁaﬁom@n@ﬁhmmwsas Xy

gc’laratt% ? B)&Ite}: %SggtWerThrg e?sgefxrﬁ)?%lte anﬁlyﬂlse rpoail% ero?r‘cg]ed eargtor

tihe® Iowmg € generation of one or more complete datasets

aqp@ndap@mne@tha@ﬁ diaggbere rateteveed ivETdhe drrradnitiane (aiﬁal%?é which
iingudinghistodeahdata. i phe eomasia.dnakysis may cssuamedataMerging
oM 900 MOV%da&aSa%%c GOMAORIS ANRSIR SALIRCEN R SRYRIRLIO6IR o

Inputdata, includin raw data ed ata and/or smoothed data, for

SECPPUATAS S SRRtheas 1) XM RiHY TP IR ToRG HRHHE RS firdigh tnesducing
&‘dﬁsﬁﬁhﬁ@élQquiﬂ@tﬁﬁtsQﬂﬁ&)ﬁe%Mﬁd;ﬁhﬂgnmi datarigysitably fiiessdcustomer
anaxngsa series of user-defined rules which;can be Sefingd.ashe raw test data and

hematical expressions, formulas or any other 30 criteria. The data is
?H%ﬁfafﬁ%ﬂ?féﬁ o TR PR RSB GEAA T At T gD o i the
fQepdosite datairayrajsd e mex@mjdmtmg)(ktav dafta, such as the raw data

oran aﬂ@ ?%@53’1}90%%&?@ ﬁ@n%m@%%@&' %qlill %ﬁﬁﬁ%at@ Q@tput report (step

composite analysis element 214 may then provgje atn appro%{la'? th put X
eBlort AL, BB R 8 D B R Ao e i BSpla e P

atitptirieportenayprovde infoltrhatiolndel dtingtmissuesdlea mangfacteiingap
ﬁl@w%%eamgia@@@m%mg PESERLAYSIEMReICAMBARIE aRANSIShe output

element 214 analyzes sets of wafer data 5 in conAlOJrgctlot with user
RS 2 SRR BB AT al e FERRe SR SRR LS B R BT P8 ¢ b &g of
éstabhshom’mpmsrteemapédﬁmonhklstréﬁa@@nﬁfﬁkfamfﬁalﬁ?é’rﬁ@bﬂ@reﬁdﬁhe ouﬂlefs

@W&Q%@Qﬂ%f%? camrecalve.sever %lugifzfte@ﬁé datpselsanaiey also include a

composite maps for any one se fwafers n mult le use
ESHfiglr SHBAY rfet%rgsgé Bt i([9351 ¢ BHfeltinG %x |uttn X he e Qulisys and

tre 13, in the prese
embbdiment dpedating iHthewpwhiteaduetor M@é&tlﬁ@@ﬂvtﬁ@ﬁﬁféﬁt@%ﬁ@s and

Q%Mﬁg%%@q{ﬁs'{%@ @%ﬁﬂﬁ%@ﬂtl&@mw datadrony Pﬁwt'@@ sOPRSLH generate

such as the from It| .wafers or lots (1 10
é%ﬁﬁ%ﬁﬁéée%‘ir@%‘ﬁaﬁé %rlgrsla Vel Blich's Igagt faw ?ug?lltere%’)é dagg ot the

srrioethectigatent h@mﬁ@@%@tﬁ} fiserpptiof desstoptings Sl foseive eHatiperm

the testenaliuRdimay IR dheresgatenhedimentntbeicommpasiaiapaly sdsntical
elemen} 14 receives raw data and filtered data at run time. The filtered

a%&u {s of the tests.

The output report may be provided in any suitable manner, for example output to a

local workstation, sent to a server, activation of an alarm, or any other appropriate manner
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15 comprise any suitable data for analysis, such as smoothed data and/or
signature analysis data. In the present embodiment, the composite
analysis element 214 receives the raw dataset and supplementary data
generated by the supplementary data analysis element 206, such as the
filtered data, smoothed data, identification of failures, identification of
outliers, signature analysis data, and/or other data. 20After receiving the
@}Y\/ﬁa ja ﬂﬂ%@“&%ﬁlﬁme{?{%ﬁ@meﬁbﬁ CRNBOSHEy ARAIYSIT RIQNEMNhat the
214 enerate? mp osite data fotr analysis ({1312 [g)e lgomgosne datelln this
ORBHIFHEE 8B AIE Fo ST SBREART of hI"lfobr'mé‘f&lon #om more than one dataset.
chidizeanmplée thenmorispdéitecdnits iriy Sl prs®oumttaApahfiniadogpnerates
rEQIRING E@zaﬁlﬂﬁlmmo%&aﬂaﬁ%s M@&lwgi@pssf@r a particular test
occurrln% r Corr ggongln est gga |n different (%[%ﬁgﬁ%&gch %%t%@t?ystem
for Zéné‘onﬁﬁonen < &t For Similar posmons on ditferent watfers or in

18iffeventiegsioTraleen RSBt @Faﬁherﬂ?a%ﬁeﬁoW‘éWé‘beé}?ﬁﬁp diggform composite
2BRPIRRMate cﬁﬁt@n@@@ﬁbﬁ& datairelatiag to Araas hauviags cod cendatiensatiple
Qutliers of failures, wa 0311 cations generating.a signifisant AUMbEK ok formed
fleers taalﬁjre ata derived from two or more datasets.
tcrﬂévé@mpl@gﬁcté a&facﬁréuﬁaﬁ%ém%ﬁ@a By EOTHBRTR TRARST o iR atsets
P\éar&uﬁlﬁataﬁﬂtaaﬁomammﬁyypwmam foregulanitieslamongstive that may

rgg«} IR %Xe%m%qregu@ampsoaita@ data:may hegenerated by an

a?ys@ engine confgg to provide and analyze the comp osite data

2 cCor GG LTy RIDIS BRI BRGEBLR AR BGRRERa Y 2o test data
fembadite tixthedeinpesiteg anakysisiement ] Aeincipldestieproximityuitable

£hgine ﬁ&@&%ﬁg 10 GERRIAIR ROGOEFNOLE1060! W&E&Q%l%ﬁpmﬁéisﬁabﬁ%e&ie@{ém 214

the datasets. The composite analys Iemegj %14 ra d§o proc tt € data
I@éﬁfﬁﬁﬁ?@‘?ﬁ%&%’é‘é‘t&‘?@ g?(ﬁr%?ﬂg Eio PRSP SMBIASEE formation in
ﬂthemmpfmtet,masm@muﬁmthmpr@éetmeéﬁb@&ﬁﬁ@ﬁ@lfmﬁé}@ﬁlﬁﬁwﬁm 2141s

&ngineresaies multinierdalassisusithertiongmha Jdgkpmamogy sﬁwew{@om
database, or other data storg?ﬁerf rmsas atlal an%%{ss on tho

ﬂ‘ﬁ}%\%%f’éef‘i%géé e{ﬂ%}/ Oﬁtﬁm nte preve ate con ra’uon such

e reSu tsin e orm omp05| mask.
aFhie prmmdwweemmelrrmyagma@ thebompusieatiasic dateiguch gy, the
&9@9@@%&@@5%@5@@ @V@@&W@é%&%&u@@&{dﬁﬁgté@t%ma@w&miﬁéﬁ 108 or a
rocess or technique USII’] o te methods. Jn 1 partlcu
POt ??‘Bﬁaﬁh%usuﬁaﬁﬁ/ e%t?e cf(g;r%aggglf)er Gt i rlglna d(% ot
(1322) dhel mp&w@mswmt%p@ﬁpmﬁmbwtﬂﬁ@ Lf@épmnaﬁbftrgéﬂeraﬂon of

SYSteM{d324mJine raa@a@amtwfengcmeanaauead@a e aonfigukeddd refingeare the

?&Q%@%@a@a comp: rga qtgafor analysis, such as by spatial.

analysis, angflzln ?ﬁém%la a or recurring characteristics in the datasets, or
removﬁh‘g G@m’?h@ AR oT I eise Setedast ERHe L PBiReHe PFesEnt Composite

@ﬁﬂ@@i@'@&ﬁ%c@"‘@e et engineppedetmsdodposite maskijenerationand/or
%r%g' 2the<§1 g Ohbg Oafl%gred t%/ q égcr\m@en%ﬁﬁpﬁ 0848 g?a%&r%]tﬂrouoh the

per form roX|m|ty weig htin etectand filter clus ers1313. T
p}@ﬁiﬁwﬁw@@m@rﬁaﬁ@&ew@vfé}é iBPyktiySajiRinEHEs? gtHge series oHuser
Qpefalionssusinguser-tdefinedetule snetiteriacihreshalis;arfichpnécedence other

thefesutolihe ANAYCIRIR AGADRRRIS MRk Ol RAHIRA dRtaRelR. e
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 element 214 may then provide
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20 illustrates spatial trends and/or patterns found throughout the datasets
given. The proximity engine can utilize any appropriate output method or
medium, including memory structures, databases, other applications, and
file-based data stores such as text files or XML files in which to output the
composite mask. The proximity engine may use any appropriate
technique to generate the composite 25 mask data, including cumulative

an %uared Eg%tho 18] orp %I 3 fo rr?#!]sa tgvmjg L:efetsrl%%crééLesF&r e%%ﬁe the

Jéfined’ |ter aor rules.. e present embodiment, composne mask
olaith 1RAY wx@%@éreaﬂggaawwéﬂcewdwr@aar SRR PSR
pidndliiple datasets. The present proximity engine collects and analyzes

data fg Eh%ogm‘%%%@@é}g date, frpsmultinle datasets 19 idapiily Ratentialer data

relationships or common characteristics in the data fog the 3;10 parpculztatrb 1
ISP FH PR S H D AN G BES PR 8T PARE SRV S SHORTSY HE AP AB R B TAte © OW
atlptasdniibdingibete amaplatis filibrec dasenginoothettdatar sighdturé omposite
ax@a@ﬂ%sgzﬂ%@eﬂ\f’eﬂgy@rﬁ%ﬁ@&@ﬁ{ suitahle datR. compd Bt e PL8NEny one set of

embodiment, the ro |m|§/ E%me ?nalyze d%t%for gorrespondlng
RO S S R R RS SO RSP RRE 8 Big 57eC1 X 2Ehch wafer has

8RGO Figure
devicBsfiriperrediondity lodhtionesehnemiagipend esrypie drusingemconductor
téﬁ@é%ﬁ%%%&ﬁ%%ﬁml@ WEhHBS: aMuXeyeCROM N atensy Sl datasets,
Thus, the proximity engine compares data,for.devices af Scor i
SHSRATOHS BrHeL pomttg SUEh'as 8§t ﬁf’% i% a‘ég Iéj}lv%,ncclén ?ggrge ﬁg{able
dld@fﬂﬁ%bﬁé{ﬁ@ﬁ?ﬁ%ﬁé“ﬁ@fﬁﬁp@%ﬁéds‘é%%fsaﬁfémd dtpisteRgmite R Fgm @"HF st
rthe Bf%ﬁ%r}tewn@@@memta USes Al leastenenchiwessiffenehsdechnidues fgrosite
g neigae ent e?vselge m%ska‘lﬁéaﬁﬁé %@W@HV ﬁn%%%re%@?ﬁ@%%@g Shay

hula-base hod he proximity engine suitably identifies data of 4
CITOFEStABY w%ﬁﬁ&rfﬂg#ﬁ&ae@ﬁ LIRS R A A N BEHORES ot
10ne prhedimendithe: ptexiomipy ergindysordparas 2he detagpdhatsratdataset and

°°r &2 ,%“d'% LIogRUONS Q) 1he %@9@%%@4}6&%@&@1@5@@&% rﬁ%h%l{éﬁ 19 the
Btermine whether the data indicate potential p attergs acr

fd?ﬁ&@ei%*ﬁﬁ@"ﬁf%&ﬁﬁ? éﬁ@‘iﬂ@céB?ﬁp%fré@é%h‘ aﬂ'?%ﬁ’g Qiths e signature
diweshalds, Rach ahwhich may be selected in any appropriate manner,
such A P %Q%I%Qeﬂxé’ Aueqavalesaloyaiad-hased.an &éﬂ&@rgﬁﬂ'ﬁ@@tanalyms

data, or a value calculated from historical data., Fé)r examﬂe af ises
LSBT BRI B?@@?ﬁ%%%ﬁ?ﬁf%ﬁﬁé]ﬂp em R TR a%a o
&auasedsmethadofodompare therdedeetbah reshblds:tinFparietizle, ffagimgpsite

R rigredn - s proximiyenging %@@yoaemﬁ@emrm;@smmz(mzas for
In a firSt dataset (1510), such as a resultf aﬂ{:ularfsest for a

@g?f’%ﬁﬁgf RSU RS BRS Cgrfr%@%%%% teﬁc,t par iferent attasets Qich as data for

and compares
theystatanpointdeative! torsiovlanoiitshof (ET4nt Fridthieshoftifferayt lots. The

9(9%5@@ c@i@yn%ytﬁgl«@e\/@rl USndRd.any téﬁ@?o@rfiiw esholdeis b)@ha@ﬁralzﬁaz@@ Beas

lower limit, an upper Ilmt and h like, er Oca Onse selee ed acco gggmber
5%‘9%?8p%%%ﬁ9eﬁ?éﬁt iFhe %feﬁo?’ﬁ A e SIS o?é
i mwgtrmafmthes{;m’e@widafh@ftﬁe/tﬁﬂﬁ@mﬁéothfrmeﬁmﬁﬁfhln the threshold

limits, %Mﬁ&ﬁéf%ﬂf@amuﬁw@r@H@lgf&m@m@nﬁmrﬁnﬁyxﬁ%@mms datasets
absolute counter |s ncremented (1516) to gtaseeratleoa summ arxevgo%%omte data

éfbllfigga n&zﬁﬁfgx}%an irregulariiies atong the d 5 I exampie, t

may be generated by an analysis engine configured to provide and analyze the composite data

according to any suitable algorithm or process. In the present embodiment, the composite
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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 30point.
The proximity engine repeats the process for every corresponding data
point (1522) in every relevant dataset (1524), such as every wafer in the
armk% @mﬁé@ei@@tﬁglgﬁgyf@ Q;rw(jﬁ‘;@t@s eri‘lél{?é Q%}@igd@ﬁlrﬁd desis®@rone or more
comparisons e perfarmed as ye or t ata points asets
QARSI BHT g;sre eVant data S[S’E)Slntssr\{lyn fhe' (())Sf)ﬁlg%r‘? ave %gng PR utso

ppronebsen e iroxshitaen dneray cdtctifine vAlGREBESedPGTTIEoD in the
C&@J@Qt@g@@t@a@uch as data exceeding 5 particular thresholds. For

exa the it in te Qv
for e e oot

thretetarfi Saa POt F1ED5). d’FﬁEafﬁr@Fé] et atRre BFESHBIA TRd bEalysis on
iHead culates (ir 20)y-ap propriate mainer te dentifiadesipesitonrelevaht proximity

eShaIact fljg%&%t SHeh asdoddentty sets 91](1&10556§QQ&g%gedﬂﬁ‘gQ%}tiﬁh%ran

ear a tionship to a threshold. For example, the overall 10cumul
d%ﬁfé%ﬁ%ﬁ@fémErﬂ?)aﬁifaipﬁépﬂ@fﬁ%{i"&%éBrrﬁﬁ]?@‘?BetHé“?%ﬁB%i‘ﬁ@r%?ﬂfé%’n%l%|tIn
pAverage (SeatefactoitStainddr B dtton?) rdvisxda il i iwitereahderd g é2?2)

an% %@ge%ﬁggnval%%tojeyaﬁ g@tés We%gggﬁ%tf?&%@é@rﬂl@vf)ﬂﬁt@ h@@roxmnty
Scale Factor is a value or variab lected to adjust the sens O\fnt}zooft

CRERTURSEVE SRR RIS R, rfg’féﬁw%ra‘? EilgVIé)[?O%OISp R e
sofhdathypoiniy alulssisnaiy composie fopetation ohdagterianes (M%zfz daasts, or

“sibedifferenceehvesnthadighestand lowest data point values in the
complete po ulatlon of data GeneraIJ the overfll cumulatlv ef{shold |§on

defindtts HStaHIRA . B AR VRl e RS 4B RN ing data b pomts Sof
liritarest |mamglg()pammmglprg@t@ §g§ermme exclusion areas 1314, perform proximity

weighting 1316, and detect and filter clusters 1318. The proximity engine may also provide
proximity adjustment or other operations using user-defined rules, criteria, thresholds, and
precedence. The result of the analysis is a composite mask of the inputted datasets that
illustrates spatial trends and/or patterns found throughout the datasets given. The proximity
engine can utilize any appropriate output method or medium, including memory structures,
databases, other applications, and file-based data stores such as text files or XML files in
which to output the composite mask.

The proximity engine may use any appropriate technique to generate the composite
mask data, including cumulative squared methods, N-points formulas, Western Electrical
rules, or other user defined criteria or rules. In the present embodiment, composite mask data
may be considered as an overall encompassing or “stacked” view of multiple datasets. The
present proximity engine collects and analyzes data for corresponding data from multiple
datasets to identify potential relationships or common characteristics in the data for the
particular set of corresponding data. The data analyzed may be any appropriate data,
including the raw data, filtered data, smoothed data, signature analysis data, and/or any other

sultable data,

31



10

15

20

25

30

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 comparing the count and cumulative
values to thresholds. The proximity engine of the present embodiment
suitably selects a first data point (1528), squares the total cumulative 25
value for the data point (1530), and compares the squared cumulative
value for t Tgie ynam ig@lly r vakall gunuiativedin
thres?ﬁc()gf[a3 f%%%{aﬁ%%gg%%ég?ﬁj {cﬁl?rr% uIati\76139@\‘5/?gélgleja(:H;ae?f(Z:Qseggs@ﬂth%,loverall?,@1 .g
loggiftHatR e tPHEROIT then RESTEES pBink B Hedign&RSa P HchSioRrincise ™
coanpoosite DattoksB4) may be dhigrabgohutes coumnterovaiie fontficatonasystem,
«RAIN May-alse. be-comRareditn anveialh3Dceunt dueshelddbS36s14ehat
as a pre-selected threghold or a calculated threls(poll gsaagD%)thlgr are 14 1o
PR S SAFOER & B PRSPt oA S Or Gther datasets n the =
ideopivlpdizmslintte @bsolitescodidtér value exceeds the overall count

threspld,:then dhedatapaint avhagai bedesignaleddardnchision fifthent

composite data (1538). The pracess is suitably performed for ea t
BOEISIoF THE Doty Shehe By o bl g e I oy
fefatdadsitg othied. additianatiardlteraanyereehnigliadiohdasredbricrest by
oDERXIRRY S RGN oAy AlS0Uiliag: a danmiHarhaskoay sien doigenbeating mity
othe composite mask data, A formula-hased. system AcCAIdNg,IYataYS: 1ot
a%pec?s bt the present invention uses variables and formulas, or
tefipreasibris, dordatnre WM SBsAE WA TARNCTER RYLRDIES RSl datasets
TexeRplay tpmulahased systemponenr moreariabiés may beviideh may be
séi% %adlef'é%edafgc%&f%@%E%r?e?,ys%ﬂt?sbzl%%&%&@d Theevariahles argsuiteblya on

efined for each tata point in the relevant group. For example, the

thir e Ehgine fHEy Al 58 BaRRRREiA%he data population for the
particEdaregatapointfifer exanijplentoofalsulptscatvatoe foiytivesizappimats 2
cﬁ%ldﬂttimes%%g%&flgmscm@%iQﬁ‘tzp'EQVc.lg@s%@d%arﬁﬁ?lﬂ%iEﬁﬁH,ltreﬂ}ﬁng to
variables may be calculated for eac datg\/%oinéin theotl t} ﬁt for egclgd taset
RiBfinad VATABIETS ATRGISCHIRARG ten MBS PIHE dticpdite Riag™"
(be1 analyred 2sushtdsrte petenmine\itretertthdad deaipoimt metiguipewater in a

ﬁiﬁ%ﬁg?fl'cﬂ,e&g @B‘?ﬂ@f&%@&?ﬁ%ﬁi RS qa;éﬂﬁﬁtﬁ_%ﬂ&tﬁ(ma% berhe threshold
resolved using the calculated variable val es, "ilcrild if haeS ;‘}{ﬂ‘%'a ?O%ea}tﬁ% ¢ an
TR PR R VRS 6 Pk B O A A MRS thE Gata point may be designated
fopdntiusiendiththBkeormg osite masketidtacRoiha s e prosopRifi? shffine 1f the
MaYgeneLae &é@a@ﬁg@@@@%ﬁl@m%ww%mmstt@eawdsmtgm than the
rocess or technique. The resulting. compasite mask data.compr .

A AP B L e HEDT A G S S S By
point aCohsecuettlyis charactsrstics foictaenerata pBIFOHAY basdertmegding to
guenMuitinle datasets. For example, in the present embodiment, the

compaosite mask data may illustrate particular device ' t

share ﬁﬁeai%t&g?iig‘ﬁ 8§ ‘6?’1%%78 b Pem%%%{g, asﬁ%lﬁua%tlm é?ﬁ%%% %e%ggt%' Hhe
fesupsrvhlighefeitare fetesmBiaseinbi-Haen i aridtr atrisges ppdded © 2
charagteristics io.the manyéasturing) o5 design: prcesSuanthihusimayhae data

lélgl%g t?hlen;)%}?l\zﬁt? rﬁl,gg?noenggéartg%l%ug%%%%g %g[; f?vrégytgosxyélgbnding 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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The composite mask data may also be analyzed to generate additional

information. For example, the composite mask data may be analyzed to

illustrate spatial trends and/or 30 patterns in the datasets and/or identify

or filter significant patterns, such as filtering to reduce clutter from

relatively isolated data points, enhancing or refining areas having

particular characteristics, or filtering data having known characteristics.

AT SRMRaRlte RS data, 0l e RIgSRn ERRRA Mk 9 S BIC, MR ond

jecte to spatial analyses to mooth the composite mask data and

dé@f’ﬁﬁﬁlete patterns in the composite mask data. Selected exclusion zones

may waeivelpaiticu laildvestenty dushithéeconppetite meshdatamraysds the
pempyed,jgnared, anlanced, Accrded:oNver RIgBIfIEARCRAT QRIS  cding

distinguished from other 5composite mask data. A cluster detection
PR Y 5o FenTOURILF B BB BHHA RS S Bt PO 7
tickssteds thateereetatvebpinsignificantardipraliablenulativéry the [ﬁwege:melevant

embedinenk)therreximity-enging May-e eanfiguted taidentiy. pAricuariate
des nated zo escgg]ségg c(gmpgﬂg m; sléccgarii such that da%a pglnt frc;ggs of
e5|gn ones are accofr particular cfe‘agné?teaS tréatinan
crgmpeddmgv@a%asx@ﬁ@%ésm{)rﬁ@%@éémm Ferfehring thrlwﬁépiﬁa,tm@Vﬁaﬂ
REaNIMiIeegine (Yayesiablish-an-exelsinnzone alidwealesiedilocation
on the wafers, such as individual devices, groups of devices, or a band of
devices around the perimeter of the wafer. The exclusion zone may
provide a mtect}gnlsm to excludecedstairtiana péams arshDafféating Other
data poi Lﬁ% in proxmﬁy anaIyS|s and/or weighting. Mﬁ data points are
designated as excluded in any suitable manner, such as by 15assigning
values that are out of the range of subsequent processes.  The relevant

zone miay:bevidenifiegdn.any smtabiﬁtﬁaaduﬁefn ey eaogle, pexclugedor data,

Sdalta oints ma be de&g&ate g & flle I tln of d VI |dent|f cg;\tlo
C. 1T1S4V rvari € S¢ie de Slthl ?hl é ?h squared
or coor Inates, suc as X,y coor nates selectlng ap rt| ular widt

BhRR o RstIer dHeepa nRelcor Bt SHtabRs SEBESEYGF WaRFirg Be composite
pejeranh zonedNHhe(FeRPasit datke dfthenpresentAliembpeimeitidhest data

;%m th I}CU%] %orrrr}a%deﬂngla% ntd dg%‘ae}f%%{QSHgd%V'%@%ﬁpcﬁmg(zeu%{}ghgld

a simple calculatio auses the proximity engine to ignore or
@tﬁ@@méé%@ﬁéwﬁp frearpat Poirrssvinindantisers dhitebPiangyd drterest in the
edgaaf tae data set. For example, all devices within this range, or listed in

the filg, 3 fnecm%&ém%%g%é&&ﬁ%ﬁﬁu@mya?e@h%'iﬁeﬁ@pl&ﬂﬁlﬁzev LSIOR termines

criteria gre met, the data points in the exclusion zone or the ices
YSERJOES BRI ST SBErRaRk Sreslctiftelt T BMe B HitFe o ARaEale by
dhe> piaxithity enginel afithe presenibembotiimiritiss stitablyxdoitfigurgdetof the

&%E&%@@%ﬂél&%ﬂ@m@wsﬁ%ﬁ&p%ﬁ@g@cfa@m%'@%sm% T8t cumyltive

additional analyses may be configured for any appropriate purpose, such
%Up Bhikafee wsied 3&%15“?&%’8%6& (R ARTEE LR G ety e gk point
charaterisiicyindheacompositemaskidatercFotdeiaMpl e the 30aproximitiative

enging. is.suitallv.configurad JoReiarm adraximity, Waighing: MIRE8SS inclusion

such as based on a point weighting system, to smooth and complete

BHtte SRS Wred@Briipd&lte mask data.

The absolute counter value for the data point may also be compared to an overall
count threshold (1536), such as a pre-selected threshold or a calculated threshold based on,

for example, a percentage of the number of wafers or other datasets in the population. If the
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PCUUS21105/0113923 Referring to Figures 17A-B and 18, the
present proximity engine searches through all data points in the dataset.
The proximity engine selects a first point (1710) and checks the value of
the data point against a criterion, such as a threshold or a range of values
(1712). When a data point is found that exceeds the selected threshold or
is within the selected range, 5 the proximity engine searches data points

Sariounding e na. At ROILILAIER 4 {d e 1R BUIBSLALIAGn be

abﬁ%liunt sca‘rlgunaat%e main data point ma%/ be anly selected number, an m%y
desimrpste dRsneluEOrdim TS AP SHitatir (EFBHal e PHSESHIDRNARY difgiaed for
eRgAehesithe ®ayrounding data points for data points exceeding an
influgnce value or satisfying another suitable criteromindicating:dhalithes ter
data pom? should 10 be accorded weight (1716). If the d_atalgoint exceeds
adfigi grthuehHeRALE, (R BRImity Engise SuRKB HEsTgRES Welght o ThE® *
fomain.-tatad poininadoo mingato ghiay ahresp efd e gudsun dindoaatde roiats sypfem

a&ggﬂ@n tJh@aMQSXiEEﬁQé@ NGINgMaYsaciustiheweight Accoreingnto themulas, or
relative position of the su,grougdin q{;ttapoint. For example, the amount of
SWEHIRUECTUEE 16 8 ST d5ta point can be determined according

to whisthexahelsmrourdingay deraubolrssd adfacente7 IB)Braikglaaney e
ugér?&’é%%ntéa t&&@o‘fﬁﬁ%‘ Qaé@y Q@iﬁtﬁ ﬁbﬁt%gta.( | wieightispay alﬁ eubevadjusted ifothexch
ata point is on the edge of.the wafer 722).dV\/i en all sur ' alue
B AR A Bars b e o iy (1%25%%%%%%?%?” |
il éite peintdssassigRedbarpsiientan (ighrinofoe amnE By AHHAY thekeighthe
dactosmiremibe swraunsing datepaintculipmveighitortipertioaim datelt. The
oint may then be, compared hres efingel
L2 e e e,
point isfise Wsigha s (\@712%*)6.& thﬂ?éad&ﬁﬁdé%%é‘&y&%iasﬁ?éﬁi%g% e
Justherianalyzestiorfiter tlatacFosfexdrpiejin Ebheepreséntaortodimehformula
Jhe proximity engine may,hecaafignragito.identifysandiauitablnreors o
gr%ups of data points that are smaller than a threshold, suchas.a_, . . h
niseppecie a2 B LRI RS Y T8I Rive R &8RS0, Tl ISR
ehgineofiidie qresent embodiment may be configured to define the
groups, size, hem; ARALEMOVE,SHAleL010UPS: Ia-Helineha aroypSsciage to

proximity engine searches through every data point i (}he comg_).osite nga% ‘

WHEEPY BT OELHEFing"s ??ﬁ‘fétﬁ’(?rf?%?sé?éﬁ%fge th & GHA Boints n ™
the campaside maskdatiés mayhbelse paraledbinforrarrgedsf meiftiesCanepquently,
assigned.indsx Aumbers: A he.proxiniy R engingibsginshyseawingdhe n

composite mask data for a data point matching. cgrgain |rrt1deb>a< ( e9V10 locations
@?)BFF%&BWH?&%%“&ta%ﬁ’EBﬁ?itﬁfE%%n%aﬁen%?égﬁa%édalre1 ax (18125, the °*™
proxinity engineisesignatestibie foafond, poit sswitelbnaniddtatysdirsdiider high
nitiatesa resursive programihal searchesinaltdisections frermiRemoaiing or
data point for other data points that are in th S% e irglgl?axmor %'5%{{}%&}’11%'%

A SED s th BB AR 8 T T RIS eREST the thieshold cof meet

other désirechpoiterienddody. may also be analyzed to generate additional information.
For example, the composite mask data may be analyzed to illustrate spatial trends and/or
patterns in the datasets and/or identify or filter significant patterns, such as filtering to reduce
clutter from relatively isolated data points, enhancing or refining areas having particular

characteristics, or filtering data having known characteristics. The composite mask data of

34



10

15

20

30

As an example of a recursive fianction in the present embodiment, the
proximity 5 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

1B MaHD Sdia ROt 3RchiaRaals tesipeassiolfputatheatgeursiveooth the
process an;

alyzes and marks al] data points 10 havi ' | ion
R S St SR L ey SR A ST
2 BRI DRSGHAHFhHEMBEAY B HERCELTROS e h g Sarigmeved:
igvalue, themgraymisassigneda ugitieengeoup istexvaadithinprokiifiom other
ccg ”&E&% a&%&?gﬁ%‘.m'}?%15!1(&“9&&'&‘8&9%&%&0%9%1&8 Maskdatasdihenaline

. e data values have been searched, the composite mask data is fully
irgppstaneiet] D RFBLPDL I BRI ST M PR ARVIRTRE*EEme group
indexn the Thedroximhityiengindanayxdetereigedheasize coefghogréupdentify
ph 15&?1@@5{'%&@9 PIAMitENGIEMAYCRK N AREAUMBRY Aff AR Ifhe
the group (1916). The proximity engine ma.y then com are the nurgggrlosfes
dergaatsdl ﬁ?g%aéfaﬁwﬁsﬁ@%%%%@é}%ﬁﬁ%ﬁf&%}?%&é %ﬁ%s‘?ﬁéf‘%% Aot
Fareehihe:fheeshoidd F918).1 T Hbegrowips thengive memoveldifom thaugramRit
220, 20aYsis it Avstitahle Mannenilaa0), ek ashyFeselingethe: inee of

value for the relevant ro%g to afde ult va}Iue. For examplu i({the

d@ﬁ&%?&%ﬁ%@“&fé&? t%l e. wale clusion zone maﬁ/ Irox’/i a mechanism to

Sints & five, the proximity engine cﬁanges the
egrowdp indei damipeimforfeve stigriun HavirghenrirtthianPRYE R POIRtS t8d/0r
wadefault valug Consaauenthigiheon growesithaty emaimclasstieciviits by
different group Indices ars, those having five or more. data points.  The
BHSRIRGET SR Tiay perform any appropriate additional operations to
generBie whierstactme copigoYifehinSRIURIE DO PR pfer figmple, excluded
Sompasite.mask datanqiee!ueingatie resiiscofdnecadditivhatiiietngpordinates,
rocessing, and analyzing of the origi ite : b
A Il ATl R NS
whgifralPsourecier tiéribga 2SR HS HEUSVICEs BTPRSIFaféls orlthde present
Jabsicatian peasessnithedatannage B heprovited tdcthécuser or othénvises a
slilr%eg Icrgdgiﬁ tx%%l zglg @asngxgr'rgﬁgn%%mg t&@&%‘@rmé’r@%@{ %&g@ydtl@at data
Anbther system for further ahalysis-or combination with other ata, such .
e S TBAHE RS ESPATGRE R 2 imERG G BB LR B R
SARARSsite: maskia ata filhercaiedatgsand akytotherlapproptiate datee toxclusion
g%ﬁg%%%%%%&%&@%BﬁﬁpEﬁ%ﬁmé{&msz&tmmﬁ@@eswast%mg datacolusion

urther, the data may be provided to a user via an appropriate output
& Srarestieh 4 & oS B AR face. In the present embodiment,

for exampleptheisompasite maskeeataeisbodmbined Witk othéededaanerform
pigyided 1o the user fordevigw, Jhe Gompasite Mmask datadmay.Byses may be
combined with any other appropriate data in any suitable manner. For ted
eI fPeRs TR i R SRS G R FRBTRRSH TR S iGRatsry tath vante
theuraw datsfhasthstadechimadataisoftwére donpdsita, mmdl/cleisthdfor example, the
é?&%%ﬁ)tgngﬁfeawsTJ&%a%@rQABQgQFJ@% %Fﬁﬁ’ﬁlt%c?ﬁ%@ﬁ}p%%m%dﬂﬁ@w such as
uitable manner, such as using various user- efllned rtlflles lncd%dégr% osite mask
3151 SRIBRS MG S HpReR TRt mPI IEBresent system,
theacomposite analysis element 214 perfoims the merging process using
an appropriate process to merge the cog‘nposite mask data with an original
map of composite data, such as a mas of composite raw data, composite
signature data, or composite bin data. For example, referring to Figure 21,
the composite analysis element 214 15 may merge the composite mask
data with the original individual wafer data using an absolute merge
system in which the composite mask data is fully merged with the original
data map. Consequently, the composite mask data is merged with the
original data map regardless 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
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20mask. 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 datairuthess/ 003923
25original data map or in another composite mask, which tends to

elmpﬁé%%ﬁlf%%%@ﬂy 1§ @A@@Ql'nﬁ ntQ ?H&%f@sﬁht proxiRECEFROSHecARAlySISeh all
element. may alternatively evaluate the composite.m ta and the
dEFigMAET &éfaetg%ges g‘r%eep\fﬂ%%%reg par |%% S %hrresz oldt ziﬁn%zar?da&e&s the
vpercéritagetarainheraiattie ofteita poihes evarrapobbiladprasdisalues (1712).
vRepeading pnithesanfigusatien, i etatai3t-raerged maitontyeinekte range,
areas.where data points,.in this case corres [ devi
e L gl ()

THaraToThelARe Yt AFEPtTSSHER YA e O OV App Ty et poRits 20 ™Y
bRelesrdngctodigre 23, sthetompasite analysis element 214 may be

configyred 1.ing %q%gyéxa?&gmgéMaﬁa&g@m&n@w@gﬂge&g@g Rxceeding
sufflmentpdegree with tester bin failures, i.e., failed devices, in the orilgingl
AR SN UE SOBHTE COOSHE A OB G S G o
thailtredataeBhus] i fssithan the miminwmedmtbannBficompasitetitargoximity
LTI e O RS anie e o v
d. ly, ing to Figure 24, the composite, analysis element ..
SSTIFTIES CBMBEHE i AL Cot oS5t B e B G ok oy
ttwiedifferenpreitipe s, divd detendinedshrtiver the overzg Beaveeerthel tieeht
i%%f@?t@%@%%%@%Qt&ﬁﬂ%ﬁ’b@myﬁﬁ%ﬁ@h@cmﬂréé\é@Wﬁlﬁmﬁﬂ@ﬁnounding
isfies the, minimum criteria is . The mer ata ma .
G OTB RGO Ao 00 ) SO ek o D e may
ayrsbermdi el ifdhgddte arinriaghdqrissed B MpEt (6/aRbtTERPraltaugounding
SuchasscaRraduetion girakddentifieatiopprogesEar @argentrendn data point is
dentfication Brocess The merded datg maxAg he pulpLEEH A oundin
B eI BY oAt SR asmiemarny Structures, dataﬁpase tables, flat . °
deixtofilets, GhXwRighelsr the maindafhaoiresentismboermmeitd e Mirgeli G4tk o
andiorwatetmapsare ppvided inigiamibink map:gemneratiohoah ginelaBheint
{g}k 1ap %Qe%inﬁ%é)duces maps for offline inking equipment. In addition to
SNEIRA Ing ?na.p , the merged data results may be utilized in generating |
binninGireauee P TRt S8 a sk bAPBAAITS 2B ¥ Bt gttgedsigrmple
@E@J@@H@Bnﬁb&ﬂiﬁiﬁiﬁ,e&e proximity engine may be configured to identify, and suitably

remove, groups of data points that are smaller than a threshold, such as a user-specified
threshold. Referring to Figures 19 and 20, the proximity engine of the present embodiment
may be configured to define the groups, size them, and remove smaller groups. To define the
groups, the proximity engine searches through every data point in the composite mask data
for a data point satisfying a criterion. For example, the data points in the composite mask
data may be separated into ranges of values and assigned index numbers. The proximity
engine begins by searching the composite mask data for a data point matching a certain index
(1910). Upon encountering a data point meeting designated index (1912), the proximity

engine designates the found point as the main data point and initiates a recursive program that
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these types of results. The test system 100 may also be configured to use
test data to identify characteristics 20 and/or problems associated with the
fabrication process, including the manufacturing and/or testing process.
For example, the test system 100 may analyze test data from One or
more sources and automatically associate characteristics of the test data
with known problems, issues, or characteristics in the manufacturing and

s e SRS S QUGN A% e A YE QNRAdR: RRP Ig.fas pcaRdY A QrHAGING me

_contamination, scratches, parametric variations, and/or 25 stepper. or
infistichs HEBRIYEL, (P bst At cha sete MatEs s FSTED %P&fﬁsﬁa‘){% gr meet
otkaaiwsirisisugsth€rP the test system 100 may receive and store information

relating 1 thedssusafteritis,diagnased, suschihatthetestsystom Htismity
updated to diagnos,e new test dat%%haractegstics as EQ?

y are
RERSOTIAYAIRR: ST hng O R R é‘léﬁﬁgcﬁoasﬁlcvgystem}/ﬁi%nfse Sikadly data
paonfitfhretkte: adfornétifaiig, 30idenifiy taxp aat chrnrsc hdtiaPaint/eround the
rilassifisush sharacteristics aceuting todheiiqrohahlersasiice QTiigangaata
The Jest system 190 may, alse automatically provide an alertwhen. ayfault
PH&teLtion OCcurs, suclras’an immediate failure classification an P .
apfbtificatiofiapiensstimaianBloiceralisr BGStR FepuFeS IAfSrHio i fefatingeints
hioithersauNee s NiGausesOlyaiaustashoainicharnciaeisics maythe stofedp.
VAl sompared o e deta. Himelapilisalion rielia adWcesties e, e
configura Pe, Su ﬁ that wﬁen ditferent test data Characteristics are
SHSBOCIATEENGHith TSR Br B19fAR] the RRISFRZRIETS SEHASRISRSvItERrE8 the
ethies diggpogatcnaysiem. 2Wbdonlb cfskedsubseguent dnalyseshihealstoseghosite
dpermatienjaciliiies & &pré%%gbé? KRRMGAI8.RESEAMNER DAY DE me group
“changed or updated according to the particular data environment. The
idgred information also facilitates recognition of Icnown scenarios and
classificatiensfoy chjgotivespnilysisrenticlassifiCation govepofoprobalyls, the
p'x%%ng%ybé’?l%ﬁg %}; Il% J&%@W&;k ’dﬁttg%viﬁp ¢h stﬂwyﬁm &t 9@@) thepe proximity
diagnostic system 216 is updated as new patterns are assqci eﬁj Wltcp 10
“BERiCT PrOBIEE G UAGROYE LRI P18 %ﬁﬁ%&&%ﬁ%ﬁéa% LT dRE "
gretpnticn df provkectientiselingefpetiser generatés mrhistdriceh the grouping
datrhase,and pravides forconsistantrepeatable apalisis/needlogiRsant
For example, the test data dia$pos{1i§|s gtegjl 16 rréa%/ bfe confi u({sedS ri?ve the
iP5 o e bl mESy UiGE S ERTSAdt INSparf By THe TRSt afs TR Gath may
hexredsived mnhanalyedail Sodsn tmderdtiaved frotwaisrradersystambive

Attepsampletigreafions.er ners-taskaynmeantyornghige: histarc dajandheitn
dlagnostc system 216 may receitest datg,flom,any suitable source,
G r&éj’rﬁﬁ?érrhectﬁc RS Thetrolbgic: process c:_o%cfrof,"microscopy,
spectBscopyinfefecean aNsiso e fanieiormer adtioTHopRives e generate
SYstem 246 mayalsofeaee. prosesseshdatas stehoatsmnepihas datading the
filtered compgsite and additional dgtat at is geperated 20based. on

& g 0§ite mask
REE! T e L e To S S T e SERe Sl ARG
@agamay 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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composite data, and data signatures. For example, referring to Figure
25, the diagnostic system 216 of the present embodiment is configured to
analyze multiple types of data. The diagnostic system 216 analyzes raw
electronic wafer sort (EWS) data 2512, as well as EWS bin signature data
2514, 25 bin map and/or yield pattern data 2518, outlier signature data
2520, and process control or electrical test (ET) data 2516 for each wafer.
The EWS bin signature data 251 comprise an itable
O o Lo R eyt T de M2 B rnds e
RfEABrted Yt s UpBish diftdAdata Miansis e MERT Y06 IFPRRRP PSS IR
sbodirenta fieE\MS-bial sigasttye data 2514 comprises data
corresponcing o eashdeieann aualeuRt indicaling e Masn AR 8 i

the device's failure &if the device did not pass), such as classifications of

YhesdaiaigHIREARECt Fhikr g talcas eI BYHE SUphRAERtARF qampined
ahialysis tlerment206. data fhediagrdsticsystefr2d6ualde, rbeeiv@gosite mask
&9%&%}%@%@4@@% %Mu%a?&g% Eﬁ{?;tﬂgdt@am%ﬁlggtm%hware bin data,

characteristics for various points on the wafer and/or for the components
6 RURhET RIS Histihodtie BSEMR Y18y FECERe R BRI Hap LS eble
28 fonttheaw aférdndicatingsthe gass/faikbimaing el asifisaions thopstiedls, and
£erpgrents 106. In addition, 5 the diagnostic system 216 may receive the
outIierIsig?r%ature ttJin map %?20 for the wafer, for1 exartngll% dat en%rated :
by the' blifieF eialsHEslion SISHent 212 "ot exampie, eadh outisr i the &me
pratasmisjnberciapsifienieasasass srmsishiediony ositerireiaiaecsidiag aoginal map
selesigdsehternia. sucnThediagnegissysien 216 may hegoniiguiaddinamta, or
g’urggcpsll erﬁaggt%.r tl%a&aalxxzﬁe the%e';%%e%eﬂ %raetaltot}lxgen% oOGERT sis element 214
characteristics, such as &ob‘iems rissues i the 10 anufactJrlng or test

processe e proedssenkdictenistids AT pditiaitmey Hectrsineg o arppsolute
sittabieseriteriagEprecasspiis example, isaitlring te gt en2Grieal data map.
gloargag %%g > I%etecr(])ﬂlmz 9)'361&(3) fngg & %‘:& > ?s%%@e%"»gf{ﬁ‘ %t 885}85'%2% %mp regardless of
rules-based analyz%r 2610 for identifying process characteristics
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system L& malyifermphiss it paitesn tecogaitidn Syiiem 2612 fererall composite
identifying process 15characteristics based on patterns recognized in the
testdata. In particular, the rules-based analyzer 2610 may analyze the
test datAFoR PEriclifar CRAHGERHRS CEMEESon Ay Ty BatiEuidr Fopramion
basedidiricasehdfdefifite rulesosihenpdyticulanchidldttenstiissditabhat may be
%‘?Mﬁﬁeo?ﬂ}{slgﬁ%%ﬁt}% @J,“%%RQQ"%& fQ ey t%ﬂ;"%pt%wosite analysis

manufacturing issues. The rules-based analyzer 2610 is sunabI){ ,
EbTGhred (ONRRER YOVHE Aaita f5r SRIBRIEH TSk B el AHd Genira be
arcgnee spondimgrsignathétoroexanipleaikiedisicondspengingite popattitivletated
output.nade on multiple components do not produce any results at all, the
diagnostic system 216 may generate a notification that either (a) the |
output HEC PRSI BRI E?S?t(z)ﬁﬁ‘éaﬁfeaé}e%ﬁlﬁl?’seﬁejt“ﬁffo&grﬁ?mpome mask
cientactitiy thigiodtpat nodesThecpattérn racouitotisystéhm@6i.igercentage, or
sHitably corvfigrr edite receive the datafremm2aethenyarions saHeasRAde data
identify patterns in the data. The %attern recognition s%/stem 261(2{1% alsg )
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devices having similar non-passing bin results or outliers located in the

same position on different wafers may3#dicate a particular problem in
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30the manufacturing process. The pattern recognition system 2612
identifies and analyzes patterns in the data that may indicate such issues
in the manufacturing and/or test process. The pattern recognition
system 2612 may be configured in any suitable manner to identify
patterns in the various test data and analyze the patkrns for
correspondence to potential manufacturing or test issues, In the present
anﬁf%?sog!!;ﬁﬁ{@fé it ﬁlﬁ@w&@@gﬁ%i%xw&m o%@ap%szw?mﬁ@seﬁeaf indedigangs
system configured to recqgni atterns, .such as spati :
QST SIS B SOTTOrE TP Ct TR T B T el o
50Bcolhitiomeysite i ReTZ PR priE At e Bo BN i IUHRS T less than the
miESlRINANLRY Qgassodil daandvartigssifie 26 beigibhk qrelithénaryposite data
rocessqr 2614 processes the data for h i 0 Ifi
D G EHE S b (DLt e oo e Sl St 214
iy RSB EVE| AR 5% 6T IBBTES fhRk-iatiteth Batieth 8 roUiRer R eaPes
2@ different knayen tho eategpties amaheunknevipecategiry selectéfhiteria. Only
RIEIIegcessar 2014 mayRerarmiietenh.apeiations on differen

types of data. For example, the prellmmaryHE)rocessor 2614 ma

no
procdds esresfhdaBmat 2P GL EWBH SRR SRR %tP‘gtF?etﬁ%ﬁig of
othat gers notireed:prelininaryypbogessin iz usedivfhthetleassifiseh as a
pr%@%cqmgte o R%éh&ﬁ@&ﬁ& @%Xegﬁo?%bjﬁggege% statisHeal Analysis,. Fole 2Rrged

example, the preliminary processor 26]F4 mayS 1E)C%rfac%:rrnn a J)rirsmtcripc%lres database
ic ’

dEBMPHABARS SHARES BrTHEEWRTTLSE RSt R SEherates one OF
tavlesefleigenfiesiors@iid Ideeigenvalues. The principal components analysis

may he hased-an-cevariancael AayARRIORAAL Varahiess stuchasie@in an

_location, test type, and wafer sequence. In the present embodiment, the
BT A SO GBGEy DB SOt Srgbaet Soag A et

Ihighiéticeige niinre ko] uminthdRosrierveztorcassorlatelr Withae highiegting
valgepvaliespandignatesihe SOmPOReRts witk insseys sigaifitani. that utilizes
Other dat% may be summarized or reduced. For example, the process

SR Or S

FMay be summarized as a series of test value sums o
corrediporidingstontHé tastystiirchares b telnfelesT AL RHEBISN AT IFristes
RAOGESSOLA6 Abuna Wienvales fatieagkotes! fatieanl thshbstiunting and/or
e e o Sims Grd s s g e Yed el o
suritserapfotsaetcpy e selmmrmrfepteab dieo i #brdkalipre, fgbloms.
ipreliminant pEReRssO At innaybatonfiglred raayssuitable rahrestopads,
%%E{gnﬁfg?%s?r:cgﬁgg&é}r r%?é{gg 9@&%&8&1&%&@%&@5%@%@&59%‘H%ns, and/or
stepper or reticle problems. If the test data characteristics do not correspond to a known
issue, then the test system 100 may receive and store information relating to the issue after it
is diagnosed, such that the test system 100 is updated to diagnose new test data characteristics
as they are encountered.
In particular, the diagnostic system 216 is suitably configured to auntomatically
identify test data characteristics and/or classify such characteristics according to their
probable source or cause. The test system 100 may also automatically provide an alert when

a fault detection occurs, such as an immediate failure classification and notification at run-
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30 test data, such as the bin map data and the outlier signature bin map.
For example, the preliminary processor 2614 is suitably configured to filter
out data sets that exhibit no patterns, generate data relating to the
patterns in the data, and select particular patterns or other characteristics
for classification, In the present embodiment, the preliminary processor
2614 comprises a pattern filter 2618, a feature extractor 2620, and a

iealyse, selacianL8d2..hhe m}}méﬁtﬁeﬁ%ﬁ%%oolﬁ&eggmae%sowm;&em&m test

set such as the or a particular wafer, includes a pattern. The feature
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aﬁﬁb?@ﬁf‘é]?@dﬁé%%%s such as bulls-eye, hot spot, ring, and other patterns.
In therpresanirtnberdiesetiatlie pattérrsiiten 26 18nayabizemtherdata diagnose
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more masks associated with’known patterns or theoretical patterns. For
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sujtable mask, which determines which devices in_the e- binmap are
DR Bt PRHGTHIRR Al THITAERG o SR e Ml %%i’ttbeﬁ%"?n%ﬁ?%%“d
definech frormmprahexisting fireadvwonidoste darosndrbyiginlkdtiots:t is generated

enerated fiam demaierexperis-fie, pattermmashds Siakly similauigeth@u,,
25 pattern to he i entlfled bé/ the classifier 2616. For example, the pattern
%@%Wé@tﬁ’tﬁ T fiB S8R RStion generated by the composite analysis

elemdntr 2e4mplichrattives confposite2hatk datanfrsim vestiousidatafsts present
ERSHAGEEOIIReSH B RRASK qﬂi@zéhgmgm@%@p@m@temw@%&m system 216
theoretical pattern may be u g egjan f||t rformed aroun
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%e )r(g%% eeleggr%lil@allcu ssa‘{jl hcfa Isbase t?leb%\;;geresel%g %rtg)?a}r?p%g gsag%léy be
generated by the supplementary data analysis element 206. In the present embodiment, the
EWS bin signature data 2514 comprises data corresponding to each device on a wafer
indicating the magnitude of the device's failure (if the device did not pass), such as
classifications of gross, significant, or marginal, as determined by the supplementary data

analysis element 206.
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a data S8 POFIEFELETTRE S5

considering a neighborhood of a size n-by-n, such as a three-by-three
window. Those data sets that fail to exhibit a pattern are ignored. Those
that include a pattern are provided to the feature extractor 2620.
Alternative filtering techniques may also be applied, such as the proximity
analysis pattern isolation techniques disclosed herein. 5In the present
embodiment, the pattern filter 2618 also reduces noise in the data set, for

example &?aéz‘?&ﬁ%v‘éfﬁéﬁl'ﬁ'ltée%@%%&ﬂ ‘3@r&@s&eéén%ﬁad@%ﬁ%“%&@hf'gserdata
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Bealifief mmgtggg nxample clusters of devices having similar non-passing bin results or

outliers located in the same position on different wafers may indicate a particular problem in
the manufacturing process. The pattern recognition system 2612 identifies and analyzes

patterns in the data that may indicate such issues in the manufacturing and/or test process.
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5The various features may be determined for any sets of data. In the
present embodiment, the features are calculated based on bin data,
outlier signature data, or other test data for wafers. Thus, the mass may
generally correspond to the magnitude of the distribution of die within a
bin of interest or other values, without giving any information about the
location of the distribution. When the test value at coordinates x and y is

f(x y), the %&&éﬁlmw&@y salsulated aceerding 1 ';%9 e %&'“%am o

quation: EZ.f(x here N is the total number of data points Iin
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The classifier 2616 classifies the identified patterns or other data to different known

categories or an unknown category.

The preliminary processor 2614 may perform different operations on different types
of data. For example, the preliminary processor 2614 may not process certain data at all,
such as EWS bin signature data or other data that does not need preliminary processing to be
used by the classifier 2616. Other test results may be subjected to statistical analysis. For
example, the preliminary processor 2614 may perform a principal components analysis on the
EWS test results, which generates one or more eigenvectors and or eigenvalues. The
principal components analysis may be based on covariance of any appropriate variables, such
as water location, test type, and wafer sequence. In the present embodiment, the preliminary
processor 2614 may select an eigenvector associated with higher eigenvalues, or just the
eigenvector associated with the highest eigenvalues, and ignores the components with lesser
significance.

Other data may be summarized or reduced. For example, the process control data
may be summarized as a series of test value sums corresponding to the test structures on the
wafer. Thus, the preliminary processor 2614 sums the values for each test for each test
structure. The number of sums (and thus the size of the vector) is therefore identical to the
number of test structures,

Other data may also be filtered and further processed by the preliminary processor
2614. For example, the preliminary processor 2614 may be configured in any suitable
manner to filter noise or other undesired data from the data set and/or identify patterns in the
test data, such as the bin map data and the outlier signature bin map. For example, the
preliminary processor 2614 is suitably configured to filter out data sets that exhibit no

patterns, generate data relating to the patterns in the data, and select particular patterns or
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JCP.K'f (X, y) x Y EIf (x,y) AY  The information supplied by this set of
moments provides an equivalent representation of the data set, in the
sense that the binmap can be constructed from its 25moments of all
orders, Thus, each moment coefficient conveys a certain amount of the

information residing in a binmap.  In the present embodiment, the seven
moments of Hu are also considered (see Hu, 34.K., "Visual Pattern

cﬁffh rr‘étc'%)rkls?X%rE‘)OQ'B§£l¥ﬁé£l}’%r'aiﬂt§{é F%Ee&ré‘:@t?@cﬁ%% 28 ﬁ%ﬁﬁﬁ}émocessor

he seven moments of Hu are

2 AT R RIS b t?aﬁﬂgﬁléfﬁo%ﬁé@aﬁﬁézgnﬂ%ﬁ%ﬁfﬁ%‘ém 2622.
TRementsinéalméytdmeioalcdlated adoardinguth thehfollowinyaguatidnsyater,

in(s;l'\l&'e:s g"};a%te:m%wﬁae: é%@e@l@a&z?QQdéngZtZQ%QtuTélsztﬁat exhibit information for

the data sets designated by the pattern filter 2618 and are suitable for analysis by the classifier
2616. The feature selector 2622 analyzes the generated features according to selected criteria
to select features for classification.

The pattern filter 2618 may be configured to identify pattemé in the data set in any
suitable manner. For example, the pattern filter 2618 suitably comprises a software module
configured to process the received data to detect whether any patterns are in the data. To
preserve the integrity of the test data, the pattern filter suitably processes the data without
losing information from the original data. The pattern filter 2618 may discard data sets

without patterns, leaving only data sets having detected patterns. The pattern filter 2618 may

_be configured to analyze the various types of data individually or in combination. The

pattern filter 2618 may identify any appropriate patterns, such as bulls-eye, hot spot, ring, and
other patterns.

In the present embodiment, the pattern filter 2618 analyzés the data according to a
pattern mining algorithm and in conjunction with one or more masks associated with known
patterns or theoretical patterns. For example, referring to Figure 28, the pattern filter may be
configured to perform median filtering of the test data using a two-dimensional e-binmap in
conjunction with the pattern mask. The pattern mask may comprise any suitable mask, which
determines which devices in the e-binmap are selected to perform the median filtering. For
example, the patterns may be defined from pre-existing, real-world scenarios, or by
simulations generated from domain experts. The pattern mask is suitably similar to the
pattern to be identified by the classifier 2616. For example, the pattern mask may utilize the
information generated by the éomposite analysis element 214, such as the composite mask
data from various data sets or merged composite mask data, though any appropriate simulated
theoretical pattern may be used.

The median filtering is performed around each value that has been selected by the
mask in the original e-binmap data. In particular, each data point in the data set and selected
data points surrounding each data point are compared to each selected mask. For example,

around each value that is selected by the mask in the test data, the median is calculated
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a portion of the features may e
convolution process on the test data. In one exemplary embodiment, the pattern filter 2618

utilizes spatial filtering, such as cross-shape median filtering, to reduce noise, such as “salt-
and-pepper” noise due to outliers in the data.

Data sets having pafterns may be analyzed to match the identified patterns to
particular issues. Under certain circumstances, however, raw data used by the pattern filter
2618 may not be suitable for analysis by the classifier 2616. Consequently, the feature
extractor 2620 may create data, based on the test data, that may be used by the classifier
2616, A

In the present embodiment, the feature extractor 2620 generates features that exhibit
information from the data sets designated by the pattern filter 2618. The features may be
particularly useful in situations in which the original data is difficult or impossible to use.
The features may then be analyzed by the classifier 2616 to identify the type of pattern
identified by the pattern filter 2618. For example, the feature extractor 2620 may be
configured to encode relevant information in the original data, such as by computing values
for a set of variables based on the data set. The features are suitably configured to efficiently
encode the relevant information residing in the original data and be used by the classifier
2616 to classify the corresponding patterns in the data set into fault classes. The features are
also suitably calculated from any set of data, and are thus independent of the particular
components under test to the nature of the tests themselves.

The features may comprise any appropriate information extracted from the data. In
the present embodiment, the feature extractor 2620 calculates several features that present
normalized and/or condensed data substantially regardless of the particular device being
tested or characteristics of the data set, such as a mass, a centroid, a geometric set of
moments, and seven moments of Hu from the test data. The mass provides information

regarding the size of the distribution within a data set of interest. The centroid provides a
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46 provided directly to the classifier 2616 for classification. In the present
embodiment, fewer than all of the features may be provided to the
classifier 2616, for example to reduce the number of features to be
analyzed and thus reduce the dimensionality of the analysis process.
Reducing the number of features tends to reduce computational
complexity and redundancy. 5 In addition, the required generalization

I caP.E’ erties Qlithe ﬂ%?s?dﬂ%&% 60002 45 W&éQ%ﬁ%é%’@?ﬁ%%f&‘%%%%%&% in

imited. For example, for the present classifier 2616, the generalization

‘*ﬁr%‘ﬁer?%%&%?ﬁ?@%l&&?ﬁéfszéfé iy bR SN OR3P hE ARG
raptdrainiin pdrémeterssil. toThe sumbeootiteeLIHssHenparameters: fat are

ilargsr prmber of features-caresRonds e @ largss number of classifier

parameters, such as synaptic weights. ICFor a flnlte an suall I|m|ted
numbeF NBIHRif Y PariiietsrS RMEF e SUAY (87T (& iffstovelie present
egbndnadizatio frohtbreiaskiflerc28a6d on bifhktfeatithersetoetor 2622006 e test
dREesENLR¥sieManalyEesHhe genelaledh iatsesaceokding.laselfGiRdor the
cntgrla to gglect fgaturgs fo cltass%flcau%n In1 f%l’tl\% #%rli th%llileatu : formation
a5 i&"Slitab angn f@%rﬁsado o'seledt particular datliredtd be
abmafizdebatiod phihndizailSien oY endeningl obisrid Geedibgtesroersingsriwey the
nhanel ofihe leatues o ibrisassiiclR6ka, theafeature selector 2622

may be configur, gjp( any suitable manner to select features for transfer to
the C|aSSIer 26 11 the present embodiment, the feature selector
2622 |mplements a jenetic algorithm to select the features. The genetic

algo “&ﬁa’”&‘es&' H@%ﬂ'é’téﬁ‘ﬁ' Haes.a m&@i‘% &%ﬁ%e&@@g@ﬁ ’sgto Wk %ggﬁ%&ahzed

maintain multiple solutjons, eliminate the duhious so]%gons nd |m§roveh
SO BETEiOTRESFIB Y TSt ARitRh ARaRLRER QUREST ShfRdYs et o
thariousfebtires foraenumber of iterations, and the output of the algorithm

is theﬁ@%&%&ﬁ@ﬁj%Qﬁﬁﬁewgmﬁsﬁ&&fm@ytmh as xREEEWINAIR centroid

7, to implement the genetic orlthm the se odiment,
BB 04 CuIBRIT S0 CAARE T BT A VA S 1 RE G i
Pareemtetidrsf(27 10k stasrth@g:dcgméau@wwwmbrr(@m%,sa@iuaﬁam@fmw to the

igatingtheiiitial population (2714). The population suitably comprises a

coIIectlong; coded.individ é;shégw ach individual represents a set of
selected fégtiH&E M he seq “of individuals in the initial population is

genera‘tedzamtamby, for examptepy an automatic computer program. Any
30 suitable garameters may Be used, such as parameters corresponding
to a nlimigesroétepocinssas pdnder(pfFifdividgats in .88 populaticrisdati¢ ecofrding

GhHEORASIME. A AQ3E function, a selection rate, a crossover/reproduction
rate, and a mutation rate. In the present system, every population has ten

different Ind%édﬁdbﬂ\ﬂﬁibh represent the presence or not of a particular
featuré'inThe ppfimal solution. In other words, each individual has been
binary encoded-into a chromosome representing a set of features, i.e., a
string o2 Sdisitembeanefifeatiresjwhereca "Horepresenisithat parﬁ@ukaﬁent

Ieeparyélerreltzi otr?‘ k?ﬂﬂg tgagaors]g’cld Iogefgg tﬂ% %asé H&%Bo&r?'%g %onbtructed from its

moments of all orders. Thus, each moment coefficient conveys a certain amount of the

information residing in a binmap.-
In the present embodiment, the seven moments of Hu are also considered (see Hu,

M.K., “Visual Pattern recognition by moments invariants”, IRE Transactions on Information
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5"0" means that the feature in that position is not used.  The feature
selector 2622 then evaluates the initial population (2716), applies
crossover and mutation to the population (2718,2720), and increments the
generation counter (2722). If the generation counter has reached a
preselected limit (2724), such as a maximum number of generations, the
feature selector 2622 terminates the analysis and provides the 10
elected features lagsifier 2616 (2726). If the limit has not yet bee
G (i Teore el D P oSt S s e g e
agjopeIdieRsiaPreycalieEap)l iettive. cFbs serrerrdanel fibtativhetertpidated according
tpapelatonsafiathadimit is reached. The classifier 2616 classifies the
identified atterns to different known categories or an unknown category.
The classifier 9616 may comprise any suitable classification system 15 for
classifying the patterns identified by the preliminary processor 2614, such
as Bayes or maxi um likelihood classifiers, supervised non-parametric
classi iérs,né°nd7 supg‘r‘vised or unsupervised rule-based classifiers. The
classifier 2616 of the present embodiment is configured to classic' the
patter(gs:b sed, n)ag?%si%gf Blae features selected by the feature selector
2522. 20Th& ciassifier 2616 Féceives data for analysis, such as features
which have been obtained by the feature extractor 2620 and selected by
the fegture select 2. JThe data is processed to compare the data to
data f%r4 kﬁ@%ﬁhﬂéﬁ%ﬁ Tf%‘ nown pattern matches the data, the
corresponding issue or characteristic for the known pattern is noted. For

example, (,fiag_elg,iﬂ%g fﬁgﬁ@ﬁl@f “tft% gqﬁggif}ier 2616 may associate

particul5 r characteristics in t input data with particular problem
sourcé&%" D%%‘%@b@”%é?@ﬁﬁﬁ@z o“é%b‘l?ﬁ’ét ble. The classifier 2616 may
also assign a likelihood of a particular issue or characteristic

corresponding to the pattern. If ng known pattern matches the data, the
faiIureﬁﬁ%f%hi@%éﬁ% Eé%ﬁﬁg%he resulting information may then be
provideth téttie Hitput élement 208. Referring to Figure 32, in the present
embodiment, the classifier 2616 comprises a 30 two-stage classifier 3208.
A first stage 3210 receives data from the individual data sources and
classiffes-the ddita)fos patential piobledis, fof.example according to a set of
rules arpat®fngn the iaiathe seeonehsiépe 3212 receives the data

from the various first-stage 3210 classifiers and combines the results to
classify the overall data to identify the most likely sources of problems or
issuesvbharactesjzed ty therdatamentT fre dlgsgiflefsdn ahe two stages
3210, 3212 may comprise any suitable systems for analyzing the data,
such e{bqiﬁt\éﬁ@érﬁcéfifétéﬁ@f(gﬁ‘é&ample neural networks, particle swarm 5

?ptir?i?ﬁ‘é(i Fﬁ{%ﬁé%@)tﬁalg%t?ftmeg@@@taﬁglelg@@;ﬁm 2R) %%A&l%% ofadinkhasiG/hile
unction .neural networks, mulitilayer, percepiron neural ..

et R e T SALIE S PP Sy L S e o s, To
oot perctyipe soblcomindtionsiofschd seifibss ] Fheapartivaldresipstarasdrnagped on

hesrelectatd asenrding:la,the classifiars Rerfermanae.forthe padicdldise when

data set. oy
binmaps or other data sets are analyzed with signature classes that do not depend on scale,

location, or angular position.
A representative set of 25 features is suitably extracted from every binmap or other
data set designated by the pattern filter 2618. All or a portion of the features may be
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10The present embodiment includes a linear neural network, like an RBF
neural network, and/or a feedforward network configured to analyze the
features selected by the feature selector 2622. Referring to Figure 29, an
RBF .neural network 2910 according to various aspects of the present
embodiment is configured using evolutionary algorithm techniques, such

as PSO to function as a classifier. The RBF network suitably comprises
e e T T T
th@beh\/éftH@ §@1@aé@fédqﬁ B8V rik e ciboridptayist 201 FHiEH S itébRpduce the
nG@H&BHS%ﬁﬁrEﬂd@B&dﬂﬂﬁe@@ﬁﬂﬁﬁs&eﬂ@ﬁdiﬁ%&ﬁﬁ[&ﬁ&fﬁmmaﬂbﬂﬁdcmmyﬁ’@pmcess

RORULSARCG Idhe, P%@Qﬁ@&@&%‘ig '%é(‘{ﬁ'Ch t"’a%t 9% MIFIONS QIS ey,

neurons (hdx)) are radial basis unctlons Gaussiah functions

I%ﬁéf&aﬁ?m@ﬁwea@éﬂi BRReEktERy, rzemmﬁfqﬁ%aﬁc%aﬁFfva?éérmwiaavamhe
nfuitetions faay@lso e tisaddln the pf%&;ﬁib,embadmﬂbrmaﬂkshmhﬂemm the

g%%ﬁ&&%&{i&%é@@f%%@%%@% 15,4 19%%45&@%“&%’}&8%{@ RAMer of

and applies the RBF to that distance. The neurons of the output layer

t%‘i‘@ (Bsr&ﬂ“bé?fb‘?ﬁ? ARttt QuffrbetirsEis e Butts o tl‘i‘égﬁﬁdlaléﬂm of
ttatyersand- weightsoof thedmksifratcorimeticbpthaoutpt antl kiddemlayerights.

HRr £xample Aceanding 0. e, SOLAH0BE AN pafd 3t s CHe (/o Yo AR-WNEER 1o
whereX|s thel&%ut |s ﬁ%RBF is the center of the i-th hidden neuron, r is

RETPAGITE BRAFTRRETRIGRT RRERHA X hnect hidden neuron number i and

outputrredrgnuspiisénr j 2680 wiolis atoiast forsthe cotpaehépraenerated fepures
a@B@EﬁNQBd&léEl@dn@REQQSJ ndbe hidden laye 2944 applyia Mlﬂ@xarthe feature
S R, AR I L R Bl

fo%§f@ﬂﬁ§ﬁ o fRéRTah B HiRtéHog ﬁméé@télth%f%f@mfébﬁc@w@wﬁéf 2616.

jh@ﬁém@@fdhmmr@mgemﬁi@ib@waﬁﬁ@ﬂi@assﬁmsm REMRIEMSures for
npnt I|n arI %%nj)gh dimensionality space are more likely to be
ans €r 10
Inearly separa an in a low dimensional space. The parameters of the

classiffefs |PF?P?é“tWBb§f’é@@§ 3be) fpatypq selagiph2adZdisniiiapie R gfenetic algorithm

to select the features. The genetic algorithm suitably includes a parallel search process,
which tends to maintain multiple solutions, eliminate the dubious sclutions, and improve
good solutions. The genetic algerithm analysis is suitably applied to the various features for
a number of iterations, and the output of the algorithm is the best solution found in the
process of evolution,

Referring to Figure 27, to implement the genetic algorithm in the present
embodiment, the feature selector 2622 starts by initially defining values for the GA
parameters (2710), starting a generation counter (2712), and randomly creating the initial
population (2714). The population suitably comprises a collection of coded individuals, and
each individual represents a set of selected features. The sequence of individuals in the initial
population is generated randomly, for example by an automatic computer program. Any
suitable parameters may be used, such as parameters corresponding to a number of epochs, a
number of individuals in a population, a size of chromosome, a cost function, a selection rate,

a crossover/reproduction rate, and a mutation rate. In the present system, every population
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5 basis functions and their respective centers and widths for an RBF
network, are subject to evolution according to an evolutionary algorithm,
such as PSO. In the present embodiment, each particle in the algorithm
represents center and radius values. Referring to Figure 33, the widths of
the basis function are initialized randomly in the range [0,1] and the
centers are selected randomly between the inputs in the training set
{3319 10Regrrding e evolution ofihe. umber f basiz.ealioRs Rt
Nitfd n%ayer, IS approach can be c afacterized as a constructive,
ortethowSiRsh thist Athgie GG ot Woblbtorefte WS oFBRSE nto 2
cashwerkdndhespopiglaton isemint um, forexafiidioniyohervd Grantés) thikere
Djcden Jayer 5 ha.ENP WIRR RIGESS RICAEAS S RETMOIk AOWSBY and o

*addi g more neurons into the hidden layer. All the networks are initialized
“Quitheapshgd b Aeure i RIEEYHIRM ERHIRSen layer, and the network is

incrementadtyrbuiliicFor @ath optintzatiansitératioiti2thecpvietialh p@rfdiniapeiss

SLihe swarm, &, the.mean squase rornef, the bestharice Bdhation counter

iteration, Is calculated (3312). If the overall error has i sed with .
(Tped s RO RECE 1 S S e R TN o o (3o

nonecbasigcfunction, ihadaedeodidden 2y derofiwsdeshtime aralysie a3 the
sé%ész@iﬁﬁtmg m@wf@&mvﬁe@m@i a;kb@?ftlﬂﬁh%hmolﬁbo?@l (losatmode/xne
with circle topalogy, w e ea articlie affected o wyr{n

A oo e e XA

3 giﬁ‘ite%%e
ype o topolag parts of the popu tion

sy beagditergistant fronvrdeiroumsd thelghbrsaretlosely connected.
Thus j@Resegmert @f dhepepulatiomimight srmwargeifinatl daakaptimmies or
while another se nt conver n a differ iU, 0L KEER ati
AR ARERID .C?ﬁ?ﬁ?é%gelﬁls?pcréas s ?ﬁ%gghg%?%%gégghggor in this tocggtlIc())éys,y stem
feinelaifsfinptimunitvaiid aHIRA itHeeRESERRITY By ERP AN bf T 25 Baves or
M!ﬁi Qﬂeiﬁ%ﬁ @}é@ﬂﬁéfﬂ])éxﬁidﬂv&%dhﬁxpﬁi.tbﬁieﬁi.hklassiﬁﬁm@Rﬁﬁ) supervised or
& rgéﬁvﬁé@a th%‘%%ﬁé'@frc cight affecls the traieciaries,efiliepartielesAdiment is
nonzero inertia coefficient introduces the preference for the particle to "
ccofitrae eI inedamE MiEcaBAT PRt fia EEEt R Ry pae feature
REkistedrn inhibit instability, such as by 30decreasing the inertia weight

over time, typically, from ARRIOXIMAIELY 89,100 G AISTRALNEL viliE: have been

coefficient may have a quadratic expression such it decays parabolick){ data is
dhistasditor thedetye PREneiteAtt e HREsdder Bl Eotiieiant tarids o !
nottewdhe searek, irdiseing a:shift-franwampaxplordiboryto en estploitatighes the
a8 fj%e-lc-:gggso '!a%‘é’x@gxs@x@'gr%ﬁg}%%ﬁ%% BN EXemRaDAsehef cerfficientexample,
vafues: Number of Agents . , , C
referring to Figure 31A-B, the classifier 2616 may associate particular characteristics in the
input data with particular problem sources, such as by referring to a lookup table. The
classifier 2616 may also assign a likelihood of a particular issue or characteristic
corresponding to the pattern. If no known pattern matches the data, the failure to match is
noted as well. The resulting information may then be provided to the output element 208,
Referring to Figure 32, in the present embodiment, the classifier 2616 comprises a
two-stage classifier 3208. A first stage 3210 receives data from the individual data sources

and classifies the data for potential problems, for example according to a set of rules or

patterns in the data. The second stage 3212 receives the data from the various first-stage
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Iterations

3210 classifiers and combines the results to classify the overall data to identify the most
likely sources of problems or issues characterized by the data.

The classifiers in the two stages 3210, 3212 may comprise any suitable systems for
analyzing the data, such as intelligent systems, for example neural networks, particle swarm
optimization (PSO) systems, genetic algorithm (GA) systems, radial basic function (RBF)
neural networks, multilayer perceptron (MLP) neural networks, RBF-PSO systems, MLP-
PSO systems, MLP-PSO-GA systems, or other types or combinations of classifiers. The
particular systems may be selected according to the classifier’s performance for the particular
data set.

The present embodiment includes a linear neural network, like an RBF neural
network, and/or a feedforward network configured to analyze the features selected by the
feature selector 2622. Referring to Figure 29, an RBF neural network 2910 according to
various aspects of the present embodiment is configured using evolutionary algorithm
techniques, such as PSO, to function as a classifier. The RBF network suitably comprises
three layers with different roles. An input layer 2912 comprises source nodes that connect
the RBF network to the feature selector 2622 to receive the selected features. The second
layer 2914, which suitably comprises a hidden layer, applies a nonlinear transformation from
the input space to the hidden space, in which the activation functions of the neurons (h(x))
are radial basis functions (RBF &). Gaussian functions are commonly used, but Cauchy,
multiquadric and inverse-multiquadric functions may also be used. In the present
embodiment, each hidden neuron computes the distance from its input to ‘the neuron’s central
point, ¢, and applies the RBF to that distance. The neurons of the output layer 2916 (0ix))
perform a weighted sum between the outputs of the hidden layer and weights of the links that

connect both output and hidden layer, for example according to the equations:
h(x) = —c | 1)
0,(x)= Zwljh,.(:c) + W,
where x is the input, ® is the RBF, ¢; is the center of the i-th hidden neuron, 1 is its
radius, w; is the weight links that connect hidden neuron number 7 and output neuron number
j,and wq is a bias for the output neuron.
In other words, the neurons in the hidden layer 2914 apply a nonlinear transformation
from the input space to the hidden space, which is of high dimensionality, and the output

layer 2916 performs a linear transformation from the hidden-unit space to the output space.
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Coefficient values in the HO algorithm The classifier 2616 may also
provide a suggested corrective action based on the corresponding
characteristic. In particular, the classifier 2616 may be configured to
access a 10 memory, such as the database 114, to identify a set of
corrective action candidates in response to various fabrication and/or test

T C{é’Cﬁ%Sa%og[tiﬁ&]%ff“cs LSRRG LG CATAGtRIBHS Al PG carty

om onen s have been excessively
lwm@élt@%@taﬂ% ﬁé*ﬁ?c@lﬁr%miliﬁlthéofé’srubaﬁ’a‘a{ proeEdls dhen ina low
delasstiar akd may check the database 114 for potential.corrective action

COTEFRA, Faqg%t@stgptﬁ@@l %ﬁ?errlés hcthe two stages 3210, 3212, such as the number of
basis functions and their respective centers and widths for an RBF network, are subject to
evolution according to an evolutionary algorithm, such as PSO. In the present embodiment,
each particle in the algorithm represents center and radius values. Referring to Figure 33, the
widths of the basis function are initialized randomly in the range [0,1] and the centers are
selected randomly between the inputs in the training set (3310).

Regarding the evolution of the number of basis functions in the hidden layer, this
approach can be characterized as a constructive method, such that at the beginning of the
evolution, the size of each network in the population is minimum, for example only one
neuron in the hidden layer. As the evolution process proceeds, the network grows by adding
more neurons into the hidden layer. All the networks are initialized with a single basis
function in the hidden layer, and the network is incrementally built. For each optimization
iteration, the overall performance of the swarm, i.e., the meaﬁ square error of the best particle
in that iteration, is calculated (3312). If the overall error has increased with respect to the
performance of the swarm in the previous iteration (3314), one basis function is added to
hidden layer of each neural network (3316). |

The particles may be structured into a lbest neighborhood (local model) with circle
topology, where each particle is affected only by its immediately adjacent neighbors. In this
type of topology, while parts of the population may be quite distant from each other,
neighbors are closely connected. Thus, one segment of the population might converge on a
local optimum, while another segment converges on a different optimum or keep searching.
Influence spreads from neighbor to neighbor in this topology, and if an optimum value really
is the best found by any part of the population, it will eventually pull all the particles in.

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

Alternatively, the coefficient may have a quadratic expression such it decays parabolicly
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15to remedy the issue, such as to reduce the temperature or the duration

of the exposure of the wafer at the particular fabrication point.

pattern recognition system 2612 may also be

The
configured to learn

additional information about the identified patterns and corresponding

issues. For example, the pattern recognition

system 2612 may be

configured to receive diagnosis feedback information after identifying a

mBatierm: Ihe,diagnesis feedhagknfarmation syHably €RIESRARES e search,

actual issues identified in the manufacturing or test process that caused

ingheing it i niE P TR AR ART FRREEIESH Sy stem may then use the

diagfbsitfeedigasidnfommationdoe-fenpte b srialiswtfiofedaraltosidentify

recurrence of the issues.
present test system 100 nm%/m grt % mb .
as well as conventional single-site ‘data. Unli
data, multisite data is received from different

The various functions and elements of the
égi?[%ured tp process multisite test data

e conventional single-site
Parts of the wafer

simultaneously, and may grre¢aied using g
software resources. Consequently, data 10 -

iffereniphardware and
9 different sites may vary

due to factors other than differences in the devices, such as differences in

the probe hardware. AccordieRityatthe test sy
to analyze the test dgtadies:multisite testing tq

associated with mummwmw
associated with multisite tes?fﬁg. or exat

supplemental data analysis system 206, the (

tem 10D may be configured
gninimize potential problems

Fy-probtems that may be

nple, in one embodiment, the
kdmposite analysis system

214, and/or the diagnostic systeerddies may p.
on the test data for each individual site, such

individual probe is treated as if it were generg
Consequently, inconsistenéigs betweenthgty

priorm mdependent analyses
tlag(g test data from each

ited by a separate tester 102.

arious gites do not cause

data analysis problems&ghbourhooky another enpbodiment, the supplemental
data analysis syste ~fhecom ,='c issystem 214, and/or

the diagnostic system 216 may anaTyze the dhta from different sites
independently for some calculations, merge thé&data from two or more

sites for other calculations, and perform some calculations using both the
indepesdent site idatasancthe merged data. For example, statistical
calculations relating to median tester values may be  calculated
INICPERCRNUIEY SEGNSIR 10 BEIRHTLPIQIIY R0RATS RONRYRLSn e
test 25system 00 may use a merged data Set using data from all sites.
CYRESPRIGR a@a@ét%gfedwarticular, the classifier 2616 may be configured to access a

memory, such as the database 114, to identify a set of corrective action candidates in

response to various fabrication and/or test process characteristics. For example, if the
characteristic matching the identified pattern indicates that the components have been
excessively exposed to heat in a particular point in the fabrication process, the classifier 2616
may check the database 114 for potential corrective action corresponding to the characteristic
to remedy the issue, such as to reduce the temperature or the duration of the exposure of the
wafer at the particular fabrication point.

The pattern recognition system 2612 may also be configured to learn additional

information about the identified patterns and corresponding issues. For example, the pattern
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any suitable manner so that variations caused by multisite testing are
recognized and/or addressed. In operation, data is received from the
various sources. The data is initially analyzed for rules-based diagnoses,
such as data corresponding exactly to know problems. The 30 diagnosis
system 216 generates an output indicating the particular issues identified
using the rules-based analysis. The data is then provided to the pattern

é*ﬁgi%w 9{&@%55%'@ 283 %.Whieh Analyzes.1he falR e 'fé@aﬁgamﬁfsﬁmag aftor
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Scope of the pfesent invention in any For the sake of brevity,
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the ~ connecting lines shown in the various figures are intended to
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In another embodiment, the supplemental data analysis system 206, the composite
analysis system 214, and/or the diagnostic system 216 may analyze the data from different
sites independently for some calculations, merge the data from two or more sites for other
calculations, and perform some calculations using both the independent site data and the
merged data. For example, statistical calculations relating to median tester values may be
calculated independently for each site. To perform proximity analysis, however, the test
system 100 may use a merged data set using data from all sites. The data may be treated in
any suitable manner so that variations caused by multisite testing are recognized and/or
addressed.

In operation, data is received from the various sources. The data is initially analyzed
for rules-based diagnoses, such as data corresponding exactly to know problems. The
diagnosis system 216 generates an output indicating the particular issues identified using the
rules-based analysis. The data is then provided to the pattern recognition system 2612, which

analyzes the data to identify patterns in the data. The pattern recognition system 2612 may
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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 20included within the scope
of the present invention, as expressed in the following claims. MCSLIP
CLAIMS 1. A test system, comprising: a tester configured to test a
set of components and generate test data for the set of components, a

mI2gNOStig, SYRIGMAONHGH R 90?%‘5?&\6‘36%% IS%EHR@JQ%H@&&%{@BM%W

automatically analyze the test data to identify a proble roc or .
Issegrid A rﬁ’@tﬁ% EEPEBONE SIS RIRS iR e Miahifosid &5 em 1$Cong u‘?fe ¢
pat@diegognize Bpdtterntn thédest Gatademoniatetsitne 2éeoymizaeepapenmend
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configured to classify the paftern usjng an evo Ly aI orithm 2. A
thfésgeg?ﬁ@rﬁxhegmlﬁap&;tcﬂ% h%ati“%/vi#‘&éﬁ‘??ﬁ% éy 1101% ISS es, and, tfﬁe proposed

utionary algori
cdneludescdparticferstianvroptinizetionaddritind, the MmtERageegpatamsysten

L @scprding oclainhbwhereinthediagnesticrsysiemeampesesiahiastiviois
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St@Sﬁl@ﬁFe‘?f?SWé&%?%l%oﬁeV ypes of test data grﬁa generates first stage
dataBasewmlmermmeﬁmyaeghemgﬂwﬁa%w are HESHOHYLIYGE of the
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A test system according to claim 3, whérein the first

trairsehissien RN SRS RO HITHb SRR A AP S S TS CAMB AR B pdividual
oﬁﬁg&@oﬁ@g@&ﬁﬁedﬂ%p@@demlynuﬁlﬂabwe described\ ite segyistafmrthermore, the

-2ggording fo &f"m M & %@(Q%ﬁ&&'ﬁ%&#&&%‘%&{%@'&%ﬂ%&m@%@ fastonal
“Bne OP% particle swarm optimization algorithm and a genetic al orlthm
relationships and/or physical couplings between the various elerients. Ma ternative or

additional functional relationships or physical connections may be present in a practical
system. The present invention has been described above with reference to a preferred
embodiment. Changes and modifications may be made, however, without departing from the
scope of the present invention. These and other changes or modifications are intended to be

included within the scope of the present invention, as expressed in the following claims.
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6. A test system according to claim 1, wherein the diagnostic system
comprises at least one of a particle swarm optimization system, a genetic
algorithm system, a radial basic function neural network, and a multilayer
perceptron neural network. 7. A test system according to claim 1,
wherein the diagnostic system is configured to automatically select an
outlier igaentification algorithm to analyze the test data. A test
ccording to claim 7, wherein the diagnostic system is configured

to select the outlier algorithm based on at least one of the test data's data
populaﬁion type and the type of test generated by the tester. 9. A test
system accorAing’ tS 0% ??WHB?&g‘the diagnostic system is configured
to analyzesthectesiglatd usteg a plusdlityngicgtieraice ptificatio restlgaritfmshe set
(1) éA teosrtls _g.tem according to claim?, wherein the diagnostic system is
con?llélgreg 0’select the outlier algorithm from a configurable algorithm
library.a diaghbsti testeystentigecol thngctovel diie tdstfdptadk @oartiprising and
configurahle knowledge base, whergin.the diagnaostic system is.copfigured
A e S R S D R R S L R e e
datznonentd, viieteist ihysierpnastogisigna ctain ddred/ e reqo ghezd iapriostian the
Eé.é?tc?a% 2}88“1%5'&%%%}?@%%@%94%%%"  RYRIGIaIfigured to %%%%%‘%Q?@%eéi%fgnosﬁc

Istorical test data. . A'test system according to'claim 12, wherein
shietgnlfradizstiviectyssidier isoobighioud ¢l dadsifyntfeqrttire st gatacvolutionary

gg{ﬁ}gq by the tester. 14. A test system according to claim 1,

wherein the diagnostic system is configured to generate supplemental
data based on the test data, wherein the MCSLI..P supplemental data is

not dependent Q0.AREPh G SHBRORRINS OLHYRE KNS G HAR- algorithm

includes a particle swarm optimization algorithm.

MCSLLP

3. A test system according to claim 1, wherein the diagnostic system
comprises at least two stages, wherein

a first stage comprises a plurality of classifiers configured to receive different
types of test data and generates first stage data based on the different types of test data;
and

a second stage configured to receive the first stage data from the plurality of
classifiers and classify the pattern using an evolutionary algorithm based on the first

stage data.
4. A test system according to claim 3, wherein the first and second stages
comprise self-adaptive systems, and the first and second stages are independently

trainable.

5. A test system according to claim 1, wherein the evolutionary algorithm

includes at least one of a particle swarm optimization algorithm and a genetic algorithm.
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15. A test system according to claim 14, wherein the diagnostic system is
configured to filter the test data. 16. A test system according to claim MCSLLP
14 herein the diagnostic system is configured to identify a trend in the test

data. 17. A test system according to claim 1, wherein: the tester is

configured to generate the test data using multisite testing; and the

diagnostic system is configured to normalize the test data to counter an

effect &F the mulfishevaietmycordinggoclpigy Ly eibsreitthsdingresitaimtem
viigpeieihe lest dataocappiizessaideashanapiiistorieahdai@and algorithm

real-time data.. , 19.A test system according to claim. 1, wherein the
ALt re B RS D %ﬂ%?ﬁat?e% B BpieeREoR neural
aetiasrlbased on the analysis of the test data.

7. A test system according to claim 1, wherein the diagnostic system is
configured to automatically select an outlier identification algorithm to analyze the test

data.

8. A test system according to claim 7, wherein the diagnostic system is
configured to select the outlier algorithm based on at least one of the test data's data

population type and the type of test generated by the tester.

0. A test system according to claim 7, wherein the diagnostic system is

conﬁgufed to analyze the test data using a plurality of outlier identification algorithms.

10. A test system according to claim 7, wherein the diagnostic system is

configured to select the outlier algorithm from a configurable algorithm library.

11. A test system according to claim 1, further comprising a configurable
knowledge base, wherein the diagnostic system is configured to retrieve stored

information from the knowledge base to analyze the test data.

12. A test system according to claim 11, wherein the diagnostic system

comprises a self-adaptive system configured to learn from a set of historical test data.

13. A test system according to claim 12, wherein the self-adaptive system is

configured to learn from the test data generated by the tester.

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

configured to generate supplemental data based on the test data, wherein the
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supplemental data is not dependent on a type of the components or a type of the test

data.

15. A test system according to claim 14, wherein the diagnostic system is

configured to filter the test data.

16. A test system according to claim 14, wherein the diagnostic system is

configured to identify a trend in the test data.

17. A test system according to claim 1, wherein:
the tester is configured to generate the test data using multisite testing; and
the diagnostic system is configured to normalize the test data to counter an effect

of the multisite testing.

18. A test system according to claim 1, wherein the test data comprises at

least one of historical data and real-time data.
~19. A test system according to claim 1, wherein the diagnostic system is

configured to automatically provide a corrective action based on the analysis of the test

data.
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