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Provisional Patent Application No. 60/295,188, filed May 31, 2001,
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is 2 GBLPABIIT; R0, erttfalrtanliesties ARiis! Al PIRRASESS: FitsR opggpember

7, 26 OGRAN GEAISES AN ENHANGEMEN iﬁ%ﬂvmﬁ%ﬁ‘gﬁﬁs Wfich is a

benefit of U.S. Provisional Patent Application No. 60/483,00 ed June
contZha@R03-entitetd DERAGE APHDERENREN TNYVAFER PSP AMAL Gt and4,
of U.S. Provisional Patent Application No. | Express Mail Label No. ER

ZOO%Ogﬁ%@Qg%@%%kéﬁ@o_ Rmifé]S FOR DATA ANALYSIS, which is a

continuation-in-part of U.S. Patent Application Serial No. 10/154,627, filed on May 24, 2002,
entitled METHODS AND APPARATUS FOR SEMICONDUCTOR. TESTING, which is a
continuation~-in-part of U.S8. Patent Application Serial No. 09/872,1935, filed on May 31, 2001,
entitled METHODS AND APPARATUS FOR DATA SMOOTHING, which claims the
benefit of U.S. Provisional Patent Application No. 66/293,577, filed May 24, 2001, entitled
METHODS AND APPARATUS FOR DATA SMOOTHING; U.S. Provisional Patent
Application No. 60/295,188, filed May 31, 2001, ehtitled METHODS AND APPARATUS
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60/546,088, filed February 19, 2004, entitled DYNAMIC OUTLIER
ALGORITHM SELECTION FOR QUALITY IMPROVEMENT AND TEST
PROGRAM OPTIMIZATION; and claims the benefit of U.S. Provisional
Patent Application No. 60/603,312, filed August 20, 2004, entitled
Methods and Apparatus for Semiconductor Testing and Local Outlier
Detection; and and incorporates the disclosure of each application by
reference. To the extent that the present disclosure conflicts with any

50/ FEF celieth pirRbatiany, HOWERSE. tiratiited e BTN EUrOE TIBR gMeRORITHM

SEBEEH%I@M %@ T J!}Q{?NTI N Semiconductor companies _
test componen%?to ensu]%% g{{t%e components opéras proferty’ ATION;

andest data not only determine whether the components function properly,
but also may indicate deficiencies in the manufacturing process.
Accetdirgye Rraalt sEhrdhetietorat Bripriries matyr Neheooaiateddedatugust

fr everal di n{ components to _identify and correct problems. For _
2 O G P FHGITB G “EhTH deR Cutie

Dewader;ampng several different lots. Test data may come from a variety of
sources, such as parametric electrical testing, optical inspection, scanning
electrdrineaiprszico gy Endegyrelisirarbivepticatjospaotriscnpy, Bnthéeatsethat the
ion_tt%ga processes for defect analysis and fault isolation. This data may

Prpe AhalyZed B THERT Y S At TRt R PrplttrHer Jheiererart fsclosure is

to HSNEY Raststhat may exhibit quality and performance issues and to
identify or classify user-defined "good parts". Steps may then be taken to
correct the problems. Testing is typically performed before device

packaging (at wafer RAEF-SE WA LT pEE DY BREENDf assembly (final

e R N B 2 o S, e
perate
properly. The test data pot only determine whether the components function properly, but
also may indicate deficiencies in the manufacturing process. Accordingly, many
semiconductor companies analyze the collected data from several different components o
identify and correct problems. For example, the company may gather test data for multiple
chips on each wafer among several different lots. Test data may come from a variety of
sources, sucﬁ as parametric electrical testing, optical inspection, scanming -electron
microscopy, energy dispersive x-ray spectroscopy; and focused ion beam processes for defect
analysis and fault isolation. This data may be analyzed to identify common deficiencies or
patterns of defects or identify parts that may exhibit quality and performance issues and to

identify or classify user-defined “good parts”™ Steps may then be taken to correct the

problems. Testing is typically performed before device packaging (at wafe;' level) as well ag

upon compietion of assembly (final test),
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Gathering and analyzing test data is expensive and time consuming.
Automatic testers apply signals to the components and read the
corresponding output signals. The output signals may be analyzed to
determine whether the component is operating properly. Each tester
generates a large volume of data. For example, each tester may perform

200 tests on a single component, and each of those tests may be

repeated 10 times. Consequently, a test of a single component may yield
200G atiwuits, Bé cnaiseimatsht iéattas isctestivg 48Dtoraworeunarap drdeIBhtesters
hour and several testers may he connected to the same server, the teﬁ}e output

AP R, SHERETS o B S R A SR S AT U E A GG T BT TR LR H A STE B the
81 &Q@%@&%&%@%%ﬁi%@%@%@é&ﬁ% Q%Q%@]ﬁopeﬂy. Each

significant processing power and time. As a result, the data is not usually
tesanalyzedat ploguet o tifetbuFis arstepld.typibadytamedyzedibani@eriests on a
test runs or in other batches. To alleviate some of these burdens, some

SNl SRR Unfy S SHARS HRPEILITPER b RIgHers Qo Cora T opaly 2 tost of a
sifgRAVAIRGAESS Hhanall LT kiR OVWENET L NSIEEShat INEJERININGD or more

analysis cannot be fully complete and accurate. As a result, sampling
cofipgradesHiteromnp ketetahderstandinbeclothectebta distitsninsadtdititn, testgmocess

when the full set of test data generated by the tester is retained, the sheer
s D PIAB RS AR h AESEHYs difficulties in analyzing the data and

eXtraﬁ‘i@&a@%@Qﬂ%&é&é‘ﬁé}éﬁ%gﬂg QQE%{}}F&MO%' Qo%lgﬁléfmﬂg data may demand

information about t evices, the testing process, and the manufacturing
si@asspkiatsnay foe tsed irs pravergind uetian retiabiisipnaiBatag: bloduct

view of the amount of data, however, isolating and presenting the _
rupnform Ab iostRrd deric B hyaraterdshRtEsn S haine ity O B Bares Mg alleviate

Labeé‘goﬁ-ﬁR 03482291 US DOCkFt No. TA{L 1&'%6{18R“t?h|: .

‘ 1 test d d d th

SBESCH ‘6?%”6ﬁ°1“ﬁ|§‘5‘ﬁ’2\‘§7\7ﬁ\?&§3 More Complete understanding of =~ -
relie preseniRventianmayikaigdarivaoby: refeiiighat the resulting analysis cannot be
fully complete and accurate. As a result, sampling degrades the complete understanding of
the test results.

In addition, even when the full set of test data generated by the tester is retained, the
sheer volume of the test data presents difficulties in analyzing the data and extracting
meaningful results. The data may contain significant information about the devices, the
testing process, and the manufacturing process that may be used to improve production,

reliability, and testing. In view of the amount of data, however, isolating and presenting the

information to the user or another system is challenging.
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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.

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 plot of test data for a test of multiple components; Figure 3 is a

diagram of a system for automatically selecting one or more outlier
identification algorithms. Figure 2 is a block diagram of elements for
operating the teSEFAEERSCRETEIQNS QFpldtB B4 WMERRaving global

outliers e tataicoutiers ey e 5iis araﬂa@rme@ﬁmwrban&%vsémwefemg

ath f edb ates ob roverthe wafer re6|s diagr 0
o o B T o L RS A SR M Chotiowing

Hustingrameiaeddantifyingalp cak %&I@rsda@esectg& RastHreeentiasdatasr o similar
Figure 8 is a diagram of a central component on a wafer and surrounding

clemyatribrofsbont foriggnssskigure 9 is a diagram of potential filter types for

proximit anal §|s Flgure 100 |staflowtd|agram for |dent|f% ocal og ers .
usﬁbgmroxmaty anai:1 R G A T AT S AR SARR A0 TATSHS WRFEP RatiRgTesen

invénidtinlie deyicasandhairesistivityopsefile for the wafer; Flgure I IB is a
graph of resistance values for a population of resistors in the various
deVitss? the picifef oftFglariprd test 4fExpteds ddaitdrebel No. ER
503482291 US Docket No. TAI. 1116 Figures 12A-B are general and
detSIRESpRoiE, TELpREM AN 20 PGPARE ARiEmATgBlyuRsiecting one or more outlier

identification algorithms. Figure 2 is a block diagram of elements for operating the test
system;

Figure 4 is a plot of test data having global outliers and local outliers;

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

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

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

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

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

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

Figure 11A is a representation of a wafer having multiple devices and a resistivity

profile for the wafer;

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

devices of the wafer of Figure 11 A;
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detection triggers for the various devices of Figure 11A; 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

Pregass: Fmﬁea}égal@;gw@@aaﬁwﬁs{spfcgeéawa NSFSHRIRCISHR: and outlier

proximity weighting; Figure 19 is a flow diagram of a cluster detection and
detedfiltraticizpsdoets; Eijpned20dss aithagramnidf;a set of clusters on a wafer

subject to detection and filtration; Figure 21 is a diagram of a set of data

pOT B hérgEdP UG RSEBR ANt ITERSS 5rB0REES RIGLHE 25 R U S dgrasmous
aspe@f 8r36¢ pfdata Riftsmerged using an overlap merge process; Figures

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

ovEimp iMerge Precesse s, Figsaai2Bvis dediaghanvoftarsectibral representative

separation of a wafer; Figure 26 is a diagram of a wafer and a spatial
wafegialysis window; and Figure 27 is a flow diagram of a spatial analysis

Pregesss Blements:in thewfiguesaradiustiated s simplicity. and £1atityo uared

and have not necessarily been drawn to scale. For example, the
compurirdetions arid stepssperformed by some 5 Express Mail Label No. ER

503482291 US_Docket No. TAI.1116 of the elements in the figures may

be BRAGIE LR FBFEMATE FAILHR Ao BtHERRId At help to improve

ungerslanAiRGAkeMRAAIMERIE of NG AEGIRNL IVRRI R ocess;
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;
Figures 23 and 24 are diagrams of sets of data points merged using percentage overlap
MErge processes;
Figure 25 is a diagram of a sectional separation of a wafer;
Figure 26 15 a diagram of a wafer and a spatial analysis window; and
Figure 27 is a flow diagram of a spatial analysis process.
Elements in the figures are illustrated for simplicity and clarity and have not

necessarily been drawn to scale. For example, the connections and steps performed by some
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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,

of 1l IR PROELARIRQLRISEYS AagIC SIEMENS: IOV 3D ASIS RAUNES; hetp
programs, and the like, which may carry out a variety of functions under

to intipevontksk ohmires of endratiestey sf thicpopracessarsror 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 eferRXeRIpIsE: ERIAGHOBH BRIV ARTO R Ehaspresent
invention may employ any number of conventional techniques for data
andlysisesormizonsivn nteyfocitgsrdatd ipreoessingncommpbblenk hendtingts and
and the like. Referring_ to Figure 1, a method and apparatus according to

VAo BGS S SEREs oPfleMBrELEHAINERABA YRRy StBs b EuirRi koA itRber of
hard@SleSYF 1RV AR NAUIPGHB-IESIEE APe FUSNRFANIQMALCLESI LGURMENT for

(ATE) for testing semiconductors. In the present embodiment, the test
exaigySie thel f@comprsesthade step b2 anda compltposysien) 108:ghgsiems,
test system 10Q _may be confisglured for testing any components 106, such

ProcgEsEh iR RIS e Vides B SL ot aFAS e IR TR0 S i g 8Pk PirasEssing
etenrRINBEBEHGAL O ARKER SYRIEMS A0S BEeS AN LSO NGNS oy carry

components 106 comprise multiple integrated circuit dies formed on a
out wakeietf xfpressnvientibaibe lchiordt RES0348 2204 tkiSrd) ackepNoestdd,. bl dfer
or packaged integrated circuits or devices. The components 106 are

conBRA R ERSIG & FABRCRiIHTUCEBEE SR PERAHGSISE 4P Giriapwith any
nuc ARG RI0GESS1aTClealNg he SATPRNENts, 108, and may include

- appiication
a test process, which may comprise any suitable process for
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.

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

embodiment, the components 106 comprise multiple integrated circuit dies formed on 2 wafer
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testing the operation of the components 106. The tester 102 suitably
comprises any test equipment that tests components 106 and generates
output data relating to the testing, and may comprise multiple machines or
other sources of data. The tester 102 may comprise a conventional
automatic tester and suitably operates in conjunction with other
equipment for facilitating the testing. The tester 102 may be selected and
configured according to the particular components 106 to be tested and/or
any other appropriate criteria, The tester 102 may operate in conjunction
o RIFERS AR SySHh TORTETSr olding T PrOg A tetSstar ity e ¢
fabrioat RBHALEXRAIIS 1S (RSO LRSS LIRIRRICHESrdBSIEUGHONS R, the
the tester 102, analyze test data, control tester parameters, and the like.
comipptiats s end emb odirkr [t tomputdn gy stenrd0sisceivesit@starocess for
data from the tester 102 and performs various data analysis functions
| tesUpE RS CREERED %?"tlﬁaecf)em ar g?%e computer system 108 may comprise
a seRanRle-COMPHIRILSUSIHRS R PSR! CORNMET AEWARKSIBRBnents 106 and
connected to or networked with the tester 102 to exchange signals with
genthvdcte stepul G2t rredntigl tr i Ves iarnbadinent, dvercomputtp systein b ®r other
may he omitted from or integrated into other companents of the test

SOUESTE B 1360, Hifa! VAo R EETRPRIS) e PRSI Py g  ester and suitably
OPBPR&J@RQ%%%Q;%%%# %gp%%tofog lﬁ@ﬁ&%ﬁ%@?ﬁ%@%ﬁ%@%ﬁ&;ter 102 may

network. The test system 100 may include additional equipment to

be deletlitdtantestidgpofetheccooimpondht 2061 Eorexample; theé presentdestd/or any
system 100 includes a device interface 104, like a conventional device
othe ERERIHE §FEBd/or a device handler or prober, to handle the 7

ExprggsMall k@@%&}%&%@%“%ﬁk&& LOCKEL NGl Mo 108 10, for

components 106 and provide an interface between the components 106
exanntthedgate ndORstdheote Sb8Y stelmr bR dmnaytinchideroghe canrectad trovide
other components, equipment, software, and the like to facilitate testing of

ins%t&)@m}s&ﬁ%mgqo@ ég&lﬁmd% %@’Lﬁ?ﬁmﬂ Agster parameters, and the like. In the

present embodiment, the computer system 108 recetves tester data from the tester 102 and
performs various data analysis functions independently of the tester 102. 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.

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

like a conventional device interface board and/or a device handler or prober, to handle the
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configuration, application, environment of the test system 100, or other
relevant factors. For example, in the present embodiment, the test system
100 is connected to an appropriate communication medium, such as a
local area network, intranet, or global network like the intemet, to transmit
information to other systems, such as the remote server 116. The test
system 100 may include one or more testers 102 and one or more
computers 108. Further, the computer 108 may be separate from the
cont@siiedtd 086 Ahingysednie ghaiestintendbentasialoddeniaterample wliing 102.
one or more processors, memories, clock circuits, and the like of the
Thetgsstap iR 881 agtitdonT ParfeurefittioathenagmirepaYioraeidgnt, software,
different computers. A test system 100 according to various aspects of .
md i S R R O IO A R Tt Bt
conBp@)5s, andiiestioe suscnakexanipl e s ashanted: analysiBFaaYractors. For
identify incorrect, questionable, or unusual results. The test system 100

exapily. HisBamstysd sohpgiaoselsthe derassien d9%atacearericioln rIulpplertate
wafers and/or lots of wafers, to generate composite data based on .
o T e TS eSS SEE o ey payork tke the
inteBN@IRESEnAANMIBEHIINE RGiRe6YsHekGaaNgdinRetnOtBREPEI§ONNEl
using the test data and analyses, may then use the results to verify and/or
imprbodediexden $08terey 100 ulsdiet dnarfabriestior &3 stenmermd olassifgmputers
the compgnents 106. The test system 100 commences a test run, for _
TAT i b e S SRR A T R
the WifR21 LRSI OEaRTe THE-1RSIGE 0RASUIRLIL RXECHIER RS, 18SUPERSIAM AR the

apply signals to the components 106 and read output test data 8 Express
likevidilthieatseteN 6 O Rs8034828031tip6 vBowkefuNetionA nddy] Befronfotived by different

components 106. The tester 102 may perform multiple tests on each
CorBHifSonent 106 on a wafer or the wafer itself, and each test may be

repeated SeverR! {iheg Qrdhe SAV&IGRMBARENLAQS: THEIRSIS/MM®Y%n tests the

comprise any appropriate tests, such as (but not limited to)
components 106 and provides enhanced analysis and test resuits, For example, the enhanced

analysis may identify incorrect, questionable, or unusual results. The test system 100 may
also analyze multiple sets of data, such as data taken from mulliple wafers and/or lots of
wafers, to generate composite data based on multiple datasets. The operator, such as the
product engineer, test engineer, manufacturing engineer, device engineer, or other persormsl|
using the test data and analyses, may then use the results to verify and/or improve the test
system 100 and/or the fabrication system and classify the components 106.

The test system 100 commences a test run, for example in conj}lnction with a
conventional series of fests, in accordance with a test program. The‘te‘st‘er 102 suitabiy

gxecutes the test program to apply signals to the components 106 and read output test data
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continuity, supply current, leakage 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 2, an exemplary set
of test results for a single test of multiple components comprises a first

fromsthe sPFERETEREIIS habhitf SigtisHe ARy SR AHER1a tra SR EaTtregpgpent 106
on {SSLEESWE, ClARCIRIILEd by valves gl stay am the st Sal, E3GH 1Stame

result may be compared to an upper test limit and a lower test limit. If a

compatteUlereSul f@d’tzﬁrﬁ@ﬁ\:ﬁmﬂﬁﬁb exgeggscpiiaer it stie somBponentimisad to)
be classified as a "bad part" or otherwise classified according to the test

ontigir tHEPRYSCHESTH. SBIIE O MG esPRESERE T Hit SeRUAR SBL Patpy and
fung from,the f15l.se L IR exeeed:ing FOMLOlLRitS whUe; t%%@r?ogqt;&}@& EQkss and

e present purposes, those test results that stray from the first set but do
supﬂﬁlah%ea@bﬂﬁeseantr@tdms etheiradseTisd dabagdeieotee @ase-dafesireggaerm
as "outliers". The outliers in the test results may be identified and

me%?ﬁlﬁeﬂi?ﬁq&ﬁv APBBpAESurpose, such as to identify potentially
unrgliable.companente.Ihs auliete giay alspde HRd IBIJBHINValloUS g 1«

potential problems and/or improvements in the test and manuracturing

FiglkOrasseenisdhadestatst 02 gerneratemshertest rasilipict Bengishpuutd@8tnprises a
data for each component, test, and repetition is stored by the tester 102
firsirisgt telstevt ket il ehar i cﬁ&%ﬁﬁﬂ%@t élﬁ%&alfeé’é fved aodE sreeadvest| 19%15?@? results

cha;’r\zlcteER 59348%%9%{1588390 ket gﬁo TAL & %Qteaclﬂ com%onent

min % resi & compared to an
IS ana yze ster oC aSSI e per ormance O

uprRPRRONANTLAG: Beh asdntein Nakiswasdin eéaaslml%m&ﬁw@ﬂed%mm
comparison to the upper and lower test limits, and the results of the
imglabsifioatiorrearealdes sloradian ahe Teadaart” or otherwise classified according to the

test and/or the test result.

Some of the test results in the second set that stray from the first set may exceed the
control limits, while others do not. For the present purposes, those test results that stray from
the first set but do not exceed the contrel limits or otherwise fail to be detected are referred to
as "outliers". The outliers in the test resulis may be identified and -analyzed for any
appropriate purpose, such as to identify potentially unreliable components. The outliers may
also be used to identify various potential problems and/or improvements in the test and
manufacturing processes.

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

test, and repetition is stored by the tester 102 in a tester data file. The output test data received
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data file. The tester data file may include additional information as well,
such as logistics data and test program identification data. The tester
data file is then provided to the computer 108 in an output file, such as a
standard tester data format (STDF) file, and stored in memory. The tester
data file may also be stored in the storage system for longer term storage
for later analysis. When the computer 108 receives the tester data file, it
analyzes the data to provide enhanced output results. The computer 108
ﬂon{%pcf@{%ﬁé?@)f RPRrARNAIE,ANANEISALING IeteL. dAAdQ %%ﬁ'{%}’r?a&%yof the
suitable objective. For example, the computer 108 may implement a
comptatistitad, engine fop analyizirgr thie cuksificteshiaioe:akipls BMe apiaien to the
and identifyigﬁg data and characteristics of the data of interest. The data

uPP FC IRt SR idBAthe T BE Rasa Ririer patpRBIeTbin the tester
dataiﬁ?emiﬂ%qé@ﬁfydgg ﬁ%%ﬁ?%ﬂ!ﬁ%ﬁ&%’o&{ ﬂgg%%ﬁ gg%@ﬁﬁ%gtth-rgelogisﬁcs data

computer 108 may perform additional analysis functions upon the
and gehpraet Statistescanbitth clbatipsttebtxikajsstehasedid maticatyhputer 108

._identifying and classifying outliers. Analyzing each relevant datum
m an, %‘B‘rlfg%ggg BBNE %F’fﬁ%@&%ﬁ%&f&aﬂé@aﬁ{ﬁﬁﬁ”& it B ToReTE e rnory. The

test@Uiligrsndf-apaicuaragarithmdsinapprariiatedena.set R HaaiDe for tater

computer 108 may be configured to automatically select a differen
analg#gforithm. The computer 108 may operate in any suitable manner to

desi natehoutliers, sugh as by comparison to pre-selected or dynamic
valijkgée?lfo? EXBRYBTe L 3h ISERtiS iﬁ’@n%ﬁt@éﬁa‘f’i‘ &tdhinaezst ditglrsa/argagde

enh@RE ISRl theipresant doyerdtiamdnitia) - AuRmatically CAlDIGS IS, ¢ e tester

sensitivity to outliers based on selected statistical relationships for each
data ¢dendintvdaterreotatle ehigress Mail EadvghiNohE RohP348228 1y ibglekeht a
No. TAI.1116 other data, Some of these statistical relationships are then

St ARt & R TS 1 48 PR P s an e bR estlchiiss ME iisraifvipgdate
and 'BRARLIHMEdiamh OhLLWPINAtORS thereaf, o.defing Jelative QUIRLd may be

threshold limits. In the present embodiment, the statistical relationships
storgtewhile data that is not identified may be retained, discarded, or otherwise disposed.

The computer 108 may perform additional analysis functions upon the generated
statistics and the output test data, such as automatically identifying and classifying outliers.
Analyzing cach relevant datum according to one or more selected algorithms suitably
identifies the outliers. If a particular algorithm is inappropriate for a set of data, the computer
108 may be configured to automatically select a different algorithm.

The cormnputer 108 may operate in any suitable manner to designate outliers, such as by
comparison to pre-selected or dynamic values. For example, an outlier identification system
according to various aspects of the present invention initially automatically calibrates its
sensitivity to outliers based on selected statistical relationships for each relevant datum or
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scaled, for example by one, two, three, and six standard deviations of the

data, to define the different outlier amplitudes. The output test data may

then be compared to the outlier threshold limits to identify and classify the

output test data as outliers. The computer 108 stores the resulting

statistics and outliers in memory and identifiers, such as the x-y wafer

map coordinates, associated with any such statistics and outliers.

Selected statistics, outliers, and/or failures may also trigger notification
othegvients, Suchcdshsentineian etdaironicimessige tomapsopkbratothtefigirisgother

a light tower, stopping the tester 102, or notifying a server. In the present

e e RS R e AT BT EPLlSs T B BISRERETD BREPAro define
retaBUlglelassilisaion anang 12 pIRe- SO RIRME NI MUS CONIAUHERIG: ore

dynamically scale selected coefficients and other values according to the
scalobtput destolatey Five cutliérclassificatiotméndiderkiizns odrifigimeditodefine the
identify and/or classify the various outliers in the data according to

e P JEPRHE Mot 8D SRS, H75* SERh  Ble R APTRE B {Rgthe outlier
mreRiERERLAMPbRdimantRullabbaHsesYREQUs stafisticaliglationships for

dynamically scaling outlier sensitivity. The scaling coefficients are suitably
calGiatedipy ¢hE0§ cadirg) Blerrettandaisecs tonthadifyrs dleateshbopihieridentifiers,
sensitivity values. Any appropriate criteria, such as suitable statistical

suche S NsHip SV HRYHE GRUd R EcAMYTIFRE Siithera) SNa S SnepAeruttiers.
seidkiisauitally configured;to identify and/orglasaifi, ths.outliers NINE cuen as

components 106, output test data, and/or analysis results according to

sendiny ahlckxpraissriviaigeabehNpelaic: 503482291 kit DoekeldypinbAbe 116 102,
suitable algorithms. In addition, the outlier classification engine 112 may
or IRERGFRYIFEFto utilize multiple candidate outlier identification algorithms

andyidgntify. one A DAL Al0lNMS, SULeH: oL ASAUTY NG QUUIRIS I G, 1ng an
output test data. Different tests generate different
outlier classification engine 112. The scaling element 110 is configured to dynamically scale
selected coefficients and other values according to the output test data. The outlier
classification engine 112 is configured to identify and/or classify the various outliers in the
data according to selected algoﬁthms.

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

The outlier classification engine 112 is suitably configured to identif; and/or classify

the outliers in the components 106, output test data, and/or analysis results according to any
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population distributions, such that an outlier identification algorithm that is
appropriate for one test may be inappropriate for another. The outlier
classification engine 112 is suitably configured to differentiate between
different data populations and automatically select one or more outlier
identification algorithms based on the data population type of the current
data. The automatic selection may select from any appropriate set of
candidate outlier identification algorithms, and may perform the selection
swROGRrdnGiRRNY Ubis.Crileriaand apalisisidoLaxample sefesingdagured to
Figure 3, the outlier classification engine 112 may be configured to
uidigtomaticis| hrpbdfoerpugieoiddivificimid atoimiyomd itresienion proeadserithms
The outlier classification engine 112 suitably comprises a pre-processin
sufied i 4T ARPE %‘féisesrﬁic”é%ﬁ 8h |‘ﬁtet§5it2c.¥ ie pr%%%ge%é%feenr?’éﬁtrs?ecgffﬁm
po%%f%t%ﬂtéﬁ%gﬁ%@ﬁ&@ ala: i faciiiatesselgection ol dhemelavantOuifigibriate for
identification algorithms. The classification engine 312 suitably selects
omsriesbrmoks ietevarirotilier iwethficalibn elgivithiassifieriifaietitifies tha is suitably
outliers accordingly. The out est data, for example gat taken from a
AP (RSP P ye%%%%f[ ér?ﬁé? e 88}%‘3}00 gé“sll i%%?[?gir]a té“r‘i‘éf' %gg]ﬁ one o

miRANAYZE dBQiauinL st AaiafencoRPatibdiY WithMaBauspeadikliat@ment data.

outlier identification algorithms. The data may be analyzed in any suitable
Thanrerdi:isdetifynapay opliat drety enitam doriitiert yfisgrthidatnahdier identidication
output test data. For example, in the present embodiment, the, vt
AlgPE RS BRL MG SHEIRE YO FECERRIRE IR A TR ST SHtTreparegng
availaghle guilier. ideptification AgQHtAME,. YHERASRYIBLIEMNGBN f19Mhay be

an outlier identification algorithm library stored in memory. 12 Express
chlajrabel NonkRG03482281 4 Sullleckieniifizafisd aldotBhitheslection process, The
pre-processing engine 310 anal%/ées the output test data for outliers usin

oudivErSPET ITEIR RIS b RAY | FHETBTEs anSTHESARTERHRES 10 and =

c I‘%— r&?o%séﬁ'%ﬂxg ggine’l%%%l%@&;@&rﬁg%n%@ﬁé%ﬁt%@ééﬁ%&%qg facilitate
the a gorithms designated by the user, or another suitable

selection of the relevant outlier identification algorithms. The classification engine 312
suitably selects one or more relevant outlier identification algorithms and identifies the
outliers accordingly.

The output test data, for example data taken from a particular test, are initially
provided to the outlier classification engine 112 to analyze the output test data for
compatibility with various ca:nciidate outlier identification algorithms. The data may be
analyzed in any suitable manner to identify appropriate algorithms for identifying the outliers

_in the output test data. For example, in the present embodiment, the pre-processing engine
310 receives the output test data and prepares the available outlier identiﬁcaﬁon algorithms,
such as by retrieving them from an outlier identification algorithm library stored in memory.
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selection of algorithms, to generate pre-processing data, such as outliers

as identified by all algorithms and various descriptive statistics, such as

minimum, maximum, mean, median, standard deviation, CPK, CPM, and

the like. The algorithms may be based on industry standard (e.g., IQR,

median +/- N*sigma, 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
Th PSR SIRRLificalon, alganitAms. (e XIRle. A Sarding B%EEL%SR%%UJQJM of the

products under test or the characteristics of the tests to be pertormed.
avPiffdeeng@igonithmsthm aye ot apprapriate. forediffepent-statisticahpapolationzes the

types, such as normal, logarithmic_normal, bimodal, clamped, or low CPK
A B STTABHES THEPcAh it e GURRT idetemriadicl BigoHBhntS dagjher suitable

nnri - sulitable ' s for. vari pes and distributions of

e el S T e JE g o
alguottined distribution, Gssigna; i@Rtog sotmak Jkigma, |QRISgAOMIah, Gnedian,

sigma; bimodal algorithms; clamped algorithms; low capability algorithms;
S“&f?&’i%ﬁf‘é‘ﬁdﬁ’ﬁtrﬁﬁ G580 B & BkCor n-sigma; and proprietary algorithms

havi QU Sansitiyi| : [ ngine may. als o

analggkey ?r{éeg%iest data£ %/o%e%r%%etoe]p éﬁﬁac e?i%ﬁlc%r%e%ﬁ ng fo *tﬁ%%‘l??pf{_teNstmgma’
ctdptadeopexaivpte, ctheprepiosessinglangine ditimay Galetlalgvariaus outlier
__statistical properties of the output test data. The pre-processing algorithm
ArpUhfRtiane AeREb dihsarhitamebie tentisiabitidy deewtonian eiample 1 add,

g@@gggempogmgngdmgiﬁgg&%r glassification engine 112 analyzes the
1Fetest 13 Express Mail Label No. E g%ﬁ%z%%la&n Joekat No: TAL T1HEeular
pro@suiisutaiddentiiyrtie masicselitsasrapplicable authiRrideRtliCAli®ent algorithms
algorithms. The data from the selected outlier identification algorithms
mayaleLRPPERARRE, \WhiE et cirasting oerylpicliseardesichorsexemnple Jogarithmic

notr%agﬁg%eoryaf @%%%gge Qrtlégecﬁlléség icg'cgipou a%ggeiznel%é' gagl%? ai{}f/s;eosuhqeer identification
algorithms may comprise any suitable algorithms for various types and distributions of data,
such as inter-quartile range (IQR) normal distribution, 3 sigma; IQR normal distribution, 6
sigma;, IQR log normal, 3 sigma; IQR log normal, 6 sigma; bimodal algorithms; clamped
algorithms; low capability algorithms; custom algorithms based on 3-, 6-, or n-sigma; and
proprietary algorithms having various sensitivities. The pre-processing engine 310 may also
analyze the test data 1o generate characteristics relating to the oufput test data. For example,
the pre-processing engine 310 may calculate various statistical properties of the output fest
data.
The pre-processing algorithm results are suitably dynamically selected for outlier

detection. In the present embodiment, the outlier classification engine 112 analyzes the test
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results of the pre-processing analysis generated by each of the available

outlier identification algorithms. The classification engine 312 analyzes

the pre-processing data according to any suitable criteria, such as

predetermined and/or user-defined recipe-driven rules to determine

whether the pre-processing data satisfy various criteria. The rules may be

any appropriate rules, for example employing statistical ratios or values,

such as comparing statistics, like minimum, maximum, mean, median,
resudtandafehideviationsCRiGamd ERvhtie varibusidhnesShalds elotitdrreritdiia.data

For example, the classification engine 312 may skip the qutlier detection

from the sglesiriRr Hen AR EIRRTSHERE I L ey B8 TRRIG (B el oeppdpRgae is
disc%‘ﬁ&p%‘&a&%p%, %%@&%@éﬂ'%%ﬁ%ﬁ%&&%@ﬁbﬂ %ﬁgﬂﬁ- B:Eberéég%s the

may be pre-selected and/or may be adjusted or added by the user to
residzooiin etatespetificcanditionsefdhép rodu oStan avieksbnvirdinmidattification

Further, the classification engine 31.2 may be configured to applél a .
aleQrihiRY ot B GRS R QBN ty R B st T ERETPRIARIHEH (He TEatHE® 20
suib S IRELAE SRR BANE & RAFIGH R ISIHRUIRR ORREFUER M@ etermine

determine whether a particular test is applicable. For example, the
whelrssiicpitoprenrgig 342 smyycomparertke£LPK to a threshold. If the CPK

is below the threshold, then the IQR normal outlier identification algorithm

may'Be TLEUMtHe Bré SRR Mo SR SHATR G TaRICHT T EHR I gtos o
Valgegu“s?u%ﬁe a%sggrr]:gzgr&%ﬂ's@zritlgt%tlflﬁ?e“%n%&%[ EJQS&RQW %@Hﬁs rtfém%t standard

test are suitably Ignored. The outlier classification engine 112 may also
develentify aprl, clagsifipselactedrimitiicisesinddsompahentsit@tacdordingataple, the

the output test results and the information generated by the 14 Express
claggifiFatigre PN ER 250 3M 8P g e P IITHEREE I, FFALSSE I8 EoriiRiter IgEstances,

LSRG NS PUUSL dRsalicon naing. Lo s ISR the e
classify th components 106 into critical marginal/good part categories, for
reRXaMAIRe FuERNfkIICH pwithi sised-drdine drerterdasdisaed efinadgopd/Badiser to

spatial patterns recognition;

accommodate specific conditions of the products and test environment. Further, the
classification engine 312 may be configured to apply a particular algorithm to a certain type of
test, for example when the resuits of the test are known to have a particular distribution.
Other rules may determine whether a particular test is applicable. For example, the
classification engine 312 may compare the CPK to a threshold. TIf the CPK is below the
threshold, then the IQR normal outlier identification algorithm may be used. In the present
system, results from an algorithm satisfying a rule are used for outlier identification. Other
algorithm results for that test are suitably ignored.

The outlier classification engine 112 may also identify and classivfy: selected outliers
and components 106 according to the output test results and the information generated by the
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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 engine 112 may classify data in accordance with
conventional SPC control rules, such as Western Electric rules or Nelson
rules, to characterize the data. The outlier classification engine 112
ably.classifies th ta using a selected set of c sification limit
Comg&%ﬁu?éwt?or?fnetﬁoraggfﬁy ap?)i}ggpﬁg%sél%fagslﬁggﬁm onm 3tho g“r?]& gyt

clasdmhcli acinpassie detaiaecerdioginthanaeds ofthe-opesalar. fEheexample in
present outlier classification engine 112, for example, classifies outliers

C"“JB?FEB% ﬁ’a‘ﬁn‘@?ﬁée@l&ﬁﬁh?@%ﬂﬂaﬁ%@@é@té@%ﬁ@ﬁhﬁ%ﬂsaﬁfﬁm wacrassuon

arresponding to on , thre six statisticall scaled standar
1 B {j 9, %a t ajl Y, 1
¢ assde@?a{ﬁons ffom & threshold, such as the data mean, mode And/or sensm“ty

qualffiiestians &haﬂﬂgzﬂs;ﬁ&at@ m@fmﬂ%|&1ﬂﬁj&18}%@ﬂﬁﬁi@@d&§%§r&ﬁ%¥@esﬁ strip
any identified outliers for any test regardless of datum amplitude and

mappifeivE 1 SEPTrEGted dassfication @ﬁ@@ﬂ@ﬂgaﬁhmz@@eﬁm analyses. The

outlS9 c?a %Ca he normali ?9 outller§ a d/c?r the rgé/vor CZEom S based on c
user- Fenghe Sutliet clasaification engine 117 SUitaAR FaHEIMST

conﬁbeﬁlaﬁgdme@e&@rﬂls@ﬁe easvieslisshichMayhe ReHornea.
independently of data from other tests or in conjunction with such data

froribethieheestessiiepticnicablocclite seitawy BestiSed tfor dlassifyingstheted set of

nents b sed on tes res and outliers, such as: FAIL if the part
clasg AREReT S A é?‘lﬁxprevsspﬂaﬂrtaé%ﬁiaﬁfbﬁ‘?ﬁogﬁgﬁm%ée used

alls a?rlleaskton one Fesfm

to gﬂ@ﬁ’é%ﬁ@ ﬁIeAhalél-la@MéCt%Ltﬁeahl%@ng%@ Q&%opee&‘l':g ggrg tQuther

have a LARGE outlier or at least two MEDIUM outliers on two different

clasgpfitetfor theiothéPwise passiig PastifivhAREENALY Fabdedst Gnectestihas data to

been identified to have a MEDIUM outlier or at
selected thresholds, such as values corresponding to one, two, three, and six statistically

scaled standard deviations from a threshold, such as the data mean, mode, and/or median. The
identification of outliers in this manner tends to nommalize any identified outliers for any test
regardless of datum amplitade and relative noise.

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

suitable criteria may be used for classifying the components based on test failures and outliers,

such as:

FATL if the part fails at least on one test,
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least four SMALL outliers on four different tests for the otherwise passing
part. SMALL if at least one test has been identified to have a SMALL
outlier for the otherwise passing part. PASS without any SMALL,
MEDIUM, or LARGE outlier for the otherwise passing part. Criteria for
small, medium, and large outliers may be selected according to any
suitable criteria, such as thresholds based on the test limits and/or
characteristics of the data. The outlier classification engine 112 may also
be cppfigined e idatifydasaliae HiddaenauliarsnntheraGahiaha6e at least
inconsistent data points within a local group of data, but do not cross the
two IRISRSYE owleémiog the didfolsal tesitier o aitvariess pIsHeSPAI population.
Referrin Figure 4, a global qutlier lies outside the data.distribytion of
e A B AR e e Pt I e DL e or
leasORE disitkibutianiofthe renainrdada: pRRUIER Jau-May reviatg.significantly
from a smaller local population of data points, such as a temporally or
spatidihLlodhlap deasiation. tFbrhexdemlddratidieth irtd g aré B AhE witisy for the
enerates data by testing various components on the wafer sequentially.
Othgfﬁbsetgg?%lfi Ff8VEs the prober from componentto component,
acchiidlating te shdaindor eaarsamposeni XUE iviarialions tiidi®ise passing
manufacturing process and materials and the testing process, the test
partdata may vary regularly as the prober traverses the wafer (Figure 6). Data
points 610 lying well outside the variations. are ordiparily classified as
b BHis T5a0 FSTRE BOR itRES oF DGR By n (At AERaa Lo 2oy

Xpress
suiddilabe! MRy ERBA348220L 44 5n BocketNg:s TAkct LAGAAHARRNSS the data.

ordinarily escape classification as a global outlier, even if the data points
604Tisigmifibantiysdifiertfronvibmeldfd poivtsfer bpatiaifigwredrby Wentify local or
corresponding components, The, outlier classification enggne 112 ma

L be
“higdene g‘ib‘r‘@&ridl}dﬁﬁﬁﬁ}asd‘éﬂ% &4 glﬁﬂpé}gcem data points within a local g:o}gp of data,

put do not cross the thresholds defining the “global” outlier boundaries of the main
population. Referring to Figure 4, a global outlier Hes outside the data distribution of the
main data population. Local outliers, however, do not lie outside the data distribution of the
main data population, but may deviate significantly from a smaller local population of data
points, such as a temporally or spatially local population.

For example, referring to Figure 5, the tester generates data by testing various
components on the wafer sequentially. The tester moves the prober from componént to
component, accumulating test data for each component. Due to variations in the
manufacturing process and materials and the testing process, the test data may vary regularly
as the prober traverses the wafer (Figure 6). Data points 610 lying well out§ide the variations
are ordinarily classified as global outliers. Data points 604 within or slightly beyond the
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604 according to any suitable mechanism or process. The data may be

analyzed as the data is generated or after the analysis is completed and

the data stored. Further, the data may be pre- processed, such as by

removing global outliers and/or data for components classified as failures,

or normalizing data across various sections of the wafer, such as the

sections shown in Figure 25. In addition, the data may be normalized to

address differences in data that may be generated due to known causes.
vartioaXaniplesiil tbeigstdiatafinan g ener agrtbal Stgiivil ki-etiter téstingdnpoints 604

which multiple resources test wafers or components simultaneously,

sigyifitandn s ieiernabs fARPHE Tt et e tePH SR RIS Y IHE RBRERE -
For multi-site testing. the. dala, may %%Q'X&%E’%{Sé‘:{%%%%%%éﬂ&@JLPchmers

the site, for each site independently, arid/or for all normalized sites. The

solesi-datmgnay.compiise naniypenaf testdataTey datambinbeesiltgred as the data is
parametric testing data. In the present embodiment, the local outliers 604

geppetrberld derentltifids soprislebidheddaifesbriarymethe 9218 may be pre-
pnl)%E%@F%chntgs tge E%%%Q{x?ggr Qﬂ;ﬁxg&ﬂgg g)Iyd/E)Igedta?as t?o'jr 1c%%ﬁpl@n%ﬂ§ .classified as
embodiment, as parametric data is processed, the outlier classification
f2i8Reiner ddrhanaihgalaulaietocakoutlirethrasitaldsWara aeal data settions shown
such as a selected number of most recently generated data. The data to
in fiéeursalyzdd pddiieanirigedngrneeaaiiae orddras fidsenmag e that may
points, sty se u%gt data points, bath prece itrglg f';mtd | subsequent dtaéa : T
D T e?ﬁ%t)g?a V related data points. or spatially related data points. Inc
sieddition ithenmhar ot dadaurpaints: in theslocabatmant srayba&Rlaoiedriations
according to any suitable criteria, such as using a pre-selected number of
indbtalpeimiay desoibctin duhto sigpbdico e tha senrtscacsrdmyticivattstias. tie data
Express Mail ga el No't Rs?Qrgﬁﬁ%fz 19%8 orOCk tsi Oi Te l?er} ]ﬁ?l Crggledjgl’ for all
may, of FEREY KB BF Roisihdss of the Gata. TFHhe Gat i horay, the
SRRk A datarpoiats Mmavnbs dutpralically:aciusted: lrexanple Bih results or
increasing the number of data points in the local data set to reduce the
pefiectsokbtiegbite. ite poatweibedireshdlgd palypivdiers 604 are identified at tun
time, and the outlier classification engine 112 is integrated into the test program executed by
the tester 102.
In one embodiment, as parametric data is processed, the outlier classification engine
112 may calculate local outlier thresholds for a local data set, such as a selected number of
most recently gencrated data. The data to be analyzed may comprise any suitable data, such
as preceding data points, subsequent data points, both preceding and subsequent data points,
temporally related data points, or spatially related data points. In addition, the number of data
points in the local data set may be selected according to any suitable criteria, such as using a
pre-selected number of data points or selecting the number of data points according to various
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dynamically re-calculated with accumulation of new parametric data, for

example by using a first-in, first-out (FIFO) calculation. The parametric

data for the components in the area may then be compared to the

thresholds to identify local outliers. For example, referring to Figures 7A-B,

the outlier classification engine 112 sets the size of the local data set

(708), such as by retrieving a pre-selected size from memory, requesting

a selection from the operator, or calculating an appropriate size according
critéfi® sschtableealgomiim psuchiasaccatd inghtoriiiee type ©hdaia, the number of data

components, or noisiness of the data. After selecting the size, the outlier

POIRS R CSRIPERNAL P Hed R es e HAv Saetiing dhaavrior Yhisaspints in
the qélégl 7(%91 IP:Q%JJ ?e§\t19£etqé rleﬁ'e@&ffgf R4 %x é a”f':hz!,: %crﬁgcl)%%%r I':E{EQ EYO lds may be

locations in the buffer, such as empty data points corresponding to
dynhonexigtentaiatiasetnilite scangiobah ofitierparmayibie gnomd oapppuiatasing a
with initial data (710), such as preselected data, idealized data, or

firstyine AGE YA A TSP R TEATS NG B RESEH R BaRdPr FrrecaaBeratsiiitt arca may

thel?ggfgg 6:1h8p ysad 8. salqulats. HRPRL AN iewer local outlier thresholds
1%5(712) The upper and lower local outlier thresholds 732A, B may

be Eai(wdﬂt@&u&mgqagycsm@bie Techniguensiah-assatattatingzsiandangts the
deviations from the average of the preceding component values, ranges

swwééh?pméhfiﬁiaﬁ%ts(7<9§btﬁ%°rhaﬁi)@pﬁ%{%@vmétﬁo@*%ﬁs’reétﬁanﬁm ffp@ memory,

ogttl er %Iagls catlgrnnqqglne 11 may gl LII te asmoothedtva ue 734@ ‘
rqutatls ical value based on r%ﬁ%ﬁfe po?ntg In %ﬁ% fncalf’%a{m%gt Slszﬁc c‘éosr alln gloa

su1ﬂlﬂaﬁlgéﬁﬂﬂiﬂ@ic&rmer&{§|ﬁ9tk}c@b6m5ﬁt dthenpirsenheniadisnart data,
the upper and lower local outlier thresholds are calculated according to

AfgiestoRgIgcttratisheuiier Elgsidietinairrgibel S PER 88482902 t95with data
+
7343 ke%es %a&%#‘%llG c?rlgcriqrneg E (%gcr sut:hoo“%1 ggt?' é’pe:;'esﬁhmpty locations in
Q ower = smooth data - thresho a W
the! uﬂ@@ﬂ'm@ﬁﬁé)L&dﬁrﬂlﬁﬁ%ﬁtb@@ﬂr@%&ﬁ@r%m}d&ﬂﬁwaﬁmfﬁ%ﬂﬂ!ﬁ, i giobal
the lower local
outliers, may be ignored or populated with initial data (710), such as preselected data,
idealized data, or average data for the remaining data in the buffer.

The data 730 in the buffer are then used to calculate upper and lower local outlier
thresholds 732A, B (712). The upper and lower local outlier thresholds 732A, B may be
calculated using any suitable technique, such as calculating standard deviations from the
average of the preceding component values, ranges of component values, or other appropriate
method. For example, the outlier classification engine 112 may calculate a smoothed value
734 or a statistical valne based on multiple points in the local data set, such as a mean,

median, or mode for the local data set. In the present embodiment, the upper and lower local

outlier thresholds are calculated according to the following equations:

18

Express Mazail Label No. ER 503482291 US
Docket No. TALLI16



outlier thresholds, smooth-data is the value based on multiple points in the
local data set (in the present embodiment the median value), threshold is
a constant, such as a user-selected constant, and IQRaa,a is the
inter-quartile range of the data in the local data set. The threshold value
may have an y suitable value, for example between about 1.5 and 3.0.
The test data for the current component is then compared to the upper
and lower local outlier thresholds (714). If the current data exceeds either

thresholdzihe.comnanet isidesignated asgjocal outlier (716). The
locations atihe Jocal autliers,are siored for.repditing or other use. The

local outliers may also be further processed,st¢h as for classification

wheR89He,an-DAGRINOR OF Rk SWilalleREESSING L8, 0ca) I3, SeLRaY cal

also be processed for any other suitable information. For example, the
outlisy ifheesbradsifiativn g iadht 1alnsdypsdaly zeuiteld atads idantifyaeldtivaet (in
the rr}ggcirrip%mq?o irrg‘ianitn}f’{n such as a/ithinﬂghe ozflr,all data set or smaller

portions of the data %é?e%ﬂ%%')’. U ARCTACKIS ATRESHRE SRS isthiglected
con@ifld, miniDRMAY Methe-suiiahle sandidaleg.doncassifisationsas el eshor

outliers. Consequently, the outlier classification engine 112 may be
valuegRfigfetiany iddabily wosdhtrermisdrtaandiminiinbaadd.fule them as
ineligible fgr designation as local outliers. The outlier classification engine

112 may I08ntfy the TeIATVE THEXITA SraCThSmRETH Srivstress R hiarseiocal
outiz@riRéaRRIe (N 4he preseni.ambodimnent.Lhe %l%?%'@s%%hﬁ?%@ N GRYING: is

112 selects a portion of the data set, such as a set that is smaller or larger
desigmatrdrie toead! datiesEt] €luchhadaoniéogs aftide dvaahefifthsofrtheckedabtaiorting

set neargst Te urrent data point, or the entire data set. The data in the
or GRS GFHNEIG0a Ha s BeTeHRRCAFary o1 “Torlespfsiomaeed
on thabeh N, BR2Q348429b Mderidocket No. TAI.1116 maxima and minima,

for example by searching for the highest and lowest values in the portion
of thbedlataliséttand/ora sibpebinthressaed dtiredhdathahaging hédwmeson. For

agoisitive and . o :
example, the outlier classification engine 112 may analyze the data to identify relative

maxima and minima, such as within the overall data set or smaller portions of the data set
(718). In various situations, the relative maxima and minima may not be suitable candidates
for classification as local 5ut1iers. Consequently, the outlier classification engine 112 may be
configured to identify the relative maxima and minima and rule them as ineligible for
designation as local outliers.

The outlier classification engine 112 may identify the relative maxima and minima in
any suitable manner. For example, in the present embodiment, the outlier classification
engine 112 selects a portion of the data set, such as a set that is smaller or la.rgef: than the local
data set, such as one quarter or one fifth of the local data set nearest the curre;lt data point, or

the entire data set. The data in the selected portion of the local data set is then analyzed for
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negative. The buffer contents are then updated to add the test value for a
new component and remove the oldest test data (720). The process
repeats until all of the data in the data set, such as the data for all
components on the wafer, have been processed (722). In an alternative
embodiment, local outliers may be identified using a proximity analysis.
The proximity analysis identifies local outliers by comparing parametric or
other data for individual components to local outlier thresholds calculated
mak$igdatanfens) atal bk Kelaicsycampringnts: Trehpgbxmindaoalysisshey in the
also be weighted, for example according to the distance betweena
potsioRtrd] B8P rieh ERHETE bR COM FoREEPBRi Tt SRR PSR Fay opa ve a0
erformed by any appropriate system, such as a dedicated proximity
ne atxv[:_ . . . . . . .
nalysis engine or a proximity analysis engine associated with another
taskylikewrerodnilianalysis engiee wsed! fae ganesatingcompositerponent and
masks based on multiple datasets as described below. For example, the

rergoA e EaIBITaISd BOMfighreIaTs TaasRIR IR SlmERe syt adR Hifryig sob such
quiliers within subsets of the Qverall datasel, Seh.as pthin data for a

S I e group of components on a particular wafer. In one embodiment,
referingntuiguEas 26.80an2f the:goBpLEer A28 maydestdlishstnwindowkimity
2610 of a selected size that may be used to select multiple components

angiysiswaler POXENFh eI ZEHosClaTb INEieE DerfPERIF e RFERTC o other
spatial area of interest, such as a syhset of 0 nents on the wafer. ..

e S

rsﬁ%&@%ﬁ@r@gyﬁﬁgtﬁwﬁrﬁﬂ?ﬁﬁlﬁﬂﬁﬁla@m peightester somprnetirding to
or the desired sensitivity of the outlier analysis (2710). The shape of the
thwvitilowerbagriike wisenbel sefeptadnaend e rRTY AT BPISOp At BHtefaalysis may

such as 20 Express Maijl Label No. ER 503 8d2129t1dUS Do k%}; O« engine or a
bererPredihe %%ﬁﬁ?rgpéﬁltSfSﬁﬁté%s?“fgii?. SraXaAmple. | the area of =

p%&mtag&ﬁé@ %é?rf‘él itate-theq Wad Qhadiectang 'H.l@sr AR5 UEH RS R8aIne used
the curved edges of the wafer 2612, an alternative
for generating composite masks based on multiple datasets as described below.

For exampie, the computer 108 may be configured to identify local outliers by
identifying outliers within subsets of the overall dataset, such as within data for a selected
group of components on a particular wafer. In one embodiment, referring to Figures 26 and
27, the computer 108 may establish 2 window 2610 of a selected size that may be used to
select multiple components on a wafer 2612. The Windm;v 2610 comprises a perimeter
defining a spatial area of interest, such as a subset of the components on the wafer 2612. The
size of the window 2610 may be selected or adjusted according to any suipab:ia criteria, such
as the type of test or component or the desired sensitivity of the outlier analysis (2710). The
shape of the window may likewise be selected according to any appropriate criteria, such as
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shape may be selected for the window 2610 to accommodate the relevant
area of the wafer 2612. The window 2610 is then applied to various areas
of the wafer 2612 (2714), and local outliers are identified among the data
for components within the window 2610. For example, the window 2610
may be initially applied to a start area, such as the upper left section of the
wafer 2612. Because the upper left area of the wafer does not exhibit a
rectangular array of components, an alternative window shape may be

the siﬁlgga ;9333 %Iteﬁﬁeq'é? {ﬁﬁ?n&QQQQI%IP %%Eogréjg %ﬂm@mgsn\g{tﬂaﬁg% the
window are then retrieved from memory and analyzed for outliers, for

use EEIRIHe SN g aabhedatafor dontporaksgud iiimhthe atin dole, (2 Agminive
the present embodiment, the data for the components has already been

shapf, e B8 66186 TR I VESBIBEIE P AMH SERITACGREL R OTRRETE: 4iee riil ey ater

»s12ihat have already been identified. Any suitable outlier detection system or
approach may be used to identify the local outliers. Locations of identified
locEleouttides drd Giotbel apohic withreinysotiaes o€ lkbvamitenfarAd i )Adtariocal
identification of the local outliers, the window r_nag[babe_moved to a_nex

outlifgy aredfent B bR ANEI& S AWM SSTRTET DS BV & ISATSI ~Shg c%“rﬁﬁgfﬁ%‘e’
the JRRISIONGEA71R) vIhadaga  prtlieridenification.pracess is HeRA SPERIEHr the

for the components within the window at the new location. This process
wafarepaats Beant|tkawdedei reach dsetheltgtitsidet eikitlatwatetaf{@N20jray of

The window may then be moved down by one row (2722), and the
°°mb?6?33§§1’e215*88’t§‘)?{"*’r RO cBae Ay, P pep satBiU APIRE RIRRARRPHad 2t for

the RESAARRIGHHQ the SRAUES WRTRILLZE A <4 PAR FRMPISURR RTPLBABHP Buticrs,

relating to the identified local outliers may be provided as output or further
for analyzedidgroakarhpléaforifurirepsiassification2¥28k 2 12Ekpreds Maipresent
Label No. ER 503482291 US Docket No. TAL1116 In an alternative or

embginaR 18R 4% @h‘BB&HW@ﬂ?Fﬂ‘FehE%ﬁ‘fﬁﬁ‘?é Piﬁé"ﬁ?&?ﬁff&'}% Fﬁﬁ“&"%?S%‘Zﬁ%?ﬂy‘am’
suctPRALSE L8R SanpRRankanihe wialer, RefgriogiaFiouwis Sufbeasher

detection system or approach may be used to identify the local outliers. Locations of
identified local outliers are stored, along with any other relevant information.

After identification of the local outliers, the window may be moved to a next location.
For example, the window may be moved laterally one column to the right (2718). The local
outlier identification process is then repeated for the components within the window at the
new location. This process repeats as until the window reaches the right side of the wafer
(2720). The window may then be moved down by one row (2722}, and the process repeats,
This process may be repeated until the window has been applied to the entire wafer (2724).
Upon completion, information relating to the identified local outliers mayAb:e provided as
output or further analyzed, for example for further classification (2726).
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component on the wafer, the proximity analysis system may analyze data
associated with surrounding components. The number of components or
distance from the central component 808 may be selected according to
any suitable criteria. Similarly, the type of pattern may also be selected
(see Figure 9), either according to a pre-selected type, an operator
designation, or an automatic selection process, for example according to
the area around the central component (e.g., edge, empty spaces, or
pagsikhlesampliog): MtherasantaBadine thetemsySIC SSRGS @form 2
pattern having at least eight components. The present embodiment
proxianglyeelysie nse certhecsuroteding Bemde®10, Belngny of fiompndprtssach
The pumbper of bands of components may be any appropriate number, .
com e T B A, G o Bt TSt R o e B
surrcBA@:Rr eoapahezed thesiabbish radighand adawdhie shaldiRcearaingio it
suitable criteria or technique. High and low thresholds are similarly

808 gt foicarifiaa it AuBaie s TR shistdetie fRrcmr e Ppgrd s 18so

14 that are farther from_t ntral. component maybe assigned lower
be s %1 ak rom,the ¢eny, Renent may aned
¢ Sev&é% Sé?eanlgl%ﬁe iﬁ}egrhg‘lzdsrrﬁagy ?h%?\r%eec%crﬁblﬁ]gd taélgcj) nerate ocar >

an southenihsesbodds pobesdatumefonifie canteahgompanentSQ&is:theRt: central
compared to the local outlier thresholds to determine whether the datum

compengithaf o fififsr RSPt GrRRF S RifeifipliteFidarécp cecpreebedifesnt, the

identifying local outliers beains by selecting a component for analysis and
Sys“i esﬁt?fyic’nagpt ggurroﬂ%%‘fng cgrr%%or?e s (efOiO). The test data for the

sumed peliRg:canpRoReRtSIMay-thenhecdecignatechtngalendatetheiocah 4 of
outlier thresholds. In the present system, the test data for the first band of

compeitidnhts e IR e B APBRE MR Brctisappieredieutabeesuch as
Igcal ou‘gigr tgﬁéhoﬂ§ (f’LQ%g =acal gamress | il.Label No. .
bt S T ot Mo T P o el o B el e
a highlsdatachforibasrmatordg han dsyofempanents 84 2cBliduel Ofrgh and low
Outlier thresholds may be calculated in any suitable manner, such as
threg%aqﬁ@iygglﬂﬁ]é( gg@]:glgréed for any additional bands. Thresholds derived from bands

812, 814 that are farther from the central component may be assigned lower weights, and the
thresholds may then be combined to generate local outiier thresholds. The datum for the
central component 808 is then compared fo the local outlier thresholds to determine whether
the datum is a local outlier.

More particularly, referring to Figure 10, a preocess for identifying local outliers begins
by selecting a component for analysis and tdentifying the surrounding components (1010).
The test data for the surrounding components may then be designated to calculate the local
outlier thresholds. In the presenmt system, the test data for the first band of components,
comprising eight components, are used to calculate the local cutlier thresholds (1012). Local
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test values and standard deviations from the average for each band of
components. In some cases, the surrounding bands 810, 812, 814 may
not include complete data sets. For example, components near the edge
of the wafer may not have components in locations that make up the
surrounding bands. Similarly, if the data set has been processed to
remove data for components that have already been classified as failures
or outliers, the surrounding bands lack data for those components. In one

agmpodiment, the missing data is ignored, and the_process continues
o usingetsliﬁlce’ data that 1s %‘{/g[l?abfer. ?‘ﬁ other ¢ élﬁ%%n |Srﬁ)éﬁ & RRETE, A 45514 (1014).

OutieplaesHoniinsy bstituterdataoexampl e he-Missing 4alR@M3YOSe average
replaced with idealized data representing ideal values for such

test BHSTET Br it dtisess BaselioivBits e sripdreches ermitrasatafer, such
as gompenants in.SurLnding hands arognd the QFLSSAQ&Q%%% Yomplete, data
components n correspondlng pOSItIOI’]S on other waters in the ?0% ’When

sctseatly bameoé componentsbasibeedrandlyzed ie-ganerate iacal @ulfistents in
thresholds, combined local outlier thresholds may be calculated based on

locgiiri it mekars dtisrirednsreda dirlatndf &adatparidL bim prresed to
remeQiNBiREed:logah autlier t!ﬂs@%ﬂglﬁﬁaw %%exff%_'ﬁ&ﬁﬁ%eeéjég ANy, suitable
nt, the outlier cl

: oath the
manner. In the present embodime assification engine k)

sungssitres hweigfitsktdapath tfcteiniiahthresholde acseddingdatbedistance. is
of the corresponding band from the central comggnent 808. Thus, initial

T EPHHPS TR fSPHRE°TiPSPB AN S Tty Belblortreatifroarbpdiengtn the
dadhendhis.dreshalds dandhesecand.band 812. .and, e dhreshqlds for thdeavith
n

second band may be accorded more weight than those of the third ba
idegik4d 28:ExpressiigiidabelNo. BRSOB48238044S oDacketMObasAl chldber
Upon calculation of the combined local outlier thresholds, the test datum

COTRRPRRS RBARAl A5 SR ISR & YT R EBn RSB Hesl @assing data
or d3AZENAS the Al 868805 o carphinach fiashplq,the relevant datum is

designated as a local outlier (1022). The process
When each band of components has been analyzed to generate local outlier thresholds,

combined local outlier thresholds may be calculated based on the initial local outlier
thresholds calculated for each band (1016). The combined local outlier thresholds may be
calculated in any suitable manner. In the present embodiment, the outlier classification engine
112 assigns weights to each of the initial thresholds according to the distance of the
corresponding band from the ceniral component 808. Thus, initial outlier thresholds for the
first band 810 may be accorded greater weight _than the thresholds for the second band 812,

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

band 814.
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may be repeated for each datum in the data set (1024). In addition, local
outliers may be classified, such as according to the magnitude of their
difference from the proximate test results. For example, in the present
embodiment, outliers are classified as small, medium, or large. The
distinctions between each classification may be selected using any
suitable criteria, such as a number of standard deviations from the
threshold. In another embodiment, the outlier classification engine 112
may initially assess whether to perform local outlier detection. The outlier
clastifienttelrengmect 12ensaspbissd socolattier thvjsertdiem ibedkgfutiiym for the
detection according to any syitable criteria, such a ording t

o R L ST S0 QT o 100t B g onceeds

colibfigy glassifigatieneengingalde mayshe seafiguredioddentih sianattkesocess
site-to-site, section-to-section and wafer- to-wafer variations. For example,
mapeher ey ¢ igu e dsdhevade 284D setdy 15 b aluthsdeintiyed ettbers may be

areas, such as four gorner sections 1-4, nter.section 5, and a whole
ciass%% " suc(::h ﬁs Oac;f%r(eﬁn&um ﬂsw magfxtude c% %ﬁcu‘ 51?[[% nee %m dn

i F Prommate test
wafer-sectio er classification engine may Calculate

resMAKIORS VaILESIEO T e: VAKiONSSaLiInNSH0 oldantildl ferance s SHEM 3Sedium, or
may be due to multi-site probing, and facilitate normalization of the data.
larFheRrgrideissidoe bameyrcomiprisesifiagtionimld iridentedisine g itebilseriteria,
ata in the sections, such. as: site-IQR-Error="MaxRawlQR/MinRawIQR"
o £ QU SRR R AR ol
site-HQrkRt—-RaviinR a0 eiMaxRawldkuidd ExpressMalldalBliNgG: assess
ER 503482291 US Docket No. TAL1116 The values may be compared to
whetteotorperethreshbidgiandetifcone. ol moretibr ebhsltstare agome tidtmbeassess
outlier classification enging 112 maé/ roceed with Qr fore%o local qutlier
er detection atce

w}g&grctt?o%erfgw é%%%%‘?g rding to any suitable citeria, such as according

to statistical calculations relating to various portions of the data set. The outlier classification
engine 112 may be configured to identify signatures, site-to-site, section-to-section and wafer-
to-wafer variations.

For example, referring to Figure 235, the wafer 2612 may be partitioned into selected
areas, such as four corner sections 1-4, a center section 5, and a whole wafer section 0. The
outlier classification engine 112 may caiculate various values for the various sections to
identify differences, such as may be due to multi-site probing, and facilitate nonmalization of
the data. The various values may comprise any suifable information relating to the data in the
sections, such as:

site-IQR-Error="MaxRawIQR/MinRawIQR"

site-LQ-Error="RawLQ_Range/MaxRawIQR"

site-UQ-Error="RawUQ_Range/MaxRawIQR"
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if the site-IQR-Error is exceeds the threshold, then the local outlier
detection techniques may not be effective; if statistics of sections 0-5 are
similar, then the local outlier detection process may be omitted; if
statistics of section 1-4 are similar but differ from the statistics of sections
0 and 5, then the local outlier detection process may proceed; and if
statistics of sections 1-4 vary, then the local outlier detection process may
proceed. The local outlier detection processes may be applied to the
vat}%u% §Ections for exan}ple bg using a %obal outlier detection process

YcBIStEr 08 TaHE Trtiglpsy feesholds

on onelyaonees }Snea t’lb()enc%?g.aff:mécf anne compu

are HRIQIM, Additiong analysis of the.QUINYLIBS AR R8s IFFRUDAIAN sutiier

generated by the computer 108. For example, the computer 108 may
detejgientifictesesnpitving high incidences of failure or outliers, such as by

co _p%ringttﬁggﬁggl or average nglmbtgrr olflfﬁ#ures, ?Htli rs,.or outliers in a
parrl?lcu far'clasdification fo‘one or more thresholdva ugs?.efﬁle%%hrﬁﬁﬁgfcnon

techRBen@yalsoppravigevidentification of critical, marginal, and good parts for
global outliers and/or local outliers as defined by sensitivity parameters in
a recipEsesigEraash Yifexp sride iline i Freabgpienigiection process may be
midigposition/classification before packaging and/or shipping the part that
may represent a reliability risk, and/or test time reduction through

dynasmigspeobesmapping athadianshgesdpasis cheringiwaierReefiss 0 and 5,
Identification of these parts may be represented and output in any
then g6 I8 HYi Al A ARITEH OO esea e RI8 G6Gathd bad 25 Express Mail Label

Noif‘%@n@%“o@%g&%r%%—%%%‘f?\é Nga'c-liéclﬁiz!'ojﬁjfl?ep gt!}gc ?Qn%%%@%@g a;I)lyocee .
generated prober control map for ynamic mapplngs, a wafer map* use

for viflinecimkingi@quipmpint peoteskstiipynep ippisttipdestineabinald@sts asor
results file, and/or a database results table.
example by using a global outlier detection process on only one section at a time.

The computer 108 may be configured to perform additional analysis of the output test
data and the information generated by the computer 108. For example, the computer 108 may
identify tests having high incidences of failure or outliers, such as by comparing the total or
average number of failures, outliers, or outliers in 2 particular classiﬁca;tion to one or more
threshold values.

The computer 108 may also provide identification of critical, marginal, and good parts
for global outliers and/or local outliers as defined by sensitivity parameters in a recipe
configuration file. Part identification may provide disposition/classification before packaging
and/or shipping the part that may represent 2 reliability risk, and/or test time reduction through
dynamic probe mapping of bad and good parts during wafer probe. Identification of these
parts may be represented and output in any appropriate manner, for example as good and bad
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Supplemental data analysis at the cell controller level tends to increase
guality control at the probe, and thus final test yields. In addition, quality
issues may be identified at product run time, not later. Furthermore, the
supplemental data analysis and signature analysis tends to improve the
quality of data provided to the downstream and offline analysis tools, as

well as test engineers or other personnel, by identifying global and/or

local outliers. Referring now to Figures 11A-B, an array of semiconductor
devices are positioned on _a wafer. In this wafer, the general resi tivitXI of mep

PaIfS O B SO BN ESTIR TS PERRE ST Rt PN\ L VAN BB Ena
sse¥afenden example dusdaunavendsnasiien ahmalgra! ardreatment Qi fie,

the wafer. The resistance of any particular component, however, maybe
andisthinidtadasentsoltslimiits of the test. For example, the target resistance of a
particular resistor component may be 10000 +/- 10%. Near the ends 0

f
the FABICRET LU PHBRTt RSB IR B Y come!
at £5G565kL, the Rarmal.distributian rRogae@i000xandshdO0Qy GOTAPRNERIS QRoduct

the wafer may include defects, for example due to a contaminant or
ruirmipesfectiorin thefetmisatitn provessnihdade feetyriayidcigasmithanal ysis tends
resistance of resistors located near the low-resistivity edge of the wafer to

to POB0E FHeIELSt A dRHSTRICEYAT the OB ER ARG IoF AHNRES K ss Wel
2c 108 Diddle of thewafsr hutis stilkiithin b parmal.distibutingsange.

Referring to Figures 12A-B, the raw test data for each component may be
plottedfehine: t@st defizenhibits-Eonsidesgitseaniaticngduddniqgaritoptnioned on
varying resistivity among components on the wafer as the prober indexes

2 Weferss Foilds ot LaTuMh S BFERVIES R I8 T ST RBAE B N o onuctor
deég;%é ézzegs_]écgc%s %E%a%gﬁl%rg%lﬁ% ﬁm%et\é'ﬁﬁévéﬂ ﬁ%%gitpcyntg?rgﬁg%% gxr ?reatment

not easily identifiable based on visual examination of the test data or
ofGRENPAEISOMTIE thastest liniksy Whenlihedepbaata liswpsoae ssachacadishing: control

to various aspects of the present invention,
limits of the test. For example, the target resistance of a particular resisior component may be
10000 +/- 10%. Near the ends of the wafer, the resistances of most of the resistors approach,
but do not exceed, the normal distribution range of 900¢ and 11008,

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 registors
located near the low-resistivity edge of the wafer to 1080Q2. The resistance is well over the
10009 expected for a device near the middle of the wafer, but is still within the normal
distribution range.

Referring to Figures 12A-B, the raw test data for cach component may be plotted. The
test data exhibits considerable variation, due in part to the varying resistivity among
components on the wafer as the prober indexes across rows or columns of devices. The
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the devices affected by the defect may be associated with outliers in the

test data. The test data is largely confined to a certain range of values.

The data associated with the defects, however, is unlike the data for the

surrounding components. Accordingly, the data illustrates the departure

from the values associated with the surrounding devices without the

defect. The outlier classification engine 112 may identify and classify the

outliers according to the magnitude of the departure of the outlier data

from the surrounding data. The computer 108 collects data from the test
dexipsropifertal syitabHetcturctimes i iprovitiedecmaudtputvisgaretantnation of the
te%gr(_j{nter database, o rattor interface, or other desired destination. Any

ata of cGmparison Io.t t : ;
orm. SUCh Ba §rapRICK “FunTBal, textual, printed, or electronic form,

may vaek8e0de: RELSENGNe QLRKLSRRRELEPL 1SR 0 %ﬁ%ﬁ@b%galyﬁlgmm,

The computer 108 may provide any selected content, including selecte
the depisciefieting foothetdefettenyl B2 anetisasuititiobthiesupplamentasiadarhe test
da nal¥5|s. Inct(?‘%.l%rgsen; embodiment, the computer 108 suitably provides
of data

5 RSN & o ihe BURvSE (st s sgdaifat Bystrisperifofhgletects,
howell-assSuNemeatah Qﬁt%@gﬁ%ﬁh@h@&:ﬂ?&ﬁe&&e&mﬁ 1108 B:iustrates
re

also be configured to include information relating to the outliers, or other
thiydeneraiofe e st orsshaitifib by thesupplidme ntaiyesatshanalysisfect. The
eI_emglgg.s,l so configured, the identifiers, such as x-y coordinates, for each

oW th & BSHISP U R rhiste s W ot sifatdeersiutHers according to the
mARRIOSRlespL canpaneisand dheAutlie ' A8 Mgl ggd into an output

report, which in the current embodiment is in the format of the native

testeFlgatanapiput fof melieMedgingrres ulitng d ataiinto e ewitpblyrepeEt time, and
facilitates compression 27 Express Mail Label No. ER 503482291 US '
Prbvé%?etaﬂlo@f%ﬁ)_t 1FRB b thet oRigiF diaPRRY SRfiary BigRitRsdnether desired

agifeRbawdagHaleR laloa MUAIRLAGING. deslel daladewTadiehg das .o,

storage requirements without compromising data integrity 'for subsequen
becustomeraral\ytBisoutput report for use or subsequent analysis. The computer 108 may
provide any selected content, including selected output test data from the tester 102 and
results of the supplementary data analysis.

In the present embodiment, the computer 108 suitably provides a selection of data
from the output test data specified by the operator as well as supplemental data at product run
time. The computer 108 may also be configured to include information relating to the
outliers, or other information generated or identified by the supplementary data analysis
element. If so configured, the identifiers, such as x-y coordinates, for each of the outliers are
assembled as well. The coordinates for the operator-selected components and the outliers are
merged into an output report, which in the current embodiment is in the format of the native
tester data output format. Merging resulting data into the output report facilitates compression
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The retrieved information is then suitably stored. The report may be
prepared in any appropriate format or manner. In the present
embodiment, the output report suitably includes a dynamic datalog having
a wafer map indicating the selected components on the wafer and their
classification. Further, the computer 108 may superimpose wafer map
data corresponding to outliers on the wafer map of the preselected
components. Additionally, the output element may include only the
of 2 UHERRITEAD e WAIRGLMARALLRLN B3N8 SAMBIEL AP LG QML
report may also include a series of graphical representations of the data to
testehighlifiht, thewoeg denceroizoutliersrand Coirblationt prcthrifa @ d htepttpub:
report may be provided in any suitable manner, for example output to a
subsggelt SFRLSHBRE%ht to a server, activation of an alarm, or any other

APREORLIALS N ANRRIR 0BG eMRRAIN QNS dhe AURYLICROY MIAYDE i in any

provided off-line such that the output does not affect the operation of the
appraysterfronttansiente thie fhaineseranbirltinisncohéigutatioedh cuicayntdrdes

108 copies data files, performs the analysis, and generates results, for
» avigmic SRelo T A hlEr I DA I SR SMATTOR theihater and

theirSURNEMARIATY analwsis %Jh&(iﬁ]{@epnl%chdﬂﬂf%ﬁpmﬁﬁw %%é?ngné]poodata

according to various aspects of the present invention may also perform
corrgsprnhogite catisdysia dfdhverateennt Herersteadtivonahdata todideatiflly, the
atterns and trends over multi@le datasets, such as using multiple wafers

°“‘fP§tne P T R GRS AN I SRS B IS T FMEEP (F iDRIPRIAF Shfetimgied

outpBNar ﬁ@tﬁféﬁ&%@ﬁ@ﬁaﬁ%}ﬁéﬁ@m& QrsirRg H%%Eﬁoé@é}?&émmlfo@%éﬁﬁ&? 1o
28 Express Mail Label No, ER 503482291 US Docket No. TAL11I6 For

highbglirtglecarmmtipteoflavtisatsum ayrsiatmad yz dek fdtcommon characteristics
thaIt may represent pa@grns, trends, or irregularities over two or more

dataSets PrhERBIMPBBLiS SRAITSE T CHPHE YR Br SHrEmeaHRKiL =
local QoRRAINZIN IR SH dakavdorcamuprB charpeteristics ameng e Aalass!s:.

and may be implemented in any suitable

one embodiment, the oufput report may be provided off-line such that the output does not
affect the operation of the system or transfer to the main server, In this configuration, the
computer 108 copies data files, performs the anatysis, and generates resulté, for example for
demonstration or verification purposes.

In addition to the supplementary analysis of the data on each wafer, a testing system
100 according to various aspects of the present invention may also perform composite
analysis of the data and generate additional data to identify patterns and trends over multiple

datasets, such as using multiple wafers and/or lots. Composite analysis is suitably performed

to identify selected characteristics, such as patterns or irregularities, among multiple datasets.
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manner. For example, in the present testing system 100, the computer
108 performs composite analysis of data derived from multiple wafers
and/or lots. The test data for each wafer, lot, or other grouping forms a
dataset. The composite analysis process is suitably implemented as a
software module operating on the computer 108. The composite analysis
process may be implemented, however, in any appropriate configuration,
such as in a hardware solution or a combined hardware and software
ror SR, FHUIRSL We.CMRSST. analysls rocess may be execuied on the
test system computer 108 or a remoté computer, Stich ‘a8 En |n(§'epencfeﬁ“f“y
repraserk stalitan, areAdd) isth periyis sepaateve amnpoie iaysieam. The composite
analysis may be performed at run time, following the generation of one or
mofe O HhaliEa oy FUPOEa E0l watorriskdaegisrfer anstyoied test data
for RELQHEINS £OMpasite ANAl i @QAHQH?%Q'%%;'%%' SRR FAMRASIS ie
analysis may use any data from two or more atasets, Composite
margigalydisrcaxeradeivie sbyaenaksetsesfiigpsisdaia] docludingrgpitelatioantrforms
filtered or smoqgthed data, for each dataset, such as by executing multiple

comEoN T APARSIHL TS GFrire SRmsTckinin *afrgimedon e Lar st thie ifpaech
wafg@t@é,s&u&tﬁbﬂxtgﬁfuwﬁg Kao.Aseres ofwsesaefined fes. which canbe, -
e

defined as mathematical expressions, formulas, or any other criteria. h
impitmanisd then Sfislyzeddadridentifitipattertis ovirpeguldditieTia thexpiate: Hagsis
comgﬂositg data may alsg be merged into other data, such as the raw data

gy

T Y BHEEGENEPNE S ShHN cERPSVERL RLREstivhesuch as in a

o anaryz

hm@@mgﬁﬁﬁcﬁr@lﬁ&ﬂﬁﬁﬁﬁﬁﬂﬁ% d&@@om%ﬂﬁ&?o&u@%ﬁgp qgctgg‘ L sosite
may be 29 Express Mail Label No. ER 503482291 US Docket No, TAI

analysibGrosesy tarirhprovestirboeticprocassnFomexam pis, dhe reuipaboaparts, such

as mallf(dgrov'det information reIt ting to issues in a manufacturing and/or _

BT P TR S R e T AR SPEIENT TR RPN oY iRty Jde sorpestte

ana%geﬁxgﬁt@e|B%%C£mnvﬁm,uﬁﬁfo%%Q§§l BR.Q5QINer SItable complete
processes and a spatial analysis to build and establish

datasets, or upon a collection of data generated well before the composite analysis, inchuding

historical data.

The composite analysis may nse any data from two or more datasets. Composite
analysis can receive several sets of input data, including raw data and filtered or smoothed
data, for each dataset, such as by executing multiple configurations through the classification
engine. Once received, the input data is suitably filtered using a series of user-defined rules,
which can be defined as mathematical expressions, formulas, or any other criteria. The data is
then analyzed to identify pattemns or irregularities in the data. The composite data may also be
merged into other data, such as the raw data or analyzed data, to generate an ephanced overall
dataset. The composite analysis may then provide an appropriate output report that may be
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composite maps that illustrate significant patterns or trends. Composite
analysis can receive several different datasets and/or composite maps for
any one set of wafers by executing multiple user configurations on the set
of wafers. Referring to Figure 13, in the present embodiment operating in
the semiconductor testing environment, the computer 108 receives data
from multiple datasets, such as the data from multiple wafers or lots
(1310). The data may comprise any suitable data for analysis, such as

used WL %Jiﬂ%f%t%@éé%.reﬁﬂ?%ﬁaﬂl&ﬁ?h@”&l{gﬁl%ﬁh%ﬂﬁff&&mqmaticm
data, historical data from prior test runs, or data received from the tester

relatgtertonitinte il p thenpresentz emdbodimentytivessomputer 108 receives raw
data and filtered data at run time. The filtered data may comprise an

y
suitABig AR ToMAHER SIS, SRR SoBEEUATE MGGt gomunetion
withBRalYsis-daiens B beLrasaiomkedicoant Re.00MmpMRELA Iasele S ks,

raw dataset and supplementary data, such as the smoothed data,
comjgheiitificaichabfifeditate sl gddivefit atithrefogiod.afdfoealte utlidyss can receive

sig(?jaéure ?r&a&/ssits data, and/or otther dat?. After receiving the raw data .
SV the Sippiemantan, e RRE R SRiBheT 198 §BR&FARS “EHinHBLifk WaLs
mulflanalsisnehdkdhs bRauAResIEdata comprises data representative of

information from more than one dataset. For example, the composite data

maljedomiprite Fsmmm Aryinfesr rezsion pathoidiortottioperatimbér dfdatiumesductor
. t.and/or. outlierts 'Il%r‘% argcull§§ tesé. oc%utrri% for corresponding test data in
R ETERT datasets “SUeH as At for ComponaRtE b it brethighe data
fronP QSitigNs Rarsiftarent wakens amnindiferePtlaieyThencampRsita data: MaYysis,
30 Express Mail Label No. ER 503482291 US Docket No. TAI. 1116

sucheveyalatedhiprddahip approphifeatiad/osirch! auttetn yelatihgt hardarical
d thg‘ving c.on%ertltrations %ftoutlier,s Qr ailur%s, we%fer locations generating a
A AT nombar oPbUtiErsSFISTurED SIS Fhti BePvsd O TwBeE!
embPAR-ARtAS S NG COMPosHe:daladasuilably.aenerated -ty SRTPRING ered
data from the various datasets

data may comptise any suitable data for analysis, such as smoothed data and/or signature
analysis data. In the present embodiment, the computer 108 receives the raw dataset and
supplementary data, such as the smoothed data, identification of failures, identification of
global and local outhiers, signature analysis data, and/or other data.

After recetving the raw data and the supplementary data, the computer 108 generates
composite data for analysis (1312). The composite data comprises data representative of
information from more than one dataset. For example, the composite data may comprise
summary information relating to the number of failures and/or outliers for a particular test
occurring for corresponding test data in different datasets, such as data for components at
identical or similar positions on different wafers or in different iots. The compesite data may,
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to identify patterns and irregularities among the datasets. For example,
the composite data 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 analysis
element 214 includes a proximity engine configured to generate one or
more composite masks based on the datasets. The composite analysis
element 214 may also process the composite mask data, for example to
howé@&r,] @o%p%@%%@%ﬁﬁr@@@ @&9&&@1}% cﬁBﬂ]Qg&g& @%%L%ql @né%égc:eenﬁations
present embodiment, the proximity engine receives multiple datasets,
of ogithsrotirough aviife;, marirorestneitiie; database nombther dala:Stor@ilures,
erforms a spatial analysis on, those datasets (1320), and outputs the

or otREL (YR FTRE BT SY A TSP s Mask. The proximity engine may
geRGLAIRRICOMPOSI8iMAsk JRlA 845 B A MPRSHEAMAOSQL ABatasets

overall dataset, according to any appropriate process or technique using
to idgniifamereprictedniethwdstits aperictiladaecproXimityenginesuitaphsite data
mavErges ;@g cozrinnpaggilt%igaltlag\éigh c%rlé%lpegl data &1322% and generates an
Y outpu repoﬁyfor GEEBY (hE DT OF anothar Sy SIR A £35° PR Proviifgpt

accoRdigiN® May salap e gonfighradteceefingomenianae diB.S0MRosie Masksite
data for analysis, such as by spatial analysis, analyzing the data for
analpsisy i ehat4cieristes i rieigatasetginor crafimwvidgiaatenthae doesonobore
comme gsf%l&%t%ql S%r(it(-%’rrilafhlen égtgsgtges%teembodirpent, 1the proximity engine
Horms composite mask generation 1312 BRd TR 2 Es 1 oHfiglred e

prod@xdeleHpine exc lsigndiate asr 1t pRe Ho rar R ax %héﬂzgmm% the
Label No. ER 503482291 US Docket No. TAI. 1116 weighting 1316, and

comgeteptidifter clusters 1318. The proximity engine may also provide

A R
throfpask fat the daputied-datasatsdhatrilbusirates spatialtignds @f)‘glﬂranalysis on

patterns found throughout the datasets given. The proximity
these datasets (1320), and outputs the results in the form of a composite mask. The proximity
engine may generate the composite mask data, such as a composite image for an overall
dataset, according to any appropriate process or technigue using any appropriate methods. In
particular, the proximity engine suitably merges the composite data with original data (1322)
and generates an output report for use by the user or another system (1324). The proximity
engine may also be configured to refine or enhance the composite mask data for analysis, such
as by spatial analysis, analyzing the data for recurring characteristics in the datasets, or
removing data that does not meet selected criteria.

In the present embodiment, the proximity engine performs composiie mask generation

1312, and may also be configured to determine exclusion areas 1314, perform proximity
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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

. ider. all en passing or "stacked" view of ,
TN iR S e iy v pogrovic
proxiatayfedjosreaponding dptadiomnumitiipler datasets Q. idantfy RAGARRs and

relationships or common characteristics in the data for the particular set

Precsf Esitespoh Ty Rt THE it d AL FEa b fyhepiroiddtdathems that
mug'ggéégdgggim e-Law data. smegihed data. signature Qaflgt‘f!]é;éis-dataz ndior

any other suitable data. In the present embodiment, p%rlc‘)??(?mny eﬁé?ﬁlemity
enganalyy agliatany epomespomding netativns eain|tipltuaatenseriRefesiing ks,
Figure 14, each wafer has devices in corresponding locations that may be

datelisiyriihst RGP SpropiiARe St it CIfTEN LyktahicsuiragraiMLyfiles in

whitQRJ diRgte By steoliBussthe proximity engine compares data for devices
at corresponding locations or data points, such as location 10, 12 as

sholim indigute ddito ndentify patemshinathedompositesetat dataobpesite
as%roximitfx ré%ine of the eresent embodiment uses at least one of two
mask Rl ey

S R 1 RSt e o MRS AR A e Bl

rulSUSpUlative:sauased method and a3t ExressMaillhabe! Ne;
503482291 US Docket No, TAL 1116 oo e meiho%‘.pE%ee masi data

maypkpdémmtidendimeasuitably dentifesidater Oftinled®stiby eOmpEpRgddaecadatane
to §electedtor calculatl?d thresholti'is. In one embodiment, the proximity

P e CO A ER iR Gela P OiRte S oAl SO ARG RS RSNt fipe multiple

dadRfious waliers pndianlotaianthresheldsiadetermingwhetheribe;data . .

indicate potential patterns across the datasets. The
particular set of cormresponding data. The data analyzed may be any appropriate data,

including the raw data, smoothed data, signature analysis data, and/or any other suitable data.

In the present embodiment, the proximity engine analyzes data for corresponding
locations on multiple wafers. Referring to Figure 14, each wafer has devices in corresponding
locations that may be designated using an appropriate identification system, such as an x, ¥
coordinate system. Thus, the proximity engine compares data for devices at corresponding
locations or data points, such as location 10, 12 as shown in Figure 14, to identify pattems in.
the composite set of data.

The proximity engine of the present embodiment nses at least one of two different
techniques for generating the composite mask data, a cumulative squared method and a
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proximity engine compares each datum to one or more thresholds, each
of which may be selected in any appropriate manner, such as a
predefined value, a value calculated based on the current data, or a value
calculated from historical data. For example, a first embodiment of the
present proximity engine implements a cumulative squared method to
compare the data to thresholds. In particular, referring to Figures 15A-C,
the proximity engine suitably selects a first data point (1512) in a first
dataset (1510 ch as a result for a particular test for a_particular device
for A Y ot R A e e v
the (@af GO URIAse sholdiflhk4) mbhadikeshaldnm @M&Qﬁ%@,e t%*l%%%ﬁ&e engine
value, and any type of threshold, such as a range, a lower limit, an upper
compaigs Al {He RREtRAH PATF R St ttstliane ordihg wTamsE apdtopruder lots to
iteria, | a_.baint value exceeds the threshold, i.e., is lower than
e e SR s e
provvhaievesithepaptioulatqualiiing refationsbip MAYHIEIsARa@DSOMBh may be
counter is incremented (1516) to generate a summary value

selegliit R FONARTECRS e e ptiFtt T RePtRselipesint=isue Telusercotrpdigetbon
the BuSlMUALIVE yalhe thieshrld(1R18). e data point value exceeds the

cumulative value threshold, the data point value is added to a cumulative

valefoxthedata peint(ib2b)de genekateanathensmmaryivalugpientie »
data point. The proximity engine repeats the process for every

NS ST TR DOMETTSDS) e Stfarirrarsshrittatiorrione), ifrngsto

i s Wi . ] n FeHOUR, f aafeg)%i r%S ;ilase
v A SR O e

(15t@3tsuoh eomparisdnsaayihéapesfofinatasiwel fevitheodala pobats-ander in a
datasets. When all of the relevant data points in the population have been

Parfiriap de PR TBRES NIy B GRIE! (RAYCS ALAatat aIERkS BAdatron The threshold
ma?gmﬁge%%uﬁﬂﬁﬁ @zﬁ&?&ﬁcﬁ mgén& threshold, such as a range, a lower limit, an

upper limit, and the like, and may be selected according to any appropriate criteria. If the data
point value exceeds the threshold, i.e., is lower than the threshold, higher than the threshold,
within the threshold limits, or whatever the particular qualifying relationship may be, an
absolute counter is incremented (1516) to generate a surmmary value corresponding to the data
point.

The data poit value is also compared to a cumulative value threshold (1518). If the
data point value exceeds the cumulative value threshold, the data point value is added to a
cumulative value for the data point (1520} to generate another summary value for the data
point. The proximity engine repeats the process for every corresponding data point (1522) in
every relevant dataset (1524), such as every wafer in the lot or other selected group of wafers.
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particular thresholds. For example, the proximity engine may calculate
overall cumulative thresholds for each set of corresponding data based
on the cumulative value for the relevant data point (1526). The overall
cumulative threshold may be calculated in any appropriate manner to
identify desired or relevant characteristics, such as to identify sets of
corresponding data points that bear a relationship to a threshold. For
example, the overall cumulative threshold (Limit) may be defined
Lasgor %gftﬁ?{[eryte fgllowin e%uation: Limit = Average + (ScaleFactor *
Standard Deviation 55 Ak~ MY wRdE RUBrAgE &R s paipe and
datatag data in the composite population of data, Scale Factor is a value or
variable selected to adjust the sensitivity of the cumulative squared
methiesd, Btaidlerd Plevaatichtis rhiatstam disy dodpvistion oive dteep ainicesiuk she
pro i{]mgpec%oméoo%itec gﬁé{@t‘;‘%@eosf daé%l, ang Mglx . I\c{“Q is the difference
between the highest and SWast da 2 hOINt VAIUES i the tOnBIgs exceeding
partpoptatisR.afdarer Genarallyndhesauaral sumelativetvashold dsidgfinadive
to establish a comparison value for identifying data points of interest in the
threghoidl dta Foetafst it e oI SPPRd iR Rb R 54 de ratiredativdatihes thbh otk vant
the. proximity [ termines ether to designate each data point for
e e R Ry
mariNe, 1 RBOS4BRAGH obhB DaE kbl Tohtd, 116 GOmNALNG:EECHURLAMnding
cumulative values to thresholds. The proximity engine of the present
dataa BRI e RESUR ISR SRR ] frévasialhoifP 1528)Psq thiray ¢l totallative
eneoHTIMIANG VRIS 510G dalo ol (oA and compares the squared
cumulative value for the data point to the dyngmcllca y generated overall
cumulative threshold (1532). If the squared cumulative value exceeds the
overall cumulative threshold, then the data point is designated for
inc'“ﬂ%t D H’@qug]gq_site dgmanggzgtor * Standard Deviation?)

(Max - Min)

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

Upon caleuiation of the overall cumulative threshold, the proximity engine determines
whether to designate each data point for inclusion in the composite data, for example by
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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 absolute counter value
exceeds the overall count threshold, then the data point may again be
designated for inclusion in the composite data (1538). The process is
suitably performed for each data point (1540). The proximity engine may
com;%:églgg%gegg&reltt%dcgurprpu?ﬁ%% rxrr]aﬁ%(s dt%t%lrjess!ﬂglé)sth%hg %(lj(l)glig)nl 3'19:! ine of the
alternative techniques. The present proximity engine may also utlize a

presd@r Btadibase disysiers-fos.g anatating theraomaeyjtegmaskialatatah cumulative
formula-based system according to various aspects of the present

valuﬁeém?dﬁtam&%@egr&ﬁawa rﬁ§, G ERP IS LR etabisrite the data point
to tEANROSIGVRIGLMasK, EOn EXAMRIS. R _AMEMETRINY fPHPIRPEs e utative

system, one or more variables may be user-defined according to any
valuSeilable criteriaall henvdtiabldsateisuitahlhdelingeioneasicrdaid fpointlimsion
~_the relevant group. For example, the proximity engine may analyze each
m ﬂ‘%éﬂi@"iﬂtﬁf@r&éﬁpﬁ%pulaﬂon for the particular data point, for example to

calgyllate 8, value fQr the. A8, iRt QLGP e ARG I LINES B erant count

calculation provides a particular result. The "variables may be calculated
thredoriéachsdataupoing in phesdatasetiessadhdeficediariatle siBidxpedssn, for

Mail Label No. ER 503482291 US Docket No. TAL 1116 After calculating
exarRls A REGES4hHE TR POE falfaraRReuidedr 48 thedethine: If the

absolRetBer the data PNt mesTsthe Wsek-defingd: chiteria. [ek %ﬂmgy Reain be

user-defined formula may be resolved using the calculated variablé
desiyadidSoandiidoe fotmutargguateito (A33aytiCThamrvedse Ostiadhepef feat@Stor

the data point may be designated for inclusion in the composite mask
eachdata PPITGSL 3®-proximity engine may generate a set of composite mask

datﬁéc&&rﬂiﬂgfomgine may also generate the composite mask data using other
additional or alter;:iative techniques. The present proximity engine may also utilize a formula-
based systemn for generating the composite mask data. A formmia-based system according to
various aspects of the present invention uses variables and formulas, or expressions, to define
a composite wafer mask.

For example, in an exemplary formula-based system, one or more variables may be
user-defined according to any suitable criteria. The variables are suitably defined for each
data point in the relevant group. For example, the proximity engine may analyze each value
in the data population for the particular data point, for example to calcunlate a value for the
data point or count the number of times a calculation provides a particular result. The

variables may be calculated for each data point in the dataset for each defined variable.
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any suitable process or technique. The resulting composite mask data
comprises a set of data that corresponds to the results of the data
population for each data point. Consequently, characteristics for the data
point may be identified over multiple datasets. For example, in the
present embodiment, the composite mask data may illustrate particular
device locations that share characteristics on multiple wafers, such as
widely variable test results or high failure rates. Such information may
indigateciisues@ehAameristicsdrnemaniiasiuring A desinn. PIQEESRine
and thus may be used to improve and control manufacturing and testing.
Whetﬁtrefl@vmpomtmsik tatasmalpiaisd betamalyzedtengdneratendditionabrmula
form t|on For exa&muﬁ)le the co Bosne mask data may be analyzed to
may CERPRHECS pERAI et anglﬁ?”%a et Btﬁ%*ﬁ%a@éﬁ“é%&%?tﬁéﬂﬁﬁaﬁfcum
valuél ls@ Fsighiicani-natiens pauehhRs BleringactedverIcIHan RRkalatNe Wask
isolated data points, enhancing or refining areas having particular
datacharacteristics, or filtering data having known characteristics. The
co os? mask Qata of the resent tembod| ent, for ex mple, may
subjacted 16 Spatial anansas 1d emaooth tha co'crchm Site d‘é‘”faa%ﬁﬁdmg o
any S@mRlefeopaliemsciiifie. compesitaipasksaiee §@J@@§Q &%&yﬁm ZPBESata
may receive particular treatment, such that composite mask data may be
that %W@édsig%é‘?édeséﬁﬁaﬁdéél @@t@ﬁ?@&%ﬁ/é‘%ﬁjﬁﬁﬁé&%@@ ohierwigently,
char §t ns%télsgr%frng oth r 36 Expres Mall Lab No ER 503482291 US
BSoc AEE18

be tientify, ver
ocket S Composite mask dat. A clbS S &S ctich Pross™ the

presBRAYARSAHRIRO VR QbASWNG RS thea lﬂmgonﬁa&%eoga%éamoa@mw flelSothahat
are relatively insignificant or unreliable. In the present embodiment, the

sharp ehyarpiityrehgime mblidle vofrigured tes ividddifyvpaiicutar desitynatdh failure
cated ogu&lln ;he ggggpgggl £ ma ekmdata suc{l;a}hat d%ta (tano ths from the
desighate reAccorded paricurar desigab it BEIRER o Rl cteste™

Zones a e5|gna

prodéhé{&ﬂ@%&ﬁﬁﬁb’ﬁ@ﬁsefﬁhﬁmg@dre@ffmgxgﬁxﬁigtﬂfﬁxé@ﬁh@s@ﬁgﬂm'ty
engine may establish an exclusion zone at a selected location on the

walBs conuleds malidetal vaviees, iy capszef dedeessator s dtiprk binformation.

For example, the composite mask data may be analyzed to i]lustr_ate 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 the
present embodiment, for example, may be subjected to spatial analyses to smooth the
composite mask data and complete patterns in the composite mask data. Selected exclusion
zZones may receive particular treafment, such that composite mask data may be removed,

ignored, enhanced, accorded lower significance, or otherwise distinguished from other
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devices around the perimeter of the wafer. The exclusion zone may
provide a mechanism to exclude certain data points from affecting other
data points in proximity analysis and/or weighting. The data points are
designated as excluded in any suitable manner, such as by assigning
values that are out of the range of subsequent processes. The relevant
zone may be identified in any suitable manner. For example, excluded
data points may be designated using a file listing of device identifications
corRpDRreinaiesUCA asssy dertdinatpmcseepiingasparicoiar avidkhwvakrade the
band around the perimeter, or other suitable process for defining a
imperpsh oSO PRI Sl eBFHTBS R TEAT T thie PRa s erR BBERHIEIR, the

pfOXﬂgnll%eg}cAnﬁ,@%xe%sﬂaﬁ,at@@rﬁmi&@'%ﬁg&d%@eﬁm&mﬁa USINGentify

a simple calculation that causes the proximity engine to ignore or
par@thenvise:speecialydseah data qaiptaivithinsk dser sdefinddtraagepoftiiefrom the
edge of the data set. For example, all devices within this range, or listed

desigthiediRonss St CaR e s e slerlenased rerimetarien e XeTi i ppalyses.

Forc': Q}Eenalgree er%Iﬁ tttlg F%%}Q %?I&tg ﬂi:bgﬁ%1 91%%9%%9%&%11 eag%ﬂﬁgﬁon zone at a
mee |ﬁg ’tfr'ne exclusion criteria are excluded from one or more analyses.

sel shBdPkRAImI b £ Hgines af-thayescntiBadhedine tdsisgsuiiaby denfigyreditband of
perform additional analyses upon the composite mask data. The .

devigetitisprhialpse ey Hae 32 ELp fdSs RTINS ERBESAgoDegE™ o

ocket No. TAS.1116 configured.for appropri ur . h 10, s
o G A5, 002 T S0 RO RO e

wdbahagteiaticain tbasomrpasianaskdaiaufar exampiartbie PEaxkych as by
engine is suitably configured to perform a proximity weighting process,
assigohhasalyestdtier @ oiHboERgRiAT BT HBresABsth and complete

T S A e S A
da@?f@%ﬁg ﬁ[&ﬁ‘b@ r@éime@ naine selegtsiafirst pobat §idl)and:checkaitifes, such
as x,y coordinates, selecting a particular width of band around the perimeter, or other suitable
process for defining a relevant zone in the composite data. In the present embodiment, the
proximity engine may define a band of excluded devices on a wafer using a simple calculation
that causes the proximity engine to ignore or otherwise specially treat data points within a user
defined range of the edge of the data set. For example, all devices within this range, or listed
in the file, are then subject to selected exclusion criteria. If the exclusion criteria are met, the
data points in the exclusion zone or the devices meeting the exclusion criteria are excluded
from one or more analyses.

The proximity engine of the present embodiment is suitably cogi{gured to perform
additional analyses upon the composite mask data. The additional analyses may be

37

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



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, the proximity engine searches
data points surrounding the main data point for values (1714). The
number of data points around the main data point may be any selected
number, and may be selected according to any suitable criteria. The
proximity engine searches the surrounding data points for data points

nﬁexc%e{dingﬁ)?n influence value or atisf}/ine%l?noth rsu&t%ble criterion anted
comRdIca |°r1fg PRERGALS B‘gﬁ’l *&nould e accorde evs\/lé“fgh a(i’ffg)?‘i? ffie’
data dataRaint exgerds the-iplluenseivalue e, peeximitk erginerstitabipic, the
assigns a weight to the main data point according to the values of the
proxipitpo eyl stabbI rmen fevariit T PIE proximis e g R A PE st theh as
eight according.to the relative pasition of the surrounding, datapoint. For
o R A e S e L e FA iy o BT
data€ determined according to whether the surrounding data point is
adjacent (1718) or diagonal (1720) to the main data point. The total weight
maRefeiEagde Bijirstetl iR adatd HrsimrtscBhmraimiyevrrsssanss (irppg) all
When all surrounding, data points around the main dat int.have been
o A B RS e s S b il L1 6018 B Rl e
vau@AmRladay masingdbe weightdactors komthessarroundiage 33 EApress?12).
Mail Label No. ER 503482291 US Docket No. TAI.1116 data points. The
Whepaigiie ferithés feain dhatepsris fhaydseisbidedinldared tothitHhsssdedrege

as a user defined reghold g1726 . If the weight meets or excee s th
. t t . 714).
o e e R R e R D

TheGRIARAY Msodafusibenanalyzadda-fifancaty. feQneXxample HintRE and may
present embodiment, the proximity engine may be configured to identify,
be spipeledUitapifingih avesyitiipergidata points that are smaller than
a—%g%gg}lgﬂq%'l %ggqgeasgggéss %%Cégzergu}:g{ggs I&gég boints for data points exceeding
an influence value or satisfying another suitable criterion indicating that the data point should
be accorded weight (1716). If the data point exceeds the Influence value, the proximity
engine suitably assigns a weight to the main data point according to the values of the
surrounding data points. In addition, the proximity engine may adjust the weight according to
the relative position of the surrounding datapoint. For example, the amount of weight
accorded to a surrounding data point can be determined according to whether the surrounding
data point is adjacent (1718) or diagonal (1720) to the main data point. The total weight may
also be adjusted if the data point is on the edge of the wafer (1722). 'When all surrounding
data points around the main data point .have been checked (1724), the main data point is
assigned an overall weight, for example by adding the weight factors from the surrounding
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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

datf3tader aulalaipainbMeichingdas gl mag et mpdRanenaoeiaingch as
a data point meeting designated index (1912), the proximity engine

a ugheigfirtd Sithefdd AT Fointtabethe hamcgtarsonreantdiinatela fecdppeint is
pragram that searches in all directions from the main data point for other

50 g’ﬁfﬁ% %ﬁ "are in the same index, or alternatively, have substantially

the sameNaligialsRiexnsechihastreshaldrarimeet OtheedesicdGriesaple, in
(1914). As an example of a recursive function in the present embodiment,

thetipeeproximitgdenginehnayolioginy searchmgore darfiportshalmpis cafdtably
value for instance fve, I . data poipL Wi avalue pLAve s ound, e i
TP b R S rafT SBATChes aft Gata points around the main device untf i
mifgdsanother data point with the value of five. If another qualifying data
point is found, the recursive program selects the encountered data point
as tiiefrainedatsipoirt 13 @¢tebs Mol maiyeingios PRISOBA8ZP gPbsgiment may
Docket No. TAL1116 and repeats the process. Thus, the recursive
bR 0y R ol B B RS FETS TR Bh g Telekoigie o
y&fﬁs?ﬂ%ﬁxﬂftg @&mchﬁ%mmre&@@m@;:f&m‘iﬁtﬁé@éﬁzp\v%h@ RaHaR data for

recursive program has found all devices in a group having a certain value,
a the groayrisishssignediarieniqliergroumpinddx defd thinisroxihsitgeamgiiie mask data
again searches through the entire composite. mask data. Whgn all of the

megh e JERAELCH AT BRI BRIHSE A eSO R BER O H e 18Ty ™Y engine
be%%%qgﬁ‘%%griﬂiﬁg%%_%%n%ﬁmgéip&h?a%&aa RAINS RAKIRGHRE $3MEERHEX (1910).

ex. The proximity engine may determine the size of each group. For
Uﬁéﬁarﬁmmﬂhﬁng 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
searches in all directions from the main data point for other data points that are in the same
index, or alternatively, have substantially the same value, also exceed the threshold, or mest
other desired criteria (1914).

As an example of a recursive function in the present embodiment, the proximity
engine may begin searching for data points having a certain value, for instance five. Ifadata
point with a value of five is found, the recursive program searches all data points around the
main device until it finds another data point with the value of five. If another qualifying data
point is found, the recursive program selects the encountered data point as the main data point
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proximity engine may count the number of data points in the group (1916).
The proximity engine may then compare the number of data points in
each group to a threshold and remove groups that do not meet the
threshold (1918). The groups may be removed from the grouping analysis
in any suitable manner (1920), such as by resetting the index value for the
relevant group to a default value. For example, if the threshold number of
data points is five, the proximity engine changes the group index number
and @RV M OPERIAVIRG fawerthandie dalapRIsio: d.defamlt ¥alUsints having
Consequently, the only groups that remain classified with different group
maipiisesalires theserhadiprgtive Gramoree stehpointsaThbysrimityzengin®hen the
may perform an ropriate additional operations to generate _and refine
reo R AT TR A ot SRt C AP DR Ta e TR i, T o i
assiBedddingsihie: peskits-atthaadditionaliitering-Rrocessing and:aaalyzing entire
of the original composite mask data, may be used to provide information
corpphsiiagnesriaimuiiplen ddtas s dnel thesriginabsoeecbédhthdatansedle mask
datgl%t device%g)pn%ge wafeg o it:he fab&ictation process. The data may be
Brovided T the USer B Sihentnea SiSad ARy LhitapiRe s fRBle Egpp ndex.
examplepthendatoemae hapravidediohanaiier sysiem gfzfugyrtwraé;é%iﬁ, the
or combination with other data, such as executing user-defined rules
progiymbirvaeivvithay ity opelation drtaipeiconmpdsiternvasid dedh, B proximity
Express Mail Label No. ER 503482291 US Docket No. TAI. 1116 the raw
AT Rt Ehs BREF AISoTEPRE S At RS PO HLES AR Bet thErhelt Gadregove

grJEB0ERANh ARG MBS SRV 19355 EMQEF&%IQ eRR BAYNG ROVHRAIQuping

a user via an appropriate output system, such as a printer or visual
anjhtesfacenyrtfiebpresemte Bl meht pédrvexacple thaecempasitaan dskrelevant
data is combined with_other data and provided to the user for review. The

WD S tETHALR Bsita iaS BB G IAE ARl S Bt Bt dadive: the
prdfRiARY SHAPISMARNGL LRl ARG PGP MRS BA AR MWak v dara

merged with signature data, the raw data, hardware bin data, software bin
poliddae a default value. Consequently, the only groups that remain classified with different
group indices are those having five or more data points,

The proximity engine may perform any appropriate additional operations to generate
and refine the composite mask data. For example, the composite mask data, including the
results of the additional filtering, processing, and analyzing of the original composite mask
data, may be used to provide information relating to the multiple datasets and the original
source of the data, such as the devices on the wafers or the fabrication process. The data may
be provided to the user or otherwise used in any suitable manner. For example, the data may
be provided to another system for further analysis or combination with o_tlﬁ:r data, such as
executing user-defined rules combined with a merging operation on the composite mask data,
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and/or other composite data. The merging of the datasets may be
performed in any suitable manner, such as using various user-defined
rules including expressions, thresholds, and precedence. In the present
system, the computer 108 performs the merging process using an
appropriate process to merge the composite mask data with an original
map of composite data, such as a map of composite raw data, composite
signature data, or composite bin data. For example, referring to Figure
theZ% ‘},hgacomaosite %nalxsis eIerpegttaZ%M may merge the composite mask
S St (e SrNarinaNiduAT Water G4 TeiRd AR A LoitE frargats trends and
paS¥fien ifewhickuther compeasite.mask datass il nergad with %&Eﬂ'ﬁ@@bmut
data map. Consequently, the composite mask data is merged with the
sySfigirric ata mapcregaretessistieveriap or encompassment of existing
patterns. If only one camposite mask illustrates a pattern out of multiple ,
Com b e Sk R o e, (R B B A b agiped wie
othdternatie s dhe-aom pRsileanalysic fleMent Rl My ne 48 ihe.9a2 iBmbined
conjunction with additional analysis. The composite analysis element 214

withagn#| eshed szpTRRI #1fagatrein renle seirably inmigeificBert sRonplkathplegmposite mask

g Eeferri to Fi rg,giZ,.thenciprT&%osma analgsis element 214 may merge _ .
S Yata THRE COmposife MasicuAta Thaf 8l AAISY 85 AT 4pe: spftware bin data,

s RIaRE MalldoaeiNg. ER-3034822 i AalAQeK el e AL A1 AHANAL i table

data map or in another composite mask, which tends to emphasize
mpotentialy relatedginforanaticrer-dHEned mpesitechnihgsistplesmions, 2deshalds, and

alternatively evaluate the composite mask data and the original data to
PIReREFRfe whether a particular threshold number, percentage, or other

valug,phdata RIS QueT AR DEIWEERMARS, RERERNNT QB IRS: process using an

configuration, the data merged may only include areas where data points,

appriipisacgsecesy tespogel thg tongesicesasi\iatapplcisoiffigiahthabefvefndhie data,
su%%rg‘g) Ssnl;[a% rgia c?ci)(rtgjp%tsai‘tea I;]z(ljvs.:[ rclieatg,ncgolrggl)gi&t'as‘iglarpuﬁg EIEQE?, or composite bin data. For
example, referring to Figure 21, the composite analysis element 214 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 multipie composite
masks, the pattern is included in the overall composite mask.

Alternatively, the composite analysis element 214 may merge the data in conjunction
with additional analysis. The composite analysis element 214 may filter data that may be
brrelevant or insignificant. For example, referring to Figure 22, the composite analysis
element 214 may merge only data in the composite mask data that overlaps data in the
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required threshold value for overlapping data points. Referring to Figure

23, the composite analysis element 214 may be configured to include

only composite data patterns that overlap to a sufficient degree with

tester bin failures, i.e., failed devices, in the original data, such as 50% of

the composite data overlapping with tester bin failure data. Thus, if less

than the minimum amount of composite data overlaps with the original

data, the composite data pattern may be ignored. Similarly, referring to

- . _Figure 24 the composite analysis element 214 may compare fwo

S R e HE RS R P R A R S T

infoatgidetermine whether the overlap between the two recipes satisfies
selected criteria. Only the data that overlaps and/or satisfies the minimum
criteifaF ERRstgethaiphis AERgatd4tarmaal sessrslided katotm compakite mask

data Y58 QIDELYRIGN 1 J0SEaRM, data mAy,be,passed a8 DULLD - ve, or
another process, such as a production error identification process or a

othetargectrenttidpsitificationypreoess: fhgs mbegesithatampy alsthemdpubias
in any assortment or format, such as memory structures, database tables,

merged: Wt ATRS, BTN 2 hRss VT th 83 e e HB i fTeR CTRESAre s tel sayices,

overBRELar NieL MARS AR PrRVided . lo.anink. map.ggnglation e{‘g%‘a‘?mm&me

map engine produces maps for offline inking equipmen?ﬁjﬁaa ition to
requifflinerésiiny valap Sothe menged dataprésis|tBsimyrigaditiizad I3 geBem@iRgite

binning 42 Express Mail Label No. ER 503482291 US Docket No. TAL
anzbists gFastirs fol e REEHRL) B RSN b ARpP O ifitdisgbinat overlap

to » SRRlSARINRt Al 2881852, HRES; Of TeaHIS- P& RATHCUALna data, such as

implementations shown and described are merely illustrative of the
50%imfeht enrandiitsdaesbreddepandyarie ratirienttidrtodathernise misthRan the
scope of the present invention in any way. For the sake of brevity,

MinfRRR HRSHL YigRaRSr e S § Y ERS (FAfsfsertsin RPGihibe ferTerrRsiial date
panBAREEISOfINE-ay HEms{and compRNaRis.of e ndividual RSIAING e 214

components of the systems) may not be described in detail. Furthermore,
maytlyempare two different sets of composite data, such as data from two different recipes,

and determine whether the overlap between the two recipes satisfies selected criteria. Only
the data that overlaps and/or satisfies the minimum criteria is merged.

The merged data may be provided for output to the user or other system. The merged
data may be passed as input to another process, such as a production error identification
process or a large trend identification process. The merged data may also be outputted in any
assortment or format, such as memory structures, database tables, flat text files, or XML files.

In the present embodiment, the merged data and/or wafer maps are provided to an ink
map generation engine. The ink map engine produces maps for offline inking equipment. In
addition to offline inking maps, the merged data results may be utilized in generating binning
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connecting lines shown in the various figures are intended to represent
exemplary functional relationships and/or physical couplings between the
various elements. Many alternative or additional functional relationships
or physical connections may be present in a practical system. The
present invention has been described above with reference to a preferred
embodiment. Changes and modifications may be made, however, without
departing from the scope of the present invention. These and other

n or modifications are intended to be included within the scope of
ren B S T TS PSP AP R s e
typedb@blebd@bel No. ER 503482291 US Docket No. TAI. 1116 MCSLLP
CLAIMS 1. A test system, comprising: a tester configured to test a set of
coriiSoPrEREIah i iriarpduel et aritsgijeheratmedy dinsforthef the
inve R LEPTIRARPRISI ARG 2,068 QHLSLd e eSO S G ESP ORI Dt
the tester and configured to: select a data Subset correspono‘?ng oa
invesatiatly sislated . sulrgrotip chlkeosipbReS eBdhadorividiahsulsttais flog
the test data; and automatically identify local outliers in the data subset.
transppysgiop, gk QPSTeliPcESRIbASIFRS SitEdy v dane sronenttoafibnntyignal
sel r generate corresponding test data; a local qutlier
B et e ) e R e B e
conriesingataefomhavepatially elaie & subg ot peheamp ene a0 B he 591 eaieshnal

wafer; and
relationships and/or physical couplings between the various elements. Many alternative or
additional functional relationships or physical connections may be present in a practical
system. The present invention has been described above with reference to a preferred
embodiment. Changes and modifications may be made, however, without departing from the

scope of the present invention. These and other changes or modifications are intended 1o be

included within the scope of the present invention, as expressed in the following claims.
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identify local outliers in the selected test data. 3. A test data analysis
system for analyzing test data for a set of components 20 fabricated and

tested using a fabrication process, comprising: a memory for storing the MCSLLP

test data; and a local outlier identification system having access to the
memory and configured to: select a portion of the test data corresponding
to a group of spatially- 25 related components on a single substrate
comprising fewer than all of the compamends on the substrate; and
identify local outliers in the selected portion. 4. A computer-implemented
method for testing components on a selected substrate 30 fabricated and

fested @Q@grgiggr;g &faprgation process, comprising: obtaining test data
for the components; 44 MCSLLP selecting a subset %‘éhﬁé?st cé&ta d
correspiihGIR S SsaHAIlSt AR A STBBROUEGT COAhBHEHIE BretRgTate an

Seleciedestbsiate, wherein dbe solgretmaomprises fewer than all of the
components on the,subsﬁrate; automaticallg identigigg local o#liersfin thg '
{o:

select@d GabSBILET (S6PHLEARSY B L FRIGIRTLIAHOR TR R)h G haete
outliers in a compuiarIaadBecTesipmmdibe Ao compaitir-ieadablemadipmt

storing instructions executable by a computer, wherein the instructions
cause YRERIHPLLER %%{@&Y}g&‘% for'gh %/Efﬁbd%%ta& ta

comprigingh&@:-gipainingfiesticdatatdonthe tendponenteon a selected
substrate; selecting a portion of the test data corresponding to
geographically-related components on the selected substrate, wherein

the selgated ertiancoipepands to fewer
a tester configured to test components on a selected wafer and generate
corresponding test data;
a local outlier identification system responsive to the tester and configured to:
select test data for a spatially-related subgroup of components on the
selected wafer; and

identify local outliers in the selected test data.

3. A test data analysis system for analyzing test data for a set of components
fabricated and tested using a fabrication process, comprising:
a memory for storing the test data; and

a local outlier identification system having access to the memory and configured

to:
select a portion of the test data corresponding to a group of spatially-
related components on a single substrate comprising fewer than all of the
components on the substrate; and
identify local outliers in the selected portion.
4. A computer-implemented method for testing components on a selected substrate

fabricated and tested according to a fabrication process, comprising:

obtaining test data for the components;
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than all of the components on the selected substrate; and identifying a

local outlier in the selected portion of the test data. 15 6. The test system

of claim 1, wherein the local outlier identification system is configuredto  MCSLLP
normalize the test data. 7. The test system of claim 1, wherein the local

outlier identification system is 20 configured to identify the local outliers

according to a local median and a local interquartile range of the data

SUbsetsée{c Hl% ?%%%@%Qﬁ&?ﬂ&&c&ﬁ%{ﬂﬁdﬁ%ﬁ {gcal il%—related subgroup

identification System is configured to select the data subset according to a
sherrappasifrRBOsatpriad sERYIENEIVTERIMG, sWhieiA sresEssdatiy than all

IfeniicatRRYSIEMiSsofigured to automatically adjust at least one of
asize and a shaﬁe of the spatial pattern. 30 10. The test system of claim

8, wheflnmpécaputispHitam lqenruglicechitts coleriehensdrf tas data: and
MCSLLR, theilgsakaublielddantificationosystemds conflaneedotaidentifathe,.

local outliers in the data subset by comparing the test data for the central
component to a threshold value derived from a median value for the test

data fox theppnecentiabieonpaneRisiadhssdata shibseleable Bha s puter,

system of claim 1, wherein the local outlier identification system is

configUYREr e i FoREHEAIRNS STRIE AR SOIRENIBR tFEih Bgeitihiabrnalyzing
identifying 4k Jesal-autliers from a plurality of candidate outlier
identification_algorithms.

obtaining test data for the components on a selected substrate;

selecting a portion of the test data corresponding to geographically-related
components on the selected substrate, wherein the selected portion corresponds to fewer
than all of the components on the selected substrate; and

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

6. The test system of claim 1, wherein the local outlier identification system is

configured to normalize the test data.

7. The test system of claim 1, wherein the local outlier identification system is
configured to identify the local outliers according to a local median and a local

interquartile range of the data subset.

3. The test system of claim 1, wherein the local outlier identification system is

configured to select the data subset according to a spatial pattern.

9. The test system of claim 8, wherein the local outlier identification system is
configured to automatically adjust at least one of a size and a shape of the spatial

pattern.

10.  The test system of claim 8, wherein:

the spatial pattern defines a central component; and
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10 12. The test system of claim 1, wherein the local outlier identification
system is configured to assign a category to a selected component

according to at least one of a magnitude and a number of at least one of yng 1 p

one or more global outliers and one or more local outliers identified in the
test data for the component. 15 13. The test system of claim 2, wherein
the local outlier identification system is configured to normalize the test

data. 14. Theitesh RySIRMieLARMg«wheteiBihedrepl outigridantiicarion icrs
system is configured to identify the local outliers according to a local

mediatdheidi b eab st tersinating fhnd o teleibsranuataonpopsp to a

test systeonaticiaim demheraivihedpaalouliss identificatian:systam iSon-central
configured to select the selected data according to a spatial pattern. 25

16. ThetBRP SRR Brdaiis i Sivherein the local outlier identification
system is configured to automatically adjust at least one of a size and a
shape of the spatial pattern. 17. The test system of claim 15, wherein: 30,

the spatialipritdrraefhe s denthiar esisolfeAl, i tHEBEHF gifRety stem is
igentfication.systemds carfiguectalidentifithedesabpalians BthRntifying the
selected data by comparing the test data for the central compaonent to a

e\ RGP PSRBT VAT G8 R OIS AERIHH YRR P HR Est data

for the non-central components in the selected data. 18. The test system

of claim 2, wherein the Igcal qutlier identification system is 5.configured to.
PrtomaMiGAR SERCPAH ST icUHHHEYSr SdorRLA TSR G e '
logaborliessafom a plwality of cendidaieaujiatritentiicaignaigdeitiiose of a
19. The testdsysterrLof c}aim 2, wherein the local 0Lit|'er ideliltificati n
W&E}H‘j& and a number of at least one of one or more giobal outliers and one or more

local outliers identified in the test data for the component.

13.  The test system of claim 2, wherein the local outlier identification system is

configured to normalize the test data.

14.  The test system of claim 2, wherein the local outher identification system is
configured to identify the local outliers according to a local median and a local

interquartile range of the selected data.

15.  The test system of claim 2, wherein the local outlier identification system is

configured to select the selected data according to a spatial pattern.

16.  The test system of claim 15, wherein the local outlier identification system is
configured to antomatically adjust at least one of a size and a shape of the spatial

pattern.

17.  The test system of claim 15, wherein:
the spatial pattern defines a central component; and
the local outlier identification system is configured to identity the local outliers

in the selected data by comparing the test data for the central component to a
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configured to assign a category to a selected component according to at
least one of a 10 magnitude and a number of at least one of one or more
global outliers and one or more local outliers identified in the test data for
the component. 20. The test data analysis system of claim 3, wherein the
local outlier identification system is configured to normalize the test data.
15 21. The test data analysis system of claim 3, wherein the local outlier

identifigation; sysigaiscenfisieddrdsntifnibelosr! euthers Re¢REAINE-central

to a local median and a local interquartile range of the portion of the test
data. %@Q@W@té’sﬂﬁaﬁ‘t‘éf‘éﬁ’&@@syﬁem of claim 3, wherein the local

outlier identification system is configured to select the portion of the test
data according to a spatial pattern. 23. The test data analysis system of

Waim F2evasereniche fodarbatiehsaeindhedaon QSfribRtgReye™ s
Adiornaticalacivst el ipastengmfudisizriandR shana O thendbsatiakying the
pattern. 24. The test data analysis system of claim 22, wherein: the
lspalirtthsttendetinbed wettrandulis sHeher A titissbon Heprpms.
identification system is configured to identify the local outliers 30 in the

ortion of the test data bgacomparing,the test data for the gll;F:Litje‘iltra,l

bmpoHEHE ¥ tHiesHotlriaice dsrvadiroira fbRHAaE e en 1s

SagclaedheRoncantabeermponenisdd terporion ek theitgsidatRadlone of a
MCSLLP 25. The test data analysis system of claim 3, wherein the local

SRRt £ ARBRPS) SHoth R E SRR RIre e LS S A Sa e e SRy more
lslentifigationdigonitbm ok iderttying the doeapandhers from a plurality of

candidate outlier identification algorithms.
20.  The test data analysis system of claim 3, wherein the local outlier identification

system is configured to normalize the test data.

21.  The test data analysis system of claim 3, wherein the local outlier identification
system is configured to identify the local outliers according to a local median and a

local interquartile range of the portion of the test data.

22.  The test data analysis system of claim 3, wherein the local outlier identification

system is configured to select the portion of the test data according to a spatial pattern.

23.  The test data analysis system of claim 22, wherein the local outlier identification
system is configured to automatically adjust at least one of a size and a shape of the

spatial pattern.

24.  The test data analysis system of claim 22, wherein:
the spatial pattern defines a central component; and
the local outlier identification system is configured to identify the local outliers
in the portion of the test data by comparing the test data for the central
component to a threshold value derived from a median value for the test data for

the non-central components in the portion of the test data.
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5 26. The test data analysis system of claim 3, wherein the local outlier

identification system is configured to assign a category to a selected

component according to at least one of a magnitude and a number of at  MCSLLP
least one of one or more global outliers and one or more local outliers

identified in the test data for the component. 10 27. The

computer-implemented method of claim 4, further comprising normalizing

e teghdata, @agﬁfg{;@g@ﬁ%im@m@m%@@m%%@Jﬁﬂﬁtﬂeﬂﬂ@{ﬁﬁbaﬁon
(6]

identifying the local utliers comprises determining a local outlier
siitesHioleoaBesreihty t@@m@mﬂééPE%%O&W&M%F&&H%@‘%@%@T
{6 HR.SHPSEL 2 P OniBR SRIMPHERIIIRIeMeRtacmetpRot @aiMdhtion

wheréin selecting the subset comprises selecting the data subset
3EUdidiRg to a spatial pattern. 20 30. The computer-implemented method
of claim 29, wherein selecting the subset further comprises automatically

adjusting at least one of a size and a s,hage of the s a[‘ilal ) ?att .rn..éﬁS 3%. .
2Phe cdmplrkrtiteABHEY HISHY & BBIdinY B HHEFeiRce r‘?é“%ﬁéf atification
palterndefines-arenital sompensiy enckidentfyngnifiecabostliens inat least
the data subset comprises comparing the testI data for the c%fragral

b RN ARG SN AL ROSkPRG AL T TIaer P iistaapd one

Hatpordhe HanGs M TRMpenRNisiaiheroatacstihsptndf 48 MCSLLP
32. The computer-implemented method of claim 4. further comprising
automatically

27.  The computer-implemented method of claim 4, further comprising normalizing

the test data.

28.  The computer-implemented method of claim 4, wherein identifying the local
outliers comprises determining a local outlier threshold according to a local median and

a local interquartile range of the data subset.

29.  The computer-implemented method of claim 4, wherein selecting the subset

comprises selecting the data subset according to a spatial pattern.

30,  The computer-implemented method of claim 29, wherein selecting the subset
further comprises automatically adjusting at least one of a size and a shape of the spatial

pattern.

31.  The computer-implemented method of claim 29, wherein:
the spatial pattern defines a central component; and
identifying the local outliers in the data subset comprises comparing the test data
for the central component to a threshold value derived from a median value for

the test data for the non-central components in the data subset.
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selecting an outlier identification algorithm for identifying the local outliers
from a plurality of candidate outlier identification algorithms. 5 33. The
computer-implemented method of claim 4, further comprising assigning a
category to a selected component according to at least one of a
magnitude and a number of at least one of one or more global outliers
and one or more local outliers identified in the test data for the

f%?mpoﬂ%%&%lﬁér_iﬁna&%M%-m%#elmdiym&ﬁgfiegaﬁgﬂgi%@aﬁcauy
C

aim 5, the method further comprising the step of normalizing the test
whitetigma T kgntsushsaiomplecribaidht ARG RSt Brtbrimigm @
nherein, identifying Hhe:local utlier Gompsisasdetermining a local outlier

threshold according to 15 a local median and a local interquartile range of
the portion of the test data. 36. The computer-readable medium storing

{gstructionsof lalm aphriaiy seleeting themportinnabthedgstsiaiassioning a
comprises selecting the portion of the test data according to a spatial

(RO 120 37ACHRE SR ASSEIIG MEHiliFSRMY gtk ad @ number

Saim38 owbsreiRe selectingairanien ahthedest daia ludhesenepripesified in
automatically adjusting at least one of a size and a shape of the spatial

thatestlass in e O XBRRsNer-readable medium storing instructions of
claim 36, wherein: the spatial pattern defines a central component; and
identifying the local outlier in the portion of the test data comprises

Fbmpahhige W (62 Py R ERR TR EsmBYRMHIRS & tirehord Vafthod
feniveddin snnediapvaluedanthamiesicdata darathe non-central

components in the portion of 30 the test data. 49 MCSLLP
35.  The computer-readable medium storing instructions of claim 5, wherein
identifying the local outlier comprises determining a local outlier threshold according to

a local median and a local interquartile range of the portion of the test data.

36.  The computer-readable medium storing instructions of claim 5, wherein
selecting the portion of the test data comprises selecting the portion of the test data
according to a spatial pattern.

37.  The computer-readable medium storing instructions of claim 36, wherein
selecting the portion of the test data further comprises automatically adjusting at least

one of a size and a shape of the spatial pattern.

38.  The computer-readable medium storing instructions of claim 36, wherein:
the spatial pattern defines a central component; and
identifying the local outlier in the portion of the test data comprises comparing
the test data for the central component to a threshold value derived froma
median value for the test data for the non-central components in the portion of

the test data.
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39, The computer-readable medium storing instructions of claim 5, the

method further comprising automatically selecting an outlier identification

algorithm for identifying the local outlier from a plurality of candidate MCSLLP
outlier identification algorithms. 5 40. The computer-readable medium

storing instructions of claim 5, the method further comprising assigning a

category to a selected component according to at least one of a

3‘8?‘9”i%%‘*&#ﬁ%ﬁé?ﬂ%%@ﬂﬂ&&?ﬁ%tQmagfiegﬁ&ﬁmfgrgf@mﬁlgzlﬂﬁki:eﬁﬁzmed
one or more local outliers identified in the test data for the companent, 50
further comprising automatically selecting an outlier identification algorithm for

identifying the local outlier from a plurality of candidate outlier identification

algorithms.

40.  The computer-readable medium storing instructions of claim 5, the method
further comprising assigning a category to a selected component according to at least
one of a magnitude and a number of at least one of one or more global outliers and one

or more local outliers identified in the test data for the component.
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