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This application clainms the benefit of: (I) U'S. Provisional Application

No. 60/305,256, filed on July 16, 2001; (2) U.S. Provisionahe MR ggati on No.
60/ 308, 125, filed on July 30, 2001; (3) U.S. Provisional App? I cati1 on No.

60/ 308, 121 5 filed on July 30, 2001; (4) U S. Provisional Application No.

60/ 308, 124 filed on July 30, 2001; (5) U S. Provisional Application No.

60/ 308, 123 filed on July 30, 2001; (6) U.S. Provisional Application No.

60/ 308, 122 filed on July 30, 2001; (7) US. Provisional Application No.

60/ 309, 787 filed on August 6, 2001; and (8) U S. Provisional Application
No. 60/310,632 filed on August 3, 2001, ailk of which are 10 incorporated
herein by reference. Tegfettiodahd Bippdretud fort AvelylzMeaNthd @it ol 03, One or nore
enbodi nents of the present invention pertain o nmetho apparatus for
anal yzing i nf %84t on gih’ér@?'&f”%C’&'W%@Fcheyefglﬁcfﬂ1h§,-3-fftvovieimaam=l;:¢mcarzmnd

wi thout |imtati 2R dent e i FEURtA (" HC uf.act yring,. or.
fabrication B SR (AR T g'f)}gdgjéc::’t ) iy %-F%%“PPE BB AND t he
Invention [008B}0FK1Z, flledbavalyasly 260 (anal 3. Provisoadl AsHiasdd NelddrDstbat
exists in an _integrated circuit é"l C'). manufacturing or fabrication factory
(a "sem éondubledront by 30,04001 gLy S.; Rroyisionsl dhprdisatidn No1 606308 li2drfiled on Jllg shown

in FIG 1, nm pré Dr es. reticle urther, shogwn jn FIG
1, Work-in- Pr%dérzgg g’ QS} g@% %gwgl?g%el}fﬁpﬁiﬁ% ’f“’-ﬁﬁr@%ﬂ&é@ﬁ%‘i’%wré% 51](8’2'0('%)
tracks waf ersuss Proejsidnebgtmpbisatiod’ NUg0MaRI102SAleRT AETRRI 6, 206PS(HNtde fab
that are used to fabricate (and test) 1Cs on a wafer or a substrate (the

terms waf er aHavVisigpak Applcatica Yeel0/309.88T Hiledeutb Apgusy 6,e21;tand (8) U.S.

sem conduct or , . t\ at fe2al orts including, .for ex | e, and
w thout 25 |1 ASEnE! ABpiSHBR G BR1B 637 Mid B Sussra 0 o phufich i
limtation, Wdrpsragkihegisypsietincd.020 tracks wafers through: inplant tools
1030; diffusion, oxidatiqn, depaosition tools 1040; chem cal nechani cal

pl anari zatio E fthedgyention)| s 1050"); resist coating tools 1060 (for

exanpl e, and gjgaiout |idh.t athoa. 0, | .phot.oresist) : t epper
tool s 1070; &%ﬁoper td(;ﬂgl 63 r&%g(fmtbg‘?ﬂgﬁ}ﬁé %fatﬁgﬁhéglg@ @%?n PEIAp t‘? gg:fhoﬁ ol s
1100; 30 par amétapparatuesor imadizingl infotRatiowgeteraat in 4 Metovy 3dcklis, &tckxhinpR! t est
tools 1130. Thgse tools. . ) .. )
and without [imitation, an integrated circuit (“IC”) manufacturing or fabrication factory
15 (a “semiconductor fab” or “fab™).
Background of the [nvention

[0003) F1G. | shows a yield analysis tool infrastructure that exists in an

integrated circuit (“IC”) manufacturing or fabrication factory (a “semiconductor fab”
or “fab”) in accordance with the prior art. As shown in FIG. 1, mask shop 1000
20 produces reticle 1010. As further shown in FIG. 1, Work-in-Progress tracking system
1020 (“WIP tracking system 1020") tracks wafers as they progress through various
processing steps in the fab that are used to fabricate (and test) ICs on a wafer or a
substrate (the terns wafer and substrate are used interchangeably to refer to
semiconductor wafers, or substrates of all sorts including, for example, and without
25 limitation, glass substrates). For example, and without limitation, WIP traking system
1020 tracks wafers through: implant tools 1030; diffusion, oxidation, deposition toots
1040; chemical mechanical planarization tools 1050 (“CMP tools 1050™); resist
coating tools 1060 (for example, and without limitation, tools for coating photoresist);
stepper tools 1070; developer tools 1080; etch/clean toois 1090; laser test tools 1100;
30 parametric test tools 1110; wafer sort tools 1120;and final test tools 1130. These tools



26 JAN 2006 represent nost of the tools that are used in the fab to produce
| Cs. However, this enuneration is neant to be illustrative, and not
exhaustive. [0004] As further shown in FIG 1, a fab incl udeFAN 2806ber of
systens for obtaining tool |evel neasurenents, and for automating various
processes. For 5 exanple, as shown in FIG 1, tool |evel neasurenent and
automati on systens include tool databases 1210 to enable tool |evel

measur enent and automati on tasks such as, for exanple, process tool
managenent (for exanple, process recipe managenent), and tool sensor
nmeasur enent data coll ection and anal ysis ®or exanple, and without
limtation, ir¢Riesentamriosiedflythe peplshayeaare egoindbeufaln el grodneciéss Hewdvse thist a t o

tools 10 (through reci le. 3 and recei ves tool sensor neasurenent
data from toolemg'rs’eer%tsl%nr g%??tgﬁbgéliég@%% % €YBPRNVE- hi ch process reci pe

data and tool [greapor nRaguklIBRRbwAdh FIAr €, S fludeOl NI 8 syiténd @l
dat abases 1210. [0005] As further shown in FIG 1, the fab includes a nunber

of process neb@wmngmien! tewell seammmentsngade fordaftemating astowsnpricessen| sFA260

and 1261; reticle, i fect sur nt _tool 1265: overlay defect

measur enent t 8’6%’“%926’3 ;Sggﬁ énpf @2\#%@'@8@&“&32%‘? ﬁ?ﬁ%%‘b‘l% SYESTHSUIF enent
tool 1280 ("cidol istabase TR0 ExihblePB&ISIEVeS HRBurdRGlt add BohatiG s MQLEREE for
contrast measurenent tool 1290, which process neasurenent tools are driven

by process evetargl4, qioeess ool 30@nagéroeaafor Axafmple; Ipercesshrenipei mafg@nertt), and
application specific analysis tools dri.ve 0 cert ai rocess asur ement
tools. For exItpré? Bé?eéé%g'ﬁﬁrﬁa%g? chec?I“o'iff aé’ﬁ@F?zegor?ﬁm br u‘g@&’ug‘;

def ect neasur ghator, dRLSralivéf, mdse:kaérlxzzroeadno:hieacﬂ.ng#ox@dssret:@@l dat3 29 ro@pal yzes
data produced by reticle defect neasurenent tool 1265; overlay analysis tool

1330 analtyzes(tiraugh peigunediisy 2B erdateceivgsciop! sraserumesnsremend dpta fiper7toolCD
lysis t 4 | 1280, and
eatvare t oo ai JEBRC RS 84 8e 235K G0N (PR TRTH 0B ind ROU SR "

paranetric tefbasufemient datd fre sivpdds for exarnplein @bt dathBakes apmh.fi nal test tools

1130. [0007] As further shown in FIG 1, database tracking/correlation tools
obtain data {P8Fh one obs REHher showmdn I ilc she &b ishidrs iscnumbaryafi Brogesd| s

Chen . oA BERLARR: B5 il ST R A SAE MOVl 2bE g 21400
anal ysi 95t 0ol def&4 @heasuremem 3oaial 2851 owdrlag dbfect meakusdnoene sooi 1267; defect review
tool 1270 (“DRT 12707); CD measurement tool 1280 (“critical dimension
measurement tool 1280™); and voltage contrast measurement tool 1290, which process
measurement tools are driven by process evaluation tool 1300.
[0006] As further shown in FIG. |, application specific analysis tools drive
20 certain process measurement tools. For example, defect manager tool 1310 analyzes
data produced by defect measurement tools 1260 and 1261; reticle analysis tool 1320
analyzes data produced by reticle defect measurement tool 1265; overlay analysis tool
1330 analyzes data produced by overlay defect measurement tool 1267; CD analysis
tool 1340 analyzes data produced by CD measurement tool 1280, and testware tool
25 1350 analyzes data produced by laser test tools 1100, parametric test tools 1110, wafer
sort tools 1120, and final test tools 1130.
[0007] As further shown in FIG. 1, database tracking/correlation tools obtain
data from one or more of the application specific analysis tools over a communications

network. For example, statistical analysis tools 1400 obtain, data from, for example,



the data in relational database 1410. [00081 Finally, yield managenent

nmet hodol ogies are applied to data stored in data extraction database 1420,
which data is extracted from WP tracking system 1020, 5 apfjAR@lpogat abases
1210 over the comruni cations network. [0009) Yield managenent systens used
inthe fab in the prior art suffer from nmany problens. FIG 2 illustrates a
prior art process that is utilized in the fab, which prior process is
referred to herein as end-of-line nonitoring. End-of-line nonitoring is a
process that utilizes a "trailing indicators"” feedback | oop. For exanple, as

shown at 10 box 2000 of FIG 2, trailing igdicators such as, for exanple,

and wi thout |ipgLiat] Mhelhd, aj by [or oW .speed, o
devices are i dg%]tie?tfr%:%@gerfhgl‘r’:{,ﬁgt tg’oi'ﬂ%%d,% f;gg,dangt?ng%n&tr§+lcfé§>?1 a.ng.s,t mgs
measur enent s r eleafardn radatiumkiatatdbasesl 41bat produced the trailing indicators)

are conpared to sgecifications,for the metrics. If the netrics are "out of
spec, " processi888kont i nfusdlYayickbpanigsrenh@pbodtiogies argmpplied: BIdBR Boredm

"out - of - spec” - dback . i r-oyi t . ol
engi neers to c%)arﬁ?gyéﬁeb%new%g%c-eg@’ ggggiia@dﬁgift&?%g_ﬁpc}nfng‘?@%ﬁg%[&m 0azr%l, t he
metrics arse "iandspeiciatabpes ¢ERSdvVRg the@binimudRatiostneb@tk 2020 wher e pl ant

know edge of past history for failures is analyzed. If this is a _previously
i dentified prolP8% procesidimrpagenent sgemapsadon theofih, in shepriqy asesuffer Eom t here
is no prior k Preg es i %]ruaﬁf 0 :

actions are Zgﬂyla?ﬁgﬁg?eﬁsl i%ﬁtfg;dgﬁgttgggbh 00 p@%ﬁ?ren i“‘?‘@‘é&‘ﬁ. ?’8)%’?8@%\% ously
identified prgbicmprocassds rdfesdhadireimaspndwif-diad moaitbdigg. PEmkefiineandtitbhg is

engi neers to take the sane type of acfion was previously taken. As

) ., Lhat
shown at box FoBigeess, thah itly & acBRHIBE GG SPC%ékﬂ@Pt doF ex"d?PlEié’v"iS{’:%”"baﬁocess
historicah datg@y IdooarFen! 8! @ilifd idd_tfca&gy Rgbh £ Rﬁ-%&ﬁﬁzﬁﬂ, G bARMR SinflanBeX

2060, otherwise, if no correlation is found, processing continues at box
2070. At box 4&w23@dd), pobheualityadiid/oroddw opeed ef devacqarmadaified Thénk etchok 28 he)

f K i i th ' . .
factory mat ot ot mstidedT e FIEGTRRREES AU ) I o 255 PLosbBre sbisRens
associ ated w tiﬁHiE:i!_@rs)l'iQQ}é%nﬂ@ﬁ:E It REELi AR for lthd1@etRY! [P tHe MetRELCLESSut JfOT

exanple: (a) lowyield is often produced by several problens; (b) "spec”
limts are of t5per, SprOCEsSing cortinyies abboNHBOn¥ hareerdadtionds taken of @b “g0-dinpsd’ edge

2006~ 4- Pocusssitotd TR i iwidbe o PrRee b BRGOET Forntl sl ob5Pgata
and dat a accesped’sondition. If, on the other hand, the metrics are “in-spec,” processing continues
at box 2020 where plant knowledge of past history for failures is analyzed. Ifthisisa
previously identified problem, processing continues at box 2040, otherwise (i.e., there
is no prior knowledge), processing continues at box 2050. At box 2040, actions are
20 taken in light of lot or tool comments regarding a previously identified problem, and
feedback is provided to the process control engineers to take the same type of action
that was previously taken. As shown at box 2050, a failure correlation is made to tool
or device process historical data. If a correlation is found, processing continues at box

2060, otherwise, if no correlation is found, processing continues at box 2070. At box

2060, the “bad” tool or device process is “fixed,” and feedback is provided to the

[
(¥

process control engineers. At box 2070, a factory maintenance job is performed.

{00010] There are several problems associated with the above-described end-of-
line monitoring process. For exampie: (a) low yield is often produced by several
problems; (b) “spec” limits are often set as a result of unconfirmed theories; ()

30 knowledge of past product failure history is often not documented or, if it is



fragnented; and (e) a working hypothesis nust be generated prior to
performng a correlation analysis, the nunber of correlations is very

| arge, and resources used to performthe correlation anal g6iJaN %006 m ted. 5
[ 00011) For exanple, a typical engineering process of data feed back and
problemfixing typically entails the follow ng steps: (a) define the problem
(a typical tinme for this to occur is about 1 day); (b) select key analysis
vari abl es such as, for exanple, percentage of yield, percentage of defects,
and so forth (a typical tinme for this to occur is about 1 day); (c) forman
hypot hesi s regardi ng sel ected key anal ysi st-10 vari abl e anomalies (a typical
time for this documened, thesdca:iumehtahoﬁlasyr)ot widglyrdnkbhyd i efesnd dstaigeevarls ous
"gut feel™ nethods%ég pical time for this to occur is about | day); (e)

S

devel op exper iRERE ?’}da@eéél ‘é%rk&ﬁjhhﬁ?@iﬁe‘?i’%‘mﬁﬁ’t gaAnerategt prigr 4 peﬁoqﬂy@ éal
time for this FHeiat‘?&F al)'rs?sh yﬁmﬂerdxﬁyc?o’rreﬁago Hig [aggé)ezgn'd”?%tu?cfe UQ% cgl I ect

data (a typical tine occur % model

(a typical timperférar thhhbﬁefhlﬁ)IWI@%lsll§hlﬁh&ﬂt 1 15 day); (h) diagnose the nodel
(a typical tine for this to occur is about | day); (i) _interpret the nodel
(a typical tid®0Ek thiEox exampler 2 tpigtloeRgineeting )procasid o6 )daray feed cbask iandat i on

ests 10 veri byl nAREOYRERD ohdls MO RoRibd Wepd ) deBhs doBERNI Glriabout 20

days), or ere s fo venen run experi ng at
(c), typi cal | yimei fnr/dhs/nmgca‘ur \ialfdu} 1i dag);ab) ceisct iy Malyis Watiables tuchigaforti me
to fix a problemis about seven K 20 (7) nths. [000121 As |ine w dths
shrink, and nE¥aPe PERAMRIRRL Yé‘?{ﬁ’ ReEtCataE e pEdefecs, B@‘ilffgfo"‘@]s{é&’l’ﬂ%’ Wam dar dleis ur e

ICs (for exany Becuf 0P RBOuTP )| €7 KorRl an A PoflEns W ind oOLRE Kb aplldil™)

reduci ng defectivity (be it ocess or contam nat et on ng
i ncreasingly waiable ampmialies(a rypTcaﬂmmecfetrmcstte oats ¢s ab@ukeya:,t)p(d@mkmgmmges

def ect t 25 Th i t i to 300
el o 5. Thus, S8 R, 20t I GRS B PG O o1 T iSHys 091 o kBl ng | o
beconing a rraa%oale&sérﬁnen&m@a:ééleé Ql@éiildéxhérﬂﬂeﬁtﬂ :&ﬁsnaalw ,dfafi@ge el il o

probl ens, a further problemariSes In at sem conducto spend a | arge
amount of t hedaeuriapbout!] day); dﬁfrmthechspmetmandsxqu::qumat(a opitatithe dar tidaita

managenent software.in i defectivit 30 and. conti puously
reduce def ect “FEhEi PR Wéﬂ’? e(ﬁ f%);a'l o‘Po‘gﬁﬁ? fy@é%ﬁ%ﬂﬁetjg ﬁ\s BePelt 1S dag’f’ 6 JAN
2006 nanageneddy);s@) talnesecieahbdel ¥ el pipAingme F6r Bis tPb&uPlis bb&ut f OhoWMing

deliverables: (a) defect trends (for exanple, paretos by defect type and
size); (b) V\,atpgefprpte(bg mgesl dattypical time for this to occur is about 1 day); and (jj ru

confirmation tests to verify an improvement (a typical time for this to occur is about 20
days), or if there is no improvement, run the next experiment starting at (c), typically
involving five (5) iterations. As a result, 2 typical time to fix a problem is about seven
20 (7) months.
[00012) As line widths shrink, and newer technology and materials are being
used to manufacture ICs (for example, copper metallization, and new .Iow-k dielectric
films), reducing defectivity (be it process or contamination induced} is becoming
increasingly more important. Time-to-root-cause is key to overcoming defectivity.
25 These issues are made no easier by a transition to 300 mm wafers. Thus, with many
things converging simuitaneously, yield ramping is becoming 2 major hurdle.
[00013] In addition to the above-identified problems, a further problem arises in
that semiconductor fabs spend a large amount of their capital on defect detection
equipment and defect data management software in an effort to monitor Aefectivity,

30 and continuously reduce defect densities. Current prior ant techniques in defect data



versus yield charts; and (c) kill ratio on an ad hoc and manual basis by
type and size. For each of these deliverables, a nmain drawback is that a
user has to have prior 5 know edge of what he/she wants to g pin 2fggever,
due to the magnitude of the data, the probability of the user trending a
root cause is |low Moreover, even if charts were generated for every
vari abl e, given the |arge nunber of charts, it would be virtually
i npossi ble for the user to anal yze every one of such charts. [00014) In
addition to the above-identified problens, a further problemarises in 10
t hat nuch of the data utilized in the sem gonductor lab is "indirect
netrol ogy data,' i ct . metro in.this cont i ndi cat es
data gat heri ngmgﬁagcwgptr %OJ{R' areh%r{ ?l? ggve‘%ﬂ%%e (ﬁd\”?r&?{ Wﬁfglrl?%'& é"e%@gﬁﬁn@h to
relate in prediéfe@btedyass &%p@ﬁﬁ%@@twrdﬁ&tﬁiﬁcﬁﬁﬁmi\ét'(H)nwéf@relef/élbdefézpr
exanple, after a metal line is patterned on C a crltlcal di mensi on
scanni ng el ect V@ﬁlsrﬁldﬂééé@pénﬂ (@W@EMO) oy htmeanslislaml@BbQS@ bretipeiamd sizeni dt h
of the metal |ine_a arl | ocat i.on en set o A
busi ness val uei:‘?r eaé ?%%sr%f*r 81849 fﬁ‘f”%&gt gu%?‘u? &5 llaﬁlt%"e prior
sem condugt or lﬁxﬂzbvle&gbaif wrﬁr hekiad Rehtt @ PRY HowslerYdu@ Rhd RhQuNidélat the data,
measurenent can be turned into actionable information to halt a pr ogr essi on
of a process "@Gméobéh'é!'fy Pf‘ltht-‘ eerftegpding RgoRtceuse is fovpr Msreayer, evendy chars were
nmet rol ogy i den |f| ntial is d thes i ssues
araﬁ:ﬁfﬁ eve %J 1v9n thg%r 8|l"m'l°%1rc?ts ﬁ%l g.woy F:gg Lym ng

often |l ack a g'specrfi

tools or prOCQ&i:]:JoEEGbIE(ﬁ!»ché)\EsQE@JS@hWe ewrdbid sMtch chahs. | ack of a cl ear
rel ati onship between the processing tool set _and nuch of a sem conductor

Tab' s i ndirect{000d4) r ol ody addition tosthe gbevedenified peablemsn g duthep atoblem asised ineer i ng
staffing ,\nfr alﬁﬁtrrHﬁ 5 Frne 336 utﬁg% %‘P'tl%sﬁ {ongﬁ GhP8b :?ajiuﬁsrréc?lmafrlg%%% %‘t‘i »to the

unpredi ct'abl e rane require I Sh causa

within the datghe fhﬂﬁO‘lz'ﬁﬁrebnmd-diogy’Orhn ttisis roehterd Ondicatesi daki pathéringl @Sﬁndﬁrew
years, a large anmount of  capital has been spent on depl oyi ng data
extraction syé’ﬂ"éﬂﬁs dikichnidires meKSE qareopshamed nig Edotai i (?ﬁ%h bles a¥aYe oRduct or

warf er processifg ks CBH&!:F@wEtHﬁ the #. Fapk B’i aZ&e?%'rﬂ&alerQC&?ﬁ?rf‘egned%'nt hough

t enpor al based, proces tool data Is now aval 30 sone tion of
processi ng t oahdC A chticdl elrsenssmnssafiribg eleasen microseepeddGD:SEMP) inighy be 26dJAN
2006 -6- pr oce55| erf or man

been |imi'ted. eéﬂ‘"tr' gc‘)’lﬂﬁ qféhedm&?gﬁgrgfgag\tfa{r%& Qt}ég‘gr?qﬁﬂ%\f’c'fs &%gvléggatqu&#cega{l :S
i's represent ed\ bedisdst VElub & 26\hed to a metrology infrastructure within a semiconductor fab
that is related to how quickly a metrology data measurement can be turned into
actionable information to halt a progression of a process “gone bad” in the fab.
However, in practice, indirect metrology identifies a large number of potential issues,
20 and these issues often lack a clear relationship to specific or “actionable” fd
processing tools or processing tool processing conditions. This lack of a clear
relationship between the processing toolset and much of a semiconductor fab’s indirect
metrology results in a significant investment in engineering staffing infrastructure, and
a significant “scrap” material cost due to the unpredictable timeframe required to
25 establish causal relationships within the data.
{00015} In addition to metrology, within the last few years a [arge amount of
capital has been spent on deploying data extraction systems designed to record
operating conditions of semiconductor wafer processing tools during the time a wafer
is being processed. Although temporal based, process tool data is now available for

30 some fraction of processing tools in at least some fabs, use of the dam to optimize



processing tool tenporal data is represented. For exanple, data neasurenents
on ICs are necessarily associated with a given batch of wafers (referred to
as a lot),or a given 5 wafer, or a given subset of I1Cs on phganat@e On the
ot her hand, data neasurenents from processing tool tenporal data are
represented as discrete operating conditions wthin the processing tool at
specific tinmes during wafer processing. For exanple, if a processing tool
has an isol ated processi ng chanber, then chanber pressure m ght be recorded
each millisecond while a given wafer remains in the processing chanber. In
10 this exanple, the chanber pressure dat _for any given wafer would be
recorded as a _ser S uni ata f

cannot be " rpd%%f’ss’?ﬁ%{ %Fr%"aﬁ'é%ﬁ giativy @gﬁ%%a%ﬂ“ P'@P\-‘,‘"gﬁ hIatK’EFQtHHFF@t QIrh
because the | Gsdad @ I@idohhcst Bétfes] ROV &C p%&ﬁaﬁé@dd@%@k‘%r@ﬁ%fbﬁsrciaﬂ_@o how
difficulty associated wth "nmergi ng" processing tool enporal data and

di screte data mssrl@stohhtsmpe@bmteds reprds¢med. ftbriesample, qlrrtmmszmrem@entm ICs15
tenporal data as e [ 000 In addi tion
Lo Ehe above. HEHEFITAY ol & 5 PR Up FaBrEI BT S & AT E BT ves
the use of relwdfiropah gHeh SRSEST I & Mesvdilie Gl cﬁﬁe!?%rﬁ& Qfhtd MeBubedRnts

Rel ati onal dat abases, ~such as, for exanpl e, and without limtation, ORACLE
and SQL Ser vdrom groewsmattoelf tempneaédiataoarerrganseuedaasddlmeteroenmenglapedxtth has
defined or assi. 20 rel ati enent s use
(For exanpl o, AMFBsPtarkar ot el FhPCiok Hferar R0RE, Ebinaras Le
supplies a schejBsstigabolPiae-adekoied phstessadCihafiBba thed @XRiYer mks@wﬁn&r@ pany

ot her data el enent. Once the dat abase is popul ated, an application user of
t he dat abase reskesisd qe@rmélsseﬁ@d whilo® given wiafes semains incthe nrqctﬂemgctauabas dnbased

on the p ablish el e\l anshi S rega art rel ati onal
28t abiEee Mt e, ACRmer Pl BRe apd i E8E8 MR R pEfcoldiy 3 s

rel ational da&aha&emooasrcﬁ‘xm&@d mdasigtemadts. THiS dhialfSimad: SSniRt b&“hétaéd antdsar (for
exanpl e, aprogranmmer) nust have an intinmate know edge of the dat a prr or to

creating specpralysisstabienyithja given I€| data sesnis pecausentheddt dpfadaettiehpeEsIngler t he
data to b t f
ata to be mogdeled. Fg%ﬁmﬁﬁﬁémﬁgpch%ﬂ%}{o% d O With k}ﬁ&éggpeq?%{eg&rfgn 0\6§sa €

guard the data eten at i onshi ps ware to pu
dat abase, andteapptai a:lanarandr disofetandate nietriacseias iresuitedl &t Hmited nsd bEprdedsabpse] nust

use the 26 JAN 20%? - schema rel ati shr etween any two el enents of data
in the ddt aba%8Ppe gatgg%%waansltggagmpg ° H¥ugh rel ati onal dat abases

have excel | enjgodfey r at i1n%Rdition Qo rthd Eﬁ’éﬁﬂ@édn‘ﬁ@d problems, a further problem arises
that involves the use of relational databases to store the data generated in a fab.
Relational databases, such as for example, and without limitation, ORACLE and SQL

Server, grew out of a need to organize and reference data that has defined or assigned

20 relationships between data elements. In use, a user (for example, a programmer) of
these relational database technologies supplies a schema that pre-defines how each data
element relates to any other data element. Once the database is populated, an
application user of the database makes queries for information contained in the
database based on the pre-established relationships. In this regard, prior art relational

25 databases have two inherent issues that cause problems when such relational databases
are used in a fab. The first issue is that a user (for example, aprogrammer) must have

an intimate knowiedge of the data prior to creating specific schema (i.e., relationships

and database tables) for the data to be modeled. The schema implements controls that
specifically safe guard the data éteément relationships. Software to put data into the

30 database, and application software to retrieve data from the database, must use the



processing specifications) for retrieving small data transactions (such as,
for exanple, banking, airline ticketing, and so forth), they perform

i nadequately in generating large 5 data sets in support of 2dgansdgyp support
systens such as data warehousing, and data mning required for, anong ot her
things, yield inprovenent in a fab. [00017] In addition to the
above-identified problens, a further problemarises as a result of prior
art data analysis algorithnms that are used in the sem conduct or

manuf acturing industry to quantify production yield issues Such al gorithns
i nclude 10 |inear regression analysis, and_-,-manual application of decision
tree data mni Qghenfeleidsshipl B&a@e@%ﬁ@pw @f@ﬁmﬁ e AL tdmbﬂés'ﬁgeg]c%%em
(a) there is alnost always ™ nore than one npacting 1ssue wthin a
gi ven set of dadsae ishbumesidropgl mbnaladagiblasetshme afcellhﬁﬁtPSu'sﬁﬂt;st(QeI irdidactiam”
answer rather than g uantlg szlte of separ? yield inpacti i ssues
within a given PFO&BSS”’&rﬁH’e‘(‘ %lattoﬁg ar %%‘B’r“i%ﬁﬁ%‘ Q?‘@‘fﬁ@ﬁca“&?ﬂsés%cﬁ Ois‘ample

conpl et el y aut Qe ol fAAAS 8l o (A K38 BertPinaal BER! i AEESS 00

anal ysis requires Fanua prepar ati on NI egori es
pri or to anal ydits semrinl suﬂmn ﬁfedncsmmsdppae sglatras Budh x0ddta Qdtehdsir, AlaUdERN
user" to define g target etd variable within the analysis as well as to
define vari ous "’H&F&Fﬁéﬂ‘@?c& Of AMAng Qthen Hhings; éleldtig’@rqvememofsf}b In addition to

the above- i denfaghifd Pr ohlaRiiion B, b LbORLIIBRARGRALLS Sukibe pRERLATL! N0

significantly Farge data sets. For exanple, accordance w rror art
t echni ques, dat aesulnphgrisi gm data:amalyys Ia@ogldlmbatlm @ed |sdiam ldeestnpmﬂudmdare only

after utilizin | ev donai vvled L |nfo mation relatin
to, for exanpl® fgﬁ‘éﬁ"# ’i"é?ﬁ@' P rfiugn rFE% cgpn géﬁl‘g‘sﬁ'éﬁir éé‘@?na gopimsriadyden g )

i nformatign) tgneht | hgbssidhe apldysds, SBH mtaﬁuar;e%gﬁ.eaﬁomeo?'d%as.aﬂdtr&uemrmmn

variables within the data to be anal yzed his 25 reduced data séet is
produced, it |menhn¢ﬁedn£egmlgmthas Rwidarfroam vy basec pleblemsqa)amﬁmdelalntwt alwaysi ng
experts deflne a val ue system i.e.,.a definition o i S ort and
then guess at™ gﬁ"d@és’f'?@ g-rSpa[:% IS A% JY i \5’3"? hsét ﬁﬁaﬁa ng gﬁfe) For
thi s net hodol Oélg/onthl‘ﬁs RR Bdsf Q6ddi t Efindt H8” aaShér rather thRiqaailsy anﬁﬂ%k |séf3arate
configured, and mani pul ated by ﬁeopl e who will ultimately evaluate the

resul ts. Thesemiéopllp@ctmessuswn g %e%&%%%ltl@ss@lweé‘p@m poteabieie behe
process heing ey '1&91%%% e'actgrd‘l'}ané\llﬁs %’hﬁla sk ﬁ’%simé/ siohsaﬁatgﬁé‘?'eg% es AN

2006 -8- fore pr e| r he par ar process t hat
is needed to Qﬁirluebfprephﬂﬁﬂordah@ dafigitib® offo.raﬂihmeo:ra&lgoﬂ&eﬁrﬁarou&smged, @l thene t he
data set. Bur ddeegtlsg% éeg%gt% mining requires a “human user” to define a targeted variabie within
the analysis as well as to define various parameters for the analysis itself.
[00018] In addition to the above-identified probiems, a further probiem arises in
20 data mining significantly large data sets. For example, in accordance with prior art
techniques, data mining significantly large data sets has been possible only after
utilizing some level of domain knowledge (i.e., information relating to, for example,
what fields in a stream of data represent “interesting” information)to filter the data set
to reduce the size and number of variabies within the data to be analyzed. Once this
25 reduced data set is produced, it is mined against a known analysis technique/model by
having experts define a value system (i.e., a definition of what is important), and then
guess at “good questions” that should drive the analysis system. For thismethodology
to be effective, the tools are typically manually configured, and manipulated by people
who will ultimately evaluate the results. These people are usually the same people

30 responsible for the process being evaluated, since it is their industry expertise (and



industry experts with the required data m ning and correl ati on tasks
introduces inefficiencies in use of their tine, as well as inconsistencies
inresults obtained from$ process to process, since the prggass20fe dat a
mning is largely driven by manual intervention. Utimtely, even when
successful, much of the "gains" have been | ost or dimnished. For exanple,
the time consum ng process of manually manipulating the data and anal ysis
is costly, in man hours and equipnment, and if the results are not achieved
early enough, there is not enough tine to inplenent discovered changes. 10
(00019) In addition to the above-identifiegl problens, a further problem
arises in as hold GeSsei(ink FMRALLARL: BAfHe Bl S SIS TELRRY, LaRLOTY
efficiency |nproveneﬁ% noni toringeffort’'s are focused on correlrations

bet ween end- of thk idaex afducfor@nmbpéregiestibak aised B e PardarEtdti (Biddéndng ihatd ne
metrol ogy data, and specific factory process tools used to fabricate ICs.
In carrying ouf'd&liyh RSt eyvith  tBareqyifed daty gpiBingapyd tcarrelatione ttask sy ipeodyces

relati onship b - i fd i . ta" j : al |

of the col urmslﬁ%)m% g%lgs o?ﬁg%r%ﬁctgggi“?lmgémg%i')v%”E‘?gkngg%\}\ﬁ%néﬁg6@6%%@5%%1}{%0%%dat a
are pre- presgirbeds as peodesy)Girice athe girddes of @sth. mihiggodlaggely etigdni By masuglef i ned
by a specific colum of processing tool (i.e., categorical) data having one
of the categoriN®&/eRiiom; Hitimasely.cevenmhes suscessitl emud ofihe rgrinsi havs keen losher of

val ues for a uRel i [ o ol r t

Vari able or " W&?ﬁfﬁemgggfar{gﬁéﬁg ﬁﬁfn&gﬁa y§ip géc?{és %5@3@@ @%gﬁgg‘%tﬁggor y

(for exanpl e, dataf aad aayyspyr BC@SYy,! HOMAn Sospant eduiphenta@ad NP theuaslgsixahbe DV

readi ngs, and to renmove it fromthe fab processing flow until such time as
engi neers can Y BIlY KROYSNoREreds pef enengh time W mplsmendiscoveree £hangess ven t he
vast nupber | s apd.3 90! ol hKen i t gl 1 uct or
fab dat aga;ses?é?‘%lggS i sng?q‘a?@uﬁotthé(gbﬁvgg‘?egtgggda&?ggﬁg’ @%%ﬁﬂgﬂ%ﬁ%qﬁsi ng

manual spreadshe®ilowear cin nigpottenth pamuefS yjaldf ehasdment asd " facwrp redfidigney

studies). Despite this |[imtatio t echni que exist within the .

Sem conduct or TPHAYERTY SRS SRDTY i QEUEE] fg Fmont PeteEn dreektine
process data. fliRtiof 3P dSa, inllhé pifaneRR CAGNIRAY niefoldal Batd ahPipeEFTRAGH | LY
anal ysis. However, this technique requires prior know edge of a specific

process | ayer pragess tools 36edctafatinsatei (e, fnogastyirigrayt sichaouelgtiordosss mesesshravie a
good understanding of the nature of 26 J 2006 .9- the ilure.. Anot her
Soohnt qui 1 s BeeRte’s rbAReBRR e €5l e “OPRec o R ol B AR AL vor ks
or deci sion tbeéfe coltffeof ERIWN PreRsHidNtobE dRA f(®aich beocekiiig R GG ia¥epre-

presented as categorical attributes). A good correlation is defined by a specific column

of processing tool (i.e., categorical) data having one of the categories within the
column correlate to an undesirabie range of values for a chosen numeric column (i.e.,
20 referred to as a Dependent Variable or “DV™). The goal of such an analysis is to
identify a category (for example, a factory process tool) suspected of causing
undesirable DV readings, and to remove it from the fab processing flow until such time
as engineers can be sure the processing tool is operating correctly. Given the vast
number of tools and “tool-like” categorical data within semiconductor fab databases, it
25 is difficult to isolate a rogue processing tocl using manual spreadsheet searching
techniques (referred to as “commonality studies). Despite this limitation, techniques
exist within the semiconductor industry to detect bad processing tools or categorical
process data. For example, this may be done by performing lot commonality analysis.
However, this technique requires prior knowi..ge of a specific process layer, and it

30 can be time consuming if a user does not have a good understanding of the nature of



domai n expertise required in data m ning makes themdifficult to set up. In
addition, these data mning algorithns are known to be slow due to the

| arge anount of 5 al gorithm overhead required with such gepegAN 2EHIGa

anal ysis techniques. Wth the above-nentioned analysis techniques, the user
typically spends nore tinme trying to identify a problemvia a rudinentary
or conplex analysis than spending effort contributing to actual fixing of

t he bad processing tool after it is found. [00020] Lastly, in addition to

t he above-identified problens, a further problem to arises as follows. Data
mning algorithms such as neural networks.9-rule induction searches, and
deci si on treesiargilgk! eAndtdrecaiRfjueablie LaBLBRAOLD BAE iR SHRAL %Glcht &
ordinary |linear statistics, as pertains to searching for correlations within
| ar ge dat aset snEUfﬂerw@vfé'kS OWHQCHSIQ@ treeszi hbese Pﬁ@éelqaﬁg@ml h%tﬁecttmd-walewr@nlear ge
data sets on | gw cost tforns

several |imtaf9oHs eé%e(gﬂ‘?e re%}" IRS%M%“V:’C%E(@% %{r}:’g‘ﬂ%‘?‘ttﬂég "’H' 'ﬁdg‘tt'iog‘ns i's
the utilizatioe@f dit@NARMAALIEESEMIBIDKowANE BxXsRMIade GPlhd a8l REOLAAN I ed
by these techni ques. Often, a neural network anal ysis of a Iarge

sem conduét or ﬂﬁ@fﬂhfac@wheﬁg refuutingd evith| sush mamldeta mamsmmwys WIIH tl'per si st

over several urs reach

W ndovs 2000 8#%{*\6&50@5& Fal S RER B YR tendso ol SHECRITR ¢ ¢ ce
anal ysi s 20 ondédigpea |ppstdém Gvah b @hcimeitify 6r ROMPR]C ARHALS knénbfp@a@zm]g ngfokthe RAM
limt for a single ndows Process may still persist for several hours

prior to the aAealripyiing topstughlixiep apihebad PYPE)‘-’G@E&}OOT plderdt l|5§0lmdneed in the art

G 895‘{5% e of 1t I,"":?%é( mﬁae%c{h%tiﬁg%e-@%rgmﬁrﬁ plobl ms Lﬂgﬂ'ﬁ‘éry Hierh N€

I nvention [00 e or

advant age@us| Yaris&ais ﬁflhéw%h@ab@ﬁﬁmg@g&ritﬁrﬁﬁéudheﬁjn&u%altrh@w@kﬁ rufPR@idtionial 1y,
one enbodi ment of the resent invention is a nmethod for data mnin
i nf or mati on olSE¥FHEdandAegisionjtesyarsofign morg desirgble atfﬂlpé%lfJSlGhWhﬁb%Qﬂmﬁfeg"tP ab")

t hat i ncl udes g dSQaq Lh dadferhid nor e
! t i 29
of systens, tog IﬁB‘? B Psbgt%aes&{r%ﬂﬁ pr oducegog"é%ﬁ?l%?o? %Qtfh'{) d’reodggse%w 2006
-10- collect d-Iactveev&rr owhenhetilfziy theby algorithaist tongndlyse Hegeadamdetstonr lawg codre
formatted dat orcedtab C xtractin ortjions of the data
for use in daﬁ-llg.rc{\}fa;ﬁ HB'* ﬂéﬁnsaé’d &ngovg 2008 servers, se erg lxm}tan%ns occur, ?
13 primary concern among these limitations is the utilization of random access memory

and extended CPU loading required by these techniques. Often, a neural network

analysis of a large semiconductor manufacturing dataset (for example, > 40 Mbytes)

will persist over several hours, and may even breach the 2 Gbyte RAM limit for the

Windows 2000 operating system. In addition, rule induction or decision tree analysis

20 on these large datasets, while not necessarily breaching the RAM limit for a single

Windows process, may still persist for several hours prior to the analysis’ being

complete.
[00021] There is a need in the art © solve one or more of the above-described
probiems.
25 Summary of the Invention
[00022] One or more embodiments of the present invention advantageously

satisfy the above-identified need in the art. Specificaily, one embodiment of the
present invention is a method for data mining information obtained in an integrated
circuit fabrication factory (“fab’) that inciudes steps of: (a) gathering data from the fab

30 from one or more of systems, tools, and databases that produce data in the fab or



with a user specified configuration file; (d) data mning the extracted
portions of data in response to a user specified analysis configuration
file; (e) storing results of data 5 mining in a results dar@bade0oand (f)
provi ding access to the results. Brief Description of the Figure [00023]
FIG 1 shows a yield analysis tool infrastructure that exists in a
integrated circuit ("IC') manufacturing or fabrication factory (a

"sem conductor fab"™ or "fab") in accordance with the prior art; to [000241
FIG 2 shows a prior art process that is utilized in the fab, which prior
process is referred herein to as end-of-|-ilme nonitoring; [00025] FIG 3
shows a Fab DabHecAdalayffdrs tisey fibe (B)t hakanity fheliatCaidedoriny thaqe@ittangaawh bh one
or nore enbodi ments of the present invention, and an automated flow of data
from raw unf oSPES Sataliaas e) ST agHNSPORmINS Al thedatsl fosusgdn dea mppng cecewdanee or 15

nor e enbodi nmeq. s, .of S [ Ngi 0N, f use With .C manuf ring
process; [008&@]a ﬁek‘;@&ﬁﬁgeaoc\%ghg‘ggt:{%aﬁllctjgit) g%%l %Wnﬁf%%eﬁ%a#ﬁegopoft&r}gso? (ra%fgt uring
an unstruct uiregespeisa t€\daRkr kpecifiedunhiytielcbh SQRRBHABMS(d) Rionkg GEARHGE d¥vat h one
or nore enbodinents of the present invention; [00027) FIG 5 shows an

exanmpl e of raminiagpb EPultsdatabaseaeed (Thpravidingpeesssovharesuts0 a graph of

Process Tool E%EEE%%HPW Afe EiULH!nCti on of tine; [00028] FIG 6 shows how
the raw tenpo = in FIG 5 is broken down into segnents;
[00029] FIG [boskyws t hEG. aw shewpar gleldangidsigabal afeesictiedhyd kkissegnent 1

of. FIG 6; 25 [000301 FIG 8 shows an exanple of the dependence of Y-Range
within Segneistegrtesh ciguid; " 1¢°) goanfacturing o9 falrisation facane éa (‘wmicondpitenfebied dat a
m ning run; [0Q . : . 0 shows distributive queuing carried
out by a DatgrB(r}gig‘rJ%ﬁf&rg ere%glg]p FEQ&%% in accordance with one or nore
enbodi napt s ofe0odd] 30 RiGelahbws B\peidE ko Proc2s hANs 2€ilfed-ihithe FBOABRK pbG. | |
shows an Anal ysis Tenpl ate User Inter%ace portjon of a User Edit and

Conf i gur at i orP™RFse 19 1RicEEY Aereing as Frd-philRe MAnifosiBe; cat ed i n accordance with

one [00025] FIG. 3 shows a Fab Data Analysis system that is fabricated in
accordance with one or more embodiments of the brcsent invention, and an automated
flow of data from raw unformatted input to data mining results as it applies toone or
13 more embodiments of the present invention for use with an IC manufacturing process
[00026]) FIG. 4 shows logical data flow of a method for structuring an
unstructured data event into an Intelligence Base in accordance. with one or more

embodiments of the present invention;

[00027] FIG. 5 shows an example of raw temporal-based data, and in particular,
20 a graph of Process Tool Beam Current as a function of time;
(00028} FIG. 6 shows how the raw temporal-based data shown in FIG. 5 is
broken down into segments;
[00029] FIG. 7 shows the raw temporal-based data associated with segment 1 of.
FIG. 6;
25 [00030] FIG. 8 shows an example of the dependence of Y-Range within
Segment 7 on BIN_S; _
[00031) FIG. 9 shows a three level, branched data mining run;
[00032] FIG. 10 shows FIG. 10 shows distributive queuing carried out by a

DataBrainCmdCenter application in accordance with one or more embodiments of the

30 present invention;



or nore enbodi ments of the present invention; [00034] FIG 12 shows an
Anal ysis Tenpl ate portion a Configuration File that 5 is fabricated in
accordance with one or nore enbodi nents of the present investliam2004 00035]
FIG 13 shows a hyper-pyram d cube structure; [00036] FIG 14 shows a
hyper - pyram d cube and highlights a layer; [00037] FIG 15 shows a
hyper - cube | ayer (self organized nap) that would be from a hyper-cube
extracted fromthe 2nd | ayer of a hyper-pyram d cube; to [00038] FIG 16
shows a Self Organized Map with Hi gh, Low, and Mddle regions, and with
each of the High Custer and Low cluster negions tagged for future

Aut omat ed Map i ng Lon

t hrough a hyper@hg"ﬂ [33943f E?‘é 9@8\%2%5'5%5@# enﬁgvﬁ\t/cﬁa {’”'8”0@3}8“ es
from a numneri cBtit aricSCdmfguratimutH.lenme{fﬁ)&aﬁdduld:ih@c :slf9br$daw&5n aedoedualnaé g ofp
Scores (a Gap score = mof all gaps (not within any circle)) and D ameter
Scores (a Di an@i@?reS@GP‘g‘"‘e“@VfWé’r’%@ 'BYAHR®:er of the three circles) where
DV categori es ased 0 -

[00042] FI G 2@52%42\/\5 caﬁf‘guPat|An”“i{1hﬁﬂgs‘flr% ’é‘%ﬁ@ %“rgg""f Lm"ﬁf”"tz‘ﬁ?‘ee
factors are cpfsrdaedd acrmgmmcteudm @k of hergeanbaiiness ofthe ptetsttd@veﬁndnhe

di aneter score, and the__nunber of tinmes the |V appeared on the series of DV
scoring lists; fPWdMS] Efey | Dshows ghgpelrpyErufSils Bucirgubset of a data matrix

2 urber s (B N sue. R0 ahor SR Hhpe T E e G s BRI, o0 N0 e
use of a scori[0ge37hr eshol@. fi)shdvhraaby;ieoombe; la?ﬁ&{@éﬂﬁbréﬁhﬁed Zthpy taneodld bexanpl e

of a defect data file com n g Eg t spectlon tools or defect
review tool s ifPm2hyRsr CE'%"??‘ tE 88"‘ F’Qf@' AhypercpyramidgiBtis an exanpl e of

a data mpprix 65@gfed byidnes 4R aldefNSlgahized m;gwleht BiBn, 224, [RG48kF! G
26 shows a typ| cal " output fromthe DefectBrain nmodul
regions, and with each of the Hwh Cluster and Low cluster regions tagged for future

Automated Map Matching analysis; ,
[00039] FIG. 17 shows a cell projection through a hyper-cube;

[00040] FIG. 18 shows defining “virtual” categories from a numerical
13 distribution;
[00041] FIG. 19 shows calculating Gap Scores {a Gap score = sum of all gaps

(not within any circle)) and Diameter Scores (a Diameter Score = DV average diameter

of the three circles) where DV categories are based upon a numerical distribution for

the DV; |
20 [00042] FIG. 20 shows caiculating the master score for a given IV, three factors

are considered: magnitude of the gap score, magnitude of the diameter score, and the

number of times the IV appeared on the series of DV scoring lists;

[00043} FIG. 21 shows an example of a subset of a data matrix that is input to a

DataBrain moduie;

25 [00044] FIG. 22 shows an exampie of a numbers (BIN) versus category (Tool
ID) run;
[00045} F1G. 23 shows the use of a scoring threshoid for three tools;
[00646] FIG. 24 shows an example of a defect data file coming out of defect

inspection tools or defect review tools in a fab;



Det ail ed Description 5 [00049) One or nore enbodi nents of the present

i nvention enable, anong other things, yield enhancenent by providing one or
nore of the following: (a) an integrated circuit ("1C"') nagufaactond ng
factory (a "sem conductor fab" or "fab") data feed, i.e., by establishing
multi-format data file stream ng; (b) a database that indexes tens of

t housands of neasurenents, such as, for exanple, and without Iimtation, a
hybrid 10 database that indexes tens of thousands of neasurenents in, for
exanple, and without Ilimtation, an Oracle file system (c) a decision

anal ysis data feed with rapid export of pyltiple data sets for analysis;

(d) unassi sted ysi s t I with_autongte uestion asking using a
"data val ue sy@ta Eﬂl; (e)ﬁﬁuﬁg?t[s)l:]og&dg? am |}en taegﬁﬁia‘affgé %rﬁitﬁgli’é(s%ef‘i 4
exanpl e, and weinBatibn hligbtithal; aed, neural networks, rule induction, and nulti
15 variant statistics; (f) visualization tools with a nultiplicity of

fol | owon st atli08¢48ts t o Fllgudd sHopsmitmpiral gutpuafrem(tbg DefactBpyin moduleon” ser vi ce
provi der (" Aspﬁgtaiie(arDe%@riﬁﬁg‘to‘ end web delivery systemto provide rapid
depl oynent . e such enbodi nents of the present invention, a
typi cal efngi nqgeeodsy pr oCkESralorel ahBodimests kAt prevesk iRVOBLE BhdbiX iaR@nf Yiecal |y
will entail the follow ng steps: (a) automatic problem 20 definition (a

typi cal tine fthings riedd erflagecmant by pedyiding oneferymgre of Hie fabewingy (23dn injegsated

anal ysis vari L5 SHIC af  Vviel sent of .defects, and

so forth (a t;?%?i(l:‘gf I?ﬁnrgar%?%cgﬁh%ﬁg&&gﬁgc%eﬁlc?ngq%tﬁg@% v éi@'gf?ta{% "f%’rlm an

hypot hesi s r egatabliishthga hlultk@ymanahidsfik suueafdsﬁggl(ﬁ) ANgHIRabe that AndekBd Gadls &1 e
yp

for this to occur is about 0 days); (d) rank ot heses using statistical
confi dence | eWlequsadg ofj measiremepisc pughess; o pxample, i andt without dimtapign, @ bybrided

(for exapple, 4 j j } S on .experienc t hat

i ndi cat emﬁow tcl %tgts’%g?@tgﬂe%% tgniléép%ﬁ%gé%géﬁ 'ﬂ%ﬁ%ﬁ'ﬁg& i?’(C)hr”- %xér% ’g?gg tgg% t hout
limitation, wfatibm@ni@acledilé systengr(t) 4 devisidn aralyels| dagefeed wittilrasid exireoft hat
fixability criteria  for categorical data, for exanple, tool data, is

di fferent frofUtBledate tefs ¢on fnahysiss /(@) unasgisishi alysigauemation with Aiog1atser obe

data) (a typi 4 ; SLhL s j Sn. . . . p
experi ment al gfaérsg%llég?( élgé){ésﬁgélgndgetgggﬁra? srtlétnzl’q?’gds{%h%‘eg%m?g@n pt%%gllxﬁ? ?%926 JAN
2006 -1 3- f or as,Hosexanmecand wghaidimitdtiodapdurdlf jetworks,t tnée mdpaidnirend smudehd

ST RN RO T DI ENE
the nmodel (a §yiff FndinlgsParddOfg) i appliCaridf CékvieS prabiakt (ASBaY Yor 4 dnd-to-end
web delivery syStcm to provide rapid deployment. Using one or more such’
embodiments of the present invention, a typical engineering process of data feed béck
and problem fixing typically will entail the following steps: (a) automatic problem
20 definition (a typical time for this to occur is about 0 days); (b) monitor all key analysis
variables such as percentage of yield, percentage of defects, and so forth (a typical time
for this to occur is about 0 days); (c) form an hypothesis regarding all key analysis
variable anomalies (a typical time for this to occur is about 0 days); (d) rank
hypotheses using statistical confidence level and fixability criteria (i.e., instructions
25 provided (for example, in configuration files that may be based on experience) that
indicate how to score or rate hypotheses inciuding, for example, and without
limitation, weighting for certain artificial intelligence rules— note that fixability criteria
for categorical data, for example, tool data, is different from fixability criteria for
numerical data, for example, probe data) {a typical time for this to occur is about !

30 day); (e) develop experimental strategies and an experimental test pian (a typical time



interpret the nodel (a typical time for this to occur is about | day); and
0) run 5 confirmation tests to verify the inprovenent (a typical time for
this to occur is about 20 days) with no iteration. As a reguiAN 26804 ypi cal
time to fix a problemis aboutone and one-half (1.5) nonths. [00050] FIG 3
shows Fab Data Anal ysis system 3000 that is fabricated in accordance with
one or nore enbodi nents of the present invention, and an automated 10 fl ow
of data fromraw unformatted input to data mning results as it applies to
one or nore enbodi nents of the present invention for use with an IC

manuf acturi ng process. In accordance mﬁth#qne or nore such enbodi nents of

h . . > . .
ang Lurning t neBF iPiosh S aRl BT R e FRBH s i Bl B odablie
greatly reducedor Qs ©ldcBirnatBsht ! DYapd)! @Bt tHRIMQREM dpicsitifRe FR 1R RR_RLY S S
e

process, and flow from one phase of the analysis process to the next. In
addi tion, in acéertdaaiys (i dingnopethemadpt(e tynieal Hae femthdd meur ss abbut hédypr(@sent

i nvention, user._or cljent ess .i rowi ded to data apalysis setup, and
resul ts vi ew nd"Fere iaedodE (F B pe orcinperta s AP b oy Aagly «on
instal | ed §nt erchagnaiis bes@%o d@rifyl the emg@b'emah (REyPI&E timeAbr MAPlol seddid 9RbSART Vi ce
Provider ("ASP') systemdistribution 20 nmethodology (i.e., a web-based data
transfer met hod8ldeysy) “ithao ifesatigs| IAsiavssuit, & aynitabtime tofixarpddhiemys atioutdnejand t he
art) is a pref dol ogy for inplenenting such a web browser
interface. As ghéﬁgfgﬁ@hﬁorn re enbodi nents of Fab Data Anal ysis system
3000 shown in 08508 MaYFIE 3SEsvdFal TRitL AFRHSY fe30bat tat @ F@etitan nd
analysis is perforned on data fromone or nore fab sites, or by several
conmpani es wher acc@edapcersity ong ecmpisrenzhodimanty §isthe presend dnventioneandoan aiameatéd om
one or nore fa i f ) I ition . for on [ re such
enbodi men[os, ush 8?30tf§?mcf?lﬂé§$§ Qgtgﬁl '&ﬁ’gqﬁ%‘“ tgrqgtggllﬁ’h\? é\‘?&“ﬁ‘ga gtsaﬁp 5 t%?/e Be

di fferent user moes emBodenénss bf thenpelistdtariention foriuse @ith tah ¢C sraiafacuAng proessor
different users or clients fromdifferent parts of different conpanies,
where data is Yegfotanerd WallcoiedPh@ard Suet 6MPedimertg ity BAeRTESSIh 1 VAR HRe

adm ni stration - -k 4=, : e\ one
or nore enbodi Shm‘ajﬁ'?%ﬂ%?p? ﬁga%‘%ggéﬁé? n?lﬂ\elgriatq} (gcne:ss(’ Q%gﬁg% gle?g%ggdr%gﬁ}gfgfﬁhy
retrieved, naninpupmtass improdemhentsredn Bgrsatlyt redocedadraeliminated) byt avainsativgraskor k

wthit; v em i | ] n Lon i cal
th Tt G0 s 48 aBSHS Pocsss R oo o Sae TH&S bf BE SndyiOpitess & the next.

In addition, in accordance with one or more further embodiments of the present
invention, user or ¢lient access is provided to data analysis setup, and results viewing is
made available via a commonly available, aiready installed interface such as an
Internet web browser. An Application Service Provider (“ASP”) system distribution
20 methodology (i.e., a web-based data transfer methodology that is well known to those
of ordinary skill in the art) is a preferred methodology for implementing such a web
browser interface. As such, one or more embodiments of Fab Data Analysis system
3000 shown in FIG. 3 may be used by one company where data collection and analysis
is performed on data from one or more fab sites, or by several companies where data
23 collection and analysis is performed on data from one or more fab sites for each
company. In addition, for one or more such embodiments, users or clients setting up
and/or viewing results may be different usersor clients from different parts of the same
company, or different users or clients from different parts of different companies,
where data is segregated according to security requirements by account administration

30 methods.



generated, so that the data mning tools will return relevant results; and
(c) the results 5 are posted automatically, and are accessible renotely so
that corrective actions in light of the results can be takgyAQuRedd v.

[ 00052] As shown in FIG 3, ASP Data Transfer nodule 3010 is a data

gat hering process or nodule that obtains different types of data from any
one of a nunber of different types of data sources in a fab such as, for
exanple, and without to limtation: (a) Lot Equipnent Hi story data from an
MES (" Managenent Execution Systeni); (b) data from an Equi prment Interface
data source; (c) Processing Tool Recipes-&ird Processing Tool test prograns
from fab- provi {@@5tlat a sbuaccesiancandtl( e orrmoreesmbaimaits cfache peye im@ntidror
exanple, and without limtati Probe Test data, E- Test (electrical test)

data, Defect N@ésqﬁfaeﬁe?ﬂm‘aétﬂcéﬁy REFAYSS. meaipwiated, cind domarsd ¢8| thatcdata miniagd
Post Processin i fed h one
or nore enbodi %g%?éﬁo%%t e %?Esgz\é mve%fglhg?jgiég%%fag&f‘?%ﬁg E‘Lﬂ&ﬁa m%ll 3010
accept s and/ or gmetdtel; ks tthatte daamaihg toed willl retidi esiBhant :aﬂﬂv’somdt(eplhedts@xttat ed

formats from for exanp nd without |imtation, custoner data collection
dat abases 3 ( ce¥EPaFiES éﬁowﬁt'ﬁﬁﬁ% aspgccessile smptely 58 iha srEECHYR $UONS RdBht ool s,
and/ or directlyr L Q02025 RULERS ﬁlfc B,he data. Further, such data acceptance
or collection nmay occur on a 8 eﬁl | ed basis, or on demand. Still further,
the data may b@0esirypt ets showh nmyFiGe 3, tAﬁHthﬁat Tehnster MbRulei 3@Y Bverdak

secure network (for exanple, ecure e-nmnj]) such as, a custoner intranet.
I n accordance & W"SrR?‘ifﬁ%BElﬂ?éH@ ‘gF‘ Q%nbﬂt{@éw tyes i tdetsnfromapy angiof a

Transf er mdulﬁmmmm Q@e%?%aa&ehﬁceém 9%&&@5 ag%ﬁge.ﬁnﬁe F;S}dwh\sﬁ{a and

is 25 coded in C', Per I sual Basic I n accordance Wt one O
nunber ofto netlimiddionh &) IaateEqmimenkr}hMrytdmarfmmeanfMESc{I‘Mama_,gemleml Execaidnhe art

Cror k. Cnc PP ogsuskPS ok oSt Rl Sl ot oSt B rosimodbol "
itens/ Lot (a Im; d;;e& aw@fﬁéc%sélygmrsal tedt prsﬁaﬁg%énq f?o’se{"ﬁ@fdﬁtﬁ Rata BhrcbtS Uad k)

trav-! together during processing in a cassette)- Information I’s
typically accers\seﬂauwem date suchRsg faresample( byd thw@rknmatlbmtfeoba'&@t 482N 2006

|l udes. aboutl S AHOR P P DL EREARR  faskr Kol SRS R ace

i nformat yon hasiléxehcadd Post rmcemﬁgeaasttrohv fayeRied deth SBLRELSH ARbrdahRgY
information that typically includes
with one or more embodiments of the present invention, ASP Data Transfer module

3010 accepts and/or collects data transmitted in customer- and/or tool-dictated formats
from, for example, and without limitation, customer data collection databases
(centralized or otherwise) that store raw data output from tools and/or directly from
20 sources of the data. Further, such data acceptance or éollcction may occur on a
scheduled basis, or on demand. Still further, the data may be encrypted, and may be
transmitted as FTP files over a secure network (for example, as secure e-mail) such as
a customer intranet. In accordance with one embodiment of the present invention, ASP
Data Transfer module 3010 is a software application that runs on a PC server, and is
25 coded in C™, Perl and Visual Basic in accordance with any one of a number of
methods that are well known to those of ordinary skill in the art As an example,
typical data that is commonly available includes: (a) WIP (work-in-progress)
information that typically includes about 12,000 items/Lot (a lot of wafers typically
refers to 25 wafers that usually trave! together during processing in a cassette)-~ WIP

30 information is typically accessed by Process Engineers; (b) Equipment Interface



about 1000 itens/Lot - Process Metrology information is typically accessed
by 5 Process Engineers; (d) Defect information that typically includes about
1,000 itens/Lot - Defect information is typically accessed¢IaNRedcd

Engi neers; (e) E-test (Electrical test) information that typically includes
about 10,000 itens/Lot - E-test information is typically accessed by Device
Engi neers; and (f) Sort (w Datalog and bitmap) information that typically

i ncl udes about 2,000 itens/Lot - Sort information is to typically accessed
by Product Engineers. As one can readily appreciate these data can roll up
to a total of about 136,000 uni que nmeasuregents per wafer. [000531 As

further shown i. 3, nyersion moduyl 20, converts. d/ o

transl ates the 1}rPf(fl’vﬁ\'/l’ F&la f?']ejg“téa?"vpg% By Rgﬁeﬁé'?%%ﬁ?a%gaﬁ é?arn%a’ﬁ?lb' gﬁﬁ@eﬁ ﬁ{’%'ta
data format thao,000Gkmdest ket Gothemst, dajumbmdit AREPiE ARG MdnmadB)piang of a
nunber of 15 nmethods that are well known to those of ordinary skill in the

art and the corPkpesssed dtyaanyoge;scy Faeresh MastofogadimfrrmatiorDahat hpiselIgBtudepat a

conversion pro i carri out, b a Conversion nodule 3020 entails
sorting the r a\(/évg(?szlt Qg’ chéfégﬁ&dat ?rgﬁgsﬁr @%&8@%91"%&?8%0"61?, g‘fp(’ﬁa“éxﬁﬁﬁffeg, %)énd
Wi thout |igmtatreess EaRimeerfL%d) LURID BEshAaLiSH Ofar bdicallpX MERMEs abfitS 1,080
useful for foundries), WaferlD conversions (for exanple, Sleuth and 20

Scribe IDs), afemykper/Pefeqtdn@rmptioncisolicaliit acossneddlyi Yield Engingeds; deink<essi on
(for —example, (ﬁ@&:ﬁ!%lttfe‘sgjﬁr{f&&dﬁi%ﬁ%&ﬁf ?ig%e:i g,r@,gluﬂgst ggo#m]ﬁg)laﬁrite?ns@% ‘ihggegz St a

waf er fiducial *“rreasurenent 1S use Ina 'rzat

speci fication gifedhatisn i§ OYpicaiyattssed B3N Devick [EaginebdsNaddate) 96rt (SIPKAlb¢ aad | on
limts for E-Test data, Bin probe data (for exanple, for certain
end- of - 1 i ne pr B@aR)dBfognatiqadhat typisallydnglpdamabont 260000 Bms4iot uSertanformpaties s
Metrol o dat a u S...[or.. |.: | 1. hout
i at o, 1 opally SR B pheth Bt BN e o can LG PR B AR it Lo
enbodi ment of rdiihg tpraastehdf abowmel36j000 unigaé metiunamedrs son witktul e 3020 is a
software application that runs on a PC server, and is coded in Oracle

Dynani ¢ PL- SQUI0ARIPer | 4% fufthen shpame én 7 h3, B#9 Camyersion modilg dP2Gbsonyethods

that are. well &g{a@afvgmhgawaﬁ%@fdaar@&myqy%ﬁ b&mﬁ@g@%&né 3010NaRGCAkdance

wi th one such enbodi nent of the present i"'nventi on, a conversion 26 JAN
2006 -16- procfssintacmchudesIkeysicobynisalat iGoareadancenwithndoy en8026 remben bE t he

soe, o B S5 Sefl ot bRRRVEI R e SRl B!
convert raw dakatdréd RSSelPABapting|Datdbasd ™®I30€data conversion processing carried out by
Data Conversion module 3020 entails sorting the raw data; consolidation processing
such as, for example, and without limitation, Fab — Test LotID conversion (for
example, this is useful for foundries), WaferID conversions (for example, Sleuth and
20 Scribe IDs), and Wafer/Reticle/Die coordinate normalization and conversion (for
example, and without limitation, depending on whether a notch or a wafer fiducial
measurement is used for coordinate normalization); and data specification such as, for
example, and without limitation, specification limits for E-Test data, Bin probe data
(for example, for certain end-of-line probe tests, there may be from 10 to 100 failure
25 modes), Metrology data, and computed data types such as, for example, and without
limitation, lot, wafer, region, and layer data. [n accordance with one embodiment of
the present invention, Data Conversion module 3020 is a software application that runs
on a PC server, and is coded in Oracle Dynamic PL-SQL and Perl in accordance with
any one of a number of methods that are well known to those of ordinary skill inthe

30 art. In accordance with one such embodiment of the present invention, data conversion



i ndustry agnostic files (i.e., the data formats are "conmmoni zed" so that
only a few5 formats are used no matter how many data formats into which the
data may be converted). In accordance with one or nore enbgdjArenhgs of the
present invention, the converted files maintain "level™ information
existing in the raw data (to enabl e subsequent processes to "roll up" | ower
granularity data into higher granularity data) while not containing

i ndustry specific information. Once the raw data is put into this 10
format, it is fed into Self-Adapting Database 3030 for storage. [00054] In
accordance with one or nore enbodinents of,;4he present invention, a generic

file format for input data is,defined by using,t followng | gvelin
scheme: W dgef{D; S%W‘i"ecrag.%C\ﬂﬁ%@?g%&f’#’%ﬁ&?é@ﬁ '{?20 SHBHS Hg AR P _,gelnf)rrmgsﬁt _
sem conduct or bpbanstdi6rs en adcgraafRok i 8l dnk Fef dundr 8EmEMbALCMEL arWdERho kP 1S
identified by one or nore of. 15 LotID, WaferID, SlotlD, ReticlelD D edD,

and Sub-die x, {p base ek paiinacoekitliimdhecart thah cprverti rawi dbenfiles iintd ‘well Faenaged hror e

of process flow,/ _ assenhl. i ne nuf, act.urin st ep: and,sub-sSt ep. en? is
i dentified by BREGE AR G1esfee R o e s et Fhab\ﬂ‘g‘ﬁj?\/\?es‘”
identified as fMRa@rarbOIsed G MBRGUNSARRbny &R forkfals MXEWHi6h thedBsta Whdyheelt
limtation, yield," nmeasurenent type / category, and wafer sort. Value? is

20 defined as,canyeried). &xageptdanceanth gnedionare emppdimentd of theipsesgnt iBYention, thsi ng

such an enbodj nen n | ant t a,C be .r epresent.e [ 000 n

accor dance W t%oggﬁéédo%l%oﬁgmga%o |vﬁlen%2°r8‘fm??léxﬁﬁ'é3é?ﬁhf rﬁ‘gna"’ﬁ%rﬁo “13klca
Conver si on MO MihgeqamCbrstdstes 36 RN p2l lbiver SranShy Aa QO hiENRLrafulfrd dadphat is
col | ected by ASP [c)lgt anTr ansf er rmd%lae 301%.a Iﬂartilcul alrE [%ll-ta C%*lv%r)si on

modul e 25 3020vhile notcpB@inengindusyy-spreifie informpsioab oee theaaw slatakis put ptaethishl e
st orage th . .1 2, f - | 30, for exanple, by
oA SRR e

creating a ha a " ac accordance with one
enbodi nent of [D0ES4Pr eserlh acdovdantd with oftbranore embbdintdtsi of teejréseAdinpéntiog, a
Dat abase 3030 as it arrives_at Fah Data Anal ysis system 3000. [00056) In
accor dance wi t3fn&ifefilsr fORBMLOR MMPYE A#R it QefwdtW&m%%eﬁ?ilqusﬁe\iem sehemiisp

Data Transf ' ' !
ta Transfer %E{[_Bj_%ﬁ%‘?}[ %feh’g%ﬁ? e Wé'x;ﬁ:usct_,r% aetgg'{'x)ﬁl@,r ﬁ:E QrS%%ﬁdé‘i&%{'k.n&O

|
sensor 26 JAN ata froma Snart ase (a Snart
appl i cati on i shae s0d speaifzaliyppéfinedtas dollovasy dWVidget B iy identifjed| yecheMtmaore af's,

et ool etk AR S LR B P, o3 P Tlinl

Where? is identified by one or more of: process flow / assembly line manufacturing
step; and sub-step. When? is identified by one or more of date / time of the
measurement. What? is identified as one or more of measurement name "for example,
and without limitation, yield," measurement type / category, and wafer sort. Value? is

20 defined as, for an example, and without limitation, yield, 51.4%. Usihg such an
embodiment, any piant data can be represented.
{00055] In accordance with one or more embodiments of the present invention,
Data Conversion module 3020 will generically translate a new type of data that is
collected by ASP Data Transfer module 3010. In particular, Data Conversion module

25 3020 will create an “on-the-fly” database “handshake” to enable storage of the new
data in Self-Adapting Database 3030, for example, by creating a hash code for data
access. Finally, in accordance with one embodiment of the present invention, data is
stored in Seif-Adapting Database 3030 as it arrives at Fab Data Analysissystem 3000.
[00056) In accordance with one or more embodiments of the present invention,

30 ASP Data Transfer module 3010 includes a module that gathers processing tool sensor



nmodul e 3020 includes a nodul e that transfornms Smart SysTM processi ng tool
sensor 5 data into data sets that are prepared by Master Loader nodul e 3050
and Master Builder nodule 3060 for data m ning. [00057] | n6ealxoeoksice with
one or nore enbodi ments of the present invention, a data translation

al gorithm enabl es use of tenporal -based data fromindividual processing
(i.e., factory or assenbly-line) tools to establish a "direct"” |ink between
10 nmetrol ogy data netrics and existing, non-optimal lab (i.e., factory
conditions). An inportant part of this data translation algorithmis a

met hod of translating terrpor al - based oper§| ng condition data generated

Mo Key i ograletony STATSEpoa e b upPepse Saiietotn ApliRom pPhctly sca”

into key integra i ehit 3peci

in a manner thabavdbld fa@ A@pIE loasénbgl O iat [RRN188¢ adralyERYi A ﬁ&whﬂalér%%
to provide automated data m ni ng faul't det ection anal ysis. In accordance

with one or nﬁh@ﬂéfﬁbiﬂﬂﬁqmdﬂtas frof praeespingseals in et ilordditibe, Pod IC@qungom eps
are carried out e su or al = bas 0Ccessi tool data: a.
creating a Conf’?%?&faf‘i m?i“ % B(UEOGHBt tutéaé‘ﬁfofrﬁfgﬁ%agtéécﬁh%rf’c '"°d%°§cs|¢f'56’éd
bel ow) that spaguafm@aagrsa@url.aaﬁﬂetpyepafed%gmgze?rq_tda@a mhdAuleB058 AndIRAGES Builder

t enpor al - based data format; and transl ati ng tenporal -based proceSS| ng

tool data recelﬂwuleb"&%@\@??da@amlamm ansfer nodul e 3010 froma variety of, for

exanpl e, and t liyatati Cl | data eneric

t enpor al - based%a&()??rf i | efnf o?oﬁ% ncﬁé*i §E REMELS ?"?%&F&‘i’ﬁ%o%%? ?réseng*o‘wfrg'(?@’s%] The
fol | owi ng showgaengameied Aestith@l efatl@f ubd tofoRmPbrafbised NBda f ®6m t MGividaneri c,
tenporal -based data file format. Advantageously, in accordance with these

enbodi nent s, i Processiggt(i- ﬁe&?&%’hroy asgemblyzline) deela tmeeua@lsshb@“@mm bakebgtyeem file

(0, Con! ortg) el e LIELSSthe Yoot bgPRoteECLUR) i fa sog cata

fields can be pop ocessi I'Ng
that conmuni caimgsortaht partof Bk deentramydisn tadforiten U acidtidd ¢l WwaeRtlhg @mpayst em
(MES) host. 26ba]s€\cli\logg-2t?ng5co%13itiiog dgtg generated within processing (factory or assembly-line)
tools during wafer processing into key integrated circuit specific statisticsthat can then
be analyzed in a manner that will be described below by DataBrain Engine module

13 3080 to provide automated data mining fault detection analysis. In accordance with
one or more embodiments of the present invention, the following steps are carried out
to translate such témporat-based processing tool data:

a. creating a Configuration file (using a user interface that is
described below) that specifies granularity of digitization for a
20 generic temporal-based data format; and
b. translating temporai-based processing tool data received by ASP
Data Transfer module 3010 from a variety of, for example, and
without limitation, ASCII data, file formats into a generic
temporal-based data file format using the Configuration file.

25 [00058] The following shows one embodiment of a definition of a format for the
generic, temporal-based data file format. Advantageously, in accordance with these
embodiments, it is not necessary that all data fields be complete fora file to be
considered “of value.” Instead, as will be described below, some data fields can be

later populated by a “post processing” data filling routine that communicates witha

30 semiconductor manufacturing execution system (MES) host.



25 30 -18- <BEG NNI NG OF HEADER> [ PRODUCTI D CODE] [LOTI D CODE] [ PARENT

LOTID CODE] [WAFERI D CODE] [SLOTID CODE] [WP MODULE] [WP SUB- MODULE]
[W P SUB-MODULE- STEP] [ TRACKI N DATE] [ TRACKOUT DATE] [ PRQGESS2d65L! D)
[ PROCESS TOOL RECI PE USED] <END OF HEADER> <BEG NNI NG OF ‘DATA>" <BEG NNI NG

OF PARAMETER> [ PARAMETER ENGLI SH NAME] ( PARAMETERI D NUMBER] [ DATA

COLLECTI ON START TI ME] |[DATA COLLECTION END TIME] tinme increnent], data
value | tinme increnent2, data value 2 tinme increnent3, data value 3 <END OF

PARAMETER> <BEG NNI NG OF PARAMETER> [ PARAMETER ENGLI SH NAME] [ PARAVETERI D
NUVBER] [ DATA COLLECTI ON START TIME] [ DATf.COLLECTI ON END TI ME]

<BEGINNING OF HEADER>
[PRODUCTID CODE]
[LOTID CODE]J
[PARENT LOTID CODE}
5 [WAFERID CODE]

{SLOTID CODE]
[WIP MODULE]
[WIP SUB-MODULE]
[WIP SUB-MODULE-STEP]

10 [TRACKIN DATE]
[TRACKQUT DATE]
[PROCESS TOOLID]
[PROCESS TOOL RECIPE USED]
<END OF HEADER>

L5 <BEGINNING OF DATA>
<BEGINNING OF PARAMETER>
[PARAMETER ENGLISH NAME]
[PARAMETERID NUMBER]
[DATA COLLECTION START TIME]

20 [DATA COLLECTION END TIME]
time incrementl, data value 1
time increment?2, data value 2

time increment3, data value 3

25 <END OF PARAMETER>
<BEGINNING OF PARAMETER>
[PARAMETER ENGLISH NAME]
[PARAMETERID NUMBER]
[DATA COLLECTION START TIME]
30 [DATA COLLECTION END TIME]



26 JAN 2006 -19- time increnent!, data value / time increnent2, data value 2
time increnment3, data value 3 5 <END OF PARAMETER> <END OF DATA> [00059] In
accordance with this enbodinent, itenms set forth above in REIANZ0E €
needed to enabl e proper nerging of file content with IC data netrics.

[ 00060] As described above, in accordance with one or nore enbodi nents of

to the present invention, a Configuration file for tenporal -based data
transl ation specifies the granularity with which the tenporal -based data
will be represented as wafer statistics. In accordance with one such

enbodi nent, a Configuration file may al sajgcontain sone information

regar ding which tenporal - baseg, taw.fala.hareet s are handled by that
particular Configuration file, as well as one or nore options regarding is

data archiving of the raw fmé¢ ésrerehg, faklvaiedg i s an exanpl e of one

enbodi nent of a Configuration file, <BEGI)\INI NG OF HEADER> 20 25 30 [FILE
EXTENS|I ONS APPLI CABLE TO THPESESUeR SEf 8] /ue BAw DATA ARCHI VE FI LE <Y OR N>]
[ CREATE | MAGE ARCHI VE FI LES <NUMBER OF FILES / PARAMETER>] [ MAGE ARCHI VE

FI LE RESOLUTI ON] <END OF HEADER> <BEG NNI NG OF ANALYSI S HEADER> [ GLOBAL
GRAPH STATS <ON / OFF>, N SHOVENTBYRAMEERERS TlI ME STATS <ON / OFF>, N
SEGVENTS] 26 JAN 2006 -20-<END OF DATA>

[00059] In accordance with this embodiment, tems set forth above in italics are

needed to enable proper merging of file content with IC data metrics.
{00060] As described above, in accordance with one or more embodiments of
10 the present invention, a Configuration file for temporal-based data translation specifies
the granularity with which the temporal-based data will be represented as wafer
statistics. In accordance with one such embodiment, a Configuration file may also
" contain some information regarding which temporal-based raw data formats are
handled by that particutar Configuration file, as well as one or more options regarding
13 data archiving of the raw files. The following is an example of one embodiment of a

Configuration file.
<BEGINNING OF HEADER>

[FILE EXTENSIONS APPLICABLE TO THIS CONFG FILE]
20 [RAW DATA ARCHIVE FILE <Y OR N>]

[CREATE IMAGE ARCHIVE FILES <NUMBER OF FILES /

PARAMETER>]

[IMAGE ARCHIVE FILE RESOLUTION]

23 <END OF HEADER>
<BEGINNING OF ANALYSIS HEADER>

[GLOBAL GRAPH STATS <ON/ OFF>, N SEGMENTS]
30 [XAXIS TIME STATS <ON/OFF>, N SEGMENTS]



[ YAXI S PARAMETER STATS <ON / OFF>, N SEGVENTS] <END OF ANALYSI S HEADER>

[ 00061] The foll owi ng explains the Configuration file paraneters set forth
sabove. File extensions: this line in the Configuration fiteJANSH0e6TI ] e

ext ensi ons [00062] and/or nam ng convention keywords which indicate that a
given raw, generic tenporal- based data file wll be translated using the
paraneters defined within a given Configuration file. to [00063] Raw data
archive file: this line in the Configuration file designates if an archived
copy of the original data should be kept -using this option will result in
the file being conpressed, and stored inz@n archive directory structure.

[ 00064] Create image arCh'["Sf%)US'I%RAME’I%Iﬂ PETE 8}1\5 LOFPONN 9EE ﬁ* f| l e
e’s

designates if data within the rawterrpor - base afll
graphed in a standard x-y 1Is format so that an "original"” view of the dat a

can be stored and rapidly r i eved w thout having to archive and
interactively plot the ent¥ Eﬁ%%ﬁ@%ﬁ%ﬁ%ﬁv data file (these files

can be |arge M”?V adghdFolifwiet AdlinOthel ok Rt it B raﬂ%{er{gé?tq‘a mhor 2

si'ngl e proces ool ). The nunBer o |na €S option ena
snapshot ss of ab@muous key regi ons of the x -y data plot to be stored so t hat

a "zooned-in" vj of t 20 data | s aI so avail able. [000651_ I mge archive
file resol uti &Ho8di |Fﬁf‘ef’f‘ﬁﬂ%’%' fsf iﬂgd?é‘%qg‘wﬁauraéloaefflwé% AlgReEsiossel  of

st andar d Irraggmgeﬁpg,ﬁﬁ&wﬂemédk o?d%mri[,&din& X ghe HW*L%n&?cRLH;S&gL- by

the create image archive files option 0006 rapiv stats iIs line
in the Confi ghmdl data ffilé ewdllesbcgmatsmedt Reihg tthe pa?dincsgfstcmﬁnu | Witlge ne gatee

gl obal statis ﬁfs for 31 of the file formats handl ed by the Configuration
file in quest guIalPBdUE ption of how these statistics are generated is

descri beg bel aoed) 00067ﬂav}<d§’t§'a?chﬁdcrfﬁe Ot lheSih %é:(ﬁntﬂhhﬁtlbh Bfe deRichdl&s 1f an

Configuration flle i ndi cates that he system w dJenerate X-axis tine
range defi neda!shlacd s@n}’c@ the originkl dﬁta fliduld heokepht-usils thiANPAOOGill R3ult mathell ed by
;? g Confi gur a{_ le e:ng comprcssc%l,J é s'tgrgd maandaerc CnrreI &}éc?or}y gtfrucr%t?rw these statistics
[00064) Create irnage archive files: this line in the Configuration file designates
tf data within the raw temporal-based data file should be graphed in a standard x-y
15 format so that an “original” view of the data can be stored and rapidly retrieved
without having to archive and interactively plot the entire contents of the raw data file
(these files can be large and may add up to a total of 10 to 20 G-Bytes per month for a
single processing tool). The number of images option enables multiple snapshots of
various key regions of the x-y data plot to be stored so that a “zoomed-in” view of the
20 data is also available.
{00065} Image archive file resolution: this line in the Configuration file defines
what level of standard image compression will be applied to any x-y graphs captured
by the create image archive files option.
[00066] Global graph stats: this line in the Configuration file designates that the
23 system will generate global statistics for all of the file formats handied by the
Configuration file in question, a description of how these statistics are generated is
described below.
(00067} X-axis time graph stats: this line in the Configuration file indicates that

the system will generate X-axis time range defined statistics for all of file formats



generated is set forth bel ow. [00068) Percent data graph stats: this line in
the Configuration file designates that the systemw /|| generate Percent
data statistics for all of file formats handled by 5 the TodANG@HMation file
in question, a description of how these statistics are generated is set
forth bel ow. [00069] In accordance wth one or nore of such enbodi nents of
the present invention, the following statistics, also referred to as X-axi s
time graph statistics, are generated for each tenporal -based data graph, on
a paraneter by paraneter basis. For 10 exanple, for a given tenporal-based
data set and a given paraneter, the data.ps divided into a nunber of

segnents as defhned Wtﬂé@&iﬁﬁ?an@ﬁﬁlé Wﬁ@gﬂlmgfdiﬁécg?tigﬂgf B ¥ eSe &t % ?tf‘gﬁcs geaph

segnents are deflne by taki e entire w e X-axls rom smal | est
X value to | aegastkdis saafoue)b;eloand dividing it into N rrany equal increnents

of x-axis ran or each se ment statistics are er at ed d recorded. To
under st and hoaﬁqﬂrﬂsg wor K&reent fal graph Fté‘fser‘h'ﬁd”’l‘—*l‘&th a@ﬁ“gﬂg‘n\}\% destRnasinpl e

of raw tenporarhaﬂeﬁes%eﬂam? ﬁg{éﬂaté @ercaﬁrdata%@s&ms ?orgmam;@fforﬁ{a%c fx&fea_ @pl Beam

Current as a function of t shows he raw tenporal - based dat a
shown in Fl G tie Cenflgucitien t‘ﬂbquuem@,aégpnepmm ofatmdv thE4eGitatigtisshowgertetaedriaw

t enpor al - based ta SSOCI ated with segnent 1 of FIG 6. [00070] The

foll owing are ’f‘&a °‘§egmant statistics (for an exanple, of N many 20

segments, Wi tipohgofst ati gt !1&§rdfa9c!e @ﬁﬁ fbn@%grﬁ?c%)of stch §ﬂbbd1m€ﬁt‘§%f%et leblnt he

segnent 2, Maan Y axis values of data in the segnent 3. Standard Deviation
of the Y axi sinvahticrs thef fotlawamgvatatisiics, tahe refegerit as ¥-axiB| topegmph stagstsegrent 5.
M nimum Y axis vaI u mum Y axi s, val ue of segnent

h th
7 e cent - ohEMSBHH(o0 cath EmRUARCDRS H P B bRAEIE e T SE B Fon
Change inY aéka'inﬁl@@& é’ﬁl/él‘?tefr{pgml-b%d @@t)étsctsﬁxgrﬁeﬂ{fengparﬁﬁ&&efme dﬁﬁ@sﬂmﬁdbd{l Y

axi s standard devi ation value from previous segnent 26 JAN
into a number of segments as defined within the Configuration file. The X-axxs time
graph segments are defined by taking the entire width of the x-axis (from smallest x
value to largest x value), and dividing it into N many equal increments of x-axis range.
For each segment statistics are generated and recorded. To understand how this works,
13 first refer to FIG. 5 which shows an example of raw temporal-based data, and in
particular, a graph of Process Tool Beam Current as a function of time. FIG. 6 shows
how the raw temporal-based data shown in FIG. 5 is broken down into segments, and
FIG. 7 shows the raw temporal-based data associated with segment | of FIG. 6.
(00070] The following are typical segment statistics (for an example, of N many
20 segments, with 10 statistics for each segment):
Area within the segment
Mean Y axis values of data in the segment
Standard Deviation of the Y axis vaiues of data within the segment
Slope of the segment
Minimum Y axis value of the segment
Maximum Y axis value of the segment

Percent change in Y axis mean value from previous segment

Percent change in Y axis mean value from the next segment

[
Ly

Percent change in Y axis standard deviation value from previous

30 segment



-22- 10. Percent "'change in Y axis standard devi ation value fromthe next
segnent [00071] FIG 8 shows an exanple of the dependence of Y-Range w thin
Segnent 7 on BINS. By using the above information, a procesg jamNmfger coul d
tune 5 the recipe (processing tool settings) within the processing tool to
have a range <corresponding to a lower BINS fail. 1000721 In accordance with
one enbodi nent of the present invention, the followng 29 statistics are

gl obal statistics that are calculated fromthe data with no Tukey data
cleaning. 10 15 20 25 30 1. Total Area under the curve 2. Nunber of 10% or
greater Y-axis slope changes 3. X-axis 95%zxlata width (i.e., start at the

m ddl e of the data, and i f a) 4.
Y-axis mean of the 95% X?gﬁe}scgggﬁhgﬁﬁ (F}‘I%.% Et%%ﬁ?@ﬁﬁﬁ gf g{)@gg?&n of the
95% X-axis data width 6. Yesmams range of the 95% X-axis data wdth 7. X

axis 95% area t he Y 8. X axis Left_ nost 2. %data dt h X axi s
Left nost 2. 5%@32@ unde&%{r hg PPt FERMBLE 94 éheRf’ﬁ?‘FP ?Fﬁ%tOfZY\é\%ﬁ”éat‘%’l"Wdt h
11. X axis Righ HiRRY o B¢ 31 UEIREth téa Hithhat rae@§ ke dabiaq W qth
(start at the rral:'g e of ﬁo dg?}é and g 1 ? 3 Soep‘fceup 02)
Y-axi s nean of thbhm@@%p)@cassnrg dmﬂasemngs)hwlmm Yheapm&;eshgnnbaf do dmve at rapge of
the 90% X-axi s data dt h Yl'Na)é fs range of the 90% X-axis data width

corresponding to a lower B ail.

[00072] In accordance with one embodiment of the present invention, the

following 29 statistics are global statistics that are calculated from the data with no

Tukey data cleaning.
10 1. Total Area under the curve

2. Number of 10% or greater Y-axis slope changes

het

X-axis 95% data width (i.e., start at the middle of the data, and go
left and right to pick up 95% of the data)
4. Y-axis mean of the 95% X-axis data width
13 5. Y-axis standard deviation of the 95% X-axis data width
6. Y-axis range of the 95% X-axis data width
7. X axis 95% area under the curve
8. X axis Left most 2.5% data width
9. Xaxis Left most 2.5% area under the curve
20 10. X axis Right most 2.5% data width .
11. X axis Right most 2.5% area under the curve
12. X axis 90% data width (start at the middie of the data and go left
and right to pick up 90%)
13. Y-axis mean of the 90% X-axis data width
25 14. Y-axis standard deviation of the 90% X-axis data width
15. Y-axis range of the 90% X-axis data width
16. X axis 90% area under the curve
17. X axis Left most 5% data width

18. X axis Left most 5% area under the curve

30 19. X axis Right most 5% data width



16. X axis 90% area under the curve 17. X axis Left nost 5% data w dth 18.
X axis Left nost 5% area under the curve 19. X axis Right nost 5% data
width 26 JAN 2006 5 to -23 20. X axis Right nost 5% area umngeraxheogurve 21.
X axis 75% data width (start at the mddle of the data go left and right to
pick up 75% 22. Y-axis nmean of 75% X-axis data width 23. Y-axis standard
devi ation of 75% X-axis data width 24. Y-axis range of 75% X-axis data
width 25. X axis 75% area under the curve 26. X axis Left nost 12.5% data
width 27. X axis Left nost 12.5% area under the curve 28. X axis Right nopst
12.5% data width 29. X axis R ght nost 12 5% area under the curve [00073]

Al t hough the percent agesw@@g‘,‘iifs mghﬁg}ogtbbaxglggrmg iﬂl;uée&tware conmon

percent ages, 90, 95, 75 etc., furt enbodi Ment s exi 6t wherein these
percentages may be nodi 21.6datio 75%tdenneidihaterr walhe @fiddié of theXamERbesfi a8 i t
becones of interest to refine the 15 scope of the "heart” of the data to be
nore or |ess wide. [000741 el MK Whidel nents exi st wherein gl obal

statistics like those ab al: hated : W 0% Tukey data cl eani ng,
ehg T

and still enbodi nents exis erern ics |ike those above are

cal cul at ecs wi t h 500% Tukzly Ydatiasteddaechddviation b4 N-atin dee d@dtlance with one
enbodi nent of the present invention, er cent 20 data statistics are the sane
as the 10 statistics |isthd -aBbRags oh’5% £ datgwidgh aph  statistics. The

di fference between per cgﬂ,t )@ag@-”la!; e§hﬂdgrﬁ1etéumae statistics is the way in
ef i ned. For

whi ch the segnments are -axis tinme statistics, the segnents are
based wupon N equal part2. &faxisieefXmastii?.s%darewidth for percent data
statistics, the segnents g’rg{t on the_X-axis varies since the segnents are

defined by the percent ag?g' e({t most 12.5% area under the curve
10 28. X axis Right most 12.5% data width

29. X axis Right most 12.5% area under the curve
[00073] Although the percentages used in the above embodiment are common
percentages, 90, 93, 75 etc., further embodiments exist wherein these percentages may
be modified to intermediate values, for example, as it becomes of interest to refine the
13 scope of the “heart” of the data to be more or less wide.
[00074] Further embodiments exist wherein giobal statistics like those above are
calculated with 5000% Tukey data cleaning, and still embodiments exist wherein
global statistics like those above are calculated with 500% Tukey data cleaning.
(00075] In accordance with one embodiment of the present invention, percent
20 data statistics are the same as the 10 statistics listed above for X-axis time graph
statistics. The difference between percent data and X-axis time statisticsis the way in
which the segments are defined. For X-axis time statistics, the segments are based
upon N equal parts of the X-axis. However, for percent data statistics, the segments
width on the X-axis varies since the segments are defined by the percentage of data
25 contained within the segment. For example if percent data segmentation is turned
“on” with 10 segments, then the first segment would be the first 10% of the data (left
most 10% of data points using the X-axis as a reference).
[00076} As further shown in FIG. 3, Master Loader module 3040 (whether
triggered by time generated events or data arrival events) retrieves formatted data from

30 Self-Adapting Database 3030 (for example, data file 3035), and converts it into



25 contained within the segnent. For exanple, if percent data segnentation
is turned "on" with 10 segnents, then the first segnent would be the first
10% of the data (left nost 10% of data points using the X2ggiAN 280@
reference). [000761 As further shown in FIG 3, Mster Loader nodul e 3040
(whether triggered by tine generated events or data arrival events)
retrieves formatted data from 30 Self-Adapting Database 3030 (for exanple,
data file 3035), and converts it into 26 JAN 2006 -24- Intelligence Base
3050. In accordance with one enbodi ment of the present invention,
Intelligence Base 3050 is enbodied as an Quacle relational database that is
well known to r {H<par i 1 Q. [ ] ccordance.with a
Further enbod Snrop PSSO spirkioat b e Ribpairty 618 SRBSR tl-bidao

pol I s direct orinesligancESBhde-388a érlodiedlBtanltrade 2Rbnalsdatihee thitnié &kl Rgowr N
fromthe fab to get erm ne whether a sufficient anount of data has arrived
to be retrieve® @M ¢irAaHerR kil in the|af eln jegerdencepyigva Jugwr empodiormiofithe

accordance wt £ eﬂg&p i t t e j nt i , ter
Loader nodul e @5%8 énén{@l‘[’e |ggg‘ggﬁ:%a@cé&gﬁggg%?ﬁ@?i@eecgﬁ\rérgtliggﬁ'arga%%

appar at us sf or Dmabege 330 refdaracteickigs” ianfom thd &bt iongetérafige whbherd i sufEsieaf
unstructured, to relational data. In accordance with one or nore enbodi nents

of the present2Muabptdaghas aied|tp pg ayieyegaadrapbuoreddo inttllismce Basr ¥bdse t hat
conprises an | %6’}7:]' gengg a?.%?@anc GJitﬂto'n?%?l HELARAR G52 TP ANE rEScn?f?agen%ﬁn,
syste rponent . e 'stc

Intelligence Base file m CcoO en n ~accordance with on

enbodi ment, t hasted Bbddenatodidd 304G and daedigemds Bhiswer 30X eodrde Ankelder@y uses
a hash-index algorithmto create access keys to discrete data is stored in a
di stributed fi3PRABHSLOr MalAgiRZdelsRarpe, e SXUBRLNY 1BE2er GuaNHIRSOAV ST LG eD
unstruct yged r.aw; LN : t j Lt ations
of comrgé Ci alr@ig{é(?%tgg% E’f%‘gﬂ@tg é@gﬁg%ﬁi%ggg@gﬁﬁgé olg?lr&?ﬁggeg%gléé&ﬁ%é’ovi ded
by storage oflntstligemtcuBest 3030ess mnhybrid kdaabase shat (@G(RriSds hm ImettigestanBaewi t h
one enbodi nent of t invention, a first _ste 20 of designrg et up

di

resent
for Intell] geﬁ%]é“‘ﬁﬁt gatglb"éﬁ PRPBIEsiYetT HiTiseapD IBiaE‘:agkesyF@V'eTQé“R?f‘ Bcrete
data nmeasur engidctddnB@tw iR YorRX bich: ekiB¥EMRAY thd REEGHL2NLHAM (RmPBRenP (fIFOT €

such enbodi ments of the present invention, it is not required to anticipate
how many | evekamplf, asqjemahusds ¢ hast-ndehalgonthimsto dreatonatess keys tredjsanett Hata

Ip,: Oicgszn?{/ Pgla d«lrdg% ?hﬁrﬁdtécp%ﬂcgas%a Sgd\?’aggagegucs){y, tt gtenailgsc lragltdecoglett:r%bn Io?St ead,
unstructured raw data into a formal structure, thereby bypassing limitations of
commercial database products, and taking advantage of the speed provided by storage
of structured files in disk arrays.

(00078} In accordance with one embodiment of the present invention, a first step
20 of design setup for Intelligence Base 3050 involves defining applicable levels of
discrete data measurements that may exist. However, in accordance with one or more
such embodiments of the present invention, it is not required to anticipate how many
levels of a given discrete data exist in order to begin the process of building
Intelligence Base 3050 for that discrete data. Instead, it is only required that
2§ relationships of new levels (either sub-levels or super-leveis) to earlier levels be
defined at some point within Intelligence Base 3050. To understand this, consider the
following example. Within a fab, a common level might be a collection of wafers; this
could be indexed as level 1 within Intelligence Base 3050. Next, each specific wafer
within the collection of wafers could be indexed as level 2. Next, any specific sub-

30 grouping of chips on the wafers could be indexed as level 3 (or as muitiple levels,



25 rel ationships of new levels (either sub-levels or super-levels) to
earlier levels be defined at sone point within Intelligence Base 3050. To
understand this, consider the follow ng exanple. Wthin a %N aogonmon

| evel m ght be a collection of wafers; this could be indexed as level 1
within Intelligence Base 3050. Next, each specific wafer wthin the
collection of wafers could be indexed as |evel 2. Next, any specific sub 30
groupi ng of chips on the wafers could be indexed as level 3 (or as nultiple
level s, 26 JAN 2006 -25- depending on the consistency of the sub-grouping
categories). Advantageously, such erX|b|§ ty of Intelligence Base 3050
enabl es any gi el |l ge Bas as
long as its proagg r@?ﬁeggu %éﬁ%ﬁéﬁftn@g fgﬁfg“b}cl\%léu‘?lg%\é%[?&qr'e@ g\cnfg mat)eroé{n arlﬁ)ty

existing that dplbilag dfdntehigencdaBae GYHE endblds AAQ enAlaihO gL By Sobed wWikhin
accordance wth one or nore enbodi nents of the present Invention, a data
| oadi ng pr ocesdniehigencstBase Bhhaselops o6 its@ewerties 6as be indetrdriodhe loaest Bhdf ng

process for a tr qla;bp tma‘?r%a?talgﬁqﬂ?% Hllgltd’%pa e since, for Intelligence Base
ype

3050, each new® d& Fe-vr7ften in a format show ng a

relationshi p heeosepn di Aamtagemqufxa@twrmge wethedre drMtbrel @dodmRa1IETRAL S
(or data history) for that 10 specific level's ID For exanple, in a fab, a
gi ven data fil @rq%%tmﬁ‘@n% afate deadingnpracess iforclatelligenes Basa $OA0 iy easierthany D,

"level 2" 1D, a'agt]ger i é{éﬁes@r}? Llfﬁ@m%)ﬂﬁ gl?ﬁ Sl QRERM 8 51nrc§Cf8 ﬂ'ﬁgfxt!&{c

col | ection of I'na propert Fgence Base

3050 that enabBesy, amh mewpHite ajpeemckatonlyt be kzewdlmdmch m-rhitoswbwdgfa na!alngnmp
specific relational database_schena. éS %00080 Advant ageousl|

accordance wi t RETYAEN YSCTRE ManuRRREPEIaTE dgtg gneagraments (OF Adta HtS?/om for that
Intelligepce B e tepdit, tof
aut oma!t gdn’dat ae‘;cgg 32‘?%1 sf{oD?)sﬁL%rg%E‘(gqé) HQH lq%rgg?(lattg ??ﬁ%&fbw%ﬁﬁbﬁ? |&:l I zing

descr ed"l n
a hash join alxg&:rqoutlammgja fleyal b1 1D, ac tevelll”dDeamihsb joah,ankd ahapethe aleasuesneanis dat a

Such out put of ets in traditional, relatiaqgnal datapase, designs
usual Iy requi r‘¢'§§°" 5‘?3‘@ %‘a?Bﬁ%Ct‘?B 01?813 3 H%dﬂi‘ﬂﬂ'i‘ akte's BIP’ES’BF’;S’OPP@’&‘S kgfnhi ¢ hi n
the database. Bgsel 598hdt B anyt Et?phk!ﬁﬁe %ta th HeaAbh Bk bt é@ﬁ’fﬁ@g E%%D%d 0i ns

causes the process of outputting such |arge data sets to be very
i ntensi ve, andre@dmaaitdatgb@aw;pmat his is not the case for the "hash-join"

| th d 1 1 t t f t el
F0006L] Rres S AobPadiel PuiadvaRS el ind fieBrdab @l 0Bt o BERE EmBERGei R e |

an present invention, Intelligence Base 3050 is designed to output large datasets in

support of automated data analysis jobs (to be described in detail below) by utilizing a

hash-join algorithm to rapidly accumulate and join large volumes of data Such output

of large data sets in traditional relational database designs usually requires large “table-

20 joins™ (accumulate and output data) within the database. As is well known, the use of

relational database table-joins causes the process of outputting such large data sets to

be very CPU intensive, and advantageously, this is not the case for the “hash-join”
algorithm used to output large data sets from Intelligence Base 3050.

[00081] FIG. 4 illustrates a logical data flow of a method for structuring an

25 unstructured data event into Intelligence Base 3050 in accordance with one

embodiment of the present invention. As shown in FIG. 4, at box 4010, fab data is

retrieved from fab data warehouse 4000. This fab data may be in any one of many

different forms, and may have originated from any one of many different sources,

including, without limitation, historical data from databases, and real time data from

30 process tool monitoring equipment such as, for example, and without limitation,



25 unstructured data event into Intelligence Base 3050 in accordance with
one enbodi nent of the present invention. As shown in FIG 4, at box 4010,
fab data is retrieved fromfab data warehouse 4000. This febatetméenay be in
any one of many different forns, and nmay have originated from any one of
many different sources, including, without limtation, historical data from
dat abases, and real tinme data from 30 process tool nonitoring equi pnent such
as, for exanple, and without limtation, 26 JAN 2006 -26- sensors. Next, the
unformatted data is fed to data parser 4020. It should be understood that
the manner and frequency at which the datggis retrieved fromfab warehouse

4000  does not ﬂicfr?.%eit%e%ﬁ%&%ﬁ%&rdﬁg@a ig?ééjr?gﬁ%}%seﬁﬁ’o}g’zdfj%h?@ao%%npé?ﬁgg

4040, or Int elﬁel gence Base Xt , rser uts fornaited
data stream 408& thheraener antidreudnoy mavhiet titkadata IsSretrioved fran At wirbigdusé $000

accept abl e by dat abas%\x} 8@3’? 4040 (this is _a format issue onrlhly, and does
not introduce %KY NOkH: haviypidataharsgafQel, database ingder 404 emfateligancs | s

laid out). Ne =ab I t :
Dglt abgge) I oad)e(ﬁrasig?f%@'u?}?t’gg %a rs-e?%@Bg?g%rfﬁﬁgn@?oﬁge%%r&gt@3pﬁﬂ{epﬁ£§%s

bet ween dat a fetneanedtdgtaasnoh 4 foerhat tha¢odccepatiinby ddtabasy Rkéen4 0B Ghif fisoa foexanpl e,
and without limtatjon, éo t he hash-i ndex al %ori thmutilizes data | evel |Ds

of the data el'®HeRS" Ao gessdtonimrodues anyn kaxwiedge) abopicthe ﬁa‘@Hé-sd’ﬁiyathét@t or ed
infile syst erﬁ‘aéioﬁo P 'buﬂg.Ut %’QO HSEELE NG R A4l ﬁ'gids ﬁﬂ’garfeg eﬁ?gﬁéw Q§§%keys

that reference e system are stored in relationa ase 0. In
one or nore alDatabase iceder didboiese hhsh-inflex digorphmae Rendraty @nlex keéys betwdegkihtagence
Base 3050 is created by . load the data into tables partitioned and indexed
15 by levels clemat gt iptir Gt i ﬁ]érsﬁ?m‘[’o‘@_égéf”ﬁé?fﬂl’[ﬁi Y BUPH dinpREen.3,
Master By | deneRallifde UELAGRERTES dddli&bl THES R BaRaCeihenls ANEEnBRSHE
Configuration File (generated using User Edit and Confrguratidn File

I nterface nodindex38%5) Next,ithe data sattered tim Gitet aystem 4060 forsttuns referpuse and usalat a

m ni ng procedur 0.,be descrihed bel ow)...User Edit__and nfi.guration File
20 Interface ﬁ%cgi?%%ﬂﬂg*gd%’h}ﬁ?’se?‘ag rﬁ&ﬁ“c% Jilg sgsiem ééséo?ffig??ﬂ’%t‘ﬂo'ﬁ%ﬁ?rfaé of
confi gurati ongatgidse 40Bat InSoneS8dmbYe Misth&ive BithbdfhentD 90 theFpPres@X afithEon, MBSt €r
Bui | der 3050 obtains data fromlIntelligence Base 3050 specified by the

Conf i gur at i onlm#lligence Fasex@ifpisecreatadcby lard Heudats inte tabies partitigaedaansk ingexed

particular ty i0.a i ar..r e of parameter values), and conbines it
w th ot hgsr daﬁglefvrglgrw Frgpgcﬁ%gdﬁ%e dse 3050 specified by The

[00082] Returning now to FIG. 3, Master Builder module 3060 accesses
Intelligénce Base 3050 and uses a Configuration File (generated using User Edit and
Configuration File Interface module 3055) to build data structures for use as input to
data mining procedures (to be described below). User Edit and Configuration File
20 Interface module 3055 enables a user to create a Configuration File of configuration
data that is used by Master Builder 3050. For example, Master Builder 3050 obtains
data from Intelligence Base 3050 specified by the Configuration File (for example, and
without limitation, datz of a particular type in a particular range of parameter valués),
and combines it with other data from Inteiligence Base 3050 specified by -the
25 Configuration File (for example, and without limitation, data of another particular type
in another particular range of values). To do this, the Intelligence Base file system
component of Intelligence Base 3050 is referenced by the Intelligence Base relational
database component of Intelligence Base 3050 to enable different data levels o be
merged quickly into a “vector cache” of information that will be turned into data for

30 use in data mining. The Configuration File enables users to define new relationships



25 Configuration File (for exanple, and without limtation, data of another
particular type in another particular range of values). To do this, the
intelligence Base file system conponent of Intelligence BageiaN2006 S
referenced by the Intelligence Base rel ational database conponent of
Intelligence Base 3050 to enable different data levels to be nerged quickly
into a "vector cache" of information that will be turned into data for 30
use in data nmining. The Configuration File enables users to define new

rel ati onshi ps 26 JAN 2006 -27- using the hash-index, thereby creating new
“vector caches" of information that will _4$hen be turned into data for use
'n data mning e he hIRAGL, WG JERGEIREA-REIR Wact BN Sl i fon'lsh! AP
referred to herein as yper tubes”)” “Tnaccordance W th one or nore

enbodi ment s of tiiehebeptuermenhtoi datefot iued in ds tifinBuh ltigkemaiAeaty Be 3&68bddSheow
software 5 application that runs on a PC server, and is coded in Oacle
Dynani ¢ PL- SQL (high paie will be séestsdda feesimas hhvpsycubps)-ofn aecordatssr vish opeohods
that are well . i ' id..t.he . 0 I n
operati on, I\/asg‘g]? u{’%&%?ﬁ?rrg%%greg%rgdﬁk%ééc{%ﬂﬁ\%%sskeér%f %?r BX uEea3c glggé;%%aer?cube

definitiors usi agplichgonGhafruguernd PORerved, @nd Nedstied IMTTae¢ DPvnicl @L-9QId M depe3060
10 uses the hypercube definition to create a vector cache definition. Next,
Mast er Bui | der misdendancsosith emearesl & nymbergrf metheds at arapeh kapvaro these of

accordance Wt 4the yegt gache definition by: (a) retrieving a list of
files and data ef eﬁents r?tr%nt"l fied or specified by the vector cache

definition frofd0osd | ntdhldpgmnior Haster Beliddri mgthlle 063 basiees angiarneiiactofa

Intelligence Base 305 si.ng hash-index keys. (h) retrieving the file base
files fromthehyPSrchf 8?%%%@ ¢ &opfigysatignckilem Mﬁ%ﬁ@u&genrﬁwlq%%@nce

Base 305(; anduséﬂheﬁ@?glrcéseidmnniomo Xr%&tkgrve&%f:e%?h% ik %ﬁﬂg&%gg . 2060

identified in the vecC cache definition. ster
gener at es t he thyqde 3dfegedtesanvectoe cache tof infommhion in adcordapdei vaith the ivergortdache

h be defipiti ' d i bed bel ow, ich .h
ALt gnod an' | RIS (4] TRRNTE AyhgT BRaIpE Feraictindeiten o) R ds 20

through Fab Dah@véded dietieSdeSivRioR RorPRe Intdfigerdc BabS RIdibn4l ldhahdse cofipdrei s ng
the analysis results. Master Builder nodul e 3060 includes sub-nobdul es that

bui | d hyper cubtetigenteeBase 39 pvsinhrasttandex koys: énueeictiag shetfHabasadigsdramithgr sel y
ofect, 93k TR SRBHL e bBsRE AR haRt 0 3, e TR
hyper cubes to thha&dier &ithe withSdatd elé@ments identified in the vector cache definition. Next,
Master Builder module 3060 generates the hypercubes from the vector cache
information using the hypercube definition in a manner to described below, which
hypercubes are assigned an ID for use in identifying analysis results as they progress
20 through Fab Data Analysis system 3000, and for use by clients in reviewing the
analysis results. Master Builder module 3060 includes sub-modules that build
hypercubes, clean hypercube data to remove data that would adversely affect data
mining results in accordance with any one of a number of methods that are well known
to those of ordinary skill in the art, join hypercubes to enable analysis of many
25 different variables, and transiate Bin and Parametric data into a form for use in data
mining (for example, and without limitation, by converting event-driven data into
binned data).
[00084) In accordance with one or more embodiments of the present invention,
Master Builder module 3060 includes data cleaners or scrubers (for example, Perl and

30 C* software applications that are fabricated in accordance with any one of a number of



25 different variables, and translate Bin and Paranetric data into a form
for use in data mning (for exanple, and without |imtation, by converting
event-driven data into binned data). [00084) In accordancegWAN 200 Or nore
enbodi ments of the present invention, Mster Builder nodul e 3060 incl udes
data cl eaners or scrubers (for exanple, Perl and 30 C' software
applications that are fabricated in accordance with any one of a nunber of
26 JAN 2006 -28- nmethods that are well known to those of ordinary skill in
the art), which data cleaning nmay be perfornmed in accordance with criteria
set forth in the Configuration File, or o+#8-an ad hoc basis upon receipt of

user input [00@8&bds ﬂhame&redadﬂeem\mE%s@ﬁﬁoﬁfna@ﬂ@ll@rﬂhﬁcﬂn?fﬂﬂﬁséh @tz LREniRE esent
i nvention, 5 Master Builder npdul e 3060 i ncludes a nod t hat exp orts

spr eads heets t/BaYi8epPyTarred ymsdcatdanss ‘Wéh F@tﬁﬁmﬁé fortly n Téﬁ&iwpﬁeuramrcﬂlm trhut
limtation, SAg %ﬁog%gﬁ%%wﬁ?% otfhl?ér '"Rlvel }Nel | known to those of ordinary

skill in the art are known to those of ordinary

skill in the g00085)r US€n iaftovdante withiong of ibreBRAbIGINRELs 6T Yhelgtb et mxérﬁloﬁa _
M crosoft Excel spreadsheet that is well known to those of ordinary skill in

the art),3Sto dfiastenduifdgr mogulerI068 indvdnata mpdile it wapdrs sprsadsheess thoses of

ordinary skill ¢or nbodi nent s of
the present i nvlélﬁ Sltgﬁ %&i f!)peé‘l?ﬂpcf R8N tguwl '&8 g%ﬁgoggtagas ?ﬁllr%tt’shat
recei ves, as iwydliknownStortfese &f atdiflarh ¥RIY 6 URest), JRg (mm@taera'@e Wer KHeSh B

caches to DataBrain Engi ne nmodul e 3080 for analysis. (00086] In accordance
with one or nbheseohprtinamsskid inithe ﬁéqurlésewswmarmnalymgw dat@osiselesi on

nodul e 3020, 0. t er ul e 3050
operate o propeisof SR ShreBie N e de SORPAR bt st BT s %
Intelligence BadexB@5ext fladorthat thaoistwelt kfcwn ﬁ&hﬁserﬁﬂbrﬂ@aryrﬁﬂpﬁmié ¥&). ¥in

[ 00087] As further shovm in FIG 3, WEB Commander nodul e 3070 transfers
data output fATHAGAREE Bithae g drommbodimansiook e maesans HHVPPtEWgM?éteﬁ%dﬁ@ 3080

for 20 anal yg@gule%&? gﬁ[.ﬁ@é ilnﬁ)%hlefthiteieée@\feg%t%% t’t}’sci\%ﬁér‘i{edlﬁg% es,RGU! €

3060 is available for ta mning, an autonate ning cese ‘anal yzes
t he data set tgmaferstheamctorerhessd PataBrpin &ngine InoalkilendPsd dormxiyeisze or mini m ze

R T S KN ROR R TR i T TR
Dat aBrai ;3 Engpag Bslekson3 eRfdulengd2od edaddser odae A 3040, and Master Builder
module 3050 operate to provide continuous update of Self-Adapting Database 3030,
Intelligence Base 3050, and data output for data minihg, respectively.
(00087} As further shown in FIG. 3, WEB Commander module 3070 transfers
data output from Master Builder module 3060 to DataBrain Engine module 3080 for
20 analysis. Once a data set file forrnatted by Master Builder module 3060 is available for
data mining, an automated data mining process analyzes the data set against an
Analysis Tempiate ~looking to maximize or minimize variables designated as relevant
in the Analysis Template, while also considering the relatively important magnitudes
of those variables. DataBrain Engine module 3080 includes User Edit and
25 Configuration File Interface module 3055 which contains an Analysis Configuration
Setup and Template Builder module that provides a user interface to build user-
defined, configuration paramétcr value, data mining automation files for use with
DataBrain Engine module 3080. Then, DataBrain Engine module 3080 carries out the
automated data mining process by using a combination of statistical properties of the

30 variables, and the variables’ relative contributions within a self-leaming neural



25 Configuration File Interface nodul e 3055 which contains an Anal ysis
Configuration Setup and Tenpl ate Buil der nodul e that provides a user
interface to build user- defined, configuration paraneter glJuN 280 a m ni ng
automation files for .use with DataBrain Engi ne nodul e 3080. Then, DataBrain
Engi ne nodul e 3080 carries out the automated data m ning process by using a
conbi nation of statistical properties of the 30 variables, and the

vari ables' relative contributions within a self-learning neural 26 JAN 2006
-29- network. The statistical distribution and nmagnitude of a given defined
"inportant” variable (per analysis tenplakhe) or, for exanple, and w thout
limtation, tha ia '<Suti bRt t t IrUCl: .

Or gani zi ng NeurgT%NFe%V\gquf S%Eg%(gmé%r\}l?ﬁd[pghu% g‘r?ﬁrplﬁ"ggﬁf;é %‘géln:?!gf:meeg iﬁha%alms upon
whi ch rel evant garabte (persanebmis bemgiate nerd foranamplacandSwyigions Bmitebr, chaavaade's ange
of data m ning a%%ori,thms est suited%tso handl e the particul ar t(yge of a

gi ven dat aset. FUEOEPT 'R AL SEIGURY WLl ganiang mipueel NewarkMaps( oP™M he
present inventi i ki i i

DU ot edl 11 or ary e gf Bh e A R Sp e HIcR e et 8an bt iRl g then
statisticals conpasentdns awideamnngenddriatam phitgealgatthhobésOsyited o bandlethe gatioflér
operation. Such algprithmflexibility is particularly useful in exploring
processes wher €YB% g""$’§e'b ft sed of nunerical and categorical attributes.
Al gorithm exa eces SIS ¢ el : :
exanpl e, and rr\I/)[vilot?ﬁ‘c?ntljt i ?ﬁﬁ? gﬁofdgﬁé%gbégﬁépé g{gﬁ anal ilrgiéhtst@gg ﬂﬂ\8/ ?%gﬁéé%ﬂﬂbm)
t echni ques capditeBmin Engmeemodudd 3080nprogwte fexible atutamaled) litemtive ahtadihidg in
Addi tionally, re than one algorithmis is. typically required to fully
expl ore stati sti”éﬁl“"lﬁ"ﬁ’l’?ﬁa{:lgf%?}ﬁ yieﬁp@[}%sﬁ%“c??y Hlﬂarnif?éﬁé“?f’a‘wk“%“fjﬁ‘aﬁ?f ®n
nodem di sgg et e & i S i [ Vs Te ETo% o o] SRR o -1 iRy,
circuit bggrd gggg&ngal %nufjrd?fgl %cghggﬁeﬁjérsﬁgﬂr%%ﬂ@?u?ipng. Fwolgg%%fm i
Dat aBr ai n Engi reaplatiog ipeocgBe0where [dadels camgeised off mimmygicalodndwategoriegd pitribuates. on

(referred to henein.as.a DataBrain ter_.applicatian h uses an .20
Anal ysi s Tenpl ;gor@BWt SEREF si"ﬁcﬁsﬁaéycg%ﬁ?ygﬁ?%?'igosﬁdﬁﬁwé ﬂﬁﬂécd%%\e@péc'ta&d
perform data mwiihogt Bmahith, SpeclalizaC ailydansvatahde QUEOVRA) T@hRiqREdedabRfs of
the present invention, the DataBrai nChdCenter application invokes a

Dat aBr ai n nodulider§latgs catggnsicahandgumerigal dpfa. Adritionsllyg mem Bamiong algorithm is

o 90rL B SO 340 B SR b g ek
be found in modem discrete manufacturing processes like semiconductor
manufacturing, circuit board assembly, or flat panel display manufacturing.

(00089] DataBrain Engine module 3080 inciudes a data mining software
application (referred to herein as a DataBrainCmdCenter application) that uses an
20 | Analysis Template contained in the Configuration File and data sets to perform data
mining analysis. In accordance with one or more embodiments of the present
invention, the DataBrainCmdCenter application invokes a DataBrain module to use
one or more of the following data mining algorithms: SOM (a data mining algorithm
rthat is well known to those of ordinary skill in the art); Rules Induction (“RI”, a data
25 mining algorithm that is well known to those of ordinary skill in the art); MahaCu (a
data minin'g algorithm that correlates numerical data to categorical or attributes data
(for example, and without limitation, processing tool ID) that wiil be described below):
Reverse MahaCu (a data mining algorithm that correlates categorical or attributes data

(for example, and without limitation, processing ool ID) to numerical data that will be

30 described below); MultilevelAnalysis Automation wherein data mining is performed



25 mning algorithmthat is well known to those of ordinary skill in the
art); MahaCu (a data mning algorithmthat correlates nunerical data to
categorical or attributes data (for exanple, and w t hout pégaNa2O0GN,
processing tool ID) that will be described below); Reverse MahaCu (a data
mning algorithmthat correlates categorical or attributes data (for
exanple, and without limtation, processing tool ID) to nunerical data that
will be 30 described below); Miltilevel Anal ysis Autonmati on wherein data
mning is perfornmed 26 JAN 2006 -30- using SOM and where output from SOMis
used to carry out data mning using: (a) _3gl; and (b)MahaCu; Pi.-in (an
inventive dat h e X ectBrain (an
| nventi ve dat 2 aes oat 3pd ety Hipittor Wié?#fﬁ sof? a8t e PREE AT B

Sel den (a pr eomntanue(bmdwcldamxgmn(am fyemiv@Odath hmn'idbahl bﬁth)ﬁfﬁltﬂat kQediribe S
t hose of ordi nary skill in the art). (00090) In accorgance with one or nore
embodi ment s ofbeldid; hledsein (pcAvsisiYe dafaneimeg aleHIMCHCan deseribgsbini dezaili on

uses a contr aly k0t aal SARB |l W RIAPLASoE Meor b ol |SWL] KBL, ot 2

m ning al gorit ar I i accordance

with one or mhesesfiohiimupsilili®hesrt)t he central control appl i cation enabl es
10 results fromone data mning analysis to feed inputs _ of subsequent
branched anal y8¥¥90] or r Imaccopiange Witk ging ot fvee abedBmenth chiheangsert inysshPkat i on

bl b f
enabl es un Our?ﬁieeﬁatgg%?ncprrg%ﬁ{l)%n Ir%éblgt%n au%oma e{émé:%gtréllc?igélll%f QA‘F}B? nafles IEPE O

anal ysi s iterations anirsmor
expl ori ng dat asavof Imuitiplel &g cniag slgptithmef andanadisyisais mebisey. ned {:bytscuiar in
user - confi gurabl e syst em configuratjion files. 15 (00091) In its m)st general
form Fab Dat éCQQFPé’F’%Y"g é’?%f"é‘F?P'S’GGE#‘ ﬁﬂ%ﬂ‘%}’?@%‘s gentralsop Q'eﬂfpf‘?aé‘ﬁi‘ gnables

multipligity %&gf@ﬁém tda‘?& hifthe ‘ﬂmlfégs & Fcc&’}[ﬂ@%%a cgflfr %ﬁﬁgﬁé 'rﬁghéayanta fes Sane

| egal entity. resu e‘? ent” data se nal yzed at the sane
time in parabt elnsdafsn amesu!nghaﬁ)ata}mmCmdﬂsntexambllcmqmmrmadlets ainbodniied datd
users. In addltlon eve en the data received i s obtained froma si ngl e

fab (i.e., omefion Wi'tg 8 1Grthe SEMBSS AT T YRnBlysia HETAHGNLOY RGXIdIng 3h i ty)
differ ent dat Qutﬁﬁ‘?ar‘éd ey ﬂ?@utﬁ@%éﬁ%ﬁﬂsxﬂyfoﬁ'e&faﬁhﬁ&“datagfvﬁh'Rﬁe Wodidllahld td@ﬁlh'o?gaI

entity at the sane tine in parallel data mning analysis runs. In such
cases, such dmmsmgnvngleéhmluymcgnﬁgmsbiassestmfcon:ﬁggrﬁtioy fidesrried out, in

par el el s 00 BB, of 5l BRGRL RRCF b RG-SR R g o
automat i on cofsgEinel &emt £mudtilicity of fabs, not all of which are owned or controlled by the
same legal entity. As a result, different data sets may be analyzed at the same time in
parallel data mining analysis runs, and reported to different users. In addition, even
when the data received is obtained from a single fab (i.e.,, a fab that is owned or-
20 controlled by a single legal entity), different data sets may be analyzed by different
groups within the legal entity at the same time in paralle{ data mining analysis runs. In
such cases, such data mining analysis runs are efficiently carried out, in parallel, on
server farms. In accordance with one or more such embodiments of the present
invention, DataBrain Engine module 3080 acts as an automation command center and
25 includes the following components: (2) 2 DataBrainCmdCenter application {(a branched
analysis decision and control application) that invokes the DataBrain module, and that
further includes: (i) a DataBrainCmdCenter Queue Manager (fabricated in accordance
with any one of a number of methods that are well known to those of ordinary skill in
the art) that comprises a set of distributed slave queues in a server farm, one of which

30 is configured as the master queue;, (ii) a DataBrainCmdCenter Load Balancer



25 includes the follow ng conponents: (a) a DataBrai nChrdCenter application
(a branched analysis decision and control application) that invokes the

Dat aBrai n nodul e, and that further includes: (i) a DataBr acJANDTEE er Queue
Manager (fabricated in accordance w th any one of a nunber of nethods that
are well known to those of ordinary skill in the art) that conprises a set
of distributed slave queues in a server farm one of which 30 is configured
as the master queue; (ii) a DataBrai nChdCenter Load Bal ancer 26 JAN 2006
-31- application (fabricated in accordance with any one of a nunber of

met hods that are well known to those of ordinary skill in the art) that

bal ances distri i j l i.n.t server far and .(iij) a

Dat aBr ai n@d@n?@?lkﬁcgg@%{ k %érgggmédﬁﬁ 5 g@t‘ 450 OPE A ﬁméﬁqeéd’fﬁ%et%%déé?adef‘ﬁ%e
with any one of wail Regvaeto thbserofiondiflsry skl inakeartyehdt bkRAWS diserifutibh A8& joBf10ad
ordinary skill in the art) that enables creation, managenent and s{ at us

noni toring of clistemervendeBuring @inda LuefrpiaCawCantar isteunt d¥atager appiidatids)
Us Edi t d i r at i ile. f | e. 3055, (fabri d i
e B oLt ALoRR 6 Do TR S AOIR T BB ose

accordance with an nunoer

of ordinary skithbsel bf tobdinady tskill htthe &g h@SerAbies redtion, P raMAdbthe ahY Stafus
Tenpl ate information used for data mning in the 10 Configuration File.
[00092] | n accoRerifEag wf E4stamar aceapisdingBprociated angysia Brsults andibd biser Edit and

application is j s [ ' d m_ni.ng. [.ob queue,
and automati ca‘F){Hyﬁg@‘fa?{J%{F[%ﬁ?’P %g&f%s ulicggoa?g?%?g%;&o% aﬁ?%’@%‘?ﬁ%e“&ﬂgﬁ'*ﬁd% 2

servers or ser \rinbef af Mmethbde thiat aBvalinGrMe Rt eHos@RP|drdifdry ORill M eHef @#0QBatt O
User Edit and Configuration 15 File Interface nodule 3055 to receive input
for system confanaRifsat HEfh thRFYIRS ARAYsly hemplaisJpipanationised fomdaty mimipg én thach

enbodi nent,s, d 104004 0bs are defined as a set of analysis runs
conpri sed lgf rruo'?ilﬁg?rgh%gg%@sets and analysis algorithnms. Jobs are nanaged

by t he Dat aBr ai[6@92Cent ein Qeeordaddengeth athisl ieatbotiprenyhitieeh DataBraifhdTentegueue
manager that resides over indivi dual .server slave queues. The master queue

20 manager | 0gi2RBIRORY IS PR3 e Le9aRsibiRi AT ARAReng 2 _cSia'évﬁii'I“%Ij%b BIfNferad( t o
be carried out JQ¥matiételyRBEARIRHEN BP M aR)arh 2NRRYRKIOWEndRVs ivers or seé'v%ry he

simul taneously. The reSults of "a branched "“analysis run are collecte
Dat aBr ai nCdCeritrey. BppPitaBrainimdGenter aprdizatinneinterfaces t6 &idert Bdis arsls@onfigatationns,
i f necessary, ration 00093

a1 on, T he BRSPS IR 05 BOSFT e rPH I GRURBIcGrTgipion paamecess I
accordance with one or more such embodiments, data mining jobs are defined as a set
of analysis runs comprised of multiple data sets and analysis algorithms. Jobs are
managed by the DataBrainCmdCenter Queue Manger application which is a master
queue manager that resides over individual server slave queues. The master queue

20 manager logically distributes data mining jobs to available servers (to be carried out by
the DataBrain module) to enable jobs to run simuitaneously. The results of a branched
analysis run are collected by the DataBrainCmdCenter application, and they are then
fed to subsequent runs, if necessary, as dictated by the Job'sConfiguration File.
[{00093) In addition, the DataBrainCmdCenter application controls load

25 balancing of the server farm. Balancing is useful to gain efficiency and control of
available server resources in the server farm. Proper load balancing is achieved by
real-time monitoring of individual server farm server queuves and other relative run

time status information in accordance with any one of a number of methods that are

well known to those of ordinary skill in the art.



25 bal ancing of the server farm Balancing is useful to gain efficiency and
control of available server resources in the server farm Proper |oad

bal ancing is achieved by real-tinme nonitoring of individuakJjaeyyse farm
server queues, and other relative run tine status information in accordance
wi th any one of a nunmber of nethods that are well known to those of
ordinary skill in the art. 26 JAN 2006 ;2- [00094] In accordance with one or
nore such enbodi nents of the present invention, the DataBrai nCrdCent er
Account Manager application enables creation, nmanagenent and status

nmoni toring of custoner accounts relatlve R t he autonated anal ysi s being

performed in 5dance Wt h a Number hods t{] are $ well
known to thos@ﬁ@? bor di nr 9“8&‘?&3#8 ‘?-,[ [B&e thmorﬁ/a?’f‘é ”%ﬁﬁ‘&f g §1° Eresem
communi cat i onifRe@ndese oanBrahChacdRac ket int m@a@@é@%bﬁbﬂQHQ%éseEre%UG

Manager application and the DataBrai nCrdCenter Bal ancer application.
[ 00095] | n acowenriggmeat sud htaMemgmllmmgeofmﬂSMqrrmc@nuf reﬂatmee po dlse attohaeént i on,
one step of dat ric data to

d t
Fimd- o ust er s bRt g pmkd ihphlieect i 351 ot ooh Tt PDRETOE RS op rmy

entail severalyeglakmowhl Mb NehoSd EFFS oiharP Alifl eiPtthd CrfNalMEASeenidft dakiasthidh Ng
various types of data that m ght provide such correlations). This step is

driven by t hecanyperscasion gaavadessenirdli feetiback totike DaeRfain{imdCinem QueteeMadgen, in a
followi ng step, ,.correl ate an ed to, determ ne paranetric
data that m gfﬁﬁpf'ﬁ”g"’aég% %@W"{E‘Yg‘ﬁfé‘te&#ﬁg&ég neef gRPLicdio®n nmy 15 entai |
several data @p®s)9 St apIcopdfie %&%ﬁétortrﬁbr@@ﬁalb}ééiﬁwh@%f(ﬁ?et&e&ﬁi iﬁgen‘ﬁ%h' ous
types of data that m ght provide such associations). This step is also

driven by theoneysfrpf@hia ndlam @pbféisﬂmeiu heruscdn@ apolyks gtunmq dste tBifind clugtedss t he

types of data es to ste t he
ook et e dataah B SRe R Ryl GEloRbl e iy Breafl s JRuCHERR ne
processi ng t omdps “tﬁaaiamrgala&o Bzl gRrthe ah asinghardous 356 bfdad thH mgtt Pride C dat a
(this step may entail several data nmining steps which attenpt to analyze

the data usi gl Forslatonsyped his SﬁSPotseQ@Yqﬂg bYo@FsWPFFatOfnﬁ'%tspiﬁfiﬁﬁ ée thauch
correlati OnS)Con}:bﬁﬁno# Enlé‘ 1 eh O £%1R r&astgéo ‘ﬁ[%e Fetd0d e Bl rﬁ%@%ﬂsﬂﬂhﬁ m ght

be anal yzed aga nst e categorica rmne as ects 0
processing t aetesminkatararmeytic dom thﬁtamhghy bétahscxiaedepithale ehstads! (e wep ataydat a

m ni ng steps V\/mch attenpt .to anal yze the data 25 using various, types of
sensor data tR& Sﬁ’(ﬁﬂtdeafﬂ' wnipg 5‘58%%'%198@8@8? fopelyze the ‘g@cﬁﬂ'@aﬂ‘?@ug’ g/pes

of data that might provide such associations). This step is also driven by the types of
data specified inr the Configuration File, and the types of c_iata mining analyses to
perform. Then, in a following step, the parametric data might be analyzed against
categorical data to determine processing tools that might be correlated with associated
20 parametric data (this step may entail several data mining steps which attempt to
analyze the data using various types of processing tools that might provide such
correlations). Then, in a following step, processing tool sensor data might be analyzed
against the categorical data to determine aspects of the processing toolsthat might be
faulty (this step may entail several data mining steps which attempt to analyze the data
25 using various types of sensor data that might provide such correlations). In accordance
with one such embodiment, a hierarchy of data minir‘ig analysis techniques would be to
use SOM, followed by Rules Induction, followed by ANOVA, followed by Statistical
methods.
[00096] FIG. 9 shows a three level, branched data mining run as an exampie. As

30 shown in FIG. 9, the DataBrainCmdCenter application (under the direction of a user



w th one such enbodinent, a hierarchy of data m ning anal ysis techni ques
woul d be to use SOM followed by Rules Induction, foll owed by ANOVA,

foll owed by Statistical nethods. [00096] FIG 9 shows a tpsgaN moal ,
branched data m ning run as an exanple. As 30 shown in FIG 9, the

Dat aBr ai nCrdCent er application (under the direction of a user 26 JAN 2006
-33- generated Analysis Tenplate portion of a Configuration File) perforns
an SOM data mning analysis that clusters nuneric data relating, for
exanple, and without Ilimtation, to yi eId as yield is defined to rel ate,
for exanple, and without limtation, to tfe speed of ICs manufactured in a

fab. Next, as f n atlon
(under the di r&épérgﬁﬁgﬁﬂ@%@ Te@’ ratégg%'gpréiogg '&ng?ﬁrgﬁérﬂ?q.eg@ﬁ%{rﬁ jan 5@59 performs
a Map Mat chi ng minalgy shaysfs mhaloeclﬁtﬁ&sr mhﬂdmbelhﬁw}elzﬁﬂlvl hfer e@curhplut aﬁnomﬂdae SOM

data mning analysis to performcluster matching as it relates to
parametric dat aTHEHALAS Yielhps HSd ipfiefined ijrefate, H@rm&mplﬁ gng vihput{igialide iy i cal

test results; AGhAl)odRLl LT Buies, HIJUSELOn, daha A0, K5I, O

t he out put fromt ata mning anal ysi's'to provi
expl anati on of Datanhﬂmtieemera@phtatrode(umr ttl@e d:mnamaf theCusg@ApénesdieAdsysis or
exanple, and without limtation, to electrical test results. Next, as

further shown iI8MPlets): &) REHErMSae MAmiMtehine Apalysin Fp) bec descabed| bifenst on fhe
direction of t QWE%QW%ﬁf & @ﬂﬂh%’%ﬂys}_ﬁ%l ﬁ&ﬁ) ¢l gt%) Eﬁfn aut{g?}’er S€

MahaCu -and/ or ata mning anal ysi's on 2] ou rom‘
| nduct i on dat apirametriaidag aniah;;sfmseiammmandabahmtd&mmgomtoadlecda:harett(}eimugceri cal

data as it relates to Ocrfeé setlng, for exanp and_ wi t hout
limtation, to2Meth a%ﬁv et inigg %{’a'Yﬁ&S&eéés PHEUE Bom thea3{oM( b)

performs g Mahafel ity %a@H@‘(@‘ &@J@e mmjnswemaﬁéﬁ of @b cm@rs%t .wamfswam the

Map Matching data m n| ng analysis to correldate nuneri cal
cat egori cal dapmsmctdauaeshdt &% foroexampiep et withgut tlimmitatiof,ap e@carcpl e$t requdts.

wi thout Iimtag,iaon, t 0, sensor. suyr s. 0009 FIG .10,sho
di stributive quéth ﬁf:; F SRR Flgge?’h@‘ ﬁ%ﬁ@?f&%ﬂé@@?caﬁ%l(?’gﬁ%n in
accordance W t 8irQf6n OF H¥DIsEr SeHRRHIRIMIPsiPTempPiate): p(a?§QMMSWRe¢aﬁwaﬁt@ 11
shows an Anal ysis Tenpl ate er Interface portion of User dit and

Confi gurati on ®idlas ANO¥AF date mping| anabGBson Hmoutsutf@@nltbat%dlesl ndugtionrddgtence 25
wi th one or more. enDOd NG Srehel AfoBlET A0 o} TP Datalak ® redfesTH MR Q"

Anal ysi s
tool setting, for example, and without limitation, to metrology measurements made at a

processing tool; and (b) performs a MahaCu and/or ANOVA data mining analysis on
the output from the Map Matching data mining analysis to correlate numerical data to
categorical data as it relates to a processing tool, for example, and without limitation,
20 to sensor measurements.
[00097] FIG. 10 shows distributive queuing carried out by the
DataBrainCmdCenter application in accordance with one or more embodiments of the
present invention. FIG. 11 shows an Analysis Template User Interface portion of User
Edit and Configuration Fiie Interface module 3055 that is fabricated in accordance
25 with one or more embodiments of the present invention. FIG. 12 shows an Analysis
Template portion of a Configuration File that is fabricated in accordance with one or
more embodiments of the present invention.
[00098) In accordance with one or more embodiments of the present invention,
an algorithm, referred to herein as “Map Matching,” utilizes an SOM to achieve an

30 automated and focused analysis (i.e., 10 provide automatic definition of problem



Tenpl ate portion of a Configuration File that is fabricated in accordance
with one or nore enbodi nents of the present invention. [00098) In
accordance with one or nore enbodi nents of the present invanIANR006an
algorithm referred to herein as "Map Matching," utilizes an SOMto achieve
an 30 automated and focused analysis (i.e., to provide automatic definition
of problem 26 JAN 2006 -34- statenents). In particular, in accordance with
one or nore enbodi ments of the present invention, a SOM provides a map of
clusters of wafers that have simlar paraneters. For exanple, if such a map
were created for every paraneter in the dat-a set, they could be used to

determ ne howstaRmentsi Oiigartidubdrdini 863+88nc@ Wit ode@r nfbrO kY B RERFYE thedhes@nidi VeN
5 tinme. As such, these maps can be used to define good "questions”™ to ask

for further Huealien 3i{YMapiariges & mapoUdglerBet watkes tharhavatsimdargfaraninters.

sel f-organi ze a anal ysi s utomation, a user of the inventive SOM
Map Mat chi ng F%ﬂ%ﬁo%geg?é%gfwwgeo%e frggﬁ‘igoﬁ Ve Ipla"safmgefr g, e idaiasen theneetidgs
within a fab bhadedab deteAhine ROWSEAY uhRuaGeiRbies Ryfstior 2 dnRRFsodke: Afafgiven
automati on. The SOM anal ysis autonatically organi zes the data and identifies

separ at e Sand H®f&i Asnsuchi these mppseest benespd dadeling gooddigsestinad” toaskr fos durther
di fferent "fa%h i ssluggl'l' vg‘.t hin a data set. This SOM cl ustering, conbined
with the Map i ?H‘g ae“’és()ri t hm descri bed bel ow, enable each "of interest™

variabl e to b@odegcri beglchiket e matdé eNthd elfrisidleddMap haflesi Snkipayn to
be i npacting the behavior of the "of interest” 15 variable on a cl uster by

cl ust er basi sautematian; a usgapf thgdevestiveaSQii\Mep Matehingiiechnoldgy aulneedmtoddatmg

| gorith : . ' t ield inpacting i th
Crmortant | oohugt Quifble et SRR T bRt e XoCee P B R BT e
[ 000100]10Bef asfe’ surGahdicanalys SOM andydabaomalicaliabrbfizey the Sk fanPigatineed Maps

have to be generated for each colum in the data set. To generate these
maps, a hypersepargte dnda Apminapth 6 et FIRACHNG dasa |siyisters thet seponsnt differept “fab  The

e P A dsdPoy AN 1 Bt SToASSORP Il AN SinblBy SAGCLAMNEE MPTe O

nore enbodi nents o resent = I nventi on,
such that eadigdrialyerdescsib2d belsw?émaplendaeh éof intersstl’ vatiable tb dedsdridydin teraber. | n
each

AR 0 LA CUER SUTCRRTT N o
the' layes shQuRai® ofrh Glustet bR Histr B&id. A%ahis alZ e brRATANcoficBriltfme Nraym dat a
Matching algorithm enables a fab to address muitiple yield impacting issues (or other
important issues) with a fully automated “hands off” analysis technique. '
[000100] Before a SOM analysis of a data set can be run, Seif Organized Maps
have to be generated for each column in the data set. To generate these maps, a hyper-
20 pyramid cube structure is built as shown in FIG. 13. The hyper-pyramid cube shown
in FIG. 13 has 4 layers. In accordance with one or more embodiments of the present
invention, all hyper-pyramid cubes grow such that each layer is 2%n x 2n, where n isa
zero based layer number. In addition, each layer of the pyramid represents a hyper-
cube, i.e., each layer of the hyper-pyramid cube represents a column within the data
25 set. The layer shown in FIG. 14 wouid be layer 2 (zero based) of a 16-cotumn data set.
In accordance with one or more such embodiments, the deeper in the hyper-pyramid
cube one goes, the greater the breadth of the hyper-cube (2%n x 2”n), and the depth of
the hyper-cube pyramid remains constant at the number of columns in the data set.

(000101} FIG. 15 shows a hyper-cube layer (seif organized map) that would be

30 from a hyper-cube extracted from the 2™ layer of a hyper-pyramid cube. As shown in



I n accordance with one or nore such enbodi nents, the deeper in the
hyper-pyram d cube one goes, the greater the breadth of the hyper-cube (2"n
X 2”n), and the depth of the hyper-cube pyram d remai ns cphHZANTR004t t he
nunber of colums in the data set. [000101] FIG 15 shows a hyper-cube

| ayer (self organized map) that would be 30 froma hyper-cube extracted from
the 2"d | ayer of a hyper-pyram d cube. As shown in 26 JAN 2006 -35- FIG 15,
the neurons (i.e., cells) in each |ayer represent an approximation to the
real records in that colum. As one goes down in depth in the pyramd, the
hyper-cubes get Ilarger, and the neurons |9 t he cube increase and converge
to the real va}r: lc1f the re ords in the %ctual colum that each |ayer of
the data cube @% s B TEuropy &4 eHS B R3FY, 1aY B EPTeSFIh AR 2RAGX EBHRRLASORA ti ne
involved, it igcd8é Rkt défl.ﬁﬁi '&%ne%és df@sih Rk pth iA %c%?%%lﬁ e RYJeAdisds gt | |
the neurons converge to the real val ue t hey represe stead, In
accordance w tllargneindrthmcmoemdlmsmchastmldpmasege té theerzhi @mue vfhehe

pyramd is groun ntil a certai res until a term ned
o mum | depy HoRety htitaert et el 2uh fkc ol fet ¢t lb% ForSrRS erisairent s
of the pr ?5entméﬂo?@ﬁ@dﬁi&ir@ﬁandtdbﬁipﬁ%@d]@ihﬁésihﬁaiw?iah id r%nlﬂ&* r&.rti@?lqlo'r?eaﬁ'ﬂiet he

| ast -1 ayered cube that the ram d generates. [0 02] ce a SOM i s

gener at ed for teagrhwctoe anrmﬂ tmi!é thextnguroag Conmegef ol thewnemlgvalm tey @mprssendken to
achi eve an automa ed VR dat a_anal 0 Gener atj on of
Snapshot's (It dPHF3% ik R0 %ehw got?ﬁ'equrﬂ%ff: E‘lfoﬁf plﬁ?'i“alﬂl"’ém{m 0V

(data col um) ,py }&ﬁat.seg:%wmammla deRin WhresHo Ishﬁetdaftlﬂulwtﬁcdkemmfea ahixdhli DV
refers. Wth this neural map, generate all possi bl e col or region

conbi nati ons dieptiis irsaghadar Beeny @g#cemancfheﬂeommreeom@glb@d@eatseaf thi plesqti | | s)
L P d M | |1
Lo (Pog). ol 6L SRR % R REED bl BRI Lo e

enbodi nents, @Renisger@hgesas G een 20 color to the High region, a Blue color
to the Mddle reql on and a Red color to the Low_ region. Then as a first

step, one det é908188s a €BfeaSPNAIs asneatﬁééusea%c%ve°§theéia@ﬁen isteliardng t o
generate a Sn?’ﬁg{‘&}h té?cfen'ich hfeOk 94 aJtSﬂth?%[a?%ﬂt@ﬂnMaty |A%s @ basis of

aut omat ed Map ing an ysis. Note ere are threshold mar kers
that are need@®103] be hovedGénzravbhabh Smapshbise Lhmtmt Gﬂ)vdm Rabumescali . e.

h k 25 h h hol f h
;ng: ﬁe:’ Shs:r Eg'rdc%géng VHI@i ‘9 g;b\f'ﬁ Igéatae cg!urglg)s locc):at% a r?erurafi1 map w1th1 Ithcc):ndata cu etto ere is

which this DV refers. With this neural map, generate all possible color region

combinations detailing three regions. These three regions are: High (Hills), Low
(Ponds), and Middle regions, and any given ceil on the neural map will fall into one of
these regions. For simplicity in understanding such embodiments, one assigns a Green
20 color to the High region, a Blue color to the Middle region and a Red color to the Low
region. Then, as a first step, one determines a delta that one needs to move at each
interval to generate a snapshot of the color regions needed to use as a basis of
automated Map Matching analysis. Note that there are two threshold markers that are
needed to be moved to obtain all the snapshot combinations, i.e., there is a marker to
25 signify the threshold for a Low region, and theré is another marker for a High region.
By changing these two markers, and using the delta all desired snapshot combinations
can be generated.
{000104) The delta value is computed as follows; delta = (Percent of data
distribution -- this is a user configuration value) * 2sigma. Next the High marker and

30 the Low marker are moved to the mean of the data in this column. In this initial state,



By changing these two markers, and using the delta all desired snapshot
conbi nations can be generated. [000104] The delta value is conputed as
follows; delta = (Percent of data distribution - this is a6UasN 2006
configuration value) * 2sigma. Next the H gh marker and 3 o the Low marker
are noved to the nean of the data in this colum. In this initial state, 26
JAN 2006 36 all cells in the neural map will either fall into the G een or
the Red Region. Next the Low nmarker is noved by a delta to the left. Then,
all cells are scanned, and appropriate colors are assigned to them based on
the followng steps. If the associated cell value is: (nmean - 1.25sigm) <
cell value < Low marker then it is assifgn‘éé‘a Red 5 color. If the associated
cel | val ue i s:al{qailgrn Mgmerral map ¢dil jeitler fald into theeGreen opthsi Radelegian a¥eXs thej s
assigned a G el S ' val ue i.s. (Lo rker) < cell
value < (Hi gh% E'gérr?&i ¥ &Suayseg?gaigghagttﬁﬁﬁ%qé%l o?‘?e%[ 680&%%]“ FERE 2onfd t hese

snapshots (it edppiopeitd)colotd dre takiignell ab e bagB o thd fbI0Wing 88bONS thar Bsdcagded,
and a SOM Aut omat ed Anal ysis (to be described below) is 10 performed. Then,
t he | ow mar kerceil yalygs dmean + Ae3pigma) Hrek valip ralaw markes thendnis apegned adisds hot .

Then, all the c'é' hrlriztgg &%sﬁ?\é\fsa{egg:ieﬁ VReli& (Hﬂqxglg!grkegnﬂﬁeilrfal%@(@gﬁgﬁgﬁgrpa}l S

. 3 A
Anal ysis 1s pertor rocess i s -continue ow nar

less than (megen it islaseignéd §Gaden RN If ihe isdvr pRRINGI T RARILIOWLER Markel) X defiset to
the initial state, _and the H gh marker is then advanced a delta to the

right, and the&alyesdEksh MarkegdeisnsdgnedsBiwg olof | | continue until the High

marker is gre hadhan + 58] Em}s[E IS, 1S tra j t he
fol |l owi ng pseiéd@l?:@de. égt%g’ﬂﬁ %%%R%r %leag = :t-aEEeh@g%)U%ll o] n@a%u{gﬁggggﬁ Egk%et Low
Mar ker = Mean ragidnsearef taggedyrand daSOM Sedtoietett aAm{ids (@nbe alesddided tdlosdrisbut i on

this is a user configyration value)' 2sigma. Set Low Iterator = Low Marker;
Set Hi gh!? nt ePQ%QfF“EFiIlg Renyviheow mark?:r is mov%d to the?eﬁ by adelta to create another Shap

shot. Then, all the High and Low regions are tagged, and the SOM Automated
Analysis is performed. This process is continued until the Low marker is less than
(mean — 1.25 sigma). When this happens the Low marker is reset to the initial state,
and the High marker is then advanced a delta to the right, and the process is repeated.
13 This will continue until the High marker is greater than (mean + 1.25sigma). This is
demonstrated with the following pseudo code.
Set High_Marker = Mean value of column data.
Set Low_Marker = Mean value of column data.
Set Delta = (Percent of data distribution this is a user
20 configuration value) * 2sigma.
Set Low_Iterator= Low_Marker;

Set High_Interator= High_Marker

Keep Looping when (High_lterator < (mean + 1.25sigma)
25 Begin Loop
Keep Looping when (Low_[terator > (mean — 1.23 sigma)
Begin Loop
Go through each cell and color code the cells based on the
procedure above and using the High_Iterator and Low_Iterator

30 as threshold values.



25Keep Looping when (High_lterator ¢ (nmean + |.25sigma) Begin Loop 30 Keep
Loopi ng when (Low Iterator> (nmean - 1.25 sigma) Begin Loop Go through each
cell and col or code the cells based on the procedure above¢anN pgieg t he
High_ Iterator and Low Iterator as threshold values. 26 JAN 2006 37_
Capture this snapshot by tagging all the High and Low clusters. Perform
Aut omat ed Map Mat ching anal ysis (see the next section below) on this
snapshot Set Low Iterator = Low Interator - Delta. 5 End Loop Set

High Iterator = High_ Iterator + Delta. End Loop [000106] FIG 16 shows a
Self Organized Map with H gh, Low, and Mddgle regions, and with each of the

dg
H gh Custer and Low cluster ' ed for .future ,to Automated Map
Mat chi ng anal ysis. [000107] I(Fasgj,&%{hosngant%g%oﬁ}%m%%ﬁl;]JH"ﬁ Pﬂ%}éﬂfgﬁt‘%‘" 8#““5"5‘
Snapshot (lteration): Each (erfohi® Altcfdied Mag Mla8hinft ARG 9 tste ARNMRKAEOEhA F OM
step one are analyzed as follows: The interested regions (users specify
whet her they are interested ibﬁloﬂﬁéﬂlﬂﬁha@'ﬂpﬁh_%vv) or Hills (H gh) regions of a
sel ected DV (col um) neural |.nterested regio i1l 15 be referred
as a Source regi on and ot her @g%%%smtréetgé'égi %‘%—Wefalgorﬁg)? erred to as Target
regi ons. Fhe prem se for obidlséipng aut omat ed SOM ranki ngs of the other,
| ndependent Variable ("IV') maps, i.e., colums in the data cube that are
not the DV colum, is basedSerflighdteratet =t HdightIrmsatomhBettat aset ' s r ow
(record) is projected StErn?i %Qé through the data cube. Thus, if a dataset's
row 22 is |located on row (S“C | umm 40 of a given DV's 20 neural map, then
that cell |ocq00a6] 22, FAG) I6vishdéwe arSetd Orgaaive® May witheH@a! osetnd Midale! the
other Vs neural maps as well, In_particular, FIG 17 shows a cell

proj ection tHF&eRHh aBd wiherch phibe High Sduster ang from dsteregians gged for fituteecor d
I s establpshedy50niB@Map Matching analysis.

[000107] I1. Automated Map Matching Analysis of a Snapshot (Iteration):

Each of the 3-color region snapshots generated from step one are analyzed as follows:
The interested regions (users specify whether they are interested in the Ponds (Low) or
Hills (High) regions of a selected DV (column) neural map). An interested region will
15 be referred as a Source region and other, opposite regions will be referred to as Target
regions. The premise for obtaining automated SOM rankings of the other, Independent
Variable (“IV™) fnaps, i.e., columns in the data cube that are not the DV column, is
based on the fact that the same dataset’s row (record) is projected straight through the
data cube. Thus, ifa dataset’s row 22 is located on row 10 column 40 of a given DV’s
20 neural map, then that cell location (22, 40) will contain row 22 of the dataset for all
the other IV’s neural maps as well. In particular, FIG. 17 shows a cell projection
through a hyper-cube. As seen from FIG. 17, a “best fit” record is established so that
when it is projected through each layer of the hyper-cube, it best matches the
anticipated value for each layer. Simply put, the goal is to analyze the records that
25 comprise the Source and Target regions, and to determine how different they are from
each other. Since the records that make up each group are the same across the neural
maps, one can rank each neural map based on how strongly the Source’s group is
different from the Target’s group. This score is then used to rank the neural maps
from highest to lowest. The higher the score means that the two groups in the neural

30 map are very different from one the other, and conversely the lower the score means



when it is projected through each |ayer of the hyper-cube, it best matches
the anticipated value for each layer. Sinply put, the goal is to analyze
the records that 25 conprise the Source and Target regi ons263aN t@edet erm ne
how different they are from each other. Since the records that make up each
group are the sane across the neural nmaps, one can rank each neural map
based on how strongly the Source's group is different fromthe Target's
group. This score is then used to rank the neural maps from highest to

| owest. The higher the score neans that the two groups in the neural 30 map
are very different. fromone the other, angk.conversely the |ower the score
reans 26 JAN 20RGeubGrdipsatt 3&113.@@@5”%&&»0%@%95 o e
one another. Thus, the goal is find IV neural maps ere e difference
bet ween t he t\mpgrwjupts thesdiffheneyr é%mesrt theThe goupov thg grehons BieepHowsed to
acconplish thi oal . a., Rank t qurce clusters from hi ghest to | owest
according to f Sit?Pﬁé‘é‘fdetaag%o(ﬁ ISh 23f%pact ed score for each of the

clusters is conputed ag f0|fké?1\lﬁhe SMEI@QC@QWn?hWh&mfd@lestgﬁlowm%Mﬁ@ -
Mean of the neural Map) * Nunber of Unique RecordS in the uster) / Total

records isn the colum. b. Stimpactad s¢dre HhghmpactedastheedfoSeanhcd the alsters,is and
tag its Target cluster neighbors ba on.the follow ng criteria: Each of
these criteria are weighte 05’(?&5’9&?%3'? s a{'f?ﬂa‘-ttﬁggcroé%m |W§)al§:§h}”€’wg is
actual |y assigned is the averpggn of teQieoHal Btap} * Nid¥ef bPBRigut ReSoriOinithe
Source cluster. This is calculated as the centroid distance fromthe Target

cluster to the Source cl ustC@lStWeTaialtrh@rfésemtthWOdhml | is the cell that
occupies the center of t he I usé(ﬁhﬂ b h er I | s ar taq,ette monted t he
centroid distance is ctbrrput g EHE SR Pﬁ:ﬁnc 'ﬁﬁ%’o? S Targe
10 cluster neighbors based on the following criteria: Each of these
criteria are weighted accordingly, and the resulting score that is
actually assigned is the average of weights.
1. How close it is to the Source cluster. Thisis calculated
as the centroid distance from the Target cluster to the Source
15 cluster where the centroid cell is the cell that occupies the center

of the cluster. After the two cells are determined, the centroid

distance is computed using the Pythagorean theorem.

2. The number of unique records in the cluster.
3. The mean of the perimeter cells as compare to the
20 surrounding cells mean.

This will give a 1-Many relationship, i.e., one Source cluster is
associated with its many Target cluster neighbors.
c. Label all records in the Source cluster as Populationl and all
records in the Target clusters as Population2. This wiil be used
25 to determine how the two groups are different based on the
following.
d. Utilize a Scoring Function to compute a “score” for the [V using
Population} and Population as inputs. Such a Scoring Function

includes, for example, and without limitation, a Modified T-Test



2. The nunber of unique records in the cluster. 3. The nean of the perineter
cells as conpare to the surrounding cells nean. This will give a 1-Many
relationship, i.e., one Source cluster is associated with2¢JaANGWg Tar get
cluster neighbors. c. Label all records in the Source cluster as Popul ation)
and all records in the Target clusters as Popul ation2. This will be used
to determ ne how the two groups are different based on the follow ng. d.
Utilize a Scoring Function to conpute a "score" for the IV using Population
| and Popul ati on as inputs. Such a Scoring Function includes, for exanple,
and without limtation, a Mdified T-Test 6 JAN 2006 D10 15 20 25 30 -39-

Scoring Function; a Col or Cond.rgst I.n ction; AV act Scqring
Function; and so forth. The Cgﬁﬁf e@ﬁ‘%}fdféstEé‘??{)rqor?gh%aﬂcc?{"f]%ngﬁn AR g\{j out
as follows: For each IV (neumphdt Stefing Egitribd;na sdshhf | ed- T- TEST of

Popul ationl vs. Popul ation2. The Mdified-T-TEST is based on the regular
T-TEST that conpares two popiedfipdiHedyMoispsScoring Fanstioarivesred autap &lloast er

MUl ti pl ying he T-TEST stor o 8y BeidSeBs) gifotSnads i A LFesT or
(ReducingsRatio) * T-TEST TheopReldtienIng. Pedul&ions. conputed by counting the
nurber of records 1 the Tanget, POl Ao UL 31, 0 e M gf, e
g
compares two population groups. The difference is that after the
T-TEST score is computed, and the final score is computed by
multiplying the T-TEST score by a Reducing ratio.
10 Modified_T_TEST = (Reducing Ratio) * T-TEST
The Reducing ratio is computed by counting the number of
records in the Target population that are above the Mean of the
Source population. This number is then subtracted from the
number of the records in the Target population that are below
15 the mean of the Source population. Finally, the Reducing Ratio
ts computed by dividing by the total number of records in the
Target population.
Reducing Ratioc = Absolute Value of (# of Target records Below
Source Mean - # of Target records Above Source Mean) / (Total
20 aumber of records in the Target region).
Store this score for later rankings of the [V neural maps.
The Color Contrast Scoring Function is carried out as follows:
compare the color contrast between Population! and
Population2 on the IV neural map.
25 The IV Impact Scoring Function is carried out as follows:
multiply the Color Contrast score determined above with an
{mpact Score based on the DV neural map.
e. Repeat step d. for each [V neural map in the hyper-cube.
f. Rank the IV neural maps according to the Modified T-TEST
30 | scores. [f the Modified T-TEST scores approach zero before all



Source popul ation. This nunber is then subtracted fromthe nunber of the
records in the Target popul ation that are below the nean of the Source
popul ation. Finally, the Reducing Ratio is conputed by di 26diAN2006 t he
total nunber of records in the Target popul ation. Reducing Ratio = Absol ute
Val ue of (# of Target records Bel ow Source Mean - # of Target records Above
Source Mean) / (Total nunber of records in the Target region). Store this
score for later rankings of the IV neural maps. The Col or Contrast Scoring
Function is carried out as follows: conpare the color contrast between
Popul ati onl and Popul ati on2 on the 1V neupal map. The |1V Inpact Scoring
Function is carried out as f ! t r
determ ned above with an Inggitw\%%rgrugwbgﬂs% Sﬁhgﬁ%ﬁgfﬁgﬁ{r}é{hgﬁi 'S%E tH%Re eat
step d. for each IV neural mipmnmmgﬁéy heupet rmapsbeill e raﬁﬁfd(uilﬁg?tﬂe\beﬁ&tﬂlrw maps
according to the Mddified T- scores. If the Modified T-TEST scores
approach zero before all 26 J 25(99@5 40- the |1Vs are used or before a user
specified threshold is ngt t ]

usi ng the general T- TEST sc??oergli%bg%gg%eté%éh[y U?Zh @ggsn aeL fe‘?\gfv E]hgl’}}é%l maps
as specifised by the user 5 comﬂgugmmatsemnosettl ngs (000108) [11. Cenerate
Resul ts and Feed Iﬁ?sults to O her Si s I\/bt hods Sel ect the top
(specified by OARI08L ey iTH- ¢ né&rengrate; Rasulty andiFeed) Resulig Agelysig st
hi ghest t ot al GaaC [

pr esent |nven$:|(féoe:lrilghe thﬂx?g P%vm ngl%aea%g%éﬁﬂ e(rt:aogu r@tzﬁ?ﬁ’éﬁg@?ﬁ%ﬁgﬁaﬁegﬁf or
t he user to viteghekprotall@orachn efcotdaacenwithi oy smapshemboditlen@0of the present

invention, the following automated results will be generated for the user to view for

10 each of the winning snapshots.

a. A neural map of the winning IV is displayed. The SOM map of
the independent variable would be the background map with the
dependent variable Hill and Pond clusters outlined on top with
distinct outline colors and clear cluster labels. The legend of the

i5 map would indicate in three distinct colors (for example, Green,
Red, Blue) coupled together with the actual values of the colors’
bound.arics thresholds.

b. The actual resuits run for this particular winning DV. This is the
actual result of how the I'Vs ranked against each other for the

20 given selected DV,

c. A smaller dataset will be written out containing only the records
that make up the Source and Target regions. This smailer
dataset will be the basis for further analysis by other data
analysis methods. For example, to obtain automated

25 | “Questions,” this smaller dataset is fed back into a Rule
Induction data analysis method engine with the appropriate
regions outlined from the Map Matching run. These regions
will form the “Questions” that the Rule Induction analysis will
explain. The Rule [nduction generates rules that explain the

30 interaction of the variables with statistical validity. It searches



25 30 a. A neural map of the winning IV is displayed. The SOM map of the

I ndependent vari abl e woul d be the background nap with the dependent
variable Hi Il and Pond clusters outlined on top with distig\FANQ@béi ne
colors and clear cluster |abels. The | egend of the wmap would indicate in
three distinct colors (for exanple, Geen, Red, Blue) coupled together with
the actual values of the colors' boundaries thresholds. b. The actual
results run for this particular winning DV. This is the actual result of
how t he 1Vs ranked agai nst each other for the given selected DV. c. A
snmal | er dataset will be witten out contajning only the records that make
up the Source and Target regions. This snaller dataset will_be the basis
for further analysis by ot hetL dia{aaaSanaf%uﬂse RErcHseRs. theb best xflniPe @uestien obt ai n
automated "Questions," this,, her dataset is fed back into a Rule

I nducti on data anal ysis net h’og eng| ne with the appropriate regions outlined
fromthe Map MOOtéR]ng rih. ‘I}'{Epsa Sreps OB abuwd for fallr DVEhRepediateps Anirdbughat t he
Rul e I nduction arml %SI s, Wl | | ain, The Rul e_Induction generates rul es
that explain tH@ ref"éc‘tsFroﬁP?‘if iqdn D \5ath S5 Eenfiguratiost Bile.st Pelirmyaysai ty. 1t
searches ;26 J o t fit
t he questlon gﬂgjﬁg&g?m sk taggfgeg)géf}@é ep@géé?%tog *yﬁ'ﬁ%gﬁgo@e&‘bw mﬁgls Dvs:
Repeat steps festlbs amgﬂaed Ehtcapsvlrdri off theseabihs tooeter Bpmcirdalyads mdfhodsh t he
Configuration Fi he. Perform overal |l 5 housekeeping tasks, and Frepare t he
report gener at%8H0: ¢ HB 25eAreARsE &4t mm%m@o difngass|of dhe BrRSEN BWENTioRe
ansuers of t s Datdiftsin! Mol 'REEE & mtm'dﬁmfm&mdaﬁaorhm%a@anb 1ff for dance
with one or nore enb |rrents of e present | nvention h ral n nodul e
i ncl udes an mcfemmdltmhexdata ‘Wigin.figP@imgsrantihvendpptate atiniag algdosithm spplication

o that determines, for a targeted numeric variable, which other numeric variables within
a data set contribute (i.e., correlate) to the designated target variable. Although Pigin
does not analyze categorical data (and is, in that sense, narrower in scope thansome
other data mining algorithms), it performs its analysis faster and with more efficient
memory utilization than other standard data mining algorithms. The algorithm deals

13 with a targeted variable i.c., a variable to be explained by the data mining exercise, and
which is referred to as a Dependent Variable (“DV”). The aigorithm operates
according to the following steps. Step l: treat a DV’s numeric distribution as a series
of categories based upon a user configurable parameter that determines how much data
is placed into each category. Step 1 is illustrated in FIG. 18 which shows defining

20 “virtual” categories from a numerical distribution. Step 2: once the DV groups (or
splits) are defined from Step 1, a series of confidence distribution circles are calculated
for each DV category based on the data coinciding with that category for the other
numeric variables within the data set (referred to hereafter as independent variables or
“IVs™). Step 3: based upon the overall spread of the confidence circles for each [V, a

23 diameter score and a gap score is assigned to that variable for later use in determning
which IV is most highly correlated to the DV *“targeted” by an analyst. High values of
diameter or gap scores often indicate “better” correlations of DV to [V. Steps 2 and 3
are illustrated in FIG. 19 which shows calcuiating Gap Scores (a Gap score = sum of
all gaps (not within any circie)) and Diameter Scores (a Diameter Score = DV average

30 diameter of the three circles) where the DV categories are based upon the numerical



referred to herein as "Pigin." Piginis an inventive data m ning al gorithm
application 10 that determ nes, for a targeted nuneric variable, which other
nuneric variables within a data set contribute (i.e., cornreljaneloto the
designated target variable. Although Pigin does not analyze categori cal
data (and is, in that sense, narrower in scope thansonme other data m ning
algorithns), it perforns its analysis faster and with nore efficient nenory
utilization than other standard data mning algorithnms. The al gorithm deal s
15 with a targeted variable i.e., a variable to be explained by the data
mning exercise, and which is referred tg.as a Dependent Variable ("DV').
The al gorithm i t ? | .gw St oot e .lreat a
DV's nuneric di sﬁﬁ?ﬁ? ?rotﬁggygllnggsf#g% ﬁgf ég!astace%gg?ilggnscegﬁ%e“dheﬁ%gaﬁ% g;awsogg

confi gurabl e pepresens @rpopliation]ahe thei endpoifne W Fdhodabidubéa Brae adr ishidegach

category. Step 1 is illustrated in FIG 18 which shows defining 20 "virtual"
categories fr @it ngiside ohthefigyre (theseichrles meephadis refsmed thes BV agoadigence or

splits) are def] S j f] j St i ircles
are cal cul at edrFEy SieB FoPe ond SPRLRE P nERRb AR Stk E | hat
category £ or Chedefididon inrStepel,i ey tiei DV liefe-ddfined to §llhtidahangseke ddiplinredd to
hereafter as independent variables or "IVs"). Step 3: based upon the

overal | spr eaHesPlitshOnseHis Gedebaitionhas accurred, theyepres\are ‘EcaégllﬁF‘éE?étaBPfﬁ’éor e

and a gap sco 1S i d1:.ahl e | term ning
oo TV i gy SRirREE SRS DY Bak R KRN Ireibioced 8o T WL DO LR, S
val ues of di defirfitidns OcongAuesS amttl ethe Okdretier | gfditerafichs” §Rtified 'byC eHer deatinome of DV

to IV. Steps 2 and 3 are illustrated in FIG 19 which _shows cal cul ati ng Gap
Scores (a GapA8slytie Tempipis s bgen mehpStemet oxerelhiseorgny Whep calk Ji§rations @ amet er
Scores (@ D aggy, LE %q: f ik Cl.es)
wher e thlg DV cat pgétg,ﬁﬁé}g%épg gggﬁfegg%r[]\?’t e rreta%’dc P ;‘g’e‘jﬁﬁhggﬁ)@lﬂoj‘i%
di stribution therDY e deddribddnineStepnt @nd Bl Theid lists vall Gemhergedh ceforad “mdsere each

di anond represents . .a | ation, and the endpogints of i nd produce a
circle that i'yﬁdgtlFE%owéﬁﬁﬁtﬁée F‘_P&ﬂl‘gtg?& _ F‘%&‘%&‘Fitﬁ'ﬁ?tigt : "@?ﬁ“@ﬂé& are
what is refergedndsrasore 0% | dengRe f&dt&ﬁ'f@%&nédﬁﬁpnﬁl?ih{d@o@ttﬁe gigice all

of the 1Vs have been assigneda score based on the 5 DV definition in Step 1,
then the DV issoregmaghitudecbfttoe diamgter |sgorehandgbe mhmbetedfi ties &in [§fappedred epl it s.

Once this r e-tﬁef L ni téfﬂg\,@as . OCfl rred, t{fm? sgores.are 6iectal cul at e% f or: all of
the 1Vvd’agai'f& '?el’"le. eW BRI %{ﬁjpr e ?‘f! F8Hs I TR B?boé’eg of Fé’ﬁ fi ng
the DV cat egofiynk @aflisnekdi@ish er@erid, for@bthe st bf hb® heHiiREreRied VB Ifad 4 S0én
specified by the user in: the .
targeted DV. This is illustrated in FIG. 20. It should be understood that although one
or more such embodiments have been described using a gap score and a diameter score
for each I'V encountered, embodiments of the present invention are not limited to these
20 types of scores, and in fact, further embodiments exist which utilize other scoring
functions to compute scores for IVs.
(000111} In accordance with one or more embodiments of the present invention,
the DataBrain module includes a correlation application (MahaCu) that correlates
numeric data to categorical or attributes data (for example, and without limitation,
25 processing tool ID), which application provides: (a) fast statistical output ranked on a
qualitative rule; (b) ranked scoring based on Diameter score and/or Gap score; (c)a
scoring threshold used to eliminate under-represented Tool IDs; (d) an ability to select

the number of top “findings” to be displayed; and (e) an ability to perform a reverse

run wherein the results from the “findings” (Tool IDs) can be made the dependent



Anal ysis Tenpl ate has been net. Step 5: overall score. Wen all iterations

are 10 conplete, there will exist a series of IV rankings based upon the
various definitions of the DV as described in Steps | anda4 JaNewg | ists
will be merged to forma "master ranked" list of IVs that are nost highly

correlated to the target DV. Wen calculating the nmaster score for a given
IV, three factors are considered: magnitude of the gap score, magnitude of
the di ameter score, and the nunber of times the |V appeared on 15 the series
of DV scoring lists. These three factors, in conbination with sone basic
"junk results" exclusion criteria, formthg.list of nost highly correl ated

Vs for a givepaidpfel & ﬁﬁaQ&ersTh'lu%Heﬁ)'alﬁjfeHé& nt%t fse Pfd r%avg(lg%éleltrll)s gyl,d be

under st ood t hat al t hough one nor e’ suc odi nent's escrl bed
using a gap scdisplapgdd a di aneter score for each IV encountered, enbodinments

of the present tio n limted to_.these 20 types of scores, and in
fact, further @r?ﬂx&nnents[ gSSBOWF%H“H'EF?I?P%SBPsﬁéPf%éﬂFl“ﬁé‘“fh&htst'PEi-Héoto

compute scor esthE%owlfeV@esm{l&QQia"t&ﬂiraH‘ n@aﬁ@ré&%@%owah&fcgg&.Ofrhmkﬁn@mﬂ&went S

of the present invention, the DataBrain nodule i es a correlation
appl i cati én (I\mda@d)nemh@he datar(BéNpwih prmmomldDdaE@Iﬂknnd@tmﬂrtimal(Tmlckin)

attributes data and wi.t hout itation, 25 _processing tool
"Dy whi oh appti S PR B kR mallcer S aisg B FERFOM 2 S A BHELOAE a
qualitative rws®gs. (b) ranked scoring based on Di aneter score and/or Gap
score; (c) a scoring threshold used to elim nate under-represented Tool
IDs; (d) an alopotly]to $é0eld shawreamexdmele of atnumbedsi(BAN) gerdust aatdgerydiTepl ayed;

d bi Lt f wh t Its f th
g oo ( TBY ) UBER B B aSHRES e gbi defitrens abBob8 shasdcritelbl ¢
and par anpt er DrsReaie roduRl EaediRbnbYppIRaEEn fréa&@ll B Slar (pT&9| fol S:nCRA fAE.

di spl ayed. [000112] FIG 21 shows an exanple of a subset of a dafa matrix
that is input (eaegardnghdata deasiix.i Bael WikthoSithe diamonidsian e defepanei represents

I
fool 1D (a6 oY B BB e Bechd Rirpidtfe ek i ¥ et Sy dle R
matrices can ahsfAgh@asy RpleSmhtOthe 85%abafidenst lewelreticle) or die basis.

[000113] FIG 22 shows an exanple of a nunmbers (BIN) versus category (Tool
ID) run. Usind®BIEK t hemendgReto) soatsthe HEmMeEqys rdetht the s4¥m 16 |the gapngpace between

above- de?‘:r ib %je circles (i.e., areas not surrounded by circles), and the total dlstaf;ce between the top
of the uppermost circle and the bottom of the lowest circle is used as part of a formula
to calculate what are referred to as *‘gap scores” or “diameter scores.” The above-
described DataBrain module correlation application sorts the plots in order of
importance based upon a user selectable relative weighting for which type of score is
20 preferred. '
(000115} In accordance with another aspect of this embodiment of the present
invention, the above-described DataBrain module correlation application sets a scoring
threshold. Although there are typically a number of processing tools used for a
particular process layer of an IC, only a subset of them are used on a regular basis.
23 More often than not, those processing tools that are not used regularly skew the data,
and can create unwanted noise during data processing. Theabove-described DataBrain
module correlation application can use a user defined scoring value such that the
under-represented tools can be filtered out prior to analysis. For example, if the
scoring threshoid is set at 90, of three tools shown inFIG. 23, XTOOL3 will be filtered
30 out since XTOOL1 and XTOOQOL2 comprise over 90% of the lots.



]o DataBrain nodul e correlation application creates simlar plots for every
Eq Id (category) in the data matrix. The width of the dianonds on the |eft
pane represents the nunber of |ots that have been run thr@agaN p@a ool , and
the dianeter of the circle on the right pane represents the 95% confi dence
| evel . [000114] In order to sort the numerous plots, the sumof the gap
space between 1is the circles (i.e., areas not surrounded by circles), and
the total distance between the top of the uppernost circle and the bottom
of the lowest circle is used as part of a fornula to calculate what are
referred to as "gap scores" or "dianeter sgQres." The above- descri bed

Dat aBr ai n nodu rel agi i | S : ' rder. of .

| mportance basL@Oggﬂn a F&s%rgo‘ggﬁgcvg %Fg?iﬁgﬁcic\ﬁe%agﬁég"ﬁ{ ?fn%]QP %rsgrﬁﬁrlwgﬂn?rﬁlpe of
score is 20 prhefabpyedescfi@I0DAaBraimmadale rcdaeiegonapplic&ivdt frevidasiatimiet of hi s
enbodi nent of the present invention, the above-described DataBrain nodul e
correl ation ap{9PiSCHES ofP OBt SUHNE HiF feapyre. f Eer<3p [dgtermine R AXiMyEY aurabes of

typically a nu ' t cul I C s _| ayer
of Tan 10 oty o B B BRI AP HCHRRE iRl TR Bl iERTBeg TUT
t han not, st hosPatpBrieswidely taedistidnhaipliastnngerfonaednr saisar by af kiadegefdendat a,
and can create un ntc(;& g\gi se during data processing. Theabove-described
Dat aBrain nmod(Ar@bledy | DRSS OF iPEoss IngHt Bdhe (Nember afeiop seeeselield #dl ibag

val ue such tha&i%.;i ~under-represented tools can be filtered out prior to
anal ysis. For exa Fe, If the scoring threshold is set at 90, of three

tool s shown i (B0@17P3, XT@Gid3dance witheonkidr merre dmbadiments ofitie preséhOdvantiong

XTOOL2 conprise over 90% of the |ots. 26 JAN 2006 -44- [000116] In
accordance wi tthe abryegiesqribed E@ﬁ’fﬁfﬂ‘i“r@?ﬂ BATelation gpRlicaten plso aeRiorEIs a reyeee

above- desgr i bed, BREAREABARY Wikrd? Eﬂt@%{ﬁ‘feg r BRBhIE Arld AR RYu® VibriGSord TobU TDEr

of top scores”™ option. Using this feature, a user can determne the maxi mum
nunber of redDk} are mivsde depemdbn varigipes ped nyeericgapenctenst(for axamplk,cand Withopt

lth h ab -descri Dat ' dul | at | licati f
o analys: s on oIy A0Ge RIERIA JaTY ARBIE AR, 56 HEMhL AB Ao et B Rt |
the "Number ofcafeOfryaedi§iaydd i lofdetof Imptanchl %c%?gﬂar[cg@ﬁéﬂiﬁ) it theagh@hgance

with one or nore enbodinments of the present invention, 'the above-described
Dat aBr ai n nodihas dove detingt thermumbet versusi tavl P gun.pdhéssrmns eanr key'@Paisy-chained”

13 whereby the Tool IDs detected during the normal run can be automatically made the
dependent variabie for the reverse run.
[000118] In accordance with one or more embodiments of the present invention,
the DataBrain module includes an application, referred to as a DefectBrain module,
that ranks defect issues based upon 2 scoring technique. However, in order to perform

20 this analysis defect data must be formatted by Data Conversion module 3020 as will
described below. FIG. 24 shows an example of a defect data file that is produced , for
example, by a defect inspection tool or a defect review tool in a fab. In particular, such
a file typically includes information relating to x and y coordinates, x and y die
coordinates, size, defect type classification code, and image information of each defect

25 on a wafer. In accordance with one or more embodiments of the present invention,
Data Conversion module 3020 transiates this defect data file into a matrix comprising
sizing, classification (for example, defect type), and defect density on a die level. FIG.
25 shows an example of a data matrix created by the data translation algorithm. Then,
in accordance with one embodiment of the present invention, the DefectBrain module

30 comprises an automated defect data mining fault detection application that ranks defect



to run (Reverse MahaCu) wherein categories (for exanple, and w thout
limtation, Tool 1Ds) are nade dependent variables, and nuneric paraneters
(for exanple, and without I|imtation, BIN, Electrical TesigJAMt200600y, and
so forth) that are affected by the category are displayed in order of

i nportance. The inportance (scoring) is the sanme as that done during the
nunber versus Tool |ID run. These runs can be "Dai sy-chai ned" 15 whereby the
Tool 1Ds detected during the normal run can be automatically nade the
dependent variable for the reverse run. [000118] In accordance with one or
nore enbodi nents of the present |nvent|on the Dat aBr ai n nodul e i ncl udes an
application, referhed to as a Defe&EBraln hat ranks defect issues

based upon a st¥ft o8 809G TR0 NS [SRRgRT [ aﬁcoéﬁ!ljad’é? Wit thyis apRIfcaiiarny thermpact

anal ysi s def ecff 4 ‘iﬁ’cu'lﬂr'%tzelb% bog t era as
will described ggl ow. FIG sﬁg\%\iq%brfqggg%gg o} g aﬁe?gehg{mgg%a c‘?}Qi%ge}nthat
is produced , aer KﬂéRa'mpLél'hellfyll&ad@fsedtfncdqssrfeﬁ@wnn tooI or a defect review
tool in a fab. In particular, such a file typically includes information
relating to x and y coogcr“ﬂgt d, y. di £99 d| nat es, size, defect type
classification code, ; o8t 25 on a wafer. In
accordanc® with one or nore embod ] rYBEent invention, Data
Conver si on noggged 18020 Khahsr plrffertithar A8f 86 béiastea r£ bir®sd wh&hqs BBA e gé
conprising sizing, classification (for éexanple, defect type), ?ect
density on a déllewsevel . FIG 25 shows an exanple of a data rratrr X created

by the data translation, fl %ﬁrlth 1 i n z;.ccr%rdance w th one enbodi nent
of the present inventi off=° 'De-rée%[t- ies WlIEleck IXPE o e i ses an aut onmt ed
defect data mning fault detecti t2) "l 83 ‘%“n t hat ranks defect 26 JAN 2006

5 _45_ iossuefoobmd umnh@abeeerde&ﬂb&emmtm a tall d?é:@?éfgﬁgb% A ik hYS
efect type Is

application, the inpact of a particular siz€ bin or
qgquantified usnmg‘uactpaalarret er ref erred herein as a "Kill Ratio". The Kill
Ratio is defi s wDefect T Total

ol Rat =# 0
# Di es w Def e&%*@; O%gﬁ%ﬁ %ﬁgfhér %y(é&f”ar%‘fw W&t ”%ap%f?‘%%
%.0ss which i §p;rrlie£tida@d IRFIGE k! WS nudb@sst Tiet BhtaBisk @ s&;%@e&ae& r}iwe

(microgouge in this example) is plotted against the number of defects of that type on a
15 die. Since functional (i.e., Good) and disfunctional (i.e., Bad) die information exists in
the data matrix, it is straightforward to determine which of the dies containing a
particular defect type were good or bad. Thus, in FIG. 26, both the good and the bad
die frequency is plotted, and the ratio of the bad dies to the total number of dies
containing the defect (i.e. the Kill Ratio) is graphically drawn. In such graphs, a slope

20 of graphical segments are extracted and compared with the slope of graphical segments
from all other piots generated by the DefectBrain module application, and they are
ranked, starting from the highest to the lowest slopes. Graphs with the highest slopes
would be the most important ones affecting yield, and would be of value to a yield
enhancement engineer.

25 [000122] One important feature in such plots is an ability of the DefectBrain
module application to tune the maximum number of “Number of Defects” bins on the
x-axis. If this were not be available, in cases whee there are an extraordinary number
of defects on a die, like in the instance of Nuisance or False defects, the slope ranking

will be erroneous.



Total # of Bad Dies 10 [000120] In the above-described definitions, a bad
dieis referred to as a die that is not functional. [000121] FIG 26 shows
a typical output fromthe DefectBrain nodule application. 260AN 206, the
nunber of dies containing a particular defect type (mcrogouge in this
exanple) is plotted agai nst the nunber of defects of that type on a 15 die.
Since functional (i.e., Good) and disfunctional (i.e., Bad) die information
exists in the data matrix, it is straightforward to determ ne which of the
dies containing a particular defect type were good or bad. Thus, in FIG
26, both the good and the bad die frequengy is plotted, and the ratio of

the bad dies t/gyghg totfn} &gmaﬁee %h%h@% nfb?mrﬁmnggng% gggﬂ%&%t meuﬁﬁnthe

Kill Ratio) |s gr apnhi cal r awn suc gr aphs I'cal
segnents are ebkd DamBeaih mndulcotrhmseadhmstsluclh hsafcﬁle@mplefdawcambse@forsagfmts
fromall other_ plots generat ed by the Def eft Brai n, nodul e appl.ication, and

B
they are raniétl,andiGr sqimprs chﬂwsﬁhﬁﬁé‘% abigatedhi acaRuatce SY iRy, °”G=‘r°z§|§hs
wi th the high t r f. el d,
And woul d be. GPreE) S8 FRiol® et afP WElIRalR 1o BB o dR° S if 36 437 ks
i mportants f eatnanﬂators ﬁ'orchanipm SPérk aadh Cﬁ'blsbﬁtvyreoipplIEEIOEEftmtﬂé ghricawodul e
application to tupe the, maxi rrumfnunbe "Number, of Defects" bins on the

x-axis. If t hl"%C &5 Mot Y OfFa?S %EI“E‘E’E i Bf mgtheds Wivb e el dngpa tgthose of
extraordinary, skxlpf n a8t e‘ﬁ'{) aﬁ&‘ d%tad'f‘?tcrs i3 ckﬁnﬁlQeP'exg 2%6’28%?80912 sance

or Fal se def ect he sl ope ranking Wil be erroneous 46-
[000123) In aep:pdncdmnsehamtd‘fam:etodrm moe:laan&)wdh apnore offa xmhfbexpmfesahdids that

i nvention, the Da ai n dule_.utilize tilitie f or. exanpl e,
dat a cl eaner st 8Ft]35€‘8?1‘ﬂ| 'é’m?"’F“ePlf Oéﬁ'ﬁa’éf a@ﬂf@mﬁf"e""i’pﬁ'ﬁi%a i irleapings daip e
fabricatfd | NuaRfRioHafifr Yo EIRMMHg AT b8 peAormitdTh8bcoplantPhiR LhitekiBa: B Vel |
known to those of ordinary skil e art dat a translators (fo

exanpl e, Per | inathé Cbnﬁmrrattwar%leappl qmcan |adnboq hasis ap@ habrpt codtmsdr input In
accordance with a one, of a nunber .of are wel | to those

of ordinary ECI?P‘I'dI enwfthémﬁrotr)morﬁnﬂ"tf?&{rﬁﬂﬁ P?g} sprﬁe&F inyeRtion. éhe QEIF‘? ahd C

software apphb&akii®aSofWale appBcatidR that dufdon B FC SV AREERIsiodEd aly+0R”d of a
number of nethods that are well known to those of ordi nary skill in the

art), which dS@M i@ aégqﬂiﬁ*ge withtagy one of a number of methods that are well known to those
15 of ordinary skill in the art.

{000124] In accordance with one or more embodiments of the present invention,
output from DataBrain Engine moduie 3080 is Results Database 3090 that is embodied
as a Microsoft FoxPro™ database. Further, in accordance with one or more
embodiments of the present invention, WEB Commander module 3070 includes secure
20 fip transmission software that is fabricated in accordance with any one of a number of
methods that are well known to those of ordinary skill in the art, which secure fip
transmission software can be used by a user or client to send data to DataBrain Engine
module 3080 for analysis.
[000125] The resuits of the above-described data mining processes often exhibit
25 themselves as a Boolean rule that answers a question posed toa data mining algorithm
(as is the case for Rule Induction), or as some relative ranking or statistical
contribution to a variable being targeted or indicated as being “important” by a
template in the Configuration File. Depending on which particular data mining
algorithm is used, the type of data that comprises a “result” (i.e., be it numeric data or

30 categorical variable type) that the data mining algorithm provides is a predetermined



10 transl ation, and/or data filtering my be perforned in accordance with
criteria set forth in the Configuration File, or on an ad hoc basis upon
recei pt of user input In accordance with one or nore enbodiysateoef the
present invention, the DataBrain nodule is a software application that runs
on a PC server, and is coded in C++ and SOMin accordance wth any one of a
nunber of nmethods that are well known to those 15 of ordinary skill in the
art. [0001241 In accordance with one or nore enbodi nents of the present

i nvention. output from DataBrain Engi ne nodul e 3080 is Results Database
3090 that is enbodied as a Mcrosoft FoxP§foTM database. Further, in
accordance w : | t ipventiaqn

Commander m)dtaf}e&g%a%gﬁfér{%wfgteg@@%ﬁ?ﬁ%%ef SSI (?er%gﬁir?ﬁsgcg o %Jo?a%b\/g?tgmgggt S
fabricated i ndaaaointhgrnelywstrin. alayacosidaret withriheloe nodd embRiihiods of habreasm wel |
known to those of ordinary skill in the art, which secure ftp transm ssion
software can HEEHEH SKEP aiteraaied ayipel mahbe asomesdedtiby a ‘Y Daamtek af igi ne
nodul e 3080 f .S mak O ._The I ahove- ri bed data
m ni ng pr ocesggeegqg thgﬁr%fﬁ%%@}é%nﬁéan@gﬁéé@gg.é% Sﬂg%lée)agan&rt %ﬁ% t"ﬁg dg%mswers
a questi on poselg cohmmaf datitiut ogmptigdrthd fre3ult’ast the cdrhisiete daQ nhialngPudcess.

I nduction), or _as sone rel zative ranking or statistical contribution to a
vari abl e bei n@fieaspypiematgd data diping apalyss pw ingomplgisodt ek nfenagion isstsedit e i n
t he Confi gur aFniI@é}uE# b?ab&%@@ﬁ'@!i ng on which particular data mning algorithm
I's used, the type o ata that conprises a "result"” (i.e., be it nuneric
data or 30 cafléguzdjcal Resuitabligribwtipa) Adbirthehehosatida FIGNENE akordande hnich
provides is a predeterm ned 26 JAN 2006 -47- set of statjstical output
graphs t hat c%t‘{23 HeMAESMRPLMEALOF B pressrpamsptian WEBLY ispaizaten @adule 400 ng

lysi . ' i mant t
anal ysi sypr un. rpha @Wsd&ac&awsishe%;ge %rm%%c&meﬁgeiggg %a@ag%;@(?p&&w

i nvention, such automated output e acconpani e ata matrix
of data usedby DataBnainfEngite podide GO8G & aravidej fig,examgieo anda withmlt| lgmitdtioesul t s

data set which..ipncludes.5 only col f data,that cooprised the "results”
of the conpl eﬁzlk@—a’f"af’ Hehge 5%6?2@;{%3&%{‘&’ %éf?bﬁft%dﬁ'é*t gga‘ifﬁ’idﬁ"‘?ﬁ Withgpe

anal ysi s run drsméRnéthiidanerts bf sHeCpredent HveRGIOWED SShRF Shtabkdt 28UhdySbe ,
Dat abase. 3090. (000126) Results Distribution: As further shown in FIG 3, in

accordance wiachesseshby yrersrgeing amisdirensser ot der expmple; esdwithouiiswitation, 2 PEB
Visual | gt OnfopRQHJeSf g‘i‘]rggorts in accordance with any one of a number of methods that are well

known to those of ordinary skill in the art. In accordance with one or more

embodiments of the present invention, WEB Visualization module 3100 enables
interactive reporting of results, web browser enabled generation of charts, reports,
Power Point files for export, Configuration File generation and modification, account
20 administration, e-mail notification of results, and multi-user access to enable
information sharing. In addition, in accordance with one or more embodiments of the
present invention, WEB Visualization module 3100 enables users to create Microsoft
PowerPoint (and/or Word) on-line collaborative documents that muitipie users (with
adequate security access) can view and modify. In accordance with one or more
25 embodiments of the present invention, WEB Visualization module 3100 is a software
application that runs on a PC server, and is coded using Java Applets, Microsoft Active
Server Pages (ASP) code, and XML. For example, WEB Visualization module 3100
includes an administration module (for example, a software application that runs on a
PC server, and is coded in web Microsoft ASP code in accordance with any one of a

30 number of methods that are well known to those of ordinary skill in the art) that



10 runs Graphics and Anal ysis Engi ne 3110 that accesses Results Database
3090 created by DataBrain Engi ne nodule 3080 to provide, for exanple, and
without limtation, HIM reports that are stored in WEB Sa@6\JAN D@base
3120. In accordance with one or nore enbodi nents of the present invention,
VEB Server Database 3120 may be accessed by users using a web browser at,
for exanple, and without Iimtation, a PC, 15 for delivery of reports in
accordance with any one of a nunmber of nmethods that are well known to those
of ordinary skill in the art. In accordance with one or nore enbodi ments of
t he present invention, WEB Visualization nodul e 3100 enables interactive
reporting of results, web browser enabl ed"@enerati on of charts, reports,
Power Poi nt fi Frables dewdskproretup (Dshidingufodekampp!eiand widner imitasionaapecification of

nmodi fication, count Sl ion,. e-mail notification of resul.ts, and
nul ti - user acc%gggﬁoa%%gﬁ?gmquﬁ% gsitarr}étf?%ﬁm%%@i A SnpRieSERaT PTG aniut%gr dance
with one or noiReRNbORr BMiSe, Ahd tioutlirRiERRh, dalyaialysantesMER Miiswalibrzld on
modul e 3100 enabl es users to create Mcrosoft Power Poi nt (andfor Wrd
on-1ine col | ab%tup japd Hedikent™EBR NEsuatigatianpmedule S 80 (alfiot includefeayindt giewetur ity
access) can vi i I or dan 1 t.h one or-more 25 enbodi nents
of the présent'%pl%@gg??gg%rﬁ%ﬁ %ﬂgﬁdg #pgjglf %%H%d’ﬁ?seoﬁa i’&o“’r‘“se”aa"%d? f?éfién

appl i cation t hatb MirascfNASP REdS R a¢Cdrdar8 GviihSang Qe &1 U SiuRBer 8Viaethoddl 1BhSare

M crosoft Active Server Pages (ASP) code, and XM.. For exanple, WEB

Vi sual i zat i on Welikneviothoss aE prdieasy skillaigrihe 2} that eenblayniders do Viesy ardlesiinl e, a
sof tware appli .0 o] : yer, a i oded i.n b .

M crosoft ASP r%%} e ‘{'}Irﬁjt glg%%geggﬁ%ewvﬁaq kﬁgﬁﬁﬁ%g S ugd%l(gan{ffﬁb@fzmg?s %V\gqal%'l?s t hat
are wel | knowméduié {Tos exanipleacioftaase dpislitdtioh hat ighsadnt § PChatver,Gnd AN\02e@6 - 48-
enabl es new user setup (including, for exanple, and without [imtation,

speci fi cdfi on Wb Misgeseft AP spdeda aceasdapss withank vae efp number ofiagthads)that arry

enabl es user Q,yé“\/ﬂ,}o%etﬁ _tt(cjsg' 6f bﬂ‘qirﬂ@ skﬁ? f&he arrt).othatfe&rxtrlg ﬁ?ersge){o rea"i’p%] drYH'[ctJHQh'}

limtation, data analysis results “Configuration up, a he 11 ke) .
WEB Vi sual i zatusing theidwee bxiaer. aWEB Vischlimiden mopiall 3M0@ako ifncludes aljeincubes

exanpl e, a software application,that runs on a PC seryver, and is caded in
web M crosoft ”A@P[%@B‘E&iaﬁ‘pgcééf’ﬁﬂﬁ@é‘p IG3Hon, At Fifs ogfa %Sﬁﬁf?fﬁ’éla“%fs GPEEH B4

that are  wel lydNiRRosoft AGIO&REGh aBloHiaBd Withlshy bnd Br § HEmBEIoF rhdhfidas RAMES

users to view analysis results, and nmake reports. sual 1 zati on nodul e
3100 al sos i nclwetigmownghghase nfjordimaciuskall (f the ask thapérables usass toemebinggatd sett | on
that runs on %rigrctos a{avrgnrn’ingaar;l%./oir%or?nqgge ﬁjypiepcubes. WEB Visualization moduie 3100 also
includes a filter module (for example, a software application that runs on a PC server,
and is coded in web Microsoft ASP code in accordance with any one of a number of
methods that are well known to those of ordinary skill in the art) that enables users to
20 filter data collected in hypercubes prior to data mining being performed on such data,
where such filtering is performed in accordance with user specified criteria. WEB
Visualization module 3100 also includes an on-line data toois module (for example, a
software application that runs on a PC server, and is coded in web Microsoft ASP code
in accordance with any one of a number of methods that are well known to those of
25 ordinary skiil in the art) that enables users to perform data mining on an ad hoc basis
using their web browsers. In accordance with one or more embodiments of the present
invention, a user may configure the Configuration File to cause WEB Visualization
module 3100 to prepare charts of statistical process control (“SPC”) information that

enable the user to track predetermined data metrics using a web browser.



10 web M crosoft ASP code in accordance with any one of a nunber of nethods
that are well known to those of ordinary skill in the art) that enable
users to create ad hoc charts wusing their web browser. WBBJMMNR2G zati on
nodul e 3100 al so includes a join-cubes nodule (for exanple, a software
application that runs on a PC server, and is coded in web Mcrosoft ASP
code in accordance with any one of a nunber of nethods that are 15 well
known to those of ordinary skill in the art) that enabl es users to conbine
data sets prior to data mning and/ or form ng hypercubes. VEB Visualization
modul e 3100 al so includes a filter nodul-¢5-(for exanple, a software
application tHa@012@hs oﬁha;el%@iibériwme art \am:i-ei:csgntzedm thenfovezbinlyldescoipidrt haASP
code in accordance with Eny on net hods that are well known

to those of or8FhaAFYIE 9T i sgf oae v%traf*ﬁatan@ﬁamrwgomw% A8 PeP£f 1% 8Pt dat a
col l'ected Tn hyoRIBUDES cREdQivel & @Al HelhhuBRIAheNRe QY ARA dRRIoSUC NPgfat a
where such filtering is performed in accordance wth user specif

criteria. V\EBexe\hpla,alalt}zcatghonenmdudhmeBsmﬁh weso distmbsedeabave, aheyl |anse mbatla tool s
modul e (for ex sof tware. application that runs o PC s r and
is coded in \Aé@’%‘(‘:‘feo%‘lff*tvaﬂgﬁ designs may ag E’gf‘ﬁf‘é Esing the %’%P%B?Fé’tso es%f Anber
of methods thap,ar gnd"ﬁlelacbﬂ detnglohp?cﬁ'esugﬂ déstgfyf \glépﬁ{ etgrlﬂ ihdd fnnacE(t}garﬂ'Et )
that enables users to performdata mning on an ad hoc basis wusing their
web browsers. wlith circgioredaingreentd.t h one or nore enbodi nents of the present
invention, a user may configure the Configuration File to cause WEB

Vi sualization nodule 3100 to prepare charts of statistical process contro
("SPC") information that enable the user to track predeterm ned data
metrics using a web browser. 26 JAN 2006 -49- [0001271 Those skilled in the
art will recognize that the foregoing description has been presented for
the sake o illustration and description only. As such, it is not intended
to be exhaustive or to limt the invention to the precise formdiscl osed.
For exanpl e, although certain dinensions were discussed above, they are

nmerely 5 illustrative since various designs nmay be fabricated using the
enbodi nents descri bed above, and the actual dinensions for such designs
will be determined in accordance wth circuit requirenents. -50- 26 JAN

2006 What is clainmed is: 1. A nethod of data mning information obtained in
a sem conductor fabrication factory,



wherein the factory includes one or nore process tools or nmeasurenent tools
for fabricating or testing sem conductor circuits on substrates, conprising
t he sequential steps of: gathering datggfromthe tools, whereiANRhes dat a

i ncl udes one or nore of measurenents and fabrication process paraneters;
performng a Self Ordered Map neural network analysis of the data to forma
Self O dewad iMdpimedl ist he data so that the Self Ordered Map includes one or
nore clusters of simlar data; performng a Rule Induction analysis of at

| east one of the clusters so as to output one or nore hypotheses that

expl ain the at Awstodoﬁwmnu@tgdnformiﬁnp@niﬁlwimangn'aordmfar fabrdatign Be@hysi s on
the output _f{r l. . sur enent
or a_pr oot S HIp R bR BRI IS, Srer R b Ve

hypot hesesor t@tingosamdndvd:tcac:awldlongu!tst;atcd aq)rrmr&;ngmhfeaeeuentmlh@psefep of per f or mi ng
data i g analaiRls (R bl T thb Mneleh O IhPFULE FOGHALE QP mbRGleHSE |

performng a Re%ers ana according to c
wher ei n t handditepatah ppcmefsqmmmgrs;iata m ning anal ysis on the out put fromthe

Rul e I nduction ingcludes ri that grelates
categorical dat®¥' g mlﬁ%tarsieﬁrggrewa% nep rél?rﬁ%wrroemrklaé]%t?m OE% d%g fm%} ?1%%

accor di ng Onleet Mamol thevhesethat thiBel§Oslpred Mapend wicsromegr anoBedl dstdcy efsmatir Map

neur al net(\{v?rk anal ysis includes: formng a Self Ordered Map that includes
clusters Yelated yield data. 5. A method of data mining information
obtained in a slmnﬁoﬂmingmamtyrlndxaﬁm analysionf 4t &ettany of theblesters o $dte ofitpattooe y

i ncl udes one or nt tools for fabricating or
t esting se?ﬁr%dﬁwg[h(g?epg]f ef"y?'Sﬁt lg‘ﬁE)%'{e g”tst@!% rT%orrpri sing the steps of:

gat hering data performinhe dhm@dusmg\aimysacmthhmtpiatfmm uhelRmtéddeatiSremiaQsisGif) dat a
records, rein.each data record val ue. f a_nunber of
Vartabi es, SandeR R ERE of At o S By RO el o
process pamgomees; performng a Self Ordered Map neural network anal ysis of
the data to create a Self Odered Map having a | ayer corresponding to each
vari abl e, wherein each |layer includes an -51- 26 JAN 2006 array of cells
such that mach geddhddsic@lidinget @imzieevhbryginahe/adpiss, pesftthind @t mimiidwalysiyer

on the output from the Rule Induction includes:

performing a Reverse MahaCu analysis.

3. A method according to claim 1, wherein the step of performing data mining analysis
on the output from the Rule Induction includes:
performing a data mining algorithm that correlates categorical data or attributes data

to numerical data.

4. A method according to claim 1, wherein the step of performing a Self Ordered Map
neural network analysis includes:

forming a Self Ordered Map that includes clusters of related yield data.

5. A method of data mining information obtained in a semiconductor fabrication factory,
wherein the factory includes one or more process tools or measurement tools for fabricating
or testing semiconductor circuits on substrates, comprising the steps of:

gathering data from the tools, wherein the data includes a series of data records,
wherein each data record includes a value for each of a number of variables, and wherein each
variable is a measurement or a fabrication process parameter;

performing a Self Ordered Map neural network analysis of the data to create a Self

Ordered Map having a layer corresponding to each variable, wherein each layer includes an



corresponding to one of the variables is characterized by at |east one
cluster of cells having values that are either greater than a high
threshol d value or less than a | ow threshol d val ue; and pexd pANiI2006a Map
Mat chi ng anal ysis of one of the clusters so as to output an identification
of one or nore other variables having a statistical inpact on said one

vari abl e. #rayfofnmedihouclaglordrngell os chaiaerBed Whier eilne.sandd whereinviieilatske i s a
yi el d par agRl.elondife (o HdlGHIRAREHE! HicRSadiQifd B M Rast YAEHRIG Jrla8sShabig Of

per form ng thgﬁnﬂ/&pg tM_itChI ng aana?ysics co IZr(l5 @es tzﬁ'e stePs of : isdenltigfyi ng
sai d one ctalss gt o cithdr|sseates thane hgutheeshad ualuceer, lessithanelogethreshadd vaus: d sour ce
cluster hayg values greater than said high threshold, then identifying as
target cluster cells all cells in the sane |ayer as the source cluster

havi ng val ues pesfosninpanMsaiMaicliog halgsihol dne of Hr dlbsies spfasttheovtwt 28 of sai d
source clu h 1 threshel d.. then.hgenti fying
as target @Frﬁ{sﬁtcge[%%géwés&g[ﬁré gtg?rl‘jsa %esthﬁghggﬁgt\{%nayérﬁas t'ﬁ(]a source cl uster
havi ng val ues greater than said high threshold; projecting the source
cluster cells a cluskernssl L RnNESREG Y Lls of the

| ayers of JE'he eﬁeh%rgésecr%ggﬁé\gp acotrs’r elsepﬁngl%gﬁt onvar?a ?esgacr)t érr'than sai d
one variable; and ranking each of said other variables according to the
degree of diffe b Yol e LAaLget
clustor cell s i p TR ShABRES Diim SARGE, e By ALl E0E AADMAERHE! |,
vari abl e. &alysis n@hiroes thestepsdifing to claim 7, wherein the step of ranking each
of said other wvar.j r.i 1.0L0 he di stance between a
centroid of theldgg@g%%?ff ﬁn%{%rs{e?zgﬁegggsgt%qog}cgglﬁ%ﬁi d of the target cluster
cells in the | afdre sfls bhaiSelufce@wer daveMajpes greatesthan eliid gigh ahreghhlit thear i abl e.
9. A netho rding t | aj , i.n the of .ranking.each of said
ot her " var fenrage Sl il STaf celR Rl nd 054 R Glred AL AR GRS

cor r espondiessghancaidhev doehcld; @hargtserif the edlls f safdlsonrcaghister hast vaadsdess éeor ds
correspondi ng, to,t he et, cluster. cells.in the. |layer of th Self Ordered
Vap corr esBonaraiend AP balii & = g8t Shedrbeliod! G dRlsght e R e 7

wher ei n t heust elpstef havmgkalngs grencdy tioth ssid high dtrésbold; var i abl es conpri ses
determ ning the, oean. Qe LN URHES0h.S e (L8l LRAL AR, RELLIBLEL Rl each
-52- 26 JAN 2008 USTE s So4Ee ISR U 2P E RESShSARh el RUOTSPELC 8¢5 0he cel 1 s
sur roundi nigje tdyats of khesSedfr Ondered IMapl cayresponding to variables other than said one variable;

and
ranking each of said other variables according to the degree of difference between the
source cluster cells and the target cluster cells in the layer of the Self Ordered Map

corresponding to that variable.

8. A method according to claim 7, wherein the step of ranking each of said other
variables comprises determining the distance between a centroid of the source cluster cells
and a centroid of the target cluster cells in the layer of the Self Ordered Map corresponding to

that variable.

9. A method according to claim 7, wherein the step of ranking each of said other
variables comprises determining a number of data records corresponding to the source cluster
cells and a number of data records corresponding to the target cluster cells in the layer of the

Self Ordered Map corresponding to that variable.

10. A method according to claim 7, wherein the step of ranking each of said other

variables comprises determining the mean of the values of the cells at the perimeter of each



of the Self Ordered Map corresponding to that variable. 11. A method
according to claim7, wherein the step of ranking each of said other

vari abl es conprises the steps of: idema.fying as source dabg ya¢ooss a
nunber of the data records that correspond to the source cluster cells;
identifying as target data records a nunber of the data records that

cor r esponcitser tshemphed gethe olcarsdfehe calek sf theledlls iseravndigg ¢haleltggtin edayer f or a
first popul ti nsisting of the SQU ata records and a second

popul ati on’ @ons(él sr?eﬁ%dlglflpf(ﬂeesltondmé gatvgn?becor ds; deternining a mean of the
val ue of that variable for the source data records; determ ning a reducing
ratio for that yar | e f first ded by
second val 1t}e erehola Etcﬁorglf t.{gtc’Tlv":{IOJuLe%hl%g r? (ﬁ')pf P@Faéllﬁ‘é‘g %Mf\l?\ggaﬁd t%tt\é} nunmber
of targetvadaila cbmpnsredmefsmps whi ch the value of that variable is |less than
sai d nean and the. .qunber tar d [ I of that
variable is gr el% nélr A source ccllata regorhs 4 9%:% Wﬁtctge gaﬁa e ordMaF&drte%]J%Py% t%t'eg t he
nunber of sbecgdtstetatis; records and determ ning a nodifi ed T test score for

t hat varlablea ucm rati riable i t he
T-test score. en& %1%%5 dr. etac%torlec (PSal}umber c%tthe A;a(tl ?ecorfl%that co m;)r Fcﬁ%r{gyt he
steps of: tﬁ:tgamglsl&gcedﬂts | east one of the | ow threshol d val ue and the h| gh

t hreshol d val ue; . and rep ting.,he.ste per f.

anal ysis. 13. ACHEPREE %a gegtrsa?'?t o aofrﬁpé)?%at?on iy Wgr()?glgr?f)?rfﬂg/?aﬁa ref?tre steps

of . i dentidhykbgond sipoebn ﬂfnsﬁtﬁlthbfd&ttﬁ‘gftd@tﬂltdSrdfs;or whi ch the value of said

one variable is, less than t sho ue or eater than the high

threshol d val ué®*sRg! r‘ﬁé"r“f%? ﬂf] ﬁ&v%%?ﬁ‘;agﬁ%ﬂa %a(?ratk?ﬁoﬁfcﬁéig%ﬁ%ﬂo Sis of said

subset of data deeeointhy Sedasng @tio WQhaJd,enébneom thbhabsatlad vilanad a Aat aaled ni ng
one vari bI e.is

anal ysis al.l. ta rec

ot visen 1 V0, hIBSHLT oy APEE e it So i ARERE r ORF S PR B ot nod
accor di ng thr@etchairtaold, fombigtietha vhibe oftisti viatigials l@athan sdid magh avdahe/intber

conpri ses | e I pducti gn_.an S|st erate uJesth ain th

ot or ot s o aseett b Ryard B NauE ol AE Mk FoSablebts GRorle SO B o 1 her
conpri si ngvehen Gt oS valueSSthe A0mBANS 2BR6dfpekt@isThing a data mning anal ysis
on the output fdret%mntmr;l% a'vrhitgdipl/?& %btésrt]gcoar'en olrxt?e{t Svarste%le as the reducing ratio for that

variable multiplied by the T-test score.

Q

12, A method according to claim 7, further comprising the steps of:
changing at least one of the low threshold value and the high threshold value; and

repeating the step of performing the Map Matching analysis.

13. A method according to claim 7, further comprising the steps of:

identifying a subset of said data records for which the value of said one variable is
less than the low threshold value or greater than the high threshold value; and

performing additional data mining analysis of said subset of data records so as to
exclude from the additional data mining analysis all data records for which the value of said

one variable is between the low threshold value and the high threshold value.
14, A method according to claim 13, wherein the additional data mining analysis
comprises Rule Induction analysis to generate rules that explain the interaction of the

variables.

15. A method according to claim 5, further comprising the step of:



as to identify categorical data that is correlated said output. 16. A nethod
according to claim15, wherein the step of performng data mning analysis
on the output fromthe Map Mat ching i mgludes: perform ng agadaCoomnal ysis.
17. A method according to claim 15, wherein the step of perform ng data

m ning analysis on the output fromthe Map Matching includes: identifying a
process tool t tpatforinﬁng:a)dxtehaﬂiegjammsh osa}iaecbmnt frutn. thel Blap Matevirigoaalg$is shat a

m ning infor ‘3’6%& bt ai n ga n.a _se nduc IGL oL fabrication factory, wherein
T

t & 1 hatl corre InY sal
the factoryq! c'] He FE“Procesd todls or nmeasurenent tools for

fabricating or testi ng sem conduct or ci rcuits on substrates, conprising the
steps of: gat heA In

ta fr i
of data re ords, vvﬂ&ejir%écfgrﬁim ﬁ]tagn a ?]g%grtﬂé]sépc ‘3’8e rgj@Iﬁalﬁuﬁejmfrl (%%qgg 31? raes

nunber of onatielca:lqiueﬁpmalm/lu\mmmhmgmudes variable is a neasurenent or a
fabrication praogc S arwt&dnalggrform ng a Self Ordered Map neural network
anal ysi s of t hé*t ata o reate ¥elf Ordered Map having a | ayer
correspondi ng to each vari abl e, mhereln each layer includes an array of

cells suc that!b Sﬁgd C(‘feCOJ{dHlé% éflﬁlné eremetgehsquo pe%ormm (?'t]ad m%egragalpsig he | ayer

correspon |ng t i'S charactéerize east” one
cl uster ofonakd duspun&winnige Mv;aMae:mnghm:tudas"e ei ther greater than a high
t hreshol d val ue, or..l.ess and perform ng

| u
addi tional dat A9 RIHG? Fgﬂ%ielsi/tgo tl"%fls ‘é’”ep%g 'tqé?'aoﬁtgudat a records, wherein
t he subset excl udes all data records for which the val ue of sald one
vari abl e | bet ween OW. thr d value and .t shal d val ue.
Lo A et B sch el ol B amah et Bt AamiRp s AR, 1o
anal ysi s ey thSEf&tcRyl|11ﬁlddﬂdhhbtdr0rlfbraﬁtabqssto@lstdb ngsamlﬁnetoloulfensfabﬂmmmgxpl ain
the interaction of .th rmning the degree of

; t 0 g c rages 0 lsm ﬂWLe dettr €
correl ati oh "I5ERRSELFORY Eﬂrélé? 8'? ?Lﬁ)ﬁ'i ‘h&lpé A P3O i ndependent
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Ordered Map having a layer corresponding to each variable, wherein each layer includes an

array of cells such that each cell is characterized by a value, and wherein the layer

corresponding to one of the variables is characterized by at least one cluster of cells having

values that are either greater than a high threshold value or less than a low threshold value;

and

performing additional data mining analysis of a subset of the data records, wherein
the subset excludes all data records for which the value of said one variable is between the

low threshold value and the high threshold value.

19. A method according to claim 18, wherein the additional data mining analysis
comprises Rule Induction analysis to generate rules that explain the interaction of the

variables.

20, A method of determining the degree of correlation between a target variable and a
number of independent variables, wherein the target variable is characterized by a series of
successive values, and wherein each independent variable is characterized by a series of
successive values which correspond to a respective successive value of the target variable,
comprising the steps of:

designating a plurality of contiguous numerical ranges;



assigning each successive value of the target variable to one of the
nuneri cal ranges according to which of the nunerical ranges enconpasses
that val ue; for each independent vari afj.e, and for each of JghpaNoosy i cal
ranges, determning a central value and a confidence interval for the
val ues of that independent variable corresponding to the values of the
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23. A nmethod of data mining infornption, obtained in an integrate ircuit
fabricaton  { AEGISFok BTGP RE "Ere a8 Iarborisky NPT MY HRCEON Pt ho f ab
from one dndeperdentabrishyst ens, tools, and dat abases that produce data in the
fab or collect data fromthe fab; formatting the data and storing the
formatted data in a source database; extracting portions of the data for use
in data mmxning A meMee co@NGao Wialn2@ fuiter confppisiap fieedpeamf i guration file; data
m ning the extracted Eﬁorti ons of %ata i,n res _on;,? to a user slg)ec' fied
anal ysis conf i"GRFPERE BhsteRs|ogher thap thepgnkingssien with fiifgrentnymaricalgangss Beipesyl t s
dat abase; ®RfighatddriPwedkdighatit€@es to the results; wherein the step of
extracting includes obtaining a hypercube definition using the

22. A method according to claim 20, wherein the ranking step comprises ranking each

independent variable based on the diameter score and gap score of that independent variable

and based on the number of repetitions in which that independent variable has one of

the highest diameter scores and gap scores relative to the other independent variables.

23. A method of data mining information obtained in an integrated circuit fabrication
factory, comprising the steps of:

gathering data from the fab from one or more of systems, tools, and databases that
produce data in the fab or collect data from the fab,

formatting the data and storing the formatted data in a source database;

extracting portions of the data for use in data mining in accordance with a user
specified configuration file;

data mining the extracted portions of data in response to a user specified analysis
configuration file;

storing results of data mining in a results database; and

providing access to the results;

wherein the step of extracting includes obtaining a hypercube definition using the
configuration file, using the hypercube definition to create a vector cache definition, and

creating a vector cache of information.



configuration file, using the hypercube definition to create a vector cache
definition, and creating a vector cache of information. -55- 26 JAN 2006
24. The nmethod of claim 23 wherein: thgsstep of storing furighEANi2006 udes
extracting data fromthe source database and storing the extracted data in
a hybrid database that conprises a relational database conponent and a file
system corrponent and the step of creating a vector cache of information
includes: {i) ratri&VdiNg. %111'1 53%/ Qf;,files and data elenents identified by the
vector cache definition romt ¢ relational database conmponent using

hash-i ndex keysthe giep)ofrstring dvitley indhedes iekteasting dara tfiven fhicl wursy sladhase agnponent
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and providing access to the results; wherein the step of data m ning

i ncludes the steps of: (i) Self Organized Map data mning to formclusters,
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26. A method for data mining information obtained in an integrated circuit fabrication
factory, comprising the steps of:
gathering data from the fab from one or more of systems, tools, and databases that
produce data in the fab or collect data from the fab;
formatting the data and storing the formatted data in a source database;
extracting portions of the data for use in data mining in accordance with a user
specified configuration file;
data mining the extracted portions of data in response to a user specified analysis
configuration file;
storing results of data mining in a results database; and
providing access to the results;
wherein the step of data mining includes the steps of:
(i) Self Organized Map data mining to form clusters,
(i) Map Matching analysis on output from the Self Organized Map data
mining to perform cluster matching,
(i1i) Rules Induction data mining on output from the Self Organized Map data
mining analysis a rules explanations of clusters,
(iv) correlating categorical data to numerical data on output from the Rules
Induction data mining, and
(v) correlating numerical data to categorical data on output from the Map

Matching data mining.



(iv) correlating categorical data to nunerical data on output fromthe Rul es
I nduction data mning, and (v) correlating nunerical data to categori cal
data on output fromthe Map Matching.siata m ning. -56- 26 25AMR0G066 27. The
met hod of claim 26 wherein: the step of Self Organized Map data m ning
automatically organi zes data and identifies separate and dom nant data
clusters tdfat rBpmesledtof diainf 2¢ ehdreinf ab i ssues” within a data set; and the
step of Map Matchi | ! o) " rja .h terms
of “any i ot or i Tal tadacthar Sy h S i sh OMECER} prbELEBE A LT
"of i nter edtrtitigasdpalbleeandnlominag] datd elpstéyy thok teptesent Waférent "fab issues” within a

data set; and
the step of Map Matching analysis describes an "of interest” variable in terms of any
historical data that is known to be impacting the behavior of the "of interest” variable on a

cluster by cluster basis.



