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particularly, to inproved nmethods and systens for characterizing and
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and control to prec sem conduct or ~ manufacturing processes. 2.
Descri ption of [ ' LI [ [ dergo numnerous
processes dur|L&Eﬁﬁb&ﬁ&)ﬂﬁﬁ@%ﬁ%?ﬂﬁﬁ&éi6§®ers may be
added, patterned, etched, renoved, polished and nany other processes.
After each process t hEVELOPNIENEBEANDBGONSIROIconfirmthe previous
process was conpleted with an acceptable |evel of errors or
nonuni formties. The wvarious operating variables (e.g., event timng, gas
pressure, concentrations, tenperatures, etc.) of each process the wafer is
processed through are recorded so that any changes in any variable may be
quickly identified and potentially correlated to any errors or
nonuni formties discovered when the wafer is examned. [3] Figure 1A shows
a typical etched wafer 100. A top |ayer of material was nostly renoved
fromthe wafer in the etch process except for a portion 106 of the top
| ayer. For clarity purp i 1086 ortion of a |ayer or
ultrathin film A notch g@ﬁjighhﬁgﬁfég::y FNEERS an each wafer 100 so
that the wafer can be oriented (aligned) in the sane WO 2004/ 030084
PCT/ US2003/ 030610 2 position during the various manufacturing processes.
The pdrti oFiddefitlse laveationi form portion of the surface of the wafer 100
and therefore can be terned a nonuniformty. As shown, the portion 106 is
in thg1ppprioyi ﬁi@&@tfiﬂ%ﬂtﬂfn eldtbd GefMralBN ol BEhEMARA WiSlethst bE ghﬂﬁifyihgyer was
removed fromthe center and around the edges of the wafer 100.

uniformity of measured quantities on semiconductor wafers, and more particularly, to

improved methods and systems for characterizing and analyzing nonuniformities on
semiconductor wafers and providing feedback and control to preceding semiconductor

manufacturing processes.

2. Description of the Related Art

[2] Semiconductor wafers undergo numerous processes during the semiconductor
manufacturing process. Layers may be added, patterned, etched, removed, polished and
many other processes. After each process the wafer is typically examined to confirm the
previous process was completed with an acceptable level of errors or nonuniformities. The
various operating variables (e.g., event timing, gas pressure, concentrations, temperatures,
etc.) of each process the wafer is processed through are recorded so that any changes in any
variable may be quickly identified and potentially correlated to any errors or nonuniformities

discovered when the wafer is examined.

[31  Figure 1A shows a typical etched wafer 100. A top layer of material was mostly
removed from the wafer in the etch process except for a portion 106 of the top layer. For
clarity purposes, the portion 106 is a portion of a layer or ultrathin film. A notch 104 is

typically included in each wafer 100 so that the wafer can be oriented (aligned) in the same



[4] Figure 1B shows another typical etched wafer 120. A portion 108 of a
top layer remains, when the top |layer was nostly renoved in the etch
process. wWbeopar3nisan 108 is typically ternmed an azi nut RETAISPMS/030610

nonuni formty on the surface of wafer2120 because the nonuniformty 108 is
not the sanme at the sane radius around the wafer 120. [5] Prior art
approaches tq describing nonuniformties 106, 108 include subjective,
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152A-G so that further inprovenments in the preceding processes can be
succes¥hfer 190 betdefyside slpw also fails to provide a specific, objective and quantitative

description of the nonuniformity 108.

[6] The descriptions of the nonuniformities 106, 108 are used to provide feedback to
correct errors and inconsistencies in the etch and other preceding processes that were
performed on the wafers 100, 120. The descriptions of the nonuniformities 106, 108 can also
be used to track the impact of the nonuniformities 106, 108 on subsequent semiconductor
manufacturing process and on metrics from completed semiconductor devices (e.g., device

yields, performance parameters, etc.)

71 As nonuniformities become smaller and smaller, the nonuniformities become less
symmetrical and also more difficult to accurately describe with the subjective, verbal
descriptions. Figure 1C shows a typical wafer 150 with multiple, asymmetrical
nonuniformities 152A-G. The nonuniformities 152A-G can be smaller and are less
symmetrical than nonuniformities 106, 108 in part because the various variables in the etch
and other previous processes are very stringently controlled. The subjective, verbal

descriptions have therefore become insufficient to accurately describe the nonuniformities



[8] A nore objective description of wafer uniformty is referred to as a
3-sigma uniformty netric. The 3-sigma uniformty netric quantifies a

st andar d wewoati3ors40f neasurenents of sone quantity of PChAS2aBOB61BY way
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single scan point, the nonuniformities are automatically smoothed due to the choice of

measuring points.

[9] The measured thicknesses can be correlated to other aspects of the wafer such as an
etch rate at the particular measured point. A standard deviation (SD) and mean of the etch
rates at these 49 points are determined. The 3-sigma nonuniformity metric equal to [3 *
(SD)/mean]/100, expressed as percentage is typically reported. The 3-sigma metric
effectively compresses or summarizes all of the individually measured point etch rates to one
summary value. However, the 3-sigma metric does not provide any information about the
relationship between the etch rates at the different measured points. This relationship can
become important when higher uniformity is achieved. The relationship can help identify

differences between different etch patterns with the same 3-signal nonuniformity metric.

[10] Many prior art approaches apply a Fourier or a Bessel decomposition on the

measured data to better describe a shape and magnitude of the nonuniformity 106, 108,



4 152A- G However, Fourier and Bessel deconpositions are an effort to
force-fit the shape of the nonuniformty to a predeterm ned Fourier and
Bessel deWwDreedyshespe, rat her than determ ne the actual pshaseomsfosiche
nonuni formty 106, 108, 152A-G The Hourier and Bessel deconpositions are
therefore only estimating the nmagnitude of the nonuniformty in the
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syste conput er readable nedia, or a device. Several inventive enbodi nents

of the ‘present invention are described below. [13] One enbodi nment i ncl udes
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of sem conductor wafers. The first set of metrics including a first |oads
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quant i[{2] atBHed§kpakins tleipaientGnvadon fAREh&AE nb&R ByigrstidHzU s and _
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al so ind&leksl® ways, including as a process, an apparatus, a system, computer readable media, or

a device. Several inventive embodiments of the present invention are described below.

[13]  One embodiment includes a method for determining a multiple uniformity metrics of
a semiconductor wafer manufacturing process includes collecting a quantity across each one
of a group of semiconductor wafers. The collected quantity data is scaled and a principal
component analysis (PCA) is performed on the collected, scaled quantity data to produce a
first set of metrics for the first group of semiconductor wafers. The first set of metrics

including a first loads matrix and a first scores matrix.

[14]  Collecting the quantity across each one of the first group of semiconductor wafers can
include measuring a quantity at several locations on each one of the first group of
semiconductor wafers and storing the measured quantity values in a matrix of the first group

of semiconductor wafers and the locations.

[15]  Scaling the collected quantity data can include subtracting a pre-selected value from

the measured quantity values. Scaling the collected quantity data can also include



WO 2004/ 030084 PCT/ US2003/ 030610 5 subtracting a nean value of the
nmeasured quantity values for a selected wafer fromthe neasured quantity
val ues ofwoheossbheat ed wafer. [16] The first | oads matriPKTABR0G3MGIcAEE a
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gquantity data. The first scores matrix can include a first set of scores.
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vari ab changed . uantity data for a second group of

seni coﬁﬁ%@gp% ﬁ?gség%fa H“B’(&JIP % BOXHfY ect ed quantity data for the
second u sem conduct or waf ers can be scal ed. The second set of
scal ed18h g aKE%{ﬁa%%e Iy dsfesmingrs e firgi gubset of significant scores from the first set of

loads includes generating a noise vector and determining a set of projected noise scores. The

set of projected noise scores are recorded. A multiple of projected noise iterations is selected
and performed. A mean and standard deviation of the projected scores is determined. The
standard deviation of the projected scores is stored and a subsequent noise level is selected.
A multiple of subsequent noise level iterations is selected and performed. A standard
deviation of the noise level is calculated and graphed. A confidence factor that correlates to
the confidence level is calculated. The significant level of scores correspond to a significant
number of components. The first subset of significant loads are identified as the loads from

the first set of loads that have the significant number of components.

[20] A selected process variable can be changed and a quantity data for a second group of
semiconductor wafers are collected. The collected quantity data for the second group of
semiconductor wafers can be scaled. The second set of scaled data can be projected on the
first subset of significant loads to identify a set of projected scores. The second set of

projected scores can be analyzed.



first subset of significant loads to identify a set of projected scores.
The second set of projected scores can be anal yzed. WO 2004/ 030084

PCT/ US20080806100846 [ 21] Anal yzi ng the second set of proraseed/ 03@es es can
include correlating the selected précess variable with the second set of
proj ected scores. [22] Analyzing the second set of projected scores can
also include identifying a set of difference conponents included in the
second?klet Avtalyzing detseepndsetraprojpeied snoeeston ingledacpenldting thessleciadst set of
proj e d scores. . set o ifferen conponents can include one or nore
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during a processing of the first group of sem conductor wafers. [26]

Anot héPVEBRPPERERt i ncl udes a nethod for determining uniformity metrics of
a sem conductor wafer manufacturing process that includes collecting a
quant i[23] adiaesdatingche sedentedbproeess ivarsablgwish theoplusadity efoprdigcted scomes ens  and

scaling.,the collected.qyantity d by subtracting a pre-sel ected val ue
from tlﬁ%u%@gﬁ’ff@ﬂl%%ﬂﬁ# W%Wéz]gf% princi pal conponent analysis (PCA)
can b(eI Eerfor nmed on the collected, scaled quantity data to produce a first
set  dfhetlhedastlgadsipatnixican pe g pithprognrlcan@ire t1de Tingiseprss mpHE ¢arhgr set of

o
metri ' Ji I ' scores matrix. A first
subse%ﬁgwgé%{%?ﬁagé%tfﬁ%%%éa antﬂ%hd}é%i%@n&%@#é ?ars[%)'mthe first set of | oads.
The quanti ata.can include etch . rate data.. [ 27]. Another enbodi nent
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sem conductor wafers” and scaling the collected quantity data. A principal
conporveafiers.anal ysis (PCA) is preformed on the collected, scaled quantity
data to produce a first set of netrics for the first group of

sem cqpeuctiafothfeaibddinldie iddludst a aRthodfforgéteingigingnelifodititpnftdsiof hoads matri x

and a
semiconductor wafer manufacturing process that includes collecting a quantity across each

one of a first group of semiconductor wafers and scaling the collected quantity data by
subtracting a pre-selected value from the measured quantity values. A principal component
analysis (PCA) can be performed on the collected, scaled quantity data to produce a first set
of metrics for the first group semiconductor wafers. The first set of metrics includes a first
loads matrix and a first scores matrix. A first subset of significant loads can be determined

from the first set of loads. The quantity data can include etch rate data.

[27]  Another embodiment includes a method for correlating a nonuniformity to a process
variable includes collecting a quantity across each one of a first group of semiconductor
wafers and scaling the collected quantity data. A principal component analysis (PCA) is
preformed on the collected, scaled quantity data to produce a first set of metrics for the first
group of semiconductor wafers. The first set of metrics include a first loads matrix and a
first scores matrix. A subset of significant loads is identified from the first loads matrix. A
selected process variable is changed and quantity data is collected for a second group of
semiconductor wafers. The collected quantity data for the second group of semiconductor

wafers is scaled. The second set of scaled data can be projected on the first subset of



first scores matrix. A subset of significant loads is identified fromthe
first loads matrix. A selected process variable is changed and quantity
data i s cwbl2eetwdositor a second group of sem conduct or RafTdrs2003/MB@10
collected quantity data for the secohd group of sem conductor wafers is
scal ed. The second set of scal ed data can be projected on the first subset
of WO 2004/ 030084 PCT/ US2003/030610 7 significant loads to identify a set
of pr cjgeificent lsadsrie sdentifiea setlof pragettqsl soowes.s The péledsedprogessivariatlocarebaat ed t o
the set qf projected scores. The quantity data can includ ch rate data.
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manufacturing processes.

[30] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[31] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[32] Figure 1A shows a typical etched wafer.

[33] Figure 1B shows another typical etched wafer.

[34] Figure 1C shows a typical wafer with multiple, asymmetrical nonuniformities.

[35] Figure 1D shows a typical 49-point array used in completing an azimuthal scan of

wafer.



[33] Figure 1B shows another typical etched wafer. [34] Figure 1C shows a
typical wafer with multiple, asymetrical nonuniformties. [35] Figure 1D
shows a twpi2oed/03d®4poi nt array used in conpl eting an aziPemusad0396@no of

waf er. WD 2004/ 030084 PCT/ US2003/ 030680 8 [36] Figure 2 shows a flow chart
of the method operations for determining netrics that accurately describe
a sem duct or manufacturing process in accordance with one enbodi nent of
the pr&¥dnt Fighteehshosys a flaw phit glithe npthos eperations foadetesmining matsich gt

oper at , [ 1.0] ignificant level.of ¢ onents, in

accor daéngggat%l\yfi %Sgghgag% cg"glgcrlr'gcrtl(?IJ I%?nulf%?g&pf’rgégg%et%g fnnz\‘f:(gﬂ’icﬁg .W%ggﬁlé Figure 4 is a
graph efmbbdimert it Preadid idreptig® of the projected scores in accordance

wi th one enbodi nent of the present invention. [39] Figure 5 is a flowhart

of the t hpguRPELA ARG JaTgele Rt Lo f i cant | - cores, in
accor dggrﬁe gm%# h or?g‘lﬂ(larrbocallifrt ergrtll?@%?ﬂl t gbégg%@gif?lg‘lﬁgrt\%%r%ﬁ% rall.S?%{1 Z%(jagfr}eb]%rocef 6is a
f 1 ow chremponefitsiinecomtie voifeomst énomslithent ofl @tegrredsent imgewtiga, ocess noi se | evel
in a sem conductor manufacturing process in accordance with one enbodi nment
of the[38)r eBigoie 4 B\WRAPHOSY. thé 2% gk L1 Bsigmba f thef projeelaasbores inf deBordBidaod
operations for correlating a process variable to a conponent in accordance
wi t h oléherpembedimentbe! thepraserideyentipmyvent i on. [42] Figure 8 is a bl ock

di agram of a system for determ ning causal rel ationships between

manuf aB¥ir i FiguyerSois estowediait alf tlesmethdd aperatiums iférodetérinining A sigifivadeleed ofi t h one
enbodi nent of the present invention. DETAILED DESCRI PTI ON OF THE EXEMPLARY
EVBODI NEf$PS T4 4" %E\‘iéleaﬁ ongcRdiment Of HSAIEsSAt @VeRlionquant i fyi ng a

nonuni formty and correlating the nonuniformty to process variables wll
now bel49és cFigwed, is pifloxy ¢h thp psthed operstionsgior defkithingg; a procesheomet t hat t he

' ' b Lced with | 1 .h ifi
A o R e S R R R e

descri plese@anmvedtighonuni formties are often subjective, indefinite and
generally are very crude descriptions of the nonuniformties. One

[41] TFigure 7 is a flowchart of the method operations for correlating a process variable to a

component in accordance with one embodiment of the present invention.

[42] TFigure 8 is a block diagram of a system for determining causal relationships between
manufacturing process variables and a nonuniformity, in accordance with one embodiment of

the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[43] Several exemplary embodiments for quantifying a nonuniformity and correlating the
nonuniformity to process variables will now be described. It will be apparent to those skilled
in the art that the present invention may be practiced without some or all of the specific

details set forth herein.

[44] As described above, typical prior art descriptions of nonuniformities are often
subjective, indefinite and generally are very crude descriptions of the nonuniformities. One
primary purpose of qualitatively and quantitatively describing nonuniformities is to provide
some assistance in identifying a cause of the observed nonuniformity such as an errant
process variable. Indefinite, crude and subjective metrics cannot be accurately correlated to a

cause and therefore provide little direction in identifying a cause of the nonuniformity.



primary purpose of qualitatively and quantitatively describing

nonuni formties is to provide sone assistance in identifying a cause of

t he obserwecdommsos4f ormity such as an errant process vaciraiskes/obosdefi nite,
crude and subjective nmetrics cannot e accurately correlated to a cause
and therefore provide little direction in identifying a cause of the

nonuni formty. WO 2004/ 030084 PCT/ US2003/ 030610 9 [45] One enbodi nent uses
nul t i V48] atheeﬁqusmgnttL@@sﬁmuhwesa@@néxw technigursi to ieswadt additiboalmat i on from

t he et. [ eral .points on . The

adai ¢ s 0 QPR eE of TlireeRireRt S5 5tn OO r 8 Bodbe e | evel of
nonuni atdqnmnhydata ORI 80 Bescopmthdd WRE et Rkt SHiHEY abdut b4l df%bﬁiﬁmﬁﬁltmt?f
experiments. ing this conbination, verlflable system (e.g., et

pr ocesihich tﬁmp@m@ for stuglairin b@a@méhrsqt@ﬁexpmme@tsaﬁjsem&thlmmnleamoms descri bed
asthecnext of  the | ow anal ysi s of thed nonupi formties,

"7 Shanaabis S -Br gish RS TMBRRREYS o8 Wt PEAETHO AR BF FET PESBan bo
used iig d@s‘éﬂbéﬁ‘&s’%@E'oﬁ’té;&t%f@l%’foll%%ﬁﬂg%?ﬁ%%To@Ehe%’ﬂé&e@%dﬁhhﬂ&mﬂﬁ@sc fShomAd 1S
not limted to only etch processes |l e the analysis herein is described
i n refberumderstood that tl@t:malysat(é tioy ndnuhifoiniifieksrads usedBucanmction with anghoul d be

d tood that the f t b d unction
W e B RS brosths S8 s S Sy e et e WHISEE br ot her

el ect rinGRkis ABdin QREEHDEY R fRBARTB LR kN rhd 6] fll:rh%ifzﬁnegs ﬁiagéeﬁelﬁeﬁté @w chart of
t he met hod operations 200 for determining netrics that accurately describe
a semSbomldw@mderman@ﬂmthsbranab/sprotﬁnemmﬁonnmesoardlmusd\mt:mjun@lonemﬂodl ment of

t he present %{entl on. ﬁ$ t| Oq’eé%% etc r at ag cted for

¢ s el G Phacom e Faltitines kit Vit o Bersle e iE rmnuf act ur i ng

pr oce&;‘pera]'gh.g alalidrat € data can be collected through a 49-point (or nore
| ess) scan of each of the wafers as described above, or any other

SUIta u r.ent. ol nts on each

of thghﬁapgf? élﬁ érz eSHs or §VI(%1%§ O?fté errlnét%%gg?ﬁ’rg %\5&%{8 ?%Hmrngtnéenacat a for

each th@faeturhislysdeSdrt d senfcdndic@nthaf@abtuifg Pidetah hESRAAES vt chel OCati on of
the etch rate neasurenent point on the correspondi ng wafer. Each of the

mul ti FoEbogdinent of thgypresent inyentionh dn epgratian 203, eichrain ﬁat@mﬂe@gd fesmailiplons and

et - rore Sl Bt 8 G Be 8k BSREL ARt il B TR 0 1 e

r elt at i afsdan s chBdctRERrdURa achgtﬁ)@ﬁﬁaic mFRASUERH s 0T eBctO6Y the qanal & . The etch
rat e

described above, or any other suitable manner. The measured etch rates at the different
points on each of the wafers are stored in a matrix form. The wafer etch rate data for each
wafer is stored in a row and each column corresponds to a location of the etch rate
measurement point on the corresponding wafer. Each of the multiple wafers may be from

the same or different process conditions and the same or different hardware configuration.

[47] In operation 204, the etch rate data is scaled. Scaling the measured etch rates,
preserves the relationships between the different measured points on the wafer. The etch rate
data can be scaled by numerous methods. In one embodiment, the etch rate data is scaled by
subtracting a scaling factor from each of the measured etch rates. The scaling factor can be a
mean etch rate or a minimum etch rate for the corresponding individual wafer. Alternatively,
an average mean etch rate or an average minimum etch rate for all of the wafers in the matrix

can be selected as the scaling factor.

[48] In operation 206, a principal component analysis (PCA) is performed on the resulting

matrix of scaled etch rate data. PCA produces two matrices from the scaled etch rate data. A



data can be scal ed by nunerous nmethods. In one enbodinment, the etch rate
data is scaled by subtracting a scaling factor fromeach of the neasured
etch rat ew0 200u038@sal i ng factor can be a nean etch rat e POT/GE2063M08060NM et ch
rate for the correspondi ng individuallOwafer. Alternatively, an average
mean etch rate or an average mninumetch rate for all of the wafers in the
matri x,. can be selected as the scaling factor. [48] |In operation 206, a

pri nci P magbissaerthgpepmal matipeitpadsilond masrire dlsopdmapresimcludey  matri x of

PR R B S e S R e R (e o
mat r i xsabndl ameix islag@ethogdnal WatrixTdescbRa bRk atrit )N CThE @res MAtAk HadVi@d about

the various shapes inherently present in the scaled etch rate data. A
secondMenmation raating o Fwg aagh ofdhe shapes thatese present db theetotanate dfa The scor es

matri x [ ' ' |_at i ho ch.each of the shapes that are
pr esen%&{tﬁyl{ltggostgfg @h ra% eétggP%%ngé{;{?agP B@féé I&'J%’ Ehﬁélgg%rgéqr%t S et t?’gr n of
each wahfer). (Thedcoret hatdioMithe 0oadk tia@sx QaRaRtd Mnddi@ifonaf @ btrict gt SCOT €s
matrix and the | oads matrix can be used as nonuniformty metrics that

descr i Sscubethgareasied watsreard tareforn alse descaibe thepserieandupior masufemiiognduct or
manuf UL t pédgg&s%emﬁr produced the wafers. [49] In one enbodinent, a
col | ection of waters Tromthe same process (i.e., same process vari ables)
can be.anal yzed as described in operations 202-206 of Figure 2. The

resul t E‘ﬁi i-/"o‘a’&sﬁn}SPé?gF?%Pt@a?quﬁetl%ﬂg@"%%fSér%wS?ws PReqess @-©f GAmE REQSEss

conpar t I g f fined by
e R e R L S L D e L T i
(i.e., lopdsingtmixfdap &nusddomashaselinepmetyic der latereomparizbh bedthepdek. of the

sem conduct or manufacturing process that can be used as a baseline for the
procesgs0] Srgiohdsantixl can®s fadtieer Meiret d) aMiRMGlc 16E hA dBGiFRAR hel pful in
identifying correlations between the netrics and the process vari abl es.
[51] |fiSwHesdnpaReniTomposers (iree| intigdficant dandb) togaolide e mamaisfined ntodel denti fy

whi ch [ jgnifigcant. and | oads whose score .e abave a certain
| evel %ﬁggg%ﬁg:gn élr%{eog %ﬁnﬁfﬁcpﬁn@§rpffc?cefsfﬂlat.ocﬁﬂ?)gtuf‘ a %Sg{‘%&’é FERPIEENt | oads
are st Sighidichit 19ad¥REShor-RAHOMRINE t&1I86 bk nfRé holphie i ﬁﬁﬁﬁfgﬁ"f QerelaBA conduct or
manuf act uri ntg process nore than the |oad matrix. The el can be used for
subsedféveerciderpticsand srdpraess yatiablest t he semi conduct or manuf acturing
process.

[51] In operation 210, scores related to each load are analyzed to identify which loads are

significant and loads whose scores are above a certain level are considered significant. In
operation 212, the significant loads are stored in a model that more specifically represents the
semiconductor manufacturing process more than the load matrix. The model can be used for

subsequent comparison and analysis of the semiconductor manufacturing process.

[52] Figure 3 is a flowchart of the method operations 300 for determining a significant
level of components, in accordance with one embodiment of the present invention. In |
operation 302 a load matrix, such as described in operation 206 above, from a set of wafers is
selected. An abbreviated example load matrix can be as follows. The example load matrix
is abbreviated as typically there are more than three columns:

0.4723 -0.6660 0.5430

0.3407 0.7420 0.4432

0.8130 0.0760 0.1346



[52] Figure 3 is a flowhart of the nethod operations 300 for determning a
significant |evel of conponents, in accordance wth one enbodi nent of the
present iwWoeae4/@3n84l n operation 302 a |load matri x, suckcagsdesosiched i n
operation 206 above, froma set of wdflers is selected. An abbreviated
exanple load matrix can be as follows. The exanple load matrix 1is

abbrevi ated as typically there are nore than three colums: 0.4723 -0.6660
0. 54301530, 3koopepitipn 304 .0t morgmlly disgritstedrapd@ noise 34GoND 220G 4ated 30h8 4

PCT/ U 1. er at,i o 4. a,nornally di.stributed random
noi sesi\??gg o%%%g ng%tﬂrelr%g{ilg%;. a ﬁgpﬁ?tgﬁggﬁ%%&‘%&%‘?r an,%’F VEERBPEl factor
(I evel Jesirdh el e embbagiedt, Mg B EMEExRIiHRAls andRpEERnoWIRIQ &in

enbodi ment, an engi neer based on experinents and expert know edge can

pr edet Rieggteraning thedlesiraddgvel dgasor. fAr examplarandsiamoise veatodsfonoMadlalvect or x for
a Matl nlii cation is: x = (level)*randn(1,3) [54] Because the above
exanpl d"Fatrix has three colums then the resulting vector x wll
have t hree colilm‘ﬁ* as fi)l lows: x = [-0.0084 0.0091 0.0085] [55] In

oper ati on 398 (exeld@andi(l.d) oj ect ed noi se scores are deternined by projecting
the noise vector onto the loads matrix resulting in a set of three

pr oj ecldll sBesauss the Aeovsespmpledpadsanattix et thure eoflurdas then thet tesultin@vstorat r i x.

Bel ow | §.. | e, of th et of projected scores: Projected scores =
[0.006’%§’bl?gi‘%éﬁ%86§]3 SFE%IFO?We first set of projected scores are recorded
in a projected scaores rix ip operation 308. In operation 310, an
iteration rl’fn"fgé)r(fogft s(h@@elquéﬂpgﬂr oj ected noise scores is selected and in
operation 312, operations 304-308 are repeated the sel ected nunber of

i t er atfP8hs IneprenEoe pa9. Resctefipreisatedmoisetseores ars doteamineibiy lpegjecting theinber  of

il

i terat S e ted. .thirty .or no iteratiqns of operati.ons
304- 30%) %p\feg%é)?tﬁgtﬁ%i()%%? ﬁ‘gtsrg‘oﬁ?&liﬂhég W@Pf ees@??‘“lﬁ SCOfFYj0BE SRl {¥or es)
provi dech belubRSIf daRSH teSloadsTihtrik BRRRY AldnQRaBpIb ofhdTRA BT BRFeReSicandar d
devi ati on of each colum of the projected

Projected scores = [0.0060 0.0130 0.0006]

[56] The first set of projected scores are recorded in a projected scores matrix in operation
308. In operation 310, an iteration number of subsequent projected noise scores is selected
and in operation 312, operations 304-308 are repeated the selected number of iterations to
determine subsequent sets of scores. While, any number of iterations may be selected, thirty
or more iterations of operations 304-308 (producing a corresponding number of sets of

projected scores) provide the best results.

[57] In operation 314, a mean and a standard deviation of each column of the projected
scores matrix are determined. Because the projected scores are basically random, then the

mean will typically be approximately equal to zero.

[58] In operation 316, the standard deviation (SD) of each column of projected scores is

stored as a row in a noise level matrix. An example noise level matrix follows:

[S9] In operation 318, a subsequent noise level factor is selected. The subsequent noise
level factor can be any quantity selected. In operation 320, a number of subsequent noise

level iterations is selected and operations 304-316 are repeated the selected number of noise



scores matri x are determ ned. Because the projected scores are basically
random then the nean wll typically be approxinmately equal to zero. [58]
I n oper atworeo®lBposthe st andard devi ati on (SD) of each celcarms2aik/opicay ect ed
scores is stored as a row in a noisd2level matrix. An exanple noise |evel
matrix follows: Noise Level SDc011 SDcol2 SDcol3 [59] In operation 318, a
subseqluent_ noi se level factor_is selected. The subsequent noise |evel

f act orlc¥eltenaiions in epesationt322s AV kide @y numbes pEReisq lswels foratignyeander  of
subseqéégpr& doise level iterations is selected and operations 304-316 are
repeate the sel ected nunber of noi se WO 2004/ 030084 PCT/ US2003/ 030610 12

I [ i N ti 22. Wi | nb f i | I
| tor at 0Bhs AR Sise 1B BF Riecmin iefining rmgesh R yE DIOOHE MASURLE ur | ng
Pr 0Cesnite dsBOWH &:116Bnd ASisk RO teRRicHbel ﬁ%ﬂ%hne&g.@. &?er&tﬁgl% ga@qn@m%&ne noi se

| evel iteration be perfornmed (i.e. operations 316 ‘and are no
r equi reddyequikedp vidowevet, if the notiedevdl eff the ndnufdeairmgpubaess isninkgown demass i s

unknown thfn. sever.al noise | evel iterations can, be used to provide

r andoniY&g" BU8F @Vﬁd&eaaﬁtoas sashspsef o pray, r??‘isﬂni‘iée"t R ‘iarﬁél BhAssst i on of t he
conpon i i I BERH oise in
t hgp ngggétgfg%nl%rtflﬂgmg@gg’gg}s&q{%% 8?‘?115%‘{52?3{8 ?r%nl 8%&29 3]?&2? 62{il sig n%g l? g”f*tg '? andard

devi atdmmnt of nais@inghgman(fatwsriap gerodss. devi ati on) of a sel ected col um of the
proj ected scores for a corresponding noise level in the noise |level matrix

i s cal[ou] at Bchpetaion 04,2l 2-Sigmad 8+ stidiRrPdsi 4id8) angld Blgndr GHaRd4r& gr aphed as
shown in Figure 4 bel ow. Any one of the colums of the projected scores can
be selyiaignyef a wlaskedcoiummof Ge pepieeedsaomsifora edrashendingpeist kuckiodhes of

t he corr. di.ng noi se.le . _For. i S, reason a sinplified e di rent of
oper atll{o(r:l)%slg%j n%f%%\‘/les Cvé\l%ﬁl}aae é{ﬁﬁglo@a@lg{l g%ﬁb‘* g’mg?laaandzoé Irgg%ig@ﬁ ILGERMT Bt
pr oj ecshednss Pigse 4 beows Ulsesieattithdisstumh§el thE b edscdofesdal baphledPaOf the
2-sigma and 3-sigma of the f?trOj ected scores in” accordance with one

enbodiateheolgmntip eeppaseriaiive ¢irthe prajented sthees 9biheeotrespeinding mivsvdevebnFothe
X- axi nd. the st rd.deviation of .th .ol ected. scores are shown on the
y- axi :th%és%slg?ntaﬁgnﬁg?eé e&?Pé’%HH%Ptt 8P%I?§?rbﬁh£%)rolv? Wé’u&@f’@g? YL OpEA are
i ncl udetbcied dohenUsAR4RR sBE6R IS EuBA%Rent¥he t Ne 2-si gma and the 3-sigm
represent different statistical confidence |evels. The 2-sigma

[62] Figure 4 is a graph 400 of the 2-sigma and 3-sigma of the projected scores in

accordance with one embodiment of the present invention. The noise level is shown on the
x-axis and the standard deviation of the projected scores are shown on the y-axis. Both the
2-sigma and the 3-sigma of the projected scores are included in the graph 400 because each
of the 2-sigma and the 3-sigma represent different statistical confidence levels. The 2-sigma
confidence level is a 95.46% statistical confidence factor meaning that a data point that lies
beyond the 2-sigma level has a 95.46% chance of not being due to a random cause. The 3-
sigma confidence level is a 99.73% statistical confidence factor meaning that a data point

that lies beyond the 3-sigma level has a 99.73% chance of not being due to a random cause.

[63] In operation 322, a level of noise identified in the semiconductor process is selected
to determine the significant number of scores. The noise level may be known or may be
determined as described in Figure 6. The graph 400 can be used to illustrate the significant
number of components at each noise level. For example a noise level of 15 equates to a
range of +/- 7.5 of noise. Tracing 7.5 to the 2-sigma graph indicates that scores less than

about 15 are not significant. In other words, given a noise level of 15, only loads from the



confidence level is a 95.46% statistical confidence factor neaning that a
data point that lies beyond the 2-sigm |evel has a 95.46% chance of not
bei ng duewpDcoas/a3a08dom cause. The 3- sigma confidence | ePelr/tis200/036%17 3%
statistical confidence factor neaning3that a data point that |ies beyond
the 3-sigma | evel has a 99. 73% chance of not being due to a random cause.
[63] In operation 322, a |evel of noise identified in the sen conductor
pr oced8adssmataixdhatdgve ¢asregpensiing seorasreors ithy; 15 asesignifiganiat thef2-sigees. The

T e e e e

conportam sbalk 28 afhob Gighich@Y §h othe® voedsaBRERa AoRO198] bfEME bnBflodds fRsiwat es to
a range of 7.5 of noise. Tracing 7.5 to the 2-S|gma gre}E_h i ndi cates that
ercrregni

scor eshe koads plagix thabimye mige gesespondiag gevices abant than A ¢t thgBven a
noi se SIievelc c%f' 15ez o?rjl y loads fromthe WO 2004/ 030084 PCT/ US2003/ 030610 13
| oads n%IP?l?PH?g? lﬁYi e correspondi ng scores nore than 15 are significant at

the 2-si . confidence level. Siml|arly, tracing 7.5 to the 3-signma graph
| ndi cdP4AE (Rg¥eadsh W@P%P&he nﬂ%ﬂ‘?fi %Onﬁéo%f%%ﬁ@m@%aﬁgegwem I'n ot her
wor ds,je @ | i : - ri,x that
nave: nors tE e B RSN i oo B heh t3he blodlth b afib S SorBRERY 5.

si gma Xarthé¢ derfidentedeed] is kodin didyhe aoise levebiskhownhart of the net hod
operations 500 for determning a significant |evel of scores, in

accor dgpre W dpbrafioe SeaRedhiBece FActbitdriRERmaHs th Beedbnki@Bncel1Bve@REr ati on 502
the confidence level is known and the noise level is known. [65] In

oper atdetmmbeed, frem ¢ gafreldider tableadion exaople e Yol ggnfidench éeveblappwamaelyevel i s
determined.froma correl ation tabl For. exanple,. a 95. 46% confi dence | evel
(appr o%?ﬂ‘é{eélf 3’ a@"&’wirse%m? e‘_gtozrl- ]g?%ﬁ%flcﬁgceg%?t%}naa[ dandard gorals o onf i dence
fact ordistRbatici @PRANGH XQfpRd of tHé SthhdREhbhl URBIiti oA AT RIbEsRd thhe standard
normal distribution taI € is published in Applied Regression Analysis, 2nd

' eghpgsibh RnalpsispZnd Bdikion $88 1, by NPRbDraphe& BySmibubliigheshbyand Sons,

Edi t i ohpples

oper arioBh Wi, renndne SSpEr e Rbiee a by e EARPHERCE Y Sct or o
deternmine a significant | evel of non-random scores (i.e., significant

| evel [66] sdBrapemationf@d, dhe;pgiss lexekis matinlied by theconiidencsifneten TSR nunber
of siqgalft X | e | j |, hen 7.5
(1 ocal Rl ERUTRRRGRIGom (e Riiichit N oE o8 1B SeniRatiend Ve
i's a of scores corresponds to a number of significant components. For example, if the noise

level is 15, then 7.5 (recall that 7.5 is equal to half the noise level because the noise level is a

range centered on zero) multiplied by the 1.96 confidence factor yields a result of 14.7,

which when rounded up provides a result of 15.

[67] TFigure 6 is a flow chart of the method operations 600 for determining a process noise
level in a semiconductor manufacturing process in accordance with one embodiment of the
present invention. In an operation 602, multiple wafers are processed through the
semiconductor process under the same process variable conditions. By way of example, 20
wafers are processed though the selected manufacturing process (e.g., an etch process) at the

same process variable settings.

[68] In operation 604, the etch rate data for each wafer is collected and stored in a matrix
as described in Figure 2 above. In operation 606, an average etch rate for each wafer is

calculated and stored in the matrix.



range centered on zero) multiplied by the 1.96 confidence factor yields a
result of 14.7, which when rounded up provides a result of 15. [67] Figure
6 is a flwa206sbosaf the net hod operations 600 for detePairnisag3a3@ocess
noise level in a sem conductor nanufdcturing process in accordance wth
one enbodi ment of the present invention. In an operation 602, multiple

waf ers _are processed through the sem conductor process under the sane

pr oce$89v arA sipndard dendatianfshe sigredepyersge eigh mitsds dgermingfl én eperatéiontecessed

t houg he .sel ect ed mapufacturin r.ocess. (e.qg.,,.an etch. proc at the
ane AP oLuER e dt pRLE B Wl aBRRT Sb P okt SR R Meule data
for eagRdyaf®Kiatidn 60hk §h&DavRike Bt 18Es iTbq@alBLDIagstAsnAlaAGE] Besl20n Figure
2 above. In operation 606, an average etch rate for each wafer is
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[69] A standard deviation of the stored average etch rates is determned in
oper af7@In G08.noisENerebyis20etunrteied asthe qleatl) faotdr veopdratictoB@l @eugatidon of the
stored, average etch rates. If the standard deviation of the stored average
et ch PrRPWsandshe aoise level itegatigpresesnyan hrroadensed i ong itesaiipn 3 dha AN e i s the

20 ol beabeel hARRTL LSV SR, MekoBOATERR 1557 b 0Bl ART0 O

and t bpemtibs 804 ef/Biguieteabat e WBopr ocess can be condensed to one iteration at
the known (i.e. 20 angstronmim nute) noise level. Simlarly, the known

noi se yr]Ve'Fi@.Tr@ 20s £ ABwBRrUSaHe b3 thdARPeAkiLAT RO, Qénﬁhﬁ%Epl%c@Q%ﬁa@E SO.

[ 71] Figure is a flowhart of the nethod operations O for correlating a
pr ocedsaleadiinbte@rdanee withead eimbodinuent dbihe grasenthineméiornbgglirer8 ix a bibck he

t i ti . Fj 8 is.a block . di f 800 f
fhgs MIN LI ROENERWIE S T KT A
and_avBoRIE fiRr Phdninib il SOILBRARCNIR oRDEBSRERAIBithe BlestiienRgaR Nt

invention. In operation 702 a baseline nodel of the process is deternined
as dedtppdyetion H02bbaselincapedea tof trespra@®4s RiRtepfnideid gadescibed im dwaeat i on 704, a

sel oL ot hacRER U ERl €01, Lhe . Ton scturi og process pectared in

AL S anERSE RGN SRSl BrgRR IR,

descr ilecbnidrseopfemaltiplerwafers are processed through the manufacturing process. In
operation 708, the raw data for the second set of wafers is scaled as described in operation
204. In operation 710, the scaled data is projected on the baseline model of the process
created in operation 702. Projecting the data provides a set of projected scores. In operation
712, the projected scores can be analyzed. The projected scores can be analyzed and
correlated to the process variables in the manufacturing process. Correlating the process
variables to the projected scores can identify which component of nonuniformity varies with
the varying process variable. The projected scores can also be analyzed to identify changes
that can be identified in the form of different components that occur in the projected scores.
The different components can be new or changed components. The new or changed

components can be the result of a variation in the process variables, hardware changes

and/or any other relevant system changes.

[72] Additional experimentation can map accurately correlate the various process
variables to the resulting components in a database. In this way, when an undesirable
component is identified, the causal relationship to the process variable can be retrieved from

the database so that process improvements can be predicted.



204. In operation 710, the scaled data is projected on the baseline nodel
of the process <created in operation 702. Projecting the data provides a
set of prwpeot#dossores. I n operation 712, the project @dTAsSeeB93@wan be
anal yzed. The projected scores can k8 anal yzed and correlated to the
process variables in the manufacturing process. Correlating the process
variables to the projected scores can identify which conponent of
nonuni78br nMujtiple miaéess 802 dre inpué tosapipcery tpol@Od scheveaa mabufactufing ppacessect ed

scores can also be apnalyzed to identify changes that ca e identified in
The. TOEREOELaMmEs AL o N Eh e e e R omes b iiEs.  The
diff ﬁ@&ﬁ&ﬁ?&gﬁ@@ éﬁé’s@mleﬁ,tfﬂﬁy‘&a@és, 1R QRBAGng, Jo%eP XY Sthet hanged

conponents can resu of a variation In the process vari abl es,

har dvgroeess varigisiss) tien diecapphed tocthb erafare B dmingstiie tmmizhamige prodesR] Thaddi t i onal

experinmentation can map accur atel§ correl ?t% éhe Lglari ous process vari ables
A ler |80 PRP

to t HEaRwaesiIFipg gracesyaHaMesate ARyt % f4aaice CLRPINSHOL PR NEn desi r abl e

conpo,ﬁllgrr& deSs & 'B*eisft(j)ﬁlgwr&%?s tggpg@!. rel ationship to the process variable
can be retrieve romthe database so that process inprovenents can be

pr edi d. MO 2004/ 030084 PCT/ US2003/.030610 15 [.7 | ti fer.s 802
are iﬁtﬁ)‘it @dngmgqxé/gg&on?t{gglt%gl&n %tpgn%p%ﬁﬁfvggg%lp ?Jr?gtlk\% %%ngssgt?%sﬁ%h as
et chi fgnitbS8cRRRhia8Gall PrdohRoMmBE proeedOAriatiae octanitetialibe pidgesItos1edve orncl udes
multiple process variables (e.g., pressures, flow rates, solutions,

ti m nytersayebh cimascepdhveprogssd vetidlde sctpoiniethet ara oyt B thpgentealler applied to

var | SR e Ayl R S0R DRl 6F Tt e PR ERBIN deR,” Tre

procegs, §a4in20ke$ to the process tool 804. [74] A nonitor 808 nonitors the
manuf acturi ng process variables in the process tool. The nonitor 808 can

act uaﬁasg |h Qe &Q&ufﬁ&&ﬁﬁ? roggsrs%e P&ﬁﬁinC{ﬁggfborcééggoé-l%Oh% BSsiessmkool 804 or

al ter i vel'y, ‘can accep € process vari abl e set points that are out put
f r om whercson &vlobgut. BRbwsferse80Candi lnat iacontiésredfes sible asmeriundforBHB out put s
the nonitored process variable data to a database 810. &Y%H%\gin t he
manuf 852 $0 thagvaierde aralyzed jn pnpkpmubranalzecdls Thgamifgpnity apal f& the

waf er 0 r P ut : : (W Ty YY) such as
nonu nﬁ?rg(%lfrnl @f}’ %p%!‘i%gﬁsfsodetg ?géb%%a"é@é\r% ﬁsﬁgﬁr 8%?& %?{%a(gte uni gr n%? try anal yzer 820.
The uadtb@fink bisjeatival megits Bdbdesatibe the nonuniformities 812. The uniformity analyzer

820 outputs the characterization data of the wafer and the objective metrics that describe the

nonuniformity 812 to the database 810 or an alternative database (not shown).

[76] A data analyzer 830 can be a computer either general purpose or could be purpose
built to analyze the process variable data and the characterization data of the wafer and the
objective metrics that describe the nonuniformity for multiple wafers. The data analyzer 830
includes logic that attempts to correlate (e.g., causal connections) common occurrences of
nonuniformities and variations in one or more process variables such as described in Figure 7

above.

[77]1 As used herein in connection with the description of the invention, the term "about"
means +/- 10%. By way of example, the phrase "about 250" indicates a range of between

225 and 275.

[78] With the above embodiments in mind, it should be understood that the invention may
employ various computer-implemented operations involving data stored in computer

systems. These operations are those requiring physical manipulation of physical quantities.



performthe operations descri bed above in Figures 2-6 to characterize the
wafers 802 and determ ne objective netrics that describe the

nonuni f orwDt20eg038@82. The uniformty anal yzer 820 out putP€TIUS2003/030610
characterization data of the wafer ah@ the objective netrics that describe
the nonuniformty 812 to the database 810 or an alternative database (not
shown). [76] A data anal yzer 830 can be a conputer either general purpose

or couVyiay. thangorat negnssdrily. tthesa Aupntities take the fezmws elestticaboremagneticand t he

char acggr.i Lon a of th fer. and th obj.ectiv trics that describe
the. nouif abRR o7 Bhife Sortr frelf0rkia, PRRORRT cofRhCTGuBvAS® | nel udes

| ogi ¢ thixdpulateie Watther) e eRmiRiialds pBrfarmedCad Sadn LA P Rhs GABHRN
occurrences of nonuni fornmties and variations in one or nore process

var i abireducing; idenéifyies defepaining, orpeuupasing. above. [77] As used herein in
connection with the description of the invention, the term"about"” neans
10% HBY9hayAny othawpéretionshiesqrited herelmthatforFatt df nieki inateionare asedd of bet ween
225 and 275. 781 W&H‘?/t he above epmbodinments in mnd, it should be

under SPHEHNG PRefaORE ThGBNERLR Hsqrelasip aylevigs PhsaRRIFS for PPIERSNt ed

oper aty Laval vi Q. - rat.jons are
hose T on ettt T ARpAns O e Rl hoed i iR pFRGRBRE o

2004/ 088082 PEIRFAISRONEE OROHIOr seldstivklyatiiyated draoghigmet bpacespater! y, t hese
qguantities takegt;ggglpf ormof electrical or magnetic signals capable of

bei ng RPZREsiore SPHEHeT- cHRSTHANRT, Yasipya gefralanapese meaclhinge maydsi pul at ed.
Furth ] j i ] r 0 i , such
s procherd Bt pRlarARSwAAL) B ARG G B LERL BELE ot ST 1o
oper atrhaesodesdrit becbnsrueiammadrb dpediglizad pppdratas td feeformiBOidqaitedr € usef ul
machi ne operations. The invention also relates to a device or an apparatus
for p&PEEURPhg these operations. The apparatus may be specially
constructed for the required purposes, or it rmay be a general - purpose
conputl80] seThecnvension caw alse he entbodied anéormgpiteeidable codaputasrompptengr am st or ed

inthe c uter.. | articul ar ari qus gener.al - pur pose, machi nes may be
used MPRROEIREUES: THRGOTRHE friaEmerniyBeny anolprie drvidtd i S3e ARTiys
her ei MatOthat dan'M3Yhd¥8afteBE feaB BYULdhMer kRtGRN Bk iMEles Bf IRBnHRRS kdhBied
apparatus to performthe required “operations.

medium include hard drives, network attached storage (NAS), read-only memory, random-

access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-

optical data storage devices. The computer readable medium can also be distributed over a

network coupled computer systems so that the computer readable code is stored and executed

in a distributed fashion.

[81] It will be further appreciated that the instructions represented by the operations in
Figures 2, 3, and 5-7 are not required to be performed in the order illustrated, and that all the
processing represented by the operations may not be necessary to practice the invention.
Further, the processes described in Figures 2, 3, and 5-7 can also be implemented in software

stored in any one of or combinations of the RAM, the ROM, or the hard disk drive.

[82] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments

are to be considered as illustrative and not restrictive, and the invention is not to be limited to



[80] The invention can also be enbodi ed as conputer readable code on a
conputer readable nmedium The conputer readable nediumis any data storage
devi ce t haD 20ew038489re data that can be thereafter be r@ad/usgom/os@mput er
system Exanples of the conputer reaable nediuminclude hard drives,
network attached storage (NAS), read-only nenory, random access nenory,
CD-ROVE, CD-Rs, CD-RWs, magnetic tapes, and other optical and non- opti cal
dat a Steotetayls giean leesin, biheay bapundéfied withialshesoopel pudeqravaledts of he di st ri but ed
over a__ network coupl ed conputer systens so that the conputer readabl e code
i s st BPRGE Sma@%cuted ina distributed fashion. [81] It will be further
appr egyrak edLhaty ;the instructions represented by the operations in Figures
2, 3, and 5-7 are not required to be performed in the order illustrated,
and that all the processing represented by the operations nmay not be
necessary to practice the invention. Further, the processes described in
Figures 2, 3, and 5-7 can also be inplenented in software stored in any
one of or conbinations of the RAM the ROM or the hard disk drive. [82]

Al t hough the foregoing invention has been described in sone detail for
purposes of «clarity of understanding, it will be apparent that certain
changes and nodifications may be practiced within the scope of the
appended cl ai ms. Accordi ngly, the present enbodinents are to be considered
as illustrative and not restrictive, and the invention is not to be limted
to WD 2004/ 030084 PCT/ US2003/ 030610 17 the details given herein, but may
be nodified within the scope and equival ents of the appended clains. Wuat
is claimed is: WO 2004/ 030084 PCT/US2003/030610 18 Cainms 1. A nethod for
determining a plurality of unifornmty netrics of a seni conductor wafer

manuf acturi ng process conprising: collecting a quantity across each one of
a first plurality of sem conductor wafers; scaling the collected quantity
data; and perform ng a principal conponent analysis (PCA) on the collected,
scal ed quantity data



to produce a first plurality of netrics for the first plurality of

sem conductor wafers, the first plurality of netrics including a first

| oads natwoOxoessoes4f i r st scores matri x. 2. The nethod ofPCalisondb3oemner ei n
collecting the quantity across eachl8ne of the first plurality of

sem conductor wafers includes: neasuring a quantity at a plurality of

| ocati ons on each one of the first plurality of sem conductor wafers; and
storing the neasured quantity val u€édaimsa matrix of the first plurality of
sem conductor wafers and the plurality of |locations. 3. The nethod of
claim2, wherein scaling the collected quantity data includes at |east one

of a roup con subtracti sel ect d val ue f
measu ed qttdh ?tﬁ?‘ilwgigﬁﬂ@m%% mE“ﬁ‘%’f gﬁ‘}‘foﬁ’@ﬁﬁ ﬁisﬁgnc%nd%@%%gur ed
quantﬁﬁﬂumahﬂﬁg Rg&m%o&%hgﬁged wafer fromthe neasured quantity val ues of

t he sel ect ed ma he method of claim 1, wherein the first | oads
matrix i ncd:olhbesnga fuamsity zpirmswlach gneodf a finst ploraihaﬂ ofsempenmdnetor pefessnt in t he

col | ect ed, t The method of claim4, wherein the

first scor l%ﬁiﬂlcgﬂ E‘iﬂ%ﬁé‘gg &F‘?r@fi plurality of scores. WD 2004/ 030084

PCT/ U52003(5§1%9ﬁﬂ19g &Q/ al EBRpPEddr Atk dis eic%mxﬁthe R d) seasquahtity®itd i T st
scores pro

plurality I des information relating a contri bution magni t ude
for emgirodicetafersppluratity dafymetficpfor tiwd ﬁuat plurﬂbtwpmi’rsemu@nductofmefen%fﬂhﬂfétsbf claim

5, furth nprj sing determ upset of si gnl ficant |oads from
the P& %Pfoﬁi“ﬁ Cﬁipcgixh ‘é%gt ﬂ@ggiﬂﬁ‘&“ SHICOES A, wherei n det ermi ni ng
the first subset of significant loads from the first pIurallty of | oads

i ncl udes: providing a noise |level of sem conductor wafer manufacturing
process; Mheuiediodgfalatmrif wﬂemuecdllev@hg thd guiantity adrags cack oné phidndiestt act or

correl ated to t he confi dence, | and calculating a significant |evel of
scor eBluggiiy pf segnigonsugigy wptegs ine e%onfl dence factor and

measuring a quantity at a plurality of locations on each one of the first plurality of

semiconductor wafers; and

storing the measured quantity values in a matrix of the first plurality of semiconductor

wafers and the plurality of locations.

3. The method of claim 2, wherein scaling the collected quantity data includes at least one

of a group consisting of:

subtracting a pre-selected value from the measured quantity values; and

subtracting a mean value of the measured quantity values for a selected wafer from the

measured quantity values of the selected wafer.

4. The method of claim 1, wherein the first loads matrix includes a first plurality of

principal components present in the collected, scaled quantity data.

5. The method of claim 4, wherein the first scores matrix includes a first plurality of

scores.



the noise level, the significant |evel of scores corresponding to a
significant nunber of conponents; and identifying the first subset of

si gni fi cawD 2oo3808as the | oads fromthe first pluralityPef/uscaadsosihat have
t he significant nunber of conponentsl99. The nethod of claim7, wherein
determning the first subset of significant |oads from the first plurality
of | oads includes: generating a noise vector; determning a set of

pr oj ecxed ﬁ&%@eth@@@%@alm Pehsrein sach plethe Brst phlr@rtbpé@q%@ movides scores;

e iy O B4 S B EPEENR 5P B A R oot o

devi atdo ogéntg_he projected scores; storing standard devi ation of the
proj ected scores; selecting a subsequent noi se level; selecting a multiple
of subsequent noise |evel iterations; perforrri ng t he sel ected nunber of

subsequent pai se. | ons; calc and rd devi af. |on of noi se
| evel q7ugrap enrﬂetg?cgﬂ@?l %eta ft ICBHIPBIIS% a‘?ﬁb

PCT/ USSR33 8 @flfkst pBrafBt&iMHAdR Ng a confi dence factor correl at ed to the
confidence level; and calculating a significant |evel of scores equal to a

pr oduct of t he confidence factor and the noi se level, the significant

e &R A TR S S

first (pd ffsd lutré/ht flogg@lq&ugg)@t have the signi f| cant nunber of conponents.
10. The met hod o claim?7, further conprising changing a selected process

vari abl e; qnsbvlémlgmngnsa le\@d:oﬁs:bnqumdmtoy vafer sndnofacturingquocksgl ural ity of
sem conduct or \é\ﬁgers sca ing the collected quantity data for the second

plurality d¥°¥ @&QH{’J@‘TUSF WN&rers;

determining a confidence factor correlated to the confidence level; and

calculating a significant level of scores equal to a product of the confidence factor and
the noise level, the significant level of scores corresponding to a significant number of
components; and

identifying the first subset of significant loads as the loads from the first plurality of

loads that have the significant number of components.

9. The method of claim 7, wherein determining the first subset of significant loads from
the first plurality of loads includes:
generating a noise vector;
determining a set of projected noise scores;
recording the set of projected noise scores;
selecting a multiple of projected noise iterations;
performing the selected number of projected noise iterations;
determining a mean and standard deviation of the projected scores;
storing standard deviation of the projected scores;
selecting a subsequent noise level;
selecting a multiple of subsequent noise level iterations;
performing the selected number of subsequent noise level iterations;
calculating standard deviation of noise level,;

graphing standard deviation of noise level;



projecting the second quantity data on the first subset of significant

| oads to identify a second plurality of projected scores; and anal yzi ng

t he secomdophbar@abisty of projected scores. 11. The net hoaCafusedmsionnslo,
wherein anal yzing the plurality of p00jected scores includes correlating
the sel ected process variable with the second plurality of projected
scores. 12. The nethod of claim 11, wherein correlating the sel ected
process vadétatmhiningiatdonfitence fhatoadortelataf to ghojantidencedevsleand ncl udes

per form ng product, of | east squares (PLS). .. The nethpd of claim10,
wher ei n anﬁ‘ﬁ?‘??ﬁ‘@ %%%mbP‘H‘rtZ?"lel 9qurcﬁre8}gaéé? éa@@fﬁ@ﬁ? ﬁ%rffjt}%gge Ealei%ﬁrgcﬂ ying a
pl ur aly.t.\; Qf i f ene i o F Lal ity of

pr oj et:}!tee 1s%§%\%¥,etfé§%1§r§? gzlﬁgé%ggpéyggﬁsfgggé@ﬁ&gl %20 ?F%gt R%ﬁﬂlglﬁ#ygof proj ect ed
scor esompeéhenEhendret hod of claim 13, wherein the plurality of difference
conponents include one or, nore n

1L W C onents. 15. The et hod.of .claim1l,
wher ei n t hideptilyag the §g sulset ¢ 1gr§§gm1t ﬁ%@‘? i%ds HY.flrStilgl.Half’Wé)fnet hod of

cl ai j Q L¥slS an orthogonal matrix. WO

Soon! BT Bl B AR uRRE GedfBohbats! S B O O A 1, wherein the
gquantity data includes etch rate data. 18. The nethod of claim11, wherein
substantially all of a plurality of process variables in the sem conductor

I
vaf er 1fanuihe msthodof slaynds BreecanpdsiBhit i al |y constant during a processing
of the fir r.al. 1 ctor wafers. 19. A nethod for
determ ni ngﬁ%l%l&%uaraég}eﬁég%g?&gﬁ or ?né;lty metrics of a sem conductor wafer
manuf act ur célfecpng e e&ond quatity dig forcndecand pinmlity ofisenticdndueior wafergach one of
a first plurality of sem conductor wafers; scali nig the coll ected quantity

data by subgaliasthergllactpd quantitydita forfag sreorq Blyraliny of sppyeondugtog Wafrs:t y

val ues; per 9 [ NC] ¢ PG cted,
scal ed quaR%O%Cgihgg%egsegéﬂo&%*aggigc%?g&?@rgE%Stgpggregﬁfl %%Algﬁréﬁsﬁgﬁ%‘egﬁyi e first
pl ur akédoyid plursRyror prjectedscorat atid, the first plurality of metrics
including a first loads matrjix and a first scores nmatrix; and determning a
first subsépalygingihgspgondphurality 0 Proipcie $99ESf i rst plurality of loads. 20. A
systemfor quantifying uniformty pattern and determ ning a correl ation

11.  The method of claim 10, wherein analyzing the plurality of projected scores includes

correlating the selected process variable with the second plurality of projected scores.

12.  The method of claim 11, wherein correlating the selected process variable with the

plurality of projected scores includes performing a product of least squares (PLS).
13.  The method of claim 10, wherein analyzing the plurality of projected scores includes
identifying a plurality of difference components included in the second plurality of projected

scores that are not included in the first plurality of projected scores.

14. The method of claim 13, wherein the plurality of difference components include one or

more new components.
15. The method of claim 1, wherein the first loads matrix is an orthonormal matrix.

16.  The method of claim 1, wherein the first scores matrix is an orthogonal matrix.



between a process variable and a nonunifornmty on a sem conductor wafer
conprising: a scanning device that has the capability of nmeasuring a
quantity wo2a04pi300sal ity of |ocations of each one of a picarEszomp3eio waf ers;
a database that includes a plurality2df process variables and the plurality
of nmeasured quantities at corresponding plurality of |ocations for each
one of the plurality of wafers, the database coupled to the scanning

devi cel’-a pﬁﬁ:@@@@ﬁ of elapn d dwheretrhibe duanditpdasa ingludsgietchiritatdathet er mi nes a
plurality of uniformty metrics of a sem conductor wafer manufacturing
process for a first plurality of sem conductor wafers and a second

plural 18y Ofhe @efio@@nelifih ! whBleR! fibstBMehig T aGlERBly FWrERE£BLRs in
nonuni formty to a process vari abl e. '
the semiconductor wafer manufacturing process are substantially constant during a processing

of the first plurality of semiconductor wafers.

19. A method for determining a plurality of uniformity metrics of a semiconductor wafer
manufacturing process comprising:

collecting a quantity across each one of a first plurality of semiconductor wafers;

scaling the collected quantity data by subtracting a pre-selected value from the
measured quantity values;

performing a principal component analysis (PCA) on the coliected, scaled quantity data
to produce a first plurality of metrics for the first plurality of semiconductor wafers, the first
plurality of metrics including a first loads matrix and a first scores matrix; and

determining a first subset of significant loads from the first plurality of loads.

20. A system for quantifying uniformity pattern and determining a correlation
between a process variable and a nonuniformity on a semiconductor wafer comprising:

a scanning device that has the capability of measuring a quantity at a plurality of
locations of each one of a plurality of wafers;

a database that includes a plurality of process variables and the plurality of measured
quantities at corresponding plurality of locations for each one of the plurality of wafers, the
database coupled to the scanning device;

a processor coupled to the database;

a logic that determines a plurality of uniformity metrics of a semiconductor wafer
manufacturing process for a first plurality of semiconductor wafers and a second plurality of
semiconductor wafers; and

a logic that correlates a nonuniformity to a process variable.



