12 March 2007 1 METHOD FOR QUANTI FYI NG UNI FORM TY PATTERNS ANB ahNGL3daHNG
EXPERT KNOALEDGE FOR TOOL DEVELOPMENT AND CONTRCOL BACKGROUND OF THE
INVENTION 1. Field of the Invention [1] The present invention rel ates
generally to nethods and systens of qugntifying uniformty of neasured
guantities on sem conductor wafers, and nore particularly, to inproved
nmet hods and systens for characterizing and anal yzi ng nonuniformties on
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[ 2] Sem conductor wafers undergo nunerous processes during the

seni conduct or NENGRUDING BIXPERT Kayed WD eoa, TopOier ned,

et ched, renoved, polished and many other processes. After each process the
wafer is typically exam fl e cess was conpl et ed
wi th an acceptable Ievglﬁgﬁvgﬁﬁgﬁgwgiﬂﬁ%2@Hﬁ$éﬁ¥?$#§ggﬁ he various
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 nonuniformties discovered when
the wafer is examned. [3] Figure | A shows a typical etched wafer 100. A
top layer of material was nostly renoved fromthe 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 eactBASKSRQUNDOF THa INVENTIU@er can be oriented
(aligned) in the same 12 March 2007 2 position during the various
manuf act uri ng processes. The portion 106 is a nonuniform portion of the

surface of tigid& Re 1dPdhpd therefore can be terned a nonuniformty. As
shown, the portion 106 1s in the approximate formof a ring or annul ar

shape th@jere 'fhh]:ep;['e%Qnt invention relates generally to methods and systems of quantifying
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.

[3] 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



| ayer was renoved fromthe center and around the edges of the
[4] Figure | B shows another typical etched wafer 120. A porti (}ngcl%?&g
top layer remains, when the top |layer was nostly renoved in the etch
process. The portion 108 is typically,ternmed an azi nuthal -type
nonuniformty on the surface of wafer 120 because the nonuniformty 108 is
not the sanme at the sane radius around the wafer 120. [5] Prior art
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description of the nonuniformity 108.

[6] The descriptions of the nonuniformities 106, 108 are uscd 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, asyminetrical
nonuntformities 152A-(G. The nonuniformities 152A-G can be smaller and are less
symumetrical than nonuniformities 106, 108 in part because the various variables in the eich
and other previous processes are very stringently controlled. The subjective, verbal

descriptions have therefore become insufficient to accurately describe the nonuniformities



conpl eted. [8] A nore objective description of wafer uniform ty i1, i ed
to as a 3-sigma uniformty nmetric. The 3-sigma uniformty netric
guantifies a standard devi ation of neasurenents of sone quantity of the
wafer. By way of exanple, the 3-sigma can be an expression of the
deviations in thickness of the wafer dgt ected by an array of neasurenent
points across the wafer. Figure 1D shows a typical 49-point array used in
conpl et a-scan -of wafer 160. The thickness of the wafer 160 is neasured
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process abnormalities occur). Because nonuniformities do not suddenly appear under a

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
summaty 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,



12 March 2007 4 152A-G  However, Fourier and Bessel decorrposqtzll\qg‘schaiﬁﬁ;an
effort to force-fit the shape of the nonuniformty to a predeterm ne
Fourier and Bessel defined shape, rather than determ ne the actual shape
of the nonuniformty 106, 108, 152A-G ,The Fourier and Besse
deconpositions are therefore only estlﬁatlng t he magni tude of the
nonuniformty in the forced-fit shape. Wile the Fourier and Bessel
deconpo S r i.ops.. of ]
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nedla ©r a deV|ce Several |nvent|ve enbodlnents of the present invention
are described below. [13] One enbodi nent includes a nethod for determ ning
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matrix and a first scores n§p+rx—§f%i¥12§ipggﬁﬁggmﬁhe guantity across each
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numerous 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 Joads matrix and a first scores matsix.

[14}  Collecting the quantity across cach one of the first group of semiconductor wafers can
include measuring a quantity at several locations on cach 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 coliected quantity data can also include



the nmeasured quantity values- Scaling the collected quantity datg.faiahso
i nclude 12 March 2007 5 subtracting a nean val ue of the nmeasured quantity
val ues for a selected wafer fromthe nmeasured quantity val ues of the
selected wafer. [16] The first | oads trix can include a first set of
princi pal components present in the «callected, scaled quantity data. The
first scores matrix can include a first set of scores. Each of the first

seor x can include a first es. Each of the fi
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[19]  Alternatively, determining the first subset of significant scores from the first set of
toads includes generating a noise vector and determining a set of projected noise scores. The
set of projecied 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 (o
the confidence level is calculated. The significant level of scores correspond to a significant
number of compoenents. 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.



sem conductor wafers can be scaled. The second set of scal ed datg,famde
projected on the first subset of significant |oads to identify a set of
proj ected scores. The second set of projected scores can be anal yzed. 12
March 2007 6 [21] Analyzing the second set of projected scores can include
correlating the selected process varidble with the second set of projected
scores. [22] Analyzing the second set of projected scores can al so include
i dentifyjMg a . of j e . ents._included in.the seco set of
proj cct L 1ac araliriire SebhEhiar RrORTRERRR: e i el b SRIRER, S

scor es. pithesssatiapit wlitf hesaree semenents seass. i ncl ude one or nore new
conponents. [23] Correlating the selected process variable with the
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scor es @dferdnee campireentsainclodechingbaatcomdseti of. projeetcgisamtcs that datrevt cafuded él ude
etch rate data, [25] Supstantiall | ] of the process varjables in the
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during ﬁevpﬁ&ggégn&g of the first group of sem conductor wafers. [26]

Anot her enbodi ment includes a nethod for determning uniformty netrics of
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scal i nginthée polfbthegagubiabitisyudasd @Ildy. subtracting a pre-sel ected val ue
fromthe neasured quantity values. A principal conmponent analysis (PCA

can be gy f OTKEGsPbaliN 2GR éa%%%mﬁﬁ%ﬁn%lﬁx’alﬁﬁki r¥e AR Gcdrly rg&gal@gb% first

set of netrics for the first group sem conductor wafers. T t set of
met r i csan evtiogded neatfik.r $he qhoads daatcen achrid eachfriatestatscores matri x. A first
subset of significant |oads can be determned fromthe first set of |oads.
The qudas] t ySubatatigianall octhy peocRbLParadle i6lBledemicbluABOWERE nembadivwRAt

includes a method for correlating a nonuniformty to a process variable
i ncl udg¥ogst PEcHPsiy ity santtintylugoe agsowating ehdicdirsiereip af segrieersivetor
sem corwl#gtsor waf ers and scaling the collected quantity data. A principal
conponent anal ysis (PCA) is prefornmed on the collected, scaled quantity
data t oduce a fir set of nmetrics for the first
?28{ Aliothd embo%l'i[menttinc udes a method for determining uniformity metrics of 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



group of sem conductor wafers. The first set of metrics includg w.fdyf$io7
| oads matrix and a first scores matrix. A subset of significant ffoads
identified fromthe first |loads matrix. A selected process variable is
changed and quantity data is collected. for a second group of sem conductor
waf ers. The collected quantity data fof the second group of sem conduct or
wafers is scaled. The second set of scaled data can be projected on the
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st r uct @Hays &rdmpyeved troubleshooting and refinement and improvement of the semiconductor

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 [ A 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



[32] Figure I A shows a typical etched wafer. [33] Figure 1B shawsg,Anoidwe"
typical etched wafer. [34] Figure I1C shows a typical wafer with nmultiple,
asynmmetrical nonuniformties. [35] Figure | D shows a typical 49-point
array used in conpleting an azimuthal scan of wafer. 12 March 2007 8 [ 36]
Figure 2 shows a flow chart of the nethod operations for determ ning ‘
netrics that accurately describe a sem conductor manufacturing process in

accor da it h o i of th esent invention.. [37] .Figure 3 is
2T owehial "V SRS TEM, oP oo TaR! G Fione B i lrigh A Sver ' o
conponefdcaratd P daweidE da3BBRontidioOnen FiReG Botefin terdhes ith dnvent i on.

[38] Figure 4 is a graph of the 2-sigma and 3-sigma of the projected scores
i n accotiabeimenigftthe pisecrémbesdiipent of the present invention. [39] Figure 5
is a flowchart of the nmethod operations for determning a significant |evel
of scoi¥$, Figuactoraddneshan df hhomethedbpdiatiemt foollcttheinpreesapiificme éndel of.

[40] Figure 6 is a flow chart of the nethod operations for determning a

pr oces s“HYREnLS ‘é‘\?@?mﬁi“f“ﬁ VNP REGHBRAE B YR N IBEHE ITY§ PPbcess i n accor dance
w th one enbodi nent of the present invention. [41] Figure 7 is a flowchart
of the [#81 hodzuiset iata weeh ¢lohe Eosigned aitd heigamapr deepojogtad sabiee in eccardaseponent
in acco&gﬁiggeer\%éﬂm%nte fetgPOdei m%nt oh. t he present invention. [42] Figure 8
is a block di agram of" 4 ygf & oY & er m ni ng causal relationships between
manuf aﬁéﬂi g%? process. variabl es and a nonuniformty, in accordance with one
enbodi 18U elS B ERhArtioh st BAd opEagnsEey gt e aoNeTORCaNGEe ER@iVPL ARY
EVBOD! NENES, if430or FRENAIn SRR HRTROM JEQLS hvehustant i Tying a

nonuni formty and correlating t nonunitormty to process variables wll

now be crd.bed.. .It will, be apparent, to thos killed in the art that the
o os e Hhy dHETEs i M o RE R B el B8 e Telb et ProkS Bt 1 c
det ai | Je®gin 4 QrhidoR@ic@irmardudstiuchs; H88&E lbadoRRANEwith YRE RlboBnhf ofihk

descriptions of nonuniformties are often
present invention,

[41] Figure 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] Tigure 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 THEE 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.



subj ective, indefinite and generally are very crude descripti qRsyQfcH3f7
nonuni formties. One primry purpose of qualitatively and quantitatively
describing nonuniformties is to provide sone assistance in identifying a
cause of the observed nonuniformty su§h as an errant process variable.
Indefinite, crude and subjective netrics cannot be accurately correlated to
a cause and therefore provide little direction in identifying a cause of

t he nonwpn,f or4u.t r 9. [45] . enbodi . : I tivariate
anal ysi ﬂ%ecﬁﬁ%éﬁg?aﬁgaﬁfggééﬁggggﬁ?%%%g?§Q?WPg@%g ?gﬁ&¥ggﬁipﬁ etch rate

dat a t hatfoirsativadsiin etk @th SeVEt@lhapRird8uRn aBsevafLhoinldéh a d€wht Tapal data
can al so be conbined with expert opinion about the |evel of nonuniformty,
whi ch i 8d4eryl driagap glso degainbingdavidaered wiphy o alpou thedgprd of remnsforiing t hi s

conbi nat,j.en,: { fi stem.(.8. 0. ch .pr.oce I provenents can be
predjcpg@39V®F%%ﬁg%i@?%ﬁdgﬁb%gﬁééﬁf%maggégpgeﬁngs%3%35@%Hf@&’nggmthe

f ol | owi ngrifeahdd $i8iesn @fg ! dreh petes) REbBoRHRIE OrTBd pi8Sictdd! WhRMAetcPBrocess
understood that the analysis of the nonuniformties can be used in

conj uncisidactified s Hipyconkhpt Gadoitrwing sarvfiaet eidatgcisd soas famiti¢ssitsbeuld
limted el ie] L Wile the. analysis,herein j.s described in
et er oo BRI P ERE635 8F e APt LY BhEnETB Relith EREGM "be
under st @ogcéiator htinanatyBigprefesNOURinb oM tkd ﬁﬁo:ﬂﬂ@tolﬂ%)rdyb%ﬁéésj Wheemidinct i on
W th .ggi measured quantity across the wafer such as device yield or other
el ect r | ¥ulysigripreip pedeaeribmhin rplareane teetnsetclf ) oiFilgu théckneshoeasugenidngwiichar t - of
t he net | Q r,determnin tric that accurately describe
a sem C%?])gbc eglg%%ngsgu a%?ﬁpg: %%dl ¥ 0Cese ufnggré%ﬁgsr%flé‘ncceusﬁﬁ ‘L‘rhc%ﬂlém%g%%@i ment of

the presgnhedsonarfub@ity abfosOpenatfafick 2deBiclclddro iRl et ed for
multiple wafers with nonuniformties that were output froma nmanufacturing

pr ocesOPeTHiogalhaErNetatse data can be coll ected through a 49-point (or nore

or less) scan of each of the wafers as described above, or any other

sui t abl{d6haniignie ZTivewyedbur edhreticthe naties! @ierdibas DO ferdertrmipog niegicon each

of thewﬁafers_aéf stored in a matrix form The wafer etch rate data for

each WVARECCHAEly et fsHUnicaRiusHY RARNFHCEBINgriOTest FeaTs8HHEC With OPgcat i on of

the et %H@ﬁﬁent@%@%mnv@%ﬂ{ lﬂr?)#%ﬁﬁoﬁ gb% exarad 18, Wal&Lled Igpﬁ]rﬁlth ,the
ef the sa [

; b ; le
mul ti ple wafers may rom or ferent process conditions and

t he sameafers vdilf i@neforhaice vat ecconfypgurat b omnulfcdfing proaper @hiserch20, t he
etch rate data i sq?led. Sc%ging t he measured etch rates

data can be collected through a 49-point (or more or fess) scan of each of the wafers as

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 elch 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 ctch 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



preserves the rel ationships between the different measured pointg.ph, 388
wafer. The etch rate data can be scal ed by nunerous nethods. ﬂn one

enbodi ment, the etch rate data is scaled by subtracting a scaling factor
fromeach of the neasured etch rates. T(pe scaling factor can be a nean
etch rate or a nininmumetch rate for the correspondi ng i ndi vidual wafer.
Alternatively, an average nean etch rate or an average mninmmetch rate
for all ¢ . Wl ri ele he . i.ng factor.
[a3) ) n S g B Skl o oadt BaPRaR R ST E et AT or med o
t he resuiformgionmbbni the ofiri acahestsehiodcnibtgedat . (hPCA]RT aduegsditmoAamat ri ces
fromthe scaled etch rate data. A 12 March 2007 10 first matrix is an

or t honoP§RERd Fabis & agrorfiwganal maday ohsrorssyycorqidalrizad Thgtsepses mdyeyides

| nfor mag, |90, ARAYLILRE LY@ h RS SNEPEE shé(];'é?'&ﬁ]%} DLGEGMhe LN LG g3Gal ed etch
rate data. A second matrix i S an orthogona M 1 X Of SCOres (iscores

mat ri x) confhibuts cothesobsat/ed xcppandraes cadhnf etk oite f@luatfongitibowesaithneiach of

t he shapes that are present in the etch rate data contribute to the

obser vel 2Bt hl saicpis masix and hedagdsamqtyix gan be peedie monvibii by reeiripy @gent on
the wafgerl)s., r.as, L 1d_t he | oad: LixX. | .

nonuni fg(%ﬁgl?(i/%%g?%%%se 3%&3@% aé@étsh%r ?%Iee “?ﬁ?ﬁﬁ‘%@?ﬁ ééé‘@é:? ggrﬂls&%ntﬁ%ﬁﬁ%c?%f% e al so
descri bgrotéwe Useprebirddidicorafemnuf act uri ng process that produced the wafers.
[49] In one enbodinent, a collection of wafers fromthe sane process (i.e.,

same prEees sin ¥R dndRd@SintCABIRL BN WARHE ASMIRS SrhdFdcid (PPEEARld HBSes202- 206
of Figure 2. The resulting |oads matrix can be used as a baseline netric

for | ateriablepenn womabredbhdsscuilsekin dpbO}ioMh203-23@sl Frgtuei X Tarrehdtiigir t her
refi nedlﬁbg e[ti_.rri na iggac&]padé t@at do. not have a _significant nunber of
conponefif'S® P& canig 754 RA3RENG LGS 0% B1es cOMPARSOR GrAtRerUses ned nodel  of

t he sem conductor manufacturing process that can be used as a baseline for
t he prd@@’ss.Th@iO@ﬁjﬁ PREHntan bsdusha relingdhyr dimdspimgadschat dorgdiardre hel pf ul

in identjfyi rLe i het we i . the QCE i,abl es.
[51] T BB YR O AR Db PR TTA T Bk " TSR B Ty

whi ch | dallssaieondicgRinidntéRturBipthrbels thanbosie: $e0he s basedind POvfBic drdeedst ai n
| evel are considered significant. In operation 212, the significant |oads
are st or&ulicatdosdsdes nehendamrasddgnetiofiedare helndplriaddantidying eorrelai@nsonduct or

manuf a%e%éc’ﬂ%@hu%ﬁ‘?&%nﬂ‘?ﬁeep%'@@sg AAs,koad matrix. The nodel can be used for
[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 sct of wafers is
sclected. 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



subsequent conparison and anal ysis of the sem conductor manuf getyiqiig2007
process. [52] Figure 3 is a flowhart of the nmethod operations 300 for
determining a significant |evel of conponents, in accordance with one
enbodi ment of the present invention. | operation 302 a | oad matrix, such
as described in operation 206 above, froma set of wafers is selected. An
abbrevi ated exanple load matrix can be as follows. The exanple |oad matrix

5. ean0 o5 ShoRB bR b B Rkl 8l W56 SRS Bhe 5007
11 [ 53] rdndompeyisticofor #duded andreldctor (Rivelh I Thellad] f1aidd oM ROWERcVEattBEr i S

generated. The random noise vector includes a |evel factor (level). The
level faetiss Beticanboaneniein epainper basgd oheaperimentyped expsgdineetedse san

engi neey... : e Lh pent nd,expert, kn ed can edet.er mi ne the
deai r eaPi-ReEtp 2l EIRALY RO R Al AT tRERMI RIS B8 Fbor BT AT R Mo

appl i caippmatici isx = (Il evel)*randn(1,3) [54] Because the above exanple | oads
matri x has three colums then the resulting vector x wll have three
colums as f oLl @wef«nFndi;. 0084 0.0091 0.0085] [55] In operation 306, a
set of projected noise scores are determ ned by projecting the noise

t trJ I . J , t of t 0] ect > )
R R e e S P R Sk

of the sefll bivarhajeeohgthsadoRsvs: Proj ected scores = [0.0060 0.0130 0.0006]
[56] The first set of projected scores are recorded in a projected scores

matrix in opeedtjemgs 308001 NnoQpespation 310, an iteration nunber of
subsequent projected noise scores is selected and in operation 312,

oper at i - P . >l ected nunber .of i ferati. to
determ [ﬁgf S 3@?@%%%8? 3§g’t %&g? 4 E%ﬁe%%?. rﬁ:\%ﬁ ﬁ%élf%g g%y&tr?lﬁ%@?d ﬂ@% l%io s pgg ?hc? ns may be
sel ect atbiset wector pntothe [Nde mat@ &50I0AE 110 sapgtiake pRGeclsc3eB, (i QALCioRg a

correspondi ng nunber of sets of  projected scores) provide the best
r esul t s¢ach column of data in the loads matrix. Bélow is an example of the set of projected scores:

Projected scores = [0.0066 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 resuits.

[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]  Inoperation 3106, 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:

Noise Level  SDeor SPewoiz SDeons

[59] 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



[57] In operation 314, a nean and a standard deviation of eachoghiiff
the projected scores matrix are determ ned. Because the projected scores
are basically random then the nean will typically be approxi mately equa
to zero. [58] In operation 316, the standard deviation (SD) of each colum
of projected scores is stored as arowin a noise level matrix. An exanple
noi se level matrix follows: Noise Level SD,.,, SDcol 2 SDcol3 [59] In

operati 318,.. a_subsequen i | evel factor.is selected. The subsequent
o s Fsia iy i SRERGE 2 Walla ey Fymbiiabiss TR Buriiceh 5320,
nunber @ficcsatbsequent noise level iterations is selected and operations
304- 316 are repeated the sel ected nunber of noise 12 March 2007 12 |evel

iteratigps if tQ@ﬁéiF% %?&I%%%ﬁgmg%f%@gﬁpg gf-eqé@gsﬁé gﬁ(ﬁwﬁa{eﬁ%é ga'o%én&geefe@éﬂ ons

can be " sel ected. e manufacturing process is
known tdrarbetised kimbumlynat aeist &wel itergdon bepais@thedide. @PEtioMe3 IK0iRIE lIseve!

iteration_be,pegLﬁrned (i..e. operatigns 316 and 318 are not required).
Howev er 1OtI¢qUisd) ndpwevarey gie rpscripee] i i manuipsugnppiocess 4s prkngmierBeth t hen
sever al i : dL.erati . Qyi.de _random score data
o asel SE o L LB O P b o 4G R 8% e oade
t hat aridemifyimighbd alabdemtjortidieof tagrosmpogdntiaitheloats thaeamantibaabldrnd g process.
[61] In operaéion 324, a 2-sigma (2*standard deviation) or a 3-signma

( 3* st arfXHht OHBYEG BR NG TagUEBE §E9EES-col uim of the projected scores for a
correspondi ng noise level in the noise level matrix is calculated. In

oper at i{6Al 328,0petision 3g# gndrsignuy (BF stadsirdydeviisong vap Redgas (3'shodmdi n Fi gure 4
bel ow. Any .one of the colums.of the projected scores can be sel ected as
cach oSl UM Eo b TaRUTOa" B el ot Lu=conreendr tene 6T 85Bbnd: ng
noi se Iryellevdrafairik N AILEASE Mn@psiABh i3hb &6l Ordagl BRDG: £EioANEGS glédpﬁéh a4
above woul d include storing only a selected colum of projected scores,
for sulsBegoentisyses bEle2] Amygeneeofshé solamgs apthe4dfcard sdeeLsapilgrraleatnd a8- si gnma
of the projected scores in accordance with one enbodi pent of the present
nvent ISH TR o o8- FROTe o 2RE R G o Orhesr EoaH Eheo St Kiftard

devi at iyg8 r&@koh BInRFIA RGHADIBEH BF 0BERHSHIM a1y 1RXIR s B bINE

2-sigma and the 3-sigma of the projected scores are included i'n the graph
400 becéelasted galgmn of projected scores, for subsequent use,

[62] Figurc 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-sigima 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 1s 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 (o 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



of the 2-sigma and the 3-signma represent different statisti caluq\q?lltd' dgpse
| evel s. The 2-sigma confidence level is a 95.46% statistical confidence
factor meaning that a data point that |lies beyond the 2-sigma | evel has a
95. 46% chance of not being due to a random cause. The 3- sigma confidence
level is a 99.73%statistical confidenke factor meaning that a data point
that |ies beyond the 3-signa | evel has a 99. 73% chance of not being clue to
a random gause. [63] In operation 322, a level of ngise identified in the
Sem conlidh W&‘S@%@W]svcicgng Opling 4Corst et bRl Rara HE Gr gt EdrtERanber of
SCor es. iRl 186ell SYRlIaRYrPRMNOWIRLE. B, Bitpn HRAEHL iR RRfkf! bed in
Figure 6. The graph iooaﬂggnlabegusegﬂto iI1 u%?rgte tﬁdtra sﬁggﬁc?ll%(szgnt nunber
of conpdrenbeutdtS eandt siwiiSeank.elnedtheRoordexargl endsaleidel|ldyetly dfadi froequat es

to a range of +/- _7.}'51 of noi se. Tr%ci ng 7.5 to the 2-sigma_ graph indicates
that scOf &3 &¥driy figh havgyyare cpgrespandiitg sCereg b9y 25 31k sEHERN s~ gi ven
a noi sesib@yehn@enddievenl y loads fromthe 12 March 2007 13 |oads matrix

t hat have corresponding scores nore than 15 are significant at the 2-sigm

fhat saoils el Mol 5sR o SoRab®ul IR 71 Sdp R DR P oo
gi ven act@icsecdrey e aborddpce ¥hYonk @ahddfhiof IR dseAds vaRidh Xn bpakihiave nore
correspondi ng scores about than 25 are significant at the 3- sigma

conf i dett@ehe egididenpeiglelri fnewn 8nd thegnofdedowesh & knowin. t he net hod operati ons 500
for determning a significant |evel of scores, in accordance with one
enbodi réAl o aphetipn 66t canfiviente factor torraapendit g @nthe 56iddnee kanfisdence | evel
i's knovggand tg,e noi se Je_vel IS known. [65% I n operation 504, a confidence
fact or CHPEREIIHIN AGOIE AR odh FysHempicet 8 4% cunbidenss lngd (rmapigately
correl gt . % £ ] el imately.
equi val%ghﬁa%eggg; %2 ssg:ggﬁn@g?g(lédyéﬁﬁdr gjl %’? gé@{{ ?(l)&g&% gdgrbgg?n@ S%@E@gﬁﬁg@? l>(;r in a

st andardistrioutial tabldi gtir éxautploof thablaadarAmoexainéigbedort daeles$ gaslashdd ivor nal

distribution table is published in Ag | ied Regression Anal ¥si s, 2nd
Edi 11 orf Y84 ReglesiomAna)vaise gL iion F08 b, bRyl Fhesd St STB¥nP Weisgd Bia sons,
Inc. | 5%9&&4?&@%%%%52%%3%@?215§£b9s'~\k2rappéeg§@g§$ ftﬁrhmf&l'ﬁl tlrig)glgl)ﬁa”l“]ggi@ﬁ] In

operation 506, the noi evel is miltip e con nce factor to
deter a2 gy S804 SOl YFL S0 PODAFARSETLERR TR bl i PTG R e
of si gRighifeant lc0OMPABEHSdonT &for@X@BP kBnifidant B@IMPk&Res). The significant level

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] Figure 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
walfers 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.



| evel is 15, then 7.5 (recall that 7.5 is equal to half the nqbzﬂ +&VRio7
because the noise level is a range centered on zero) nmultiplie %y t he
1..96 confidence factor yields a result of 14.7, which when rounded up
provides a result of 15. [67] Figure 6 is a flow chart of the nethod
operations 600 for determning a proce%% noise |level in a sem conductor
manuf acturing process in accordance with one enbodi nent of the present

i nventi I n ration 2, multiple wafers .are processed through the
sem conttd: of FRREIS R o7 it St BB HE G T B BN GGR AT Brea ey o
exanpl eTh@@ystanaheiksisaig@alb WeesRrd Aot dIehSabRa aesapRBUh 2REUITF AR ProCcess
(e.g., an etch proceséipat the sanme process variable settings. [68] In

oper at i gandod deigieonsefdhe plared avatage toh r@acts eqpilée 20 gngutdngotivetesheh 24 ored i n

a matrix &swgesc ibed in Fli_gLir.e 2 aﬁovg. I n roFerati_o‘n 606, an average etch
rate fof &SARR REPES T nolsq Ievi AP 81 SIFGCd o aTHIEROWSE ri x. 12 March 2007
14 [ 69] standard devi ati on of the stored average etch rates i s determ ned
n oper 07 onTBoBoise i &yicamprenetas e Bedl Teelor HrepestamdaMandesiasi on of

the St oniffle NFURIRIGUELI ILARe pldceldln L3LBRAALL AL AL A0 uldGoBhOT ed
average etch rates 1s equal to 0 angstronimnute, then 0 angstron m nute
i s the (el palgueh/minutd) @ckelleet. esinirinlyf de kaowngope doesst 2070dn Bhacthti se

| evel of 20 can be used as the (level) factor in operation 304 in Figure 3
above #R§'208 Wdiod&E19us¢ 812bpYeetst i ve process can be condensed to one
iteration at the known (i.e. 20 angstromi m nute) noise level. Simlarly,

t he kndWh! noFigerel 7 @l {layfchan of dre hethad eperitionsdip@rfat ¢orel 80w aprorgsgurdatde above
also. [71], Figure 7 is a flowhart of the nethod operatjions 700 for

Corr el db g b Eudanc, S el Gabedmin ddbe P dbesraateel R Brie 8o ment
of the DEASANY al HMEMLI0OTor FdrSakiBInG daSsa idMREKhipdbagkeaMRhu et oRIR0 for
determ ning causal relationships between manufacturing process “vari ables
and a naniables endv tgnuniferiaty.ondesedange ttithomme cortivddhergmt tof prekmnt prvesiént.

ol B 08 B Bl S TR S b BB S S "
sel ect efhcRIiOREIG4-YBF bABIoBreOf. TPerBAYDACE 4id-RY REQSESEiRRE bofeed i n
operation 202 of Figure 2 is changed. In operation 706, a second set of
mul ti plneanvddosersngarrecqss pedersed it lopomghn L6izonBigufeatswhiamgdprloopsstion #OG,

a second set of multiple wafers 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.



operation 708, the raw data for the second set of wafers is sgalygg 0
described in operation 204. In operation 710, the scaled data is BL?I?)% ggt ed
on the baseline nodel of the process <created in operation 702. Projecting
the data provides a set of projected scores. In operation 712, the

proj ected scores can be anal yzed. The ]p‘;r oj ected scores can be anal yzed and
correlated to the process variables in the manufacturing process.

Correl atdiag .process ari.ables to the |ected scores can identify

ahi oh obion bR SEERRAPY ey o arrete e b RS AT R T 1 2b .
The projeat8disaQ 8Sppad & 8 kB YERImhRuhdeats bbcefandsdes hhabiecan be
identified in the formof different conponents that occur in the projected
scor es. profhes vdiiffley erg., wossponeit s raen shletinmtionng baqgadingopponentl otheThe new
or changed conpanents can be the resul f a variatian in the process
Var | abl B9 eNaRHNArE e aigReTediniPer il of ufng BratimiiiySieanteRangie. [ 72
Addi ti opghuf@XREh{ PRIEANAARLIER Bre TR 3 QORI 081 LRL fadnfi&: aff%lsy@f;@ process
variables to the resulting conponents in a database. In this way, V\%1en an
undesi réiblpeocessorpieheato ihe prolens iobl 8. t he causal relationship to the
process variable can be retrieved fromthe database so that process

i npr ov et sAgadmiloe 8p8 edinftb8dhe AnMat@Rng @tesshmriaBl idMHetpridess waf eTise 802
are input to a process tool 804 where a manufacturing process, such as
et chi ngPOROrA98IcrB aCtpll FenifRy the Brages. varipblesaenyrarg urthagrosesceals’dmil udes
mul tipl EOGESS, VAl e oI , [ | ug i ,
ti m ng, TenRRERs R AR ok s B SRR ol R TR B 1 e o
t he waf&6sor8Qdnthindtiog thdreofirelsfagtiwi 808 oPIHAGRES mohhtBredROGEEACAHNbINGPT OCESS
vari abl es are icggut by a controller 806 or other manner of inputting the
pr ocessovaiaRBesld 0 t he process tool 804. [74] A.nonitor 808 monitors the
manuf acturing process variables in the process tool. The nonitor 808 can
act ual I[fShonWVher thehpamif otess pacdsaleh esitbiochy pionepsitooltde aoe cwepglstet el 804 or
alternatiyvel can accept the process variable set points that_ are output
From ¢ REESLP oY o BiagBeatotB0aB HAEY oA PR BSR I SRsChanior U8 But put s
the nonibhapek RLRERSHaNRED B EniflRhAy hQly242halas @ flinid Zé&ayz\éfgﬂo the
manuf acturi ng process(és) within the prgcess tool 804 are conplete, the
vaf er s [B02matle guipins dikebedilens 1868 umey2-bav ehaacamenht orafis Besaslich as
nonuni fd?:tremngl%é objective metrics that describe 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]  Asused 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.



812 so the wafer is analyzed in a uniformty analyzer 820. Theg,yuiLi&! FtoY
anal yzer 820 can performthe operations described above in Figures 2-6 to
characterize the wafers 802 and deternine objective netrics that describe
the nonuniformties 812. The uniforni;y anal yzer 820 outputs the
characterization data of the wafer and he objective netrics that describe
the nonuniformty 812 to the database 810 or an alternative database (not

shown) . dat a anal yzer 830 can .be a c uter .ei t her, general. purpose
or cou 4o MR BoASHFERD, AR GBuRE s PERE by Seh i TRt he
char act gizhZIat4aBledFtRin2fstdbe, RkRIre@NYnithifed, Obhgatl VRdWid e that describe
the nonuniformty for nmultiple wafers. The data anal yzer 830 i ncl udes

| ogi ¢ t manipatatasindtusthes tompeipalrgofepagtormedaralftcooeitact i@msirno smanas
occurrences .of . nqgunif rmties and variations in one or nore process

vari abl B8R dUELLe, SYE I PRE R GOPRF e above. [77] As used herein in
conneciL%% W th Ehe description of the invention, the term"about" neans
+/ - 10% 7By (EY CbfcERarfbras desrebyshiraza thasho Paibof the pgycasiee dreiselihge of

bet ween ! : A JJOVIS [, i ] 4.0 shoul d be
understggégg%gﬁgﬁ e§iEﬁéﬁﬁﬁﬁﬁgﬁg§gﬁﬂﬁgf%yﬂ@%@%§ﬁ§%§>§%ﬁpgﬁb?ﬁ%ﬁﬁﬁ% ed

oper at i as: dpevdiovs. NGhadagaratomeadbe Bpeetlpubastrucsydsbe . redliesipuopaeatdarans are
t hose requiring physical manipul ati on of physical quantities. 12 March 2007
16 uSudeyPeﬁﬁ%ﬂ-%?OSﬁé@m%r selgctivieheasivalgd ot Penfesirekloea £HBPEIBY m of

el ectri . et . .gnal bei r .ans d,
combi ndd e R e on B S REAR, 5o B0 B R BT mal HEOSHEY BEFL 1 on
-per f or nedd anigh cehiparer ped@nmedriteniinadc@idice it hhagacthgdiuetingor it daptbkf yi ng,
determ ning, or conparing. [79] Any of the operations described herein that
f or m paPPregPnyHecT! 4y eptsHgRt ameiaspetiglizedapeniohe to perfatn 8K eqyiFsl i nvent i on

al so rqg%}q@ngo a device or an apparatus for perform ng these operations.
The app réius“nay be specially constructed for the required purposes, or it

may be engral - purpose conputer selectively activated or configured by a
comput dP*7 pr D5 AFTLEB AR 23R Y RaTeg kAt EPmPY FARTE Grdr o osrTBYET
gener ale b RABEN FRC MRS niPYer P& dabIS 88k didh s SRR 86:RE QBVRETaMEAf &6 1N
accordance with the teachings herein, or it rmay be rore convenient to
const r yeta hatrman de dipeeiftr bz echddppacatusertsysiper flommptidseofitbgudmpder readable

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-

optlical 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.
IFurther, 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 (o be considered as illustrative and not restrictive, and the invention is not to be limited to



operations. [80] The invention can also be enbodi ed as conputghlﬁggg@gke
code on a conputer readable nedium The conputer readable nediumis any
data storage device that can store data that can be thereafter be read by
a conputer system Exanples of the co ter readable mediuminclude hard
drives, network attached storage (NAS),  read-only nenory, random access
menory, CD-ROVs, CD-Rs, CD-RW, magnetic tapes, and other optical and non-
opti cal | so be
P btl‘%a(}&?alﬁ ?ve%%%mq "’Buﬂ?gr?a hﬁ%‘ qgﬁééﬁgbgptﬁ n et@@?éjogj a%dggﬁ'v%‘lﬁart%%?ﬁ@ conput er
readablemﬁmdaiuauﬁiored and executed in a dlstrlbuted fashion. [81] It

wi Il be further appreciated that the instructions represented by the
operatlgﬁ@ Pn“”FWéu?es 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 inplenented in
software stored in any one of or conbinations of the RAM the ROM or the
hard di sk drive. [82] Although the foregoing invention has been descri bed
in sone detail for purposes of clarity of understanding, it wll be
apparent that certain changes and nodifications may be practiced within

t he scope of the appended clains. Accordingly, the present enbodi nents are
to be considered as illustrative and not restrictive, and the invention is
not to be limted to 12 March 2007 17 the details given herein, but may be
nodi fied wthin the scope and equi val ents of the appended clains. Wat is
‘claimed is: 12 March 2007 -18 CLAIMS 1. A nethod for determ ning a
plurality of uniformty metrics of a sem conductor wafer manufacturing
process conprising: 5 collecting a quantity across each one of a first
plurality of sem conductor wafers; scaling the collected quantity dat a;
and



performng a principal conponent analysis (PCA) on the collectgthy.sGabGfY
quantity data to produce a first plurality of netrics for the first
plurality of sem conductor wafers, the first plurality of metrics
including a first loads matrix and a first scores matrix, wherein 10
scaling the collected data includes scaling the rows of collected data. 2.
The method of claim1, wherein collectid§-the quantity across each one of
the first plurality of sem conductor wafers includes: nmeasuring a quantity
at a pluralit¥ of locations on each one of the first plurality of 15

sem conductbft ers; and storing the neasured quantity values in a matrix
of the first plurality of sem conductor wafers and the plurality of

| ocations. 3. The nethod of claim 2, wherein scaling the collected quantity
data incl udes 2Mmethdst foadttemynmepr @uséheet wiforaltyerctnicmitsemneaduwted
quantity val met had. of claim 2, wherein scaling the

es; %..4. The f
col | ected QHP?ng HE%8 PREFIGBEPIEHBt r act i ng a mean val ue of the measured

quangity val Ue&:ofl@dftir% §<§Jaﬁﬁiy%rd¥§%§‘dh ddeNat et plIRABUS REmEARLEbYwYRlsyes of
the selected wafer. 25 The nmethod of claim'l, wherein the first | oads

matrix i ncl udescaling the colfctadauantitystata; prd nci pal conponents present in the
col |l ected, scal tity data. 6. The t f aimbpb i he
frrst seor es. mitrr it EmRae iR Ao uf b dleseds N Qb 2007

-19 7. Thelatmb hosiuet adiratiphurblitywien@iics ade Bkt plhelify sdemidandattot ywafeks,scor es
provi des %;}ornatipn relating a_contribution nmagnitude for each of the
pl ur al i ty o st plvealidypt meBies gprdiling a Gy loags anavps Arba Brst s¢apABLIL WhelsHY

co isin el i ; _ [Wealy ¥ oads fromthe first
ol Ural i tyg?ﬁ&?gg@é@ g:d'elﬁﬁteé1@%&%@@%@&@#%&%@?@?r(lia!g'et ermning the first
subset of significant loads fromthe first plurality of |oads includes: 10

Providing,a nolge | GNE ofaise T wiRhe Soeerina (5 quimnty dersss ehdfoR A4RS Bist
plurality of semiconductor wafers includes:
measuring a quantity at a plurality of locations on each one of the first plurality of
15 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
20 subtracting a pre-selected value from the measured quantity values; and.
4. The method of claim 2, wherein scaling the collected quantity data includes

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

25
5. The method of claim 1, wherein the first loads matrix includes a first plurality of

principal components present in the collected, scaled quantity data.

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

30 SCOres.



providing a confidence Ievel; determning a confidence factor Goyfelipbgsh to
the confidence |evel; and caI culating a significant |evel of scores equal
to a product of the confidence factor and the noise level, the significant
| evel of scores corresponding to a significant nunber of 15 conponent s;
and identifying the first subset of S|gn|f|cant | oads as the | oads fromthe
first plurality of |oads that have the §|—gn| fi cant nunber of conponents.
10. The method of claim@8, wherein determ ning the first subset of
significant loads 20 fromthe first plurality of |oads includes:

gener at i ng/.a noltsenetbed of ¢laiget evndrainregctao Skt fiodt phurejityaif echravproridsgor es;

recor di ng ;b Rey ey R:iat %]C%ﬁ{rg)gltlag?j%gnﬁ&&r for achso‘?'tl?&éih%ﬁ rfon@%lr%cﬁ he of

projected noise itera rmn Re'sel'ec proj ect ed
noi se it er’aPEAZILS. det erm ning a nean and standard devi ation of the
proj ected scores; stori ng standard devi ation of the proj ected scores;

sel ecting suhsequent se | eve sel ecting a nultl e of s ent

noi s6 | ovel it Jhad ok a‘Bb?rrfBF‘h‘? T e T R e %ﬁ%@ﬁ

noi se | evdbadstfematiedhnst pluaitycefiladdsng st andard devi ati on of noi se Ievel
graphi ng standard devi ati on of noise |level; determ ning a confidence fact or
correlated to the confidence |level; and 12 March 2007 -20 calculating a
significaft | evidie nadthedof deinegusiertio datepnidugthedhrstishbsct ofsizeifnais 16atst or

glnd tplecgcrﬁ&ﬁg{e%@ﬂ plufal8 S8 hQaids; | evel of scores corresponglbggttgfa
g)g@%dﬂ an%@:i@gé\%gaf §em1@{ﬂﬂidc?:?%afé a}ﬁlfz%clﬂ?mfé ;gﬁ S;

S|gn|f|cant as“t he rom rst p uralirty 1 oads t hat
have t he si gnl fprevading awehbderot loehponents. 11. The nethod of claim 8,
further conpris ete%mmng 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
15 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.

10. The method of claim 8, wherein determining the first subset of significant loads

20 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;

25 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;

30 performing the selected number of subsequent noise level iterations;
calculating standard deviation of noise level;
graphing standard deviation of noise level;

determining a confidence factor correlated to the confidence level; and



changi ng a sel ected process variable; collecting a second qua r&%?ﬁh7for
a second plurality of sem conductor wafers; 10 scaling the co Iec

guantity data for the second plurality of sem conductor wafers; projecting
the second quantity data on the first subset of significant | oads to
identify a second plurality of projected scores; and anal yzing the second
plurality of projected scores. 15 12. ?ﬁe‘nethod of claim1l, wherein

anal yzing the plurality of projected scores includes correlating the

sel ected process varijabl e e second rality of ted cores
20 13. The net KO BHERsIN % @r%ﬁsﬁoréﬁi?g‘@?&{?ﬁ@d?ﬂé’fé@ @@anfﬁr Beies s

bl
vari abl e whihnd Mfise Ebélrt%'s{%\f ﬁ?fanplze-ﬁ’bl ts@éjresgﬁd}k%g?dd‘x‘l?é it ﬁEzﬁrﬁ%(ﬂn‘Bgr@f

product of |east squares The net whereln
analy2|ngcmh@0pHU$amdty of prolected scores |ncludes |dent|fy|ng a

br o oct et scor Ao TR DG ROt siebt R pae ahelosf fpaPe Jraplisfiy oot e

scores. 1%f 1ddae tehhadnetissl kA rkinbeMiet&hporieig. pl urality of difference
conponents include one or nore new conponents. 30 16. The nethod of claim

1, wherein the first loads matrix is an orthonormal matri X. 17. The net hod

of claimil,;, wh i is an orthogonal matrix. 12
1. WNERE @etfl&}ﬁoff (!I{ufnn iﬁﬁffi&‘ o%tmff)é . ,

Mar ch 200 -21 arm wherein the quantity data
i ncl udes etch rchtsginkad selecdt® probessvatihisid; of claim 1, wherein substantially

all of a plurali process variables 5 in the seni conduct or waf er
manuf act uri ng ﬁPh%fé’élg ageeond iyepialidats 1oy a semdd pHrality gt sgnisondiuaddpitg of

theyf i st plur kit 10! cAREIAARIMEY ARt B Scokl ot halTEI 198 Rhaglaber m ni ng 2

plurality of uniformty metrics o sem con ctor fer manufacturing
process cawﬁmsslng 10 collecting a quantlty acr oss each one of a first

glug[ ?Ealc:i ?/ngf as %?ggg 121%2@% geéoﬁf i ].it)F gés{gghlé}pe firs Seub(s:é)t of 81gn1fdcaﬂtul%gctisl ttoy data by
identify a second plurality of projected scores; and
analyzing the second plurality of projected scores.
15
12. The method of claim 11, wherein analyzing the plurality of projected scores
includes correlating the selected process variable with the second plurality of projected

SCOores,

20 13, The method of claim 12, wherein correlating the selected process variable with the

plurality of projected scores includes performing a product of least squares (PLS).
14.  The method of claim 11, wherein analyzing the plurality of projected scores
includes identifying a plurality of difference components included in the second plurality

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

15, The method of claim 14, wherein the plurality of difference components include

ofe Or more new components,
30 16. The method of claim 1, wherein the first loads matrix is an orthonormal matrix.

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



nmeasured quantity values; performng a principal conmponent analyl,sci 5™
on the collected, scaled quantity data to produce a first plurality o
metrics for the first plurality of sem conductor wafers, 15 the first
plurality of metrics including a first loads matrix and a first scores
matri x, wherein scaling the collected data includes scaling the rows of
col l ected data; and determining a first2subset of significant |oads from
the first plurality of loads. 21. The nethod of claim 20, wherein the
gquantity data includes etch rate data. 20 22. A nethod for correlating a
nonuniformty to a process variable conprising: collecting a first
quantity ar ossrr@aﬁah&ﬂsfaamal,fwﬁe_?éinmhéi@hm}yda@é ing RIS QORI WL Qhta. WWaf ers;
scaling the collected first quantity data; 25 performng a princi pal
conponent analysis (PCA) on the collected, scaled first quantity data to

produce a firs |l ural ity . of trics for the first plurality of .

Semi condudtor - WRFEREed o6t Poriast sttty sl pButiedar ptheR veribles

| oads nat fih ¥ieadthicnliidtst weRenRgufaBluking prodshies e kibseaahilNgodshat aglidgect ed data
i ncludes scaling the rows of collected data; identifying a subset of

si gni f i caMfoqesdsok the frt plirplity of seraigandypiarrwalers. 30 changi ng a sel ect ed
process variable; collecting a second quantity data for a second plurality
of sem conductor wafers; 12 March 2007 -22 scaling the collected second
quantity @éta flomethod faedaterchiphpralurtlityafl vadbimgionseaisof awarhznadugusroj ect i ng
the second set of scaled data on the first subset of significant |oads to

i dentify XAFURAUfMTEIE IPLHSeEPBATI¥RGres; and s correlating the sel ected

pragess vari ablog)sihB aligniitl YeRkd E%h%fne{%?gjé@ﬁg)?&ﬁﬁt?‘yf% icofductdi\fa@RL hod of

claim 22, wherein the quantity data inclu C ate data. 24. A system
for quanti fyi ngcalingftlor erlkeytep guamity dandydebeasingiange-acleded ghlat fiom thet ween
10 a process_variabl.e and a nonuniformty on a sem conductor wafer

conpri si naq'ea%urg glhafﬁtlﬁ‘bvaglé?frce that has the capability of nmeasuring a

quantity at a peM&@lihg ¥ pBificipal component analysis (PCA) on the collected, scaled quantity
data to produce a first plurality of metrics for the first plurality of semiconductor wafers,
15 the first plurality of metrics including a first loads matrix and a first scores matrix, wherein
scaling the collected data includes scaling the rows of collected data; and

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

21.  The method of claim 20, wherein the quantity data includes etch rate data.
20
22, A method for correlating a nonuniformity to a process variable comprising:
collecting a first quantity across each one of a first plurality of semiconductor
wafers;
scaling the collected first quantity data;

25 performing a principal component analysis (PCA) on the collected, scaled first
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,
wherein scaling the collected data includes scaling the rows of collected data;

identifying a subset of significant loads from the first loads matrix;
30 changing a selected process variable;

collecting a second quantity data for a second plurality of semiconductor wafers;



locations of each one of a plurality of wafers; a database thap jlaelisies 2
plurality of process variables and the plurality of neasured quantities at
correspondi ng plurality of |ocations for each one of the plurality of 15
waf ers, the database coupled to the scanning device; a processor coupled to
t he database; a logic that determnes a plurality of uniformty netrics of
a sem conductor wafer manufacturing prégess for a first plurality of

sem conductor wafers and a second plurality of sem conductor wafers; and

20 a logic t hatscgl?nrgrtgé gfgl?escte% S%ggn%éJag{it? (}a}la fto(r) thae s%g(?n%eﬁlsiraﬁ?yr g)fas:l?alln?éonductor
wafers;
projecting the second set of scaled data on the first subset of significant loads to
identify a plurality of projected scores; and

5 correlating the selected process variable with the plurality of projected scores.
23.  The method of claim 22, wherein the quantity data includes etch rate data.

24. A system for quantifying uniformity pattern and determining a correlation between
10 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
15 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

20 a logic that correlates a nonuniformity to a process variable.



