SUBSTRATEMATRI X TO DECOUPLE TOOL AND PROCESS EFFECTS

FI ELD [ 0001] This application clains all rights on and
w@eioni2go t o United States provisional patent PCT/US2009/044594

application 61/054 897 filed 2008.05.21. This

i nvention rel es to tﬁe flel rated_circuit

fabri HWT(MTE ARG PEGP YRR, O%r%“)?’gﬂ?&ﬁ% BRFESat es

to correlating input paranmeters with out put properties
F@ipa process, in a manner where confoundi ng influences

- either known or unknown - are reduced or

el i m nat ed. BACKGROUND [ 0002] The demand for ever
(0864 Thip apImC@g@latCk@em@: pH gightssonsanghpiigrts e [Upifea Stadesprgvisional

r [

pag%? a @?c:é'n{ng %?@?4 é@z Iffrléccgfqoz%c(%;%% ﬁkh&‘ﬁfxéegtlgrr? ée%t%’? d ke 9f1d of
inthigraRets i:i@cnﬁt faBﬁcetti’d)ﬁ tMbre paticidatly, i éhventioh REle@s ab eckrelating
,C|rCU|t i ncl udes devices such as those fornmed on

INRHRIINGES VEERPEBHATERSTHE QubBioraseld @ BRIeT yehoihgydounding
infIR&RY_ Qfth &iAHR ! oYuHPﬁo%i ahg rka&%g%k {al?lﬁﬁﬁte‘af

germani um or group |II1-V conpounds e gallium
arseni de, or mxtures of such materials. The term
includes all types of devices forned, such as nenory
and logic, and all designs of such devices, such as
MOS and bi pol ar. The term al so conprehends
appl i cations such as flat panel displays, solar cells,
and charge coupl ed devices. The uniformty of
properties such as feature dinensions is influenced
duri ng photolithography by a nunber of different
paraneters, such as exposure and focus. [0003]
Currently, the settings for such paraneters are
determ ned by exposing test patterns in cells 12 on a
test substrate 14, where the settings for each of the
patterns are determ ned using a conventiona
orthogonal test matrix 10 of conbi nations of

phot ol i t hogr aphy paraneters, such as depicted in Fig.
1. Fig. 1 does not depict the actual test patterns

t hensel ves, because a variety of different test
patterns coul d be
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used, and the present invention is not particularly
directed towards any specific test pattern. |nstead,
wo-2@9/14320@pi cts the paraneter settings as theyPeDubmobe4594
used for processing each of the cells 12 on the
substrate 14. In the exanple of Fig. 1, only two
?ﬁﬁ Y™}s are specified, so as to not unduly encunber
t he draw ngs. However, nmany different paranmeters m ght
[0062|SPRC bl FaY &l et @fborARH ! dirculkd sign¥RAAHIy lifcrbRs the
convention test matrix 10 as depicted in Fig. 1,
regwirdragnin fon dgketineantal osenl thesprppertigpos meelnEgaérted qhiets, such as
feﬁtgee &mlelil%lolz ggréﬁeziéglaltlé Ig%esdt lie?i!clgguc eglglge%t (Hrc }ez,, 1nc§udes devices
sudh BB f8sO fornRA UMbl thici sBRidRBINtRly sabitfadid, bithf BabsscHormed
are made in the cells 12 across a second di nensi on of
oft goup d¥t metarialsx ik sbigor 196 geBaRipEy O AU HHY LempREndg like
ALt ubgt.r
e e O B S SEL T S, e R, b0y ypes of
desiteh fasnddpwuchl Bsetyotynenddiogiensndals dofighshel duebtdevices, such as

fterns tch the desjred sizes, are.neasured at each
M@H pnd 2ipg heTheeﬁmnslé(? j Gomyyichep bé‘ﬁ%lﬂ‘%%l@n%éw 138t {4 nRanel

dl%&# S8t Mlspﬂcﬁ@ﬁatrgé §01% odt &@Ilct&StTthlﬁﬁﬂof‘mﬁg fi)pteﬁf‘cs such

asured properties:] Thi s net hod of rlng
asafnaiuaanampmslngs isesflusodb thurat@lsholmthcbglw“eby a sonnbt:n ofed fferent
fers fhon1an unde i.rabl e confoundi ng of the

W%%??%@a%% ﬁ§eﬁ%FR§§W'gﬂ%lparaneters and the neasured

properties, which confounding tends to reduce the

[0063)" €@ r&tlyaefUscEnksi for tshieh paanRlead h&ndéﬁmb% R&posing test
paraneters and the properties. The source of t

pagisHBdnsellng? enm toet saRitragrdsd.ywikre thesntings Joreachrafithe patterns
arg%te%%ﬁ%ﬂ%m O - cohx%?&gllal%goﬁalnt%ﬁdrﬁgmxt {tﬁo? 81[11%1nal[18ns of

overcones pr ens SucC
phﬂ)ﬁﬂﬁh@ drgshyahovacteal shahasst ddpict@hin Fi@UMVHRg( [ @GesnlotTde@lct the
needs are net by

gﬁive and ot her a

aciifaret PRYTTRE HFTChChCRE—UB) g%ﬂﬁ‘é}é@f Hgffqr% tﬁ%@étg@s cguld be

us%ﬁ Y RACHE", gs%nt 131 bl 19 Soflp fcél%ﬁ& foire od t\GarRl I %ﬁectlﬁ)c test
ar act e eterm ni ng va ues” of the paraneter

pattsen. i ﬂlnsmeatieﬂg nmatdepirts thpeardnyatergsedtmgs as they would be used for

processing each of the cells 12 on the substrate 14. In the example of Fig. 1, only two

parameters are specified, so as to not unduly encumber the drawings. However, many

different parameters might be specified in a given test matrix 10.

[0004] In the convention test matrix 10 as depicted in Fig. 1, uniform incremental
shifts in exposure E are made in the cells 12 across a first dimension of the test matrix
10 on the substrate 14, such as the X dimension, and uniform incremental shifts in
focus F are made in the cells 12 across a second dimension of the test matrix 10 on the
substrate 14, such as the Y dimension. After processing the substrate 14, the
properties of the test patterns on the substrate 14, such as how closely the dimensions
of the test patterns match the desired sizes, are measured at each cell 12 of the test
matrix 10 to generate correlations between the parameters of the test matrix 10 and

the measured properties.



eccentricity for the test matrix, selecting test
structures to be created in cells on a substrate,
w@e@easring t he substrate through the process PGI/N§20091044594
each cell the value of the parameter as determ ned by
ccentric test matrix, nmeasuring a property of the
lﬂbﬂﬁt Tigy rmetaf ool eheng dinds aalieng iyl éb‘?%%@teé 12 however,
sopRkihRk &t FeR @&h%%d%ﬁﬁabpe%@rﬁ@ﬁrﬁﬁn%aaﬂtHeh@onFé[anB% b¥tween the
[ 0008] By specifying an eccentricity for the test
paremhetess, argls the fricasded grapertiash evhedn onfindidigg dééfdsctosragtice the
ot her, sonetinmes unknown variaphles, such a .
GBS Phire ehBSatehdRebf Do uratGR o™ tipntips, The
souRicfo@iid danfouddHR caf foe @XPEHLIK &1 BTt ROddtérnlIRGERPIY ourk F6Y.
be reduced or elimnated fromthe correl ations that
are devel oped between the paranmeters and the
[08P@Iphet s pieedrdi thepiorguisasmethed thrag pxgrremes prablems spel as those
e dondi ' . he effect of the paraneters on the
deg%t%grat%?{ééé:%{ {%%dlg}m{t'n various enbodi nents, two
paraneters are selected, and in sone enbodi nents nore
than two paraneters are selected. In sone enbodi nents
the process is a photolithographic process. In
addi tion, in one enbodi nent the process is a
phot ol i t hographi c process, two paraneters are
sel ected, and the sel ected paraneters are focus and
exposure. In sone enbodi nents only two val ues of the
paraneter are determ ned, and in other enbodi nents at
| east three values of the paraneter are determ ned.
The eccentricity in some enbodi ments orders the test
matrix in a random order, and in other enbodi nents the
eccentricity orders the test matrix in a pseudo random
order. Multiple paraneters are selected in sone
enbodi ments, and each cell is processed with a uni que
conmbi nation of values of the paraneters. The test
Sstructures include a line wdth in some enbodi nents.
For sone enbodi nents, nore than one property is
neasured. The property in sonme enbodi nents includes
line
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width. In some enbodinents the correlation is a
pol ynom al equation that correlates the paraneter as
wW@rooongazno vari able to the property as an out puPCT/US2009/044594
vari able. The correlation of some enbodi nents between
t he garaneter and the property indicates how cl ose the
Yty is to a desired val ue of the property. BRI EF
DESCRIPTION OF THE DRAW NGS [ 0010] Further advant ages
the invention are apparent by reference to the
[OQQY]aThlee%POHe%‘? piher Beedinaeermeldyst aethed of ﬁh%réﬁf:%eg B Fpcess by

se c{lﬂ 11[18 ]Etlogéér CRy gw &Frl?er V\;] &ttln% ? IO o?sthteop{gags% to

er el e re er ence
chawmenzs dentm‘tm‘mhg vhlut@ofethe plﬁtatnfetdr fooy rmgh autst nteeris epedifing an
vi ews, and_ wherein: Fi icts a }
CCEeHUEHY ?%rn%lp t?Sésrflatﬁat ?q n?dés%zﬁtmﬁﬁ s 19 bropicated iggpells on a
sub&ERAt rb&s&ﬁ? 'ihe'%tbﬁ dte ftlﬁBu ﬁle ﬁﬁoc%sgrﬁslﬁ‘é)fh @a‘éﬁ%’éﬁ! 'tﬁkgvélf?e of

an enbodi nen e present vention.” [ 0013]
the eplrauteser as fdeewnmkd by tho cccantmettbﬂt amaanx:,cmehsngng ) pa)perty of the
odi nent of res i nvent | TAI L
tey fﬁﬁlb‘@%@ ?R}P%CP’Helﬁﬁ%ngﬁ iR the
yarious enbodlnents reduce the effects of probl ens
such as those nentioned above by creating a test
matrix 10 on a substrate 14, where the val ues of the

[0B8¥ e tsppeiiideg ot ceoRBiigeY i for aherirstomeirixn cisedefined below, the
h
%ﬁ@gagff&%? otf oe[hng' @8&%‘11%@% u%njé?(grxplg \Ifgxl!)lie ris%u(racg)ée’lslg%oécgfsesmt

n a convention
thickherss pbar exposureabakee tegierapp eatifdrmitye oﬁdﬁr&b]ﬁJbﬂﬂ)sﬁlre during
.randomin nature, which nature is defined as bei
lithpgraphyy jcan ﬁv@rréfiwedagr Hluaiapted efEPnilr‘i %%eqat&% thatbep o%veloped

bdeR0dPhe ! Phr E%P gnﬁsgkf ues o 1tsep%d1ﬁ@§ & 'C?E)rfEQatlBﬁecﬁat 1s far

I ncrement a a paraneter in a give
maiemdisator affthet ¢feecmaf the yarthhetanon thegeeparadsues i n sonme
enbodi nents are uniforn1y i ncrenented, but the val ues

[0\%’&]' 191 avpﬁogsr eam 0 S, m%wo parameters are seclected, and in some
embodiments more than two parameters are selected. In some embodiments the
process is a photolithographic process. In addition, in one embodiment the process is
a photolithographic process, two parameters are selected, and the selected parameters
are focus and exposure. In some embodiments only two values of the parameter are
determined, and in other embodiments at least three values of the parameter are
determined. The eccentricity in some embodiments orders the test matrix in a random
order, and in other embodiments the eccentricity orders the test matrix in a pseudo-
random order. Multiple parameters are selected in some embodiments, and each cell
is processed with a unique combination of values of the parameters. The test
structures include a line width in some embodiments. For some embodiments, more
than one property is measured. The property in some embodiments includes line
width. In some embodiments the correlation is a polynomial equation that correlates
the parameter as an input variable to the property as an output variable. The
correlation of some embodiments between the parameter and the property indicates

how close the property is to a desired value of the property.
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or less randomy selected as one noved from one cel
12 of the test matrix 10 to the next cell 12 across a

w@rawen4xtoorensi on of the matrix 10, and the i nCPENER1089/044594

nature and the value of the increnment woul d not be
di at el a as it would be with the
B%%pjgﬁp HX?%BET EPV%N@6$ [0016] Wth reference now
to Fig. 2, there is depicted a test matrix 10 for use
[00 ILIES wrelh Q&iva%%‘g@ﬁ QF A fQednOFp Q?bdf@lﬁtbyolfefér@&eﬁb eR&Qttailed

invention. The text matrix 10 defines the settings for
deacrlpt@aswhemrf@nplﬂer@ésrs Perguprtioanethethe figueas, wbicheporaite scale so

i th hi .
oo maR ey sh Bs QPR W BRSSPl Bhpoehindfe e

el&rh@ntﬁ gsdbudmtf thy sdralkasts, ofd Whereiel | s 12 in the matrix
represents a setting for the processing paraneter, or

conbi nation of settings when nore than one
lﬂﬂé}lamt bﬂenletsaﬁewaleanfﬂﬁe%ﬁ@tr&a| uation. In the

exanpl e depicted in Fig. 2, two processing paraneters
[0@i§ Bgph C(fegf%@ th "e&%nﬁﬁs{estnﬁltafrixxfolﬂ%se RRIaNGhe@BRORMERIE to an
focus Each of the cells 12 represents a
cralpdineratof dhre wesenhmyentiono par aneters. The cells 12 can
have a variety of different conbinations of the

0BFSITRE §apicly PRYTGRE IR hPe af@iding o bl RrfiRgirient o the

pré@bindahticnn of the parameters. In other enbodi nents,
some of the cells 12 of the test matrix 10 have
redundant conbi nati ons. Such deci sions can be nade,
for exanple, according to a statistical experinental
design. [0017] In the enbodinments of the test matrix
10 according to the present invention, the values for
a given paraneter do not uniformly increnent across
the test matrix 10. For exanple, in the enbodi nent
depicted in Fig. 2, the values for the focus F in the
third row read, as one noves across the row fromleft
toright, 3, 2, 3, 5, 3, 2, and 6. Thus, there is no
readily discernable pattern to the value of the focus
par anmet er as one noves across that dinension of the
test matrix 10. Simlarly, nmoving fromtop to
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bottom down the third colum of cells 12 in the test
matrix 10, the values of the focus paraneter F read 5,
W@ 200914200 1, and 4. Again, there is no readil yPCT/US2009/044594
di scernable pattern to the value of the focus
paraneter as one noves down that dinension of the test
rix.10. This sanme condition exists for the exposure

mat
DB%?I&HBP@ISC%IPWPIY he test matrix 10. In sone

enbodi nents, nore than two paraneters are represented

[004]eReddrdifg | tolthe FiaSknt MhGerFidAE tIRC GBAGIS 6inbydibdents reduce the
observed in the values of all of the paraneters as one

cffastpeaf raeblems suchyps, basamentiericdrabere brierqatisg arest matriz @0 on a
It j f ' . of th
sopSEFETLd g R STSAchT o BBy AR, BB, PRI bifform

inciehignmal whener hérats par dimehsiondiod tharésedndtfic ri@pantthéynda in a
uni f orm manner. across a given dinmension in a given row
cogveriinu et grettiche Ot ednstends thsc valyes dpiutireparapiess appear to be
i . ; vi ' .
o e R s iP5 bl Do KRG . o
ddseritzph inedle detafl belolvwy across the test matrix 10, as is
done in the prior art test matrix of Fig. 1. [0019]

0f BSERESHRkN B BB S dothe L MEuRBRATE e hues ore
padarhéter enta VAYS: diREns@ABP! e MbRixee0eRhd | Bbiy vERBs R some
truly random or pseudo-random or specified according

crbpdimeife ofcf unifospdit ingrempatadebnt thevalies wWeyldaappear as being more
orﬁg%shrg%nlﬂc lele?{?g%rs Io‘ilg .r%ov-le—g Frony ?S?Eé’ﬂ ) %y tﬂ@atht%ﬁﬁ t16kt8 the
Into accognt e speciticC [T'm tatrons” or coaneX|¥|es

ne®f cdlhE2 gabdsi ccall @t dihakionof Weitdirik N6, sidast it@ndrdaltnatud€and
processed. For example, a particular exposure pattern

thg alge ef hetipgementiverldngehe Bxpediziely AppyIcnERYH VG wih the
cAJ¥ARLag8Sndix 6r 8 of ease of setup, speed of

exposure, or accuracy of exposure performance. For
exanple, in one enbodinment all of the cells 12 that
[0AB6¢leWathgicference alowetof Big. 3nthenf istdepicpal anwst eragrix 18 dathusesin a

SR o5 8 B S SR Tl 1
defines the settings for at least one processing parameter, such as exposure and focus
during a photolithographic process. In some embodiments, at least two variables are
represented in the test matrix 10. Each of the cells 12 in the matrix represents a
setting for the processing parameter, or for a combination of settings when more than
one parameter is included in the evaluation. In the example depicted in Fig. 2, two
processing parameters are depicted in the test matrix 10, being exposure E and focus
F. Each of the cells 12 represents a combination of those two parameters. The cells
12 can have a variety of different combinations of the parameters. In some
embodiments, each of the cells 12 of the test matrix 10 has a different and unique
combination of the parameters. In other embodiments, some of the cells 12 of the test
matrix 10 have redundant combinations. Such decisions can be made, for example,

according to a statistical experimental design.

[0017] In the embodiments of the test matrix 10 according to the present invention,

the values for a given parameter do not uniformly increment across the test matrix 10.
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the substrate 14. What woul d not be done, however, is
to uniformy increnent the paraneters throughout the
wWo e@b/1madr i x 10, as depicted in Fig. 1. Regar dPEBES20091@44594
eccentri c pattern of Fig. 2 appears shuffl ed vvhen

conventlon } ttern of Fi
FogramD etﬂbr ﬁm G IREHY depiefec Q‘a e wplugy 90{ s £od0é Pl the
thRALEWBESRL, 85 Bhe hdSed 8SbssRE kv frbth 1&@%%@1@'3 213 S’f3 tzh @nd 6.
test matrix 10 on the substrate 14 is processed
Taschedi ingo madullyreilqgannahletp@tt@‘nstpdm Yaledoffthe fachapangmicier as one
12. For le, .if i ar anet er
mos 6 dhapmeniiet sfu ISt 147 EtaPRAPERE (ot o 10
bdt@eH&o A the3hir@ ollh@ @é@mm By tht R&Oma it 1 (G ehd valdesioF the focus
processed through an aligner, stepper, or other

pasxpesul ecadop 4, dsi.ng anthds é\g@ﬂb dlense Issnst repdidps disgirnabde pattesn to
thQ thl% 0? ﬁle f%clﬂszpa%rﬁeteli % esrﬁospes %%gﬁﬂ (fulﬁ ﬁ)sLilcg[{]oﬁ t?g test matrix
el I Ngs,

exposure too r sp eCI process se

10ml“huls sihe cattliisreextias forrthd éxp()sﬂ,x@ pagsnheen inthe e&ss seatkix 10. In
according to the settings of each of the cells 12
somFOSpodAMEHs LAY Han dB8 IREFNLFIS\ IR Fenrerenipd | i ggclyecl Ha, and

thﬁasraﬂfg%tc%rﬁrlagy sRBsdeld ele 300E GF A of ﬁwqﬂa rgbn?%égﬁs one moves

criteria, an er aspect of sone o I ments o
actrdss acgwemehmennmenfuhemst matrhxellor der of exposure of the
test matrix 10. In nodern exposure tools, the order of

ure ri.n roduction run c b ptim' d for
0BT st 5 e el SEing g g o on8'couta
pdsESR fill SREoEHIRHH WBBESh 'raﬁﬁet@txcﬁ@ $teBd ﬁfcréﬂi@lt in a uniform
eccentric test matrix 10. For exanple, it m be

ma@marat:@g@m@vmbd@m@l@e inte given lrew1ar esflump @fttg@ttesmaftﬁl& 10.
Howe\II & n%?t naxs:vgﬁ)lrddlll n%erf %8 i eSeD 8# lthaeI edeb s XIIC %’ﬁ%e of the

or a Terna In sequen exposure

plpah@mebLthe defls &szﬁﬁit wygldalot bo@pplicdnuni{odRB2Ycrés the test matrix
menti oned above, each of the cells 12 has, in one

10 gpiscions it the prior atd éest pawix fdtigsh r uct ure defined within
it. In some enbodi nents each cell 12 contains

[obﬂﬂnfﬁecekcehg&gtﬂf WEE YERSs ol Nthd Wieark DRI MRHAL SclR 12 can be

vari ety of erent test structures are contal ned
detdrtrimenl i@ achuneler lof ﬂiﬂ“ferﬁfttveayst ffer sxdogile,ahe cdotntimsty wer be truly
ragéoorg,eosrspesgu oqf:a%agrlnngr spemﬁed according to a specific spatial pattern, or set
by a mathematical algorithm. The eccentricity may also take into account the specific
limitations or complexities of the particular tool on which the substrate is to be
processed. For example, a particular exposure pattern on a substrate in a given
exposure tool might provide advantages in terms of ease of setup, speed of exposure,
or accuracy of exposure performance. For example, in one embodiment all of the
cells 12 that have a given value for one of the parameters — such as a value for focus
equal to 3 for example — might be placed in a given quadrant of the test matrix 10 on
the substrate 14. What would not be done, however, is to uniformly increment the
parameters throughout the test matrix 10, as depicted in Fig. 1. Regardless, the

eccentric pattern of Fig. 2 appears shuffled when compared to the conventional

pattern of Fig. 1.
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t he paraneter val ues described above, various
characteristics of the test structures within the
w@edba43pBo ar e neasured. For exanple, the size PET/HS2009/044594
gi ven dinmension of a test structure or the thickness
a ecific |ayer such _as photresist is sured in
10Been B reries e é?(ra??ﬁF b gy Charcdgsanax 10

ca@f cbMbagi the st bRt NOLN@E SuBlirafe I8ROBidcessE@acRFRESS the
steps other than photolithography. This information is

pargudrdegetited éadhatawll] 121 2For[ago@Ble, ifme given eelth ddihae paramaters

rrelation is the evel ope t ween the | ues, of
of Rt Fbepd spaSRrd BT G8rTLb FrdR o Pl 3, B Jaoggosure.
theh GhalBAB YUY BhrH¢RRA thicRSh _(aa%hgwrpyéppéa,rdr @ SXposhiftstosPEking
of developing a correlation for the absolute val ue of

thespeprioeess sediaepr gkt thexothirrrelp 131 are tikewse engrsdicaehtough the

relati 0 d r . Gl .
cpasE SN R GRSl 3oaSY RBRE iy S RE Rlatat 6 s
bden pedvdesdd wadouding iothetsbiviags of @pRbT theselld 2.t hi s manner,
a mat hemati cal nodel of the effect of the paraneterson
e operties is devel gped. This_can be used to
[Ohgueg&]il%_hd@%ﬁcéﬁltg@ﬁt ohdee VBot RE thr HREE!qrh gpay; ge defined
actORERCILRIFERht | Ritdrd SnBRRPGEpect 8P 28 e Wit e T&{RURRGES of the

now to Fig. 3, there is depicted a flow chart 100 for
cugreneinlvouticacis shalprigr vbexposunprod sentesi maent 1nln Mhéerhiexposure

step is,to_select that process that is to,. .be
ofhaPg T R BaroiEe Gt PR i sn DROPHBEzSH: B fhrovehput
orI¥¢ment RUREPCERS i NS HRI\sPBABmMEBbodfmdiEduring exposure of

predom nant exanple is that of exposing photoresis

the geeangicateshowrsix 1 hodioashrmplsr oaedt be wdhandazophs fp axpose the
XpGs tool |jike a.stepper. or al.lgner, . ver . an
cRRPe Be' GRmetr oL B8R Rieo R W Inot VR o . o

alichnattdly . Sin ReqiRetial csdiglvfaspdsare pamgrhéet atdspectivelo€ location.
ashi ng, deposition, anneal, and so forth. [0025] Next,

the paraneters_ to be characterjzed are selected, as
10822 S entpsdiabery cacthes eﬁ@f%%h@ér@%mr%quyﬁwa@nlwst one

te&tuPRRT &tincl QilHe itPIRGERS oﬁ%&gs £ cell 12 contajns identical
characterization. For exanple, the description above
testesttucturss. bolnh serp@sahodiraends a variety of different test structures are
contained within each cell 12. After the substrate 14 has been processed according to
the parameter values described above, various characteristics of the test structures
within the cells 12 are measured. For example, the size of a given dimension of a test
structure or the thickness of a specific layer such as photresist is measured in some
embodiments. Other examples could be the dose of an implant, or the thickness of a

deposit, for process steps other than photolithography. This information is recorded

for each cell 12.

[0023] In one embodiment, a correlation is then developed between the values of the
parameters (as input variables) and the values of the measured properties (as output
variables). Instead of developing a correlation for the absolute value of the measured
properties, in an alternate embodiment the correlation could be developed for how
closely the values of the properties as measured match with the intended values for

those properties. In this manner, a mathematical model of the effect of the parameters
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focus, which are photolithography paraneters.

Paraneters for other processes could include

W0 eoopasRdUr e, pressure, dopant concentration, POMER2009/044594

bias voltage, flow rate, tine, and so forth. V%ile the
ven in terns of an

exanpl es.ahove r
orythe Drencrtics is Qﬁ‘gﬁ\ﬁl?eﬂ?ﬁb gﬁl%@ﬂdﬂ&r%ﬁ%f%@@e@w? ee%fvéﬁ Settmgs for the

prﬁ&%ﬁ afat ?srdhéﬁaqterl[z&p%%ls%n@@m step is to determ ne
the paraneter values, or in other words, the levels
over which the paraneters are to be characterlzed, as
[0824)eYY ithrrefsranck newdo Hig 3, ﬁleeremml@echb dlpay, chiapfel 00 for a method
acgﬂrd?ngeth%%é%sg V\gr}vge%J 1%12 ?Tgle?urrsé gte % fo soe%egz thaﬁﬁl@cess thert is to be
chiddctigiscdvel ivtieid 18eckas0d. 0AR Q{%sdﬂib@@) lagoeQ 0 proaéss thehﬁhas been
exanple. In actual inplenentation, nore conpl ex ranges
usgfl gl the spredeingst eeXé@ﬁiﬂ éx Gpepd srpMN@helEdeduring 2
n d ,
pIEETRTLL PgE sEHPE MTRChP bRk ORoMRICRA R BF aligner
Hb‘es\tee danyl ﬁumiidn off oehep @racoeses abuldedsogre ¢hatdvadiobd @i @8s manner,
| de. vari of Ievels th or without uniform
SUCh &4 IORERP aélﬁn FHFyrehpe BaHiBEn. anpgsh AN PR&OTHEXt st ep
is to specify the eccentricity of the test matrix, as
[OGQMeNeitnthlglﬁ%n@E% 10 @é &Qifa@teh%ed §rer§%&@ied SeLREMNibRZL 104.
""the cells 12 so as to di srupt whatever
Thﬁ@ﬂf p@namet@gs faetldr syrieedlye bei ghhertm |tm thige pm@@ses@ected for

ves at ed he .sub trate
ctRGiefizhiote FaP By oier Mo FHETRIH el PEuilie BofsSposlre and
fof6s SWHidH &retphotblighigrippySRte6dt@d. Parasetdro fel Sthéfrodesses could
confoundlng i nfluence fron1marpage of the substrate 14

inglyde derpRerathes, PRSENT, densnheoncspEEms pevey bigsgrnltage flow rate,

u@@'a%‘dts%dfoﬁﬂ %?/ﬁlf f %de‘i&r% fe'Q %Pﬁxge”\g/g%yb&?m t@{_rk) Sf‘&xﬁy ‘B{v% Ruch

enperature profi & ‘acr o wever
paQaasits| arsi duymber ghparbme&ed @uldEbt ¢harataraadom or
pseudo-random manner, so as to disrupt a variety of

and unknown c¢onfaundi ng factors, After applyi
[ohﬂﬁ% BEL1% b tor %ﬁ‘éerﬁt}%%g%‘%garﬁﬂ@tef Fa{ucHg®r i Other Mﬂ‘?sd the
1l Qe Bverr\azﬁiﬁgthlé ﬁ’)ara!rﬂe‘f&s bReo tb@ ShariBtfited Q:le%n f lgockzl 06. In the

rather than ordered Iike the test matrix 1 1.
example above, the parameter Values ranged from 1 to 6 or 7 However those

numbers were just representational, and simple values were used so as to not unduly
complicate the example. In actual implementation, more complex ranges of values,
and more complex steps might be employed. According to some experimental design
methodologies, only three levels of a given parameter might be tested. In other
experimental design methodologies, a wide variety of levels, with or without uniform

incrementation, might be tested.

[0027] The next step is to specify the eccentricity of the test matrix, as given in block
108. By this it is meant, determining how to “mix up” the cells 12 so as to disrupt
whatever confounding factors there might be in the process being investigated. For
example, if the substrate 14 is to be held by a chuck during the process, the
eccentricity might be selected so as to disrupt a confounding influence from warpage

of the substrate 14 cause by the chuck. Another eccentricity might be selected so as
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[0028] Next, some type of test structure needs to be

sel ected, as given in block 110 of the nethod 100. The
wo e@v/1s20uct ure will be defined on one or nor ePOEBERR0D044594

reticles, and define a physical structure that is

formed on e substrate 14, The test strycture or

togliedyist ﬂaﬁe%o QdEgeilienge of 4 Rk BT 9SS dih pyfisirate.

HEwER: atht %@@éﬁ'tﬂ?cl% @'Be ts@l%ctﬁ@ﬁ@%ﬁﬁfo?n BEb&@do-random manner,
characteri zed, he measur abl e properties of the

sotaso ditunietvaries. of Pﬁopweﬁadphbnowﬁ canfeungingplectoys. t aftérepplying
ot 7 o PPt o 10 o i ok oGRS il the tos

m&@i! 1¢ JIFi@le echedhdnbraQe. lIRBIHaEst Myatdin €0 gF Figen ent
val ues of the process paraneters, selected in blocks

104 and 106. [0029] One or nore substrates 14 are then
[ﬂﬂzﬁclﬂ@gewmea@p@ P/t stiychiropeds iobe sdegiedaps siver imblogle 110 of

th& ‘rflr‘fe@ho dO 1"szhe esttslgl‘;n]c{u?ec‘&n % Ei)fne]dooﬂ oc‘neo(grorﬁgt%stﬁgsks or retlcles

accor ng tot ues O e paraneters associ at ed
andi defint h @hymedl Istrd@urc Thatd@farsned vethd dubsteacanpl €hs teaf _‘Itﬂniture or

above, in a photolithographic roc this c
SURMTIES ?ﬁé@% Wl@emi sofpe m% Sﬁ §& é’ltai"l delations m etween the

a?@rhétbﬁ%n?gs c&?&@érﬁe@ GarlOfhe efﬁ‘@a@ul%@ie r@%erh@s BPﬁlett@scttstructures

matri x 10. Once the substrate been
Foraempbedf onehpfopm@pm bé ewagfred elinewidtst thar thertest structure in
W|th n,.each ce asur ed

i SR OBl Tt PG PR ah P D B rTFefeg i some

mARRS by ek ddRebnt RaREHSF th%@@éi!s&@ﬂfaﬁle%ré/\ﬂs@l%cﬂé@ i Blo¥kP104 and
propeities are neasured. In sone enmbodi nents, the

1G¢r operties to be neasured are not sel ected until after
processi ng the substrate 14, and in other enbodi nents,

[0p£‘ﬁ GLOBE %Arg?su%fiate%eif% ﬁ’le{rlrg)r&de\é?e'ac s %Tfivetnhiﬁtbl%léarf'lz. As
n ‘'some enbodi nents, one es are
measud eboverdayh tcoll d2sefothe rtedt haﬁtrmolor aalbrocésaestg ecdofding to the

roperty value is caused hy the dlfferent par anet er
vyt s parameprs Aassacided #ilfor Brertll plopkt erE% OVehthenexample

statdg 4HBVE 1q%gﬁ{b‘#ﬁﬁhoéfgﬁﬂc tp%e&aﬁﬂg%&ﬁﬁ%eaﬂr&péﬁhg%Ec%dcell 12

and neasur
with the focus and exposure settings as specified for each cell 12 in the test matrix 10.

[0030] Once the substrate 14 has been processed, the properties of the test structures
within each cell 12 are measured, as given in block 114. In some embodiments only a
single property is measured, and in other embodiments a wide variety of properties
are measured. In some embodiments, the properties to be measured are not selected
until after processing the substrate 14, and in other embodiments, the properties are
selected in advance of that step. In some embodiments, one or more properties are
measured, only to discover that no real change in property value is caused by the
different parameter settings, in which case different properties, which are more

dependent upon the parameters, are selected and measured.

[0031] Finally, one or more correlations between the properties and the parameters
are developed, as given in block 116. In one embodiment, the correlation associates

values of the parameters as input with values of the properties as output. In another

10
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[0031] Finally, one or nore correl ations between the
properties and the paraneters are devel oped, as given

WO poob/1e2ko 116. |1 n one enbodi nent, the correl at POTUS2009/044594
associates vaIues of the paraneters as input with
val ues of roperties as outp

In . .
crabRsHIRER eﬁtt?o‘éf? #ton pysaciplsy vafuss o gﬁhsagaaeéﬁr%as VA exith the

de%freetta SvIREN BIYEIEH3ti@Sas rﬁ@éé{lre\ﬂ" rﬁaﬁcﬁ bs V\gﬁg[lg §alu® o\f"me%lro ertics
the properties as neasured match up with the value o

astepeqiecopratesired as expected or desired. [0032] Many
addi tional steps could be perforned after the

[0@95] ]9]1312}% ; %cﬂtll &al% eé(se cggl%idbe per?orrn a%lt correlatl n. 1s fieveleped

orre O se Cess" para S or a varile

sudh fdselisipt tHeeEbB@stionOto b& lﬁmt;ésaqsalrahaeﬁs hdr Caomeétatdfodtfferent
for either paraneters or propertles that m ght be
IOEiPES: OF t extiapoksiq the cogelation farwiber RaryBetary of EORSigsehat might

be"#lﬁ?ct‘ilﬁ% @ﬂh&%gtf&'tﬁ&%ure %lg,:ﬁlle &ﬂre%?g% ?{Ig}%gég ¢ht. Many

e steps are acconp st ng
specific equi pnent. For exanple, in a
[0033)t lol $anio gmaphinen(sy ocegsof thhestgqubst that msthdd aar @ccomplished

rocessed usin expos re to 0
e G CAUPEETS 4ol o e B B g S et i ubrates
4T£tlésproéé3§éd whifPan SxRRULOBIEAIUS ua@ng Tpgcﬁl%% fhCsUREMHE4 are

even though the nmachi ne m ght be di nt from one
preedsedi wramgt ait Unlalﬁﬂdﬁm eFhusj thaaetdp i parformike uping @e@sclﬁg rnachme

TR P, Weubadfe it o HEERRL IR bAC Rt fo HodE. m

add@fodl tiedprobheihg tﬂﬁ@ﬂﬁnéf\mﬂt %h Gcdly REBRSH tHRSsubSrd@ad UisEit is
af t er processin [0034] Further, the properties are

pragcsstsk eld nagihpgic t&@éﬁ@i@?@%ﬁﬂﬁé theapgra Weulgeggigr regperties

wi dth, the nmachine m ght be an
to%%%?@%ﬁﬁﬁtlpééﬁb a physical profiler. Wen the

property is refractive index, then the machi ne m ght
(0034 ]alfurgict.i theoprepatics lare adebirednising a:csppmiﬁerméccbnines Oiben the
used. in so enbodi nents to

roceSS|n deyi ce S
maeva dpsoR 1&§P )laft* s rpachinsanienhe t}a?%twgf gpdee i plygical

prBiRPE WHRR - thd NHSp erkh‘?s PEERAJS iREKO rtﬁ’énﬂ thd thabhige FEREMe an
I nvention cannot be performed nerely by

ellipsometer. In addition, a computer (or some processing device) is used in some
embodiments to develop the correlation between the parameters and the properties.
Thus, the methods according to the present invention cannot be performed merely by

a series of mental steps, but must of necessity include the use of specific machines.

[0035] Implementing the methods as generally exemplified herein provides a
correlation between the parameters and properties of interest, which is substantially
free of the confounding effects that might be inherent in a substrate 14 that is given
the processing. For example, the eccentricity of the test matrix 10 will tend to remove
any confounding effects that are caused by a gradual change in a given property from
one side of the substrate 14 to the other, which change might be an inherent issue with
the process. Using the conventional test matrix 10 of Fig. 1, such a gradual change
would be confounded with a change in the value of the parameter that is incremented

in that dimension. However, using the eccentric test matrix 10 of the present

11



a series of nental steps, but nust of necessity
i ncl ude the use of specific machines. [0035]

wo ppbaseni i Nng the nmethods as general |y exenpl i PCBTS2009/044594
herein provides a correl ati on between the paraneters

..and. properties of j.nterest, ich.is_substantiall
mV?I’é’di"F CXFfRp latfﬁ%n%auéw %%%m}dmﬁ fagfog iy s %tamfﬁ%férrswved

frdbfl R SHRItRBat 1 ddRBIpell D@k el AB R ACRITHE opgr%r
exanpl e, the eccentricity of the test matrix 10 will

tend to renove any confounding effects that are caused
[0836]=0gg wsduar the hantp el gorclgiioebetyeepbe ryorferitanana @aringécrs of

. of the .substrate 14 to.the. other, | ch .change m ght .
infiged 15, AP b Fudin’ 8 oA RS, bRl B LY in he

coROBRAL 6O PedpetteSinfarifatiox ckbradtbd Hrdn MhetrSIUEN dAtlfidePloduct
change woul d be confounded with a change 1 n the val ue

sugstratere igar hthagaphy exposuse iparmesiesntseighi 4 foeap and dose.  This
' i . ' g =Yol'c .G, test matrix 10
e oo L U Y. *F o2 such
a confounding factor is substantially renoved fromthe

[0037T]r Ehcataregpinh desdarptice \of | opedct emied mdrie faathasmetvention has

and the property. [0Q036] One use for the inoproved
beea Areraed _cfﬂlp _Blé‘ix"é%‘é rP(%tlﬁ\éJtﬁlnBB épﬁidsgcr%la?pér Smiidpigndid to be
exhBhEHESEr itS TiMitt e GRBRESIGE ! B PlecRO folR’ @¥EEsed.  Obvious
mat hemat i cal nodel used in the conversion of property

mpdifiontremsi on vesatraast &d possiblaren rleggho gyl thet abdveotraphtiogiuct The

erB TR R it RPN ARRR Pl RS b Bions of

thphEIEEipRes GO ficl iaberfiohiang ifsigrit@ighicdppYicatl OB toTthereby enable one
foregoi ng description of preferred enbodi nents for

oft gyimarhykathin dhe wado bEbze Pedsemtiod ip girripuy gakediments and with
RS SREALLR0pERS FESFILPRLON phteh B85 cPREFAEE L PSucn
mbaifioatibns cind st atidisvire wathi tief dcopd bO R @Kentini Bt detdtmined by

are possible in light of the above teachings. The .
the sppeidae tadms mdicp Hpsarctad & decoedanse gvithnthg breadihy oy whigh they

P QM'ﬂE ﬂ,, bbb Ustifigf i ons of the principles of
mee #nv%n?f%n %ﬁ% ??S practical application, and to
t hereby enabl e one of ordinary skill in the art to
utilize the invention in various enbodi nents and with
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various nodifications as are suited to the particul ar
use contenplated. Al such nodifications and
we a00asizons are within the scope of the inventPCIUSH09/044594
determ ned by the appended clains when interpreted in
V\;;\ccordance with the breadth to which they are fairly,
HJ AP UAIMIRYSequi t abl y entitled. WHAT |'S CLAIMED | S: 1.
A net hod of characterizing a process, the nethod
1.COMPAinSdtNgl $Mi@asbRRASIingfa pro®k§thd MGthbAoRHAGRS $hd sBeps of:
characterize, selecting a paraneter of the process to
charstactng e pregsseiordhaiastgrivel ues of the paraneter to
use fing ERbraRId ¥ ncSRECLT ¥ AR secent ricity for
the Y€§ PR ecting'test s Fuétures to be
cr ealc@dmifing @hluss SMtha@ pstdhsicr & sc iRhAGLaRIMY t he
substrate through the process using in each cell the
val udcefyingan peacaisite fordhe fst ®atiixned by the eccentric
test sef@%hﬁ% fost ﬂﬁ]ﬁﬁﬁ'&' t?%e%re%egﬂg rcElX (91{ a Elﬁ)%trg.t%,St .
structures i1 n the cells, an evel oping a correlation
bet waecesting tipasubrtedte thramgh thh @reeapesingyin ch T¢lethrptahedf the

of claiml, whereip two parapeters are sel ected. 3.
The met hofrPRetey ‘{%F@I?ll%‘@ryégg CORSPIEICHE ARG

par aefGfise Q%?og%ﬁkl%@ﬂ%%stﬁtmc-ml%_s et okl ai m 1,
wherein the proc

eSs I s a photolithographic process. 5.
The dmtlopuhgof cortekition betwese thed pararthetepaictbs prapsrta
phot ol i t hographi ¢ process, two paraneters are

sel egt ed, ,and-.t.;he sel ecte araneters ar cus and
2 onpolttdengioe bt TR B BRI Bk Belidonr, "t

val ues of the paranmeter are determ ned. 7. The method

3.0f cTiad method Whelbih 0, wherb@asére tina® ovakdiege9trd feected.
paraneter are

4. The method of claim 1, wherein the process is a photolithographic process.

5. The method of claim 1, wherein the process is a photolithographic process,

two parameters are selected, and the selected parameters are focus and

exposure.

6. The method of claim 1, wherein only two values of the parameter are
determined.

7. The method of claim 1, wherein at least three values of the parameter are
determined.

8. The method of claim 1, wherein the eccentricity orders the test matrix in a

random order.

9. The method of claim 1, wherein the eccentricity orders the test matrix in a

pseudo-random order.

10.  The method of claim 1, wherein multiple parameters are selected and each cell

is processed with a unique combination of values of the parameters.
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determi ned. 8. The nethod of claim1, wherein the
eccentricity orders the test matrix in a random order.
w@2009he320et hod of claiml, wherein the eccent rPCI/U$2009/044594
orders the test matrix in a pseudo-random order. 10.
The net hod of clain11 mherein mul tiple paranmeters are
sel ected an C rocessed w.t
ol atFBhe of G9ut eshgrRe STt eniccide £ Bt nog
of claim1l, wherein the test structures include aline

12M dtthe chéthod BEclamh DOFh&EinGhéve Mhah ondRERI Y iEBIcEsurEBN

one property is nmeasured. 13. The nethod of claim 1,

wherein the property includes |ine width, 14. The
13vet b ethed af ahim 1 ybsreinrhe properdy insfusles Bre widthy

pol ynom al equation that correlates the paraneter as

14n | %eﬁh@ﬁ'o@%}]ﬁmt 0 v{]ﬂ%?elﬂ?l%ofd'rfdatﬁ)ﬁ i&tl éﬁel nﬂﬁ%leequation that

var i 15." The neét alm

cor reratdtenthoepasemetet lae apamantevarabdndb e pprpegerasyan output
i ndi cat é how cl ose the property is to a desired val ue

of tYf E operty. 16. A nethod of characterizing a

phot ol i t hography process, the nmethod conprising the

15t epBhOhethd@bEERIM 1 NGh¥RINUAS cOfrelh@siBetAch B RRafmiRertadd the
use in a test matrix, speci fying one of a random and

ps e RePeraniddientss bevitciase ithe/propartyt inéo ¢ detirehaveluicyef the property.
selecting a test structure having a line width to be

16¢reage étﬁbaﬁedﬁ %H%{élﬁ gs%r fitolifHo gﬁ?ﬁg ggoc%&e the method

Substrate throug toI| ogra cess’ using
in a&mﬁnmeghh69£gmm1natlon of val ues of the focus and
t he fxposure S
etermining values of focus and exposure to use in a test matrix,
specifying one of a random and pseudo-random eccentricity for the test
5 matrix,
selecting a test structure having a line width to be created in cells on a
substrate,
processing the substrate through the photolithography process using in each
cell a combination of values of the focus and the exposure as
10 determined by the eccentric test matrix,
measuring the line widths of the test structures in the cells, and

developing a polynomial expression that correlates the focus and exposure as

input variables with the line width as output variable.

17.  The method of claim 16, wherein parameters in addition to focus and exposure

are used in the test matrix.

18.  The method of claim 16, wherein only three values each of focus and exposure

are determined.

19.  The method of claim 16, wherein the correlation between the parameter and

the property indicates how close the property is to a desired value of the

property.
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determ ned by the eccentric test matrix, neasuring the
line widths of the test structures in the cells, and
waelewelig2dhg a pol ynom al expressi on that correPEr/@s20091e44594
focus and exposure as input variables with the line
width as output variable. 17. The nethod of claim 16,

mher i n ers in_addition to f cus and e u .

e o S BE Sy Phmpbeieit Fact” el B RO S Sl nique
iR t_ndTh Y ubHs LR cvRddespeagh of focus and

exposure are determ ned. 109. ?he met hod of claim 16,

wherein the correl ati on between the paraneter and the

property indicates how close the property is to a

desired value of the property.0. The method of claim

16, wherein each cell is processed with a unique

conbi nation of values of focus and exposure.
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