Process Controls for Inproved Wafer Uniformty Using
I ntegrated or Standal one Metrol ogy BACKGROUNDOF THE
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Sem conductor fabrication is commonly perforned on

substrates such as wafers of single-crystal silicon.
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on each wafer, and accordingly, one goal of

Field of U 10986kiGt or fabrication technology is to ensure
—unmtorm1ity between devices nade at different |ocations
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caused by non-uniform processing in one processing
step can often becone magnified through subsequent
processing steps. Thus, if a deposited material |ayer
Descriptioni efthePrioniAstness across a wafer, a specific feature
defined fromthat |ayer can have varying dinensions in
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accordingly, one goal of semiconductor fabrication technology is to ensure uniformity between
devices made at different locations on a wafer as well as uniformity between devices produced
on different wafers. Ensuring such uniformity across and between wafers requires uniformity in
processing so that, for éxample, layers have uniform and repeatable thicknesses and features
have consistent dimensions. Unfortunately, deviations caused by non-uniform processing in one
processing step can often become magnified through subsequent processing steps. Thus, if a
deposited material layer varies in thickness across a wafer, a specific feature defined from that
layer can have varying dimensions in different devices formed at different locations on that
wafer.

[03]1  Additionally, semiconductor processing is typically performed under high vacuum in
very clean environments. In order to minimize contamination of wafers, multiple processing

chambers are commonly clustered together with robotic means that are configured to shuttle



very clean environnments. In order to mnimze
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that are configured to shuttlemafers bet ween the
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1nvest1gated RioPx rapi 1y, fhe wafer nevertheless is destroyed.

[05] Several non-destructive techniques also exist. One such technique uses SEM to view
features on a wafer from above, rather than in profile as with a cross-section. While this
technique does not destroy the wafer, and can allow the wafer to be put back into the processing
stream, it may increase wafer contamination, it can be time consuming to remove the wafer from
the processing environment, and provides only limited measurements. Principally, this technique
is used to measure lateral dimensions, such as line widths, but does not provide information

about layer thicknesses, sidewall angles, and the like.



stream it may increase wafer contamnation, it can be

time consumng to renove the wafer fromthe processing
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Principally, this technique is used to neasure |ateral

[06] g&nﬁﬁ@ﬁﬁ&lﬂ&strﬁ%{ﬁ}é t&3inlqu® Fiviivel aﬁps&ﬁgtryqﬂﬁ% Hl@&su{%rs @deéﬁles of

I nformati on about | ayer thicknesses, Il angl es,
light reﬁ%eoc\t % géé";é :ﬁﬁgl[e gh%a\?ﬁ rEl@B 0L as%ilg We lrsﬁ(_{)l‘?eédtr f%?ﬂ@ésgﬂﬁg layer
oo o G B L P LS gt

t hi cknesses of naterlals that are at a arti %Iy

however, (s dAPIGHE Mg f@glyée%geare\ﬂée@mﬁaf%&@@m r@WPS of specific
however, this technique neasures a fairly |arge area

featureg pyageged in seanicoRIUEiOREAREFas98. Shuss SRIPBMEITY Eapeihsdised to measure
produced in sem conductor fabrication. Thus,

individedl ifi¢apgenet # ywateannot be used to neasure i ndi vi dual
features on a wafer. [07] Because of the Iimtations

[07] Bkcdubeotalihatatiensd asaveitabid measotomeany eshnigen] eonandiaor
processing is conmonly controlled by periodically

processiRAS B MGn9 Bn@6116d Hy9erisdieas AdhsGhEL6/est Al Qfeas M tklected
appl yi ng those measurenents to all subsequent wafers

wafers it %ﬁglﬁﬂ?ﬁh@?ﬁf mEé%Hf&gneﬁfs (BB SUHSEITRAL Wafes RET AHER thundDf
“an éxanpl e

the length of time of an etching step may

meas STRT0R R0 bR ) FIRFARI Ll BRI GTES %ﬁ%ﬁé‘?“é‘ﬁ%’ i @%derpend
fhﬁpils%é?seﬁ% leyer

n fer. i.s sured .in sever al cati

on the (fesy BFA PR gEH s R1hg 00 %gte?wgﬁ bR s
time for a nunber of_ subsequent mafer% It wil

on a tesh Wakes &5 TReasHredR EeVGRY 10SRHQER 4N FY5REHe ThatAyEaggs th%l Yspdto select
phot oresi st thickness across a wafer and bet ween

the etcléne fos ageimbenokwbipapent orpgrst Ie wilh e apricipfad thakbyagiatiprs from the
when a consistent etch time is used. It will be

averagd inrthephotappstabicktestladrésate vafdrand peiovwes siafegs snepesedath over-
have sim | ar dependenci es such that applying a uniform

etchingahd aedsietdimOwhin 4 @nsib@setchaimaisaised| B wikk as furtaaeapipreciited that
even an average of neasufenents, can produce

other processing steps can have similar dependencies such that applying a uniform processing

condition based on a single measurement, or even an average of measurements, can produce
inconsistent results across and between wafers.

[081  Therefore, what is desired is a method for non-destructivély measuring every wafer
undergoing semiconductor processing to tailor subsequent processing steps to improve

uniformity across and between wafers.



i nconsi stent results across and between wafers. [08]
Therefore, what is desired is a nethod for
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sem conductor processing to tailor subsequent
processing steps to inp, @gﬁw$ﬁéfornity across and
bet ween waf ers. SUNNARY’% |nvention provides a
nmet hod for controlling_ the cessin waf e
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plurality of features on the waf er, determnin o
includey dewewiningy @aeatien @A AbHPIFaditY plHisatyresen &%ﬁafﬁh%etegw&mg a
processi ng the wafer according. to the processing
processeg paremeter map froffiltke dimwesion orapnand prevesdieg e waerianeatdipg to the
measuring the sane di nension of each of the plurality
processifig p&atbieLmap.alitk difBnAdrsmap eartlied dxtermived byymehetengiha sage
the variation of a dinension of the plurality of
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processing of a wafer, determ ning the di nension map
embodiaents telcuedy srsaer repasiing Fratyseuhayeiatdjmerrsionaith ¢ ksowycorrelation to
spectroscopic ellipsonetry or a reflectoneter-based CD
a dimenses uf £featire dfdcterstque, and can al so i ncl ude
determ ning the variation of nore, than one dinension

010] AccobhBnPlouth@tethyd edr chadilih n%ﬂue_@ﬁoc&ss’ingkﬁtai wdfe tieteatiatngahe

on the wafer. In. those enbodinments in which the wafer
dimenéﬁgnpﬂlraﬁ eeSReRdl ReAuBhS HRPHIABy O REBREES byt IpBctelsBBIS biRsometry or a
reflectometer-based CD measurement technique, and can also include determining the variation
of more than one dimension of the plurality of features as a function of location on the wafer. In.
those embodiments in which the wafer is processed in a processing chamber, the dimension map
can be determined with a metrology tool that is integrated with the processing chamber or that
stands alone from the processing chamber. Also according to the method, determining the
processing parameter map from the dimension map can include applying a relationship to

transform the dimension map into the processing parameter map. Determining the processing

parameter map from the dimension map can also include applying a mapping algorithm. In some



can be determned with a netrology tool that is
integrated with the processing chanber or that stands
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the nmet hod, determ ning the processing paraneter map
fromthe dinension map can ,incl ude a ing a
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processi ng paraneter map. Determ ning the processing
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appl ying a mapping algorithm In sonmeenbodi nents the
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provides a nethod for controlling wafer processing.
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t he di mensi on of the post-processing feature. can ,
includej gyetagis mepeurePHg ChBaEUh@nans Pestairosesyiag feke.gid can also include
post - processi ng feature, and can al so i ncl ude
determih@tger prishprogesaingabmensiancedpsi ng di mensi on map. [ 012]
According to the nethod for controlling wafer
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post-processing feature. nl% somé embodiments determining the figure of merit can include

determining a figure of merit map.

(0131  Also according to the method for controlling wafer proceésing, determining the
processing parameter for the subsequent wafer can include determining a processing parameter
map for the subsequent wafer. Further, determining the processing parameter for the subsequent
wafer can include mbdifying a relationship between the processiﬁg parameter and a dimension of
a feature on the subsequent wafer according to the figure of merit to produce a modified

relationship. In some of these embodiments determining the processing parameter for the



determning a figure of nmerit map. [013] Also

according to the nethod for controlling wafer
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[015] Another wafer processing system of the invention includes means for determining a
dimension map of a plurality of features on the wafer, means for determining a processing
parameter map from the dimension map, means for processing the wafer according to the
processing parameter map to create a post-processing féature on the wafer, means for
determining a dimension of the post-processing feature, means for determining a figure of merit
from the dimension of the post-processing feature, and means for determining a processing
parameter for a subsequent wafer according to the figure of merit. In some of these

embodiments the means for determining the dimension of the post-processing feature can include



a tunable gas injector. [015] Another wafer processing
system of the invention includes neans for determ ning
w@2a@smoer8? on map of a plurality of features onP€TES2004/042825

waf er, means for determning a processing par amet er
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neans for determ ning a’'processing parameter for a
determigingsipaecessing yai ametermap i thy subseapral fatflire of merit. In
some of these enbodi nents the nmeans for determ ning
t he di nensi on of the post-processing feature can
i ncl udeneans for determ ning a post-processing
di mensi on map. Al so, the neans for determning the
figure of nerit can include nmeans for determ ning a
figure of nmerit map. Additionally, the neans for
determ ning the processing paraneter for the
subsequent wafer can include neans for determning a
processing paranmeter map for the subsequent
waf er. BRI EF DESCRI PTI ON OF DRAW NGS [016] FIG 1 is an
exenpl ary nethod according to an enbodi nent of the
invention. [017] FIG 2 is an exenplary di nension map
produced according to an enbodi nent of the invention.
[018] FIG 3 is an illustration of an exenplary
spectroscopic ellipsonetry system [019] FIG 4 is a
cross-sectional view of an exenplary feature to be
measured and of an exenplary test pattern of such
features. [020] FIG 5A is a graphical representation
of the nmeasurements shown in FIG 4 as a functlon of
radi us.



[021] FIGs. 5B and 5C are exenplary processing
paraneter maps derived fromthe graphica

wo esee®ne ati on of FIG 5A. [022] FIG 6 i s anpCTeR2004/042825
exenpl ary met hod according to anot her enbodi nent of

the invention. DET | P T I NVENTI ON
[023] The i nWFﬁﬁggm&mgﬁg appar at us
- for using neasurenents fromnultiple Ioc%tiqns an_a
[016] 3. dris pexemrnl iy meghosh 5w ding iR 2% eRPRUREHQ St PYFEELsi ng
step to achieve greater dinensional uniformty across
0171 =~ Fite 2imfreexeniplyry appéngiongnaptisodrseh seroading wppenirdignangof the
successive wafers, greater dinensional uniformty can
inventi@l. SO be achi eved between wafers. [024] The nethod, as
applied to an individual wafer, maps the wafer before
[018] BIGAS &% BiulGatfinf adBLerhiI&l shaitlostid ¢lEppheaesgieny st ep
according to the map. More particularly, the nethod
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features on the wafer, determ ning a processing

exempl?lﬁfg@sa%t% mcﬁg&mrggje di mensi on map, and processing

er according to the processing paraneter map.
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.circular opening with a dianeter dinension. The fina
of radivgj apret er of the circular opening is a known function
of the etch tine and the wafer tenperature. In tﬂ%s )
(0211 EIGpBant AE AieeNseplay PRCCHBEPAFATRRY mang drayrdifEm fhggraphical
a plurality of features on the wafer, here a map of
representagorddpfdiet 8As of openings at | ocations across the
waf er. Next, based on the dinension map that shows how
[022]1 FI& cipandther edtempiatyemsthvdiagcosiingwsanbtier evabeiment of thetigtention.
time and wafer tenperature, the nethod determ nes a
processi ng paraneter map fromthe di nension nmap, and a
single optim zed etching tine. In this exanple, the
processing paraneter map is a map of a processing
paraneter, wafer tenperature, which can be applied to
the wafer during the etching




process. Thus, the processing paraneter nmap shows the
tenperature that should be applied at different

wo owansns on the wafer. Lastly, the wafer is PCDUSHS€MH2825
according to the processing paraneter map, in this
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cified by the processing paraneter map. It will be
’E‘pﬁr@&@n&p@ araviist a msthogiape APRAKEHDIOE Using prespraneenty fpm multiple
illustrative purposes, and as described in nore detai
locationk sewhafeliecwim] a sbsgduepireniesmdfeer mo@ssinnstelp achieve greater
neasured to determ ne a di nensi on map, and many
dimengiomat @sfomgtyparoasthe emferc By dpplyoprthe nkihed atdamakites®e successive
greater dinensional uniformty. [0251 The nethod, as

wafersapiebief@inteRsiShl GRSV cABRD Be achidveBBstweBe waRkhod for
I ndi vidual wafers b y creating a feed-back | oop. After
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and proceSSIng an initial wafer pOSt processi ng

e
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plied to the next wafer. In the above exa Ie whe
proces§1ﬁg Patapsier magg:@{netpe glpnetnﬁlé)n@parpe %ﬂdd:froqﬁ%ﬁg Wﬁ vyrggeraaccordmg to the
function of wafer tenperature and etch tine, the
procesgiag gaigmeler MeppAs PR evanRle.e Mroerstinsien is disected ireetehing d layer
w th each successive wafer that is processed. [026]
beneatkb@ask. Thé mestlk et e sirauri arogeniplgavith edibmetendimensidn.a Thefihad diameter
100 for achieving greater dinensional uniformty
of the @equda Dpenin@fserknowh Gureeibh oflthe @ hitingd dnd éise Wafst @puptdduref In this
determi ning a di nension nmap of a plurality of features

exampRtht hRthea RSt de@rmiih&Pa didfenSibn GRHF Ry 8f RAREASH tHQwafer
paraneter map fromthe di nension map, and a step 13
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[023]

wafer t\é\:?rfpg{a'turgotﬁe method determines a processing parameter map from the dimension map,
and a single optimized etching time. In this example, the processing parameter map is a map of a
processing parameter, wafer temperature, which can be applied to the wafer during the etching
process. Thus, the processing parameter map shows the temperature that should be applied at
different locations on the wafer. Lastly, the wafer is processed according to the processing
parameter map, in this case the wafer is controllably etched such that the wafer temperature is
varied across the wafer as specified by the processing parameter map. It will be appreciated that

the given example is provided for illustrative purposes, and as described in more detail elsewhere



exanple, the feature may be a line in a photoresist
mask and the dinension is a wwdth of the line. In the
wex@spb®oof FIG 2, the sane |ine is neasured PET/BS2004/042825
| ocations in a square pattern to create a map of the
variation in the line width, though it will be
herein, P BEPLRIdERVRR AR BRRIGH SRR UG ERebigp mpp, and many
different patterns and nore or fewer locations. In
processingrreragieasticanecontrpiledsa AN P LIS dimersieial %fﬂl@&yon
the wafer is nmeasured to formthe di nension nap,
(0251 Ahelinathng;iasmppierd to ancchssivgeratersicntends theaugihod fopingisd ‘@%Wafers by
non-destructive netrol ogy tool that can provide rapid
creatinfefsdibadkEbds  Afteedetamining diamhiior andprotksting Iperatnetsamaphand
. across a wafer.For exanple, if the feature is a film
processﬁglcbntlﬁlaaldvﬁemp@gt-ﬁr@cd@mm@mﬁoﬂ the Wwheer isthekmessredf Thamethod
film an ellipsometer can be enployed to generate a

next coﬂfﬁgi% ﬁl'e‘?ﬁbaﬁ?r&ingﬁt d 'tﬂéﬁ&h#&mﬁﬁé fREO8Sart ESe¥iRd dlue Al feeds the

er exanple eature is a photoresist line

d1ffererrcelﬁack1 quﬁﬁgnﬂgsﬁn BR)@QS@I?% ?elplaléJ %pweg:tﬁ iRfnek\Pafer. In the
h
sbove q;%”ém% qﬁ%ﬁﬁ@iﬁ@@a&??géﬁ%ﬁﬁn%e%funa%%n LK so
028 .
empersiars BRSEH et e GRS KRBTV SRRBIONA? [oa oL R StF"

to create a dinmension map is spectroscopic
successid wiferheitis procgesedxenpl ary spectroscopic el |ipsometry
~ systemis the i SpectraCD manufactured by KLA-Tencor
[026] (FBanl illostestes@h)exeiplary Spestimentdl e awetitnd Wiheamachissinggrapter
integrated with a clustered sem conductor processing
dimensforal @iffosity habsswak efes TimmdBodTEMSneladesvd siéyolit0 dideterngining a
to be renpved fromthe processing system It will be

dlmens?cﬁﬂﬁ%?&)@;ﬁﬁjrah%f b 8B e thatdr, 4 Kiep 1 DY 8Ndete@thidifg /pHOessing
oper abl e wherée the netrol ogy systemis a standal one

parame‘clfé{'shtla}%rﬁ‘oxﬁ %%me+ﬁ§f n fay ah&'%tstreﬁ‘ﬁ%; of ﬁ%céé&%fg @fe wafer according to the

spec roscopl C pso ry A broadband I'i ght source

proces?%%aéarg? gx{/ée@ | 1212(8? sﬁg\§}§ ex%fﬂg?arr* aﬁ'%: iofl Iﬁtlatp%@rﬂﬁ‘e{t hrédents the
variation of a dimension of a feature measured at a plurality of locations on a wafer. For
example, the feature may be a line in a photoresist mask and the dimension is a width of the line.
In the example of FIG. 2, the same line is measured in 9 locations in a square pattern to create a
map of the variation in the line width, though it will be appreciated that dimension maps can
consist of different patterns and more or fewer locations. In some embodiments the same feature
in each device on the wafer is measured to form the dimension map.

[027] A dimension map can be determined through the use of a non-destructive metrology tool

that can provide rapid measurements of a common feature in multiple locations across a wafer.
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780 nm at a target wafer 306. The wafer 306 reflects

the beam 304 towards a prism 308 that spreads the beam
W@ Dsaemopr oj ects it onto a detector array 310PCTN82004/042825

detector array 310 anal yzes the refl ected beam 304 as

f [ f . wayel lL.ari ' .
L
. i nst del d lib 14 to d '
o 2R S5 RGBSl SRSl P R A1 v

el lipsonetric technique and is therefore best suited .

As anothst exasepleyif the ferpaisaahetesist e andihg diasnsionte be PrpRed is the
of features such as a grating on wafer 306. It will be
width cfithe ks, an SEM ¢ratbeaisqslenpmidie ding width abmuliipledaeationas egpssiibe wafer.

measured in lieu of nmeasuring a single occurrence of
Reflectohaterfbastd CI2 measuraneit teghmqaascuan rsnbe embloged & the ewttrology tool.
feature. To enabl emeasurenents of gratings,:the
[028] | Advtiadr Yos-dstiusti R Red@icicni Beithi@ie thiticae bd ted t®ckehte a dimension
gratings 318 with, for instance, different |ine

map is%ﬁ%tﬁjﬁgkgﬁiq dIABIeFRt & bRdnipl @R dpbit KRS 8B sonte 8 JHtém is the

sidewal | angl es, degrees of corner roundings,
. . . : ¢ .
oo A RPN ! (850 TCCAO 3L AFRED e, o

sdventiiPu P80 By bt ssmBr o P B SRE Yo in et vagprs can
di fferent nodel gratin 318 and their variability .

be mediey SUBOREAVHG tp Ao RAUEY HET Ad GPOTESyIRnT Rayilie ppisgiated
obt ai nabl e by the neasurement. [031] It wll be

that theymgthed johthedntentien is glse perabls prherethe msliglogy systean i Fangdalone
measurenent area that can be significantly |arger than

systema feature of interest, for instance, in sone
enbodi nents the neasurenent area is 50mm x 50mm . As

[020] rHEIGed ildussatsh theasdel speatroseopieellipsineetyr rAalyroadbapdtiglersource 302
can be neasured in place of a single occurrence of a

directsfa@RbMI34 of eRbiEAA lighheaR@h a&ml%':%f asvélakie, fr ekanpler40 nm to
than the neasurenent area of the spectroscopic

780 nrlak h BROITRH£Lr-308UITh@RhRr BEY LB 1R be@NSOk YowwR@CLBkism 308 that
repeating tfeatures can sonetines be found, for

spread? &%%Lﬁeoh Qnél bl%fe%tsq{ on%1 QH&E&& §1Ira)j 4102 THE Gte Y eﬁ'fa:y 310 analyzes

the reflected beam 304 as a function of wavelength and polarization to produce a measured data
spectrum 312. This spectrum 312 is then compared against a model data library 314 to
determine a best fit 316.

[030] Spectroscopic ellipsometry is an ellipsometric technique and is therefore best suited for
measuring unpatterned layers and periodic arrays of features such as a grating on wafer 306. It
will be appreciated that a periodic array of a feature can be measured in lieu of measuring a

single occurrence of that feature, or a single occurrence of a related feature. To enable
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Where suitable patterns are not inherent to a

particul ar device fabrication process, test patterns
wowaok/oewhd i ci ent nunbers of evenly spaced repePCT/N§2004/042825

features can be added at known Iocations across a

measuteBRE of %ﬁf‘r@ t%le ll%pa‘? ?ﬂsw}@ ﬁetérgm ﬁ{l%]fcﬁat Sf Bhaifs®18 with,

pr oduce e sa er an

for s GGk R e O PRER Bt W}c&ﬁ%%@ FRghgaghn sidewa
mensions as the feat s.of [nterest. However, it

anles Y5 ERER SRS u RS Pl £ HE HBLISIE 6! GF mioreLPaSRESAHE tahire
features of the test patterns be identical so |ong as

knownyvhep ppidding the hibragy 3+ wilbesiablishihg dipaensieas that wilhbeisiawiiaeously
on a test pattern can yield nmeaningful data about the

determinable fy @gnagsuremensr &gkewife) SR numberzof diffaren| reode gratingssi 16 aad their
di mensi on map by spectroscopic ellipsonetry of a

variabiptyovitirdesimsine Hierrecut@6y ami mectiactandilll aydrans602by $b @vwasurement.
in cross-section in FIG 4 , a test pattern 404 with a

[031] Sewiles appreciuralpat §P@ﬁﬁ§ko?i&%‘llﬁfs&ﬁét§} exdahB8Ss #186asGRtheREarea that
fabricated at different [ocations around thewafer.

can be 51 1ﬁbﬁdﬂy 18BQtRAeSfeaturd bﬂﬁ%re%p @or@ﬁs@ancg eRkb&8! m'bﬁdlmentﬁ the
otoresist line 400. It wll be appreC|ate§

houl.d
measuréﬁ?t?t'a% 1?%]&1’?? %REI?AO i Osrerﬁ)“?«ihdse:lsckv'l'x&g %Fr% |6nss Oﬁ%lg aa‘%y ?]roqattem can

iclent "so t oresrs
ne anothe

be meat B laBlef o R RORBE ey Bf el MY cRb aBlighiisdioge  aree

than th not &§¥e the i ntended di nensi ons of the

than thg et AERE pPecARORGG ety §Uk1able patteras 6 cveply spaced
exanpl e, different sidewall ?Ies and wi dths. [033]

repeating feﬁfgreﬁ sie@mekiEies §p dndoioe epmples i) lines ofphetprasist misl eask dayer.
yield nore than one dinmension of a feature.

Where pitabledattegnsare spleioherestgo pipertiehlar geyoedtbricatipa procespostpatterns
at |locations across a wafer can yield di nensi on maps

with suffenienasumtseny oftiverly Sipaved ragadiglemers biresk added bhiedownTBEsBons
t han one di nension can be incorporated into a single

across £hvater) Sidedlly P feahi@Es inhé RBGRIterds Se PRARCOD i EP sé%ﬁ'é‘m%e?and
map of a derived dinmension that i$ the weighted

under 1RV @RREEHiors WO 1R felifes oFRASHN: &Y that the features in the test patterms will

have the same dimensions as the features of interest. However, it is not essential to have the

features of interest and the features of the test patterns be identical so long as a correlation is pre-

determined so that a measurement on a test pattern can yield meaningful data about the features

of interest.

[032] As an example, to create a dimension map by spectroscopic ellipsometry of a photoresist

line 400 on a stack of layers 402, shown in cross-section in FIG. 4, a test pattern 404 with a

series of evenly spaced photoresist lines 406 can be fabricated at different locations around the
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di mensi ons, or a difference between a neasured

di mensi on and a targeted dinension. [034] Referring
wag@so6100 FI G 1, in step 120 a processi ng par BOEUS2004/042825

map is deternined fronlthe di mensi on nap A processing

par anet er resen atlon of W

wafer. BB REGUOIRS B BRI S HETICALE phgpres MmOl xRl PP Afpreciated
during a processing stsf The nost sinple processin .

that thesppeingbesepmphaiprpsiptdives orshpyld e spBicions shgatihe Hl?ﬁé?f&%“ lines
to the entire wafer. For instance, a conmonl

406 do motintealeteadlitip poc@®thep alnanther eordss iﬂnﬁ@w@i@miin@ﬁ%@ farq gpaced too
processi ng, and generally the duration is the sane for

closelytibytientieyenayafce haveAhpinendsbdingnpiansaofehetargeaphdtaresist line 400 and
process duration where the duration is uniform across

may in§tBR1 1RRE,| foe AR, dvifdrdnt bidewalbaipidseandalids. such as a
nunber of seconds and if represented in a form

[033] ﬁ‘ﬂ%&@@ cErB&ogicr@ﬁ%d)rﬁ&r}n@ﬁbl%QQ yRid fibfe thah sMRWikension of a

ow a ma havi ng a uni form val ué. O her process

featurep% ARhel 2 sf ée%ﬁrom hﬂll@ éﬂg&g}sﬁey L iR 1%9{?&@5 aefisd HBfer can

fessur enpe VO tage requency
ower W rates and
yild dé‘?%%l@ﬁgwaf Sy oris e 7 o %ugfe%flgugthsf HsPEetione

can be determn froma dlnenS|on

cimensig ) G SRFOTRPRYS (S PREIE AP IHBSHTb i o AL ion map can
averagedi nension for the wafer is used to set the

be a mayr of pedesivpdh dispaasion thes isghaiveighied aserreroNt WP OF BrOTOMsdsdor
mat hemati cal function that rel ates the neasured

dimensibnyporsi diffeteoce eewegurrogasinad dimensesed paaraeied dimenfioas]
More conpl ex processing paraneter maps can al so be

[034] dRfezting agdn tdBIGE 1cirgpped 20 prpowesshgparpactaneieis degpsingd yrom the
conformto the physical limtations of the processing

dimensPHSInGM A fpRécesds @g’?irﬁ?metwﬁf istaeoRedeataibs oL Rdw be drafieretpPocessing
vary across a er by the use of heaters. Heaters can

paramegérg G4l bp 1HeB% Q%Fér auﬂ\?‘ z?ﬁrof:és@ﬁ‘ig @Q@V §hOMmos@in % processing

i sposed in a wafer chuck." A sinple

paramettéerqH ﬁ}pﬂésgall Bﬁ?ﬁ‘g\ qu %@%&%ﬁe%ﬁ%hé %ﬁlré GARE" rqﬁﬁalﬁ:fe, a

e clrcunterence O
commgy] (éqntla‘lclsg Igtgogz%r,? @%JIIE efer is the cclura{j ion o% tﬁg grc}clé]s%m%?antd geherally the

duration is the same for the entire wafer. A processing parameter map for process duration
where the duration is uniform across the entire wafer will be a single value, such as a number of
seconds, and if represented in a form analogous to the dimension map 200 of FIG. 2 would show
a wafer having a uniform value. Other process parameters for which a single value can apply
include pressures, temperature, bias voltage, radio freciuency (RF) power, gas flow rates, and gas
flow ratios. A processing parameter map consisting of a single value can be determined from a

dimension map, for example, by averaging values in the dimension map. Thus, an average
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paranmeters such as bias voltage and ion flux can be
simlarly controlled across a wafer. Thus, a

w@e@spe®INg paraneter map for wafer tenperat urPCT/MBIB0E042825
the systemis fitted with a tenperature t unabl e chuck,

dimens(f&pfop ?#ee reff&%hé 8&%{ e @B@esé Btg}c ﬁu;th%1 1nrget§faqu£vﬁ rélgt?onshlp or

ence 1 on

matherprﬁtbca %Ltb 3 Gtiﬁtglgtgs hl%flgﬁrqgﬁ?rgg gltngeﬁtﬁlgg &qeég ggp Héflltg Ilpfrgégss parameter
neasured line width shown is greatest in the center

10351 (Yipye comIed PEPOCEINS RARKRRIST AR CaT pls e determrined. drpre copmpiex
the 8 off-center points in the dinmension nap 200

processing paramgier @ppsiary esferyotoghepliysicel limaightions eftbh prcessngesssiom.
be averaged to produce an average val ue for each

For exaraple, waferstemberamrd ¢an e goade tdRary abress awafavey thgede vblcatess.
and the center (ID) value can be readily fitted with a

Heater$ canedifct ltaghesnto b deferfituit ihave of andrrikdpaterl ifa0easSHolddr, or
paraneter maps 502 and 504 shown in FIGs. 5B and 5C,

“chuckr’e %pﬁﬁxble\{ﬁhf{erathl% thiHB1EHRIER 88 gy Mid kRl Rhire TRRSY 78 2a@R8, such
the exenplary processing parameter is tenperature

that th@&%um%ﬁce' of t}% WO Eih BBl ter £ é:[ot D& ihe cg}ﬁéy\g‘j‘tﬂe{#g&essmg

approprlate waf er tenpera ure an the neasur

parame\r%r%i Etltihh as 1i)},]a\./s\"vo tagﬁ Bg PR &) <iaatn %d s1ml Vertgol%:l @gﬁ)g? %Hza%pThus, a

1 ons e use rans

t.0 ocessi net er 7 . . | ex
Processp%eaég@ﬁtﬁgﬂa%? R e Fa e el EEO P AgUme e
conpl exity of the control schene for .the
tunablepfflweléscgv hg2 Ba%\?ﬁs?\éqr thepigneee{ shascater (o theFirgusnigrence. The function
rocessing paranmeter map for a tenperature tunable
can be fhepsier higher asdit rol s wafer tenperature with a square or
hexagonal grid of enbedded heating el enents can have
- [036] aMith rdeperede tite ekemplaradinessivamae 20of F&C D itvedl bengpreciated that
element. Referring again to the exenplary di mensi on

the me#sapedA0@ valithishéwn B, grédiestid the bent@)eat 3in@ledtb@birds thet he
nmeasurenents that nake up the di nension map 200 fal

circumfilere FABRT SinY thél § oBScHRPWointsAR thel BRI QLSS DO reside at either of
paranmeter map necessarily requires a hexagonal grid,

two specific radii, each group can be averaged to produce an average value for each radii, as

shown in Figure 5A. The two averaged values and the center (ID) value can be readily fitted

with a line or higher order function to generate processing parameter maps 502 and 504 shown in

FIGs. 5B and 5C, respectively. In the processing parameter maps 502 and 504 the exemplary

processing parameter is temperature and there is a proportional relationship between the

appropriate wafer temperature and the measured line width. It will be appreciated, however, that

any relationship can be used to transform a dimension map to a processing parameter map.
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then transform ng the di nension map 200 to a suitable

processing paraneter map will require a nore conpl ex
worasiosmyoal gorithm Such al gorithns can be reabldT/¥S2004/042825
created by those of ordinary skill in the art.

oo SR EoRR BRI Spal BT Bl PR bR
comp SRSt Brct g i i oot Pssimhor Tt UGS SHOIE

t han one processi ng paraneter map may be ?enerat ed .
processingpArameEsrprRioy jateRRG g Are fEjsblemduck ﬁh@gm@@,s vegfefi terapas atgFe with a
map can be used to create a processing parameter map
square pphexpgsnil grédhplegrabadded haatinghélements tanalgpye ahiindepérslent teroperature
than one di nension map can be used to determ ne one or
. value fommaeh jiratiog sleinegt. (Refamibp @gsn tothe exgdmpsiag dimemsionemap 200 of FIG. 2, -
processi ng paraneter maps. For exanple, a di nension
it will beeppetiad tigadtifhe neafiRédhts tﬁﬁtdnzﬁdémg)hﬁé disthaNBIOR P 208Ba1n a
the feature's sidewall angle can be integrated
€ T
000 AR S i 0 RS AL g s
. : o¢ i.n : .
then o T 0 R 0 e R Pl B D rang gt
waf.er can be, f.or exa e,..a deposition, masking, .
more offFpift maBbing Fegy i " B Blatringc SR O mrely creled b ciise of tinary
... | east one processin araneter. of the processing step
skill n fhggars. SUEfak B PFRCRRINE AT RS & Qertipabisr Seraass, fgrh as a tunable
_ . paraneter map that was generated in step 120. It wll
gas injestor hebeacspatidly Yaine gas favoeas simbr piavilarteeeetedap canbe
applied to nore than one seni conductor manufacturing
[038] pdirwidetss berappreeiateti3at nkoe thex ampprecessing pataoees siap enaytbeh
processes on the same wafer can use the sane
generatpd fromessinpie Giateanidh efapr@pr isateNi didhensivh @liaptcaifbe tlué Ereate a
As noted el sewhere herein, nore than one processing

processte AR thBfof BBthRempRRLIIQHd bls tvbﬁa%f QGesAidIchodd tBhh one
130 to sinmultaneously control nore than one process

dimensRATAFRA be used to determine one or more processing parameters through one or

more processing parameter maps. For example, a dimension map of a feature’s height and
another dimension map of the feature’s sidewall angle can be integrated together when
determining a processing parameter map.

[039] Referring once again to FIG. 1, in step 130 the wafer is processed according to the
processing parameter map. The processing step 130 applied to the wafer can be, for example, a
deposition, masking, etching, stripping, cleaning, or annealing process. At least one processing
parameter of the processing step 130 is determined for the wafer by the processing parameter

map that was generated in step 120. It will be appreciated that a processing parameter map can
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[040] FIG 6 illustrates an exenplary enbodi nent of a

nmet hod 600 for controlling wafer processing to achi eve
w@e@anerodi nensi onal uni formty between succesBCT/ES2004/042825

waf ers. The nethod 600 begins with a step 610 of

determining a dinensjon map of a plurality of tures

be appligd tg migredhan %leé?réﬁoreizlétoa giagvﬁmpﬁg P%?Cﬁ%sc%éég ##& “For exarple,
paranmeter map fromthe di nension map, and a step 630

two sugsfessiy oeiels Brogesses 1 thngaae wafeneadi wig thedamp Prqsessiesgr gipeter map to
“parameter map to create a post-processing feature on

controlt nafemvafnperatidex As nothéelpetienchGein, mars tharseneprétSsing parameter map
determ ning a di mensi on of the post-processing feature

can be apliedl t6 tiepproEdlsing stehel 3 toistrhuiganaodsi geomerobhoreehart orferppotess
t he di mension of the post-processing feature. Finally,

pﬂmn&ag nmet hod 600 includes a step 660 of determ ning a
processi ng paraneter for a subsequent wafer according

o40] TG B @Jshg?ég &n Ofe #Emb&@ﬂﬁ]cht Set RERb D bABEoR cSHATRRS Wier
map of a p 0 0

uralit features on a wafer 1n step 61

proceséiﬁ g & c%?etvlg %héaYe]g Eigx?etnggﬂﬁ uﬁﬁ”oxtntﬁ%/ §&\%Qen%90e9§ivé7§5ﬂ3?s‘?' Fianethod
and step 0 etermning a-processing paraneter mp

600 BT BB SRR B bl LGBt 0 vt

rocessing the wafer according to the processing

a step Qrdh detRITERINEA PrOcESSHIEPATAICEET JRAR frgrp %ﬁ%?%ow wap-@pd agiep 630 of
the wafer is nuch |ike step 130 of nethod 100, _

proces$ipgheer afesaceprdg@io Hleduoqessiig pasamethemep ar¢aina pestgprocessing
post - processing feature on the wafer. The

featurepmsthe prafere dekh thefreathad @0das abep 6f0 of dotemphieg a dimension of the
deposited layer, a line in a photoresist mask, or a

post-piloeésihcee iR ding @dich ¥ 5@ bidutdtthisitig B figBreavf hiedin Sioft the diyadneion of the
stack. In sonme enbodi nents the post-processing feature

post-plodes@ineGsituRatEi R, HOMhethBaboh ar1PBeN P60 betkidnidin@a processing
waf er processing in step 630. It will beappreciated

paramdt&¥or Qgﬁ&g&%t Q/Qiie%’ acg&%}]r%%nglgfﬁ'g %ﬁg gfsﬁlglgt. feature need be

created 1n-order for t O to proceed, nore

oo 0285 LRI R0 B R E R b
essentigﬁff’ %He%rar%%%g fc'hiens(lgep]c 1e1ij)‘to%J rrn%thiog 188,t a%ﬁrﬁeg%% oir Qe%ergﬁiﬁﬁg Sz’tip?cc]cessing
parameter map from the dimension map is essentially the same as the step 120 of method 100.
Likewise, step 630 of processing the wafer according to the processing parameter map to create a
post-processing feature on the wafer is much like step 130 of method 100, however, step 630
also requires the creation of a post-processing feature on the wafer. The post-processing feature
can be, for example, a newly deposited layer, a line in a photoresist mask, or a feature produced
by etching such as a transistor gate stack. In some embodiments the post-processing feature is a

test pattern 404 that has been modified by the wafer processing in step 630. It will be
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the post-processing feature can be determ ned with any
sui tabl e netrol ogy systemincl udi ng the sane netrol ogy
wayaseaiodhat was used to create the di nensi on PEPUBS2004/042825

step 610. More than one post-processing feature on the
waf er can be measured and averaged,

apprecified fhap#lBEBES PHY OfF REBISASSEICERR Ther B Bstiedn GrdgBR{be
how t he di mensi on of the post processing feature

methodv@Piteproagedomeret than owef most-pipesge faatuse eqn Bogroguded uitep &X0-
merit is determ ned fromthe dinmension of the

[042] DoOStp Gr0acdigehsign bt pos-probhssinfg fgatne i fletmpmined. | Bhephmengion of
on a conparison between the measured di mension for the

the pospﬂféhes@lhg ERBEE Bth beeddidtrened v thsmpBuit bl g@badiogy swresi moluding the
for that feature. For exanple, the figure of nerit can

same nﬁ?rol%g& &sten Bt &/Q@us‘éﬂ td @ER08R dIRtIMRRAMANR H8pE10! &4bre than one
di mensi'on and the target value, with positive val ues

post- pr%%?&?%f?&%tgté’]&l tﬁ@ W e 6 ﬂ@{éﬁfeﬁ Rfd b@he R Br "gf)(%@gﬁ)%estsllﬂgn

gative val ues represenfing measured
d1mens%nlgqri)sc%,?§ ﬁ{% g}eg%td\kﬁ legoﬁxl 1§Sv§ gxtegan ts?)gl tf%{ st—ptlogests&%§§ature varies
post - proceSS|ng di mensi on map, step 650 can |ikew se
amD“”BF&@ e a map of the figure of nerit to show how t he
figure of nmerit varies across the wafe [044] In step.
[043] sela%?r vligus ohgephissftsraiped Bomdhedimersian 106 Plegosbprocessmg
subsequent wafer according to the figure of nerit
featured @he figimefimerit sthepeddBCr companisndgtwiien ihe megrarad diensiaador the
120 for determ ning a processing paraneter map from a
post-proteIEng featurem, sohleaaggetod dimsinsign farthard¢urendpr exemple, the figure of
determ ned according to some known rel ationship

merit cREBINERR 0 b & BASHAR bt 43R fif 9¢hs@ad dandistpesd itdarget value, with
paraneter of the subsequent processing step. Were the

positivé %lﬁtibs O5enAnd ﬁle!aéu%adimexﬁs%ns SR AR eatérrtﬁarf @k @E&gé? Rgdidative
e expressed |n the formyY = b, where is

values gp?esgnt%%%esa%}%gd BRY B?(hfl@ﬂg 168 t!hﬁ M%.et%xg@ﬁsﬂf rtl)ﬁ)“s{e embodiments in

I near relati lp as an
in step 660 thefiqure of
which 5 RGBS & ROR-Br oBO B e arpioo SRt Re StP e o map
offset b . A
of the figure of merit to show how the figure of merit varies across the wafer.

SUC

[044] In step 660 a processing parameter is determined for a subsequent wafer according to the
figure of merit determined in step 650. As noted with respect to step 120 for determining a
processing parameter map from a dimension map, the processing parameter map is determined
according to some known relationship between the measured dimension and a processing
parameter of the subsequent processing step. Where the relationship is linear, for example, the
relationship can be expressed in the form Y = mX + b, where Y is the processing parameter and

X is the measured dimension. Using such a linear relationship as an example, in step 660 the
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processi ng paraneter can then be determned for a
subsequent wafer by neasuring the subsequent wafer and
wappspsTege t he known rel ati onshi p havi ng t he noPCT/U8H04/042825

coefficient. [045] It will be appreciated that after

i tep,. 660, once a rel ationshi tween a di nensi o d
Figure G s CE S WO s aieY Bier AR ek TR B Aetb R OHED A
a figure of nerit determ ned in step 650, subsequent
processiggfRaFaneie£ap dheprbs detsamigedyfor d subsearert wafes §y psasuring the
subsequent wafers. Instead, subsequent wafers can be
subsequesbwafier andariphyingthe kaomn redationship ihpeng Wsfreedifidianoellistensut
t hrough steps 610 through 650. In sonme of these
[045] &kt dierpptesiateidhieat dfterestepicon, orep adeltomshipdettween atdmeension and a
first wafer in step 610 is assuned to apply to the

processiidREAM2E hWBEST BodifeTacaoinpOe%Sidige pRhairkRfminedid sep 650,
prepared for the subsequent wafers fromthat dinension

subseqUERPWHRE I RGrReWed GhitRbut HRbihibh HBE QEHELRE: Wited! BRtRED.
[046] Alternatively, subsequent wafers can be nmeasured

subseql?eEx @af%% el 0GRl Ao SHE BaufiS ad (hE éﬁ‘$ W aPdr Y ?Bs E&OLHIQ)P RBteps
en%lre I mensi on map vv_as prepare _or t_hG I St vvaér.

10 e T AR B PR b B BB g e
R T T TN oo I IS LN -

' each subsequent wafer is then determ ned fromthe, )

is prepasechfos thegiubeaasp v atapramdhat demersiory BAR pS IR bH e relationship
deternmined in step 660. In still other enbodi nents, an

determinpdiapee@dlt. di mension nmap is prepared for each
subsequent wafer as per step 110 of nmethod 100. Each

[046] Aethadieipnsibssyuenm vafas tandeshensord at atiagla l@ntaessh agthe center
paraneter map according to the new rel ationship

even thO@SEIEnfed dinfen§ibe haP @Qs pleP4réll fbiths A warsb O sFBRLoT tHeRe

rel ati onshi p between di mensi on and processing
emboditFhAThe 8méndfdn map determined for the first wafer in step 610 is applied to each
subsequent wafer, but scaled according to the single measurement. A processing parameter map
for each subsequent wafer is then determined from the scaled dimension map and the new
relationship determined in step 660. In still other embodiments, an independent dimension map
is prepared for each subsequent wafer as per step 110 of method 100. Each such dimension map
is transformed into a processing parameter map according to the new relationship determined in
step 660.
[047] In some embodiments the relationship between dimension and processing parameter can

be made a function of location on the wafer. In these embodiments multiple post-processing

features on the wafer are measured. For each such post-processing feature a figure of merit is
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be made a function of |ocation on the wafer. In these
enbodi nents nul tiple post-processing features on the
wowdosnemnre nmeasured. For each such post - pr ocesBCTYS2004/042825
feature a figure of nerit isdetermned to create a
figure of nmerit map that can be devel gped into a.
determiped txqrepie A figurpahmentaaR d1f ean begleyrlopaddnign rﬁ’eﬁ&O?%?P 1ap-
subsequent wafer can be transforned into a processing
Thereafitear adisensionnpp &rccubieqyentovai¢rean b¢ BansHEIsH pOLaRFPIOCHINS
such a systemthe figure of nerit map represents how
parametk amplaycdriieg poibt rgatonelsipinmy. e atchreystomtie figure jpgmerit map
targeted value as a function of position on the wafer.
represeiltd ol @tlyaRspisPpivegsingfeasen ivere o et thgetee value an s fiinption of
bet ween neasured di mensi on and processi ng paraneter

positio B HeGvaf&! Yhd fel@ionSis bhpestbschRIBW tAE el RioAsHp B¥ Vet heasured
greatest uniformty across the next wafer. In sone

dimensg)gba?xﬁ g?&g%sgrﬁepéaﬁ?%}éﬁﬁgﬁlg %13% aafsioh B REATLI B BREVARO createst

benerti t romthe prior wafer.

. .048] | i | b i : :
umfomggﬁb%%f:fs %X{ \ﬁ%‘eigf ﬁ‘g%‘%%ﬁl%g%éf%?‘ﬁ%ﬁ@?{aé%%éﬁ%g&% thtrchu }Sl énethod
P ik e e R

di nensi on of the post-processing feature is )

[048]  dewidlradorhechppIPRigied At i somerBbosnebiths methd can egingt step 640.
is determined fromthe dinension of the

In thespersbedimeonte §wiimitjalfveaerLis @rocassdd tohaepts mpett-@poogeingfeature and then
processing paraneter is determ ned for a subsequent

in step 640 £ dingenSioh @f thg pbsi-frixesfing fmmerrofs deerminedeThemafteednistap 650 a
step 650. This nethod can then be repeated for

figure SFURSRGHEAEmINRIIETomn the WhBbnsich dihiee fRt-p@OEsS@g feature, and then in step
specification, the invention is described with

660 a pg%eﬁrilg%ﬁﬁaﬁl@ceﬁp ﬁ&bﬁﬁlﬁleclﬁf&’ QdirBalent WhRF 8&RbrdiRto thbASE&e of merit

In the art w recogni ze that the invention

T
oo R U A GRS RR S o
A LI A W MR

thereto. Various features and aspects of the above-described invention may be used individually
or jointly. Further, the invention can be utilized in any number of environments and applications
beyond those describ‘ed herein without departing from the broader spirit and scope of the
specification. The specification and drawings are, accordingly, to be regarded as illustrative

rather than restrictive.
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speci fication. The specification and draw ngs are,
accordingly, to be regarded as illustrative rather
W b@s/o6msericti ve. CLAIMS What is clainmed is: 1PCEUS2004/042825
met hod for controlling processing of a wafer
conprising: determni ngr(ilgiéagnsi on map of a plurality
of features on the wafery rmning a processing
paranmeter map fromthe di mension map; and processing
What istchggmegaer according to the processing paranmeter nap.
2. The nmethod of claim1 wherein determ ning the
1. A methodfos contralling pmedssidgef aiwelfer eamprisgng:he variation of a
di mension of the plurality of features as a function
adterhdgiag b dimenidneapva fagiuralgy o Featured drodie @fafar] ai m 1
wherein the plurality of features includes a plurality
StertiBiihg B tdcBEs paflameldiendpErtdin theadimehdbimndpwhaer ei n
deternmining the (ﬁ nmensi on map includes nmeasuring the
i r flapl PSONELIY.
%o%ﬁgg%\ﬁ%fgf %?Bﬂgllﬁgist?nmf %&gﬁﬁégﬁﬁg{?‘g@m nif) ng the
di mensi on map includes neasuring the plurality of
features with a refl ectoneter-based CD neasurenent

technique. 6. The nethod of claim1l wherejn t f.er

2. The pgtgd st § ke FFEBL e g R aR RlleL R e
the dinensjon map,.is perforped with nmet r ol .t ool
vafiation of ¢ Aimegsiop SfitgpfFaliRg %@@éiaﬁ’gn%wa%&%wn opyfge waer.
met hod of claim1 wherein the wafer is processed in a
processi ng chanber and determ ning the dinmension map

: is performed with a netrol ogy tool that stands al one

3. The trethod tofi elapn ¢ cdesdim the phaatise of fe@turefhaclnégstaqdurefityoff teshpatterns.
wherein determ ning the processing paraneter map from
the

4. The method of claim 1 wherein determining the dimension madp includes measuring the

plurality of features by spectroscopic ellipsometry.

5. The method of claim 1 wherein determining the dimension map includes measuring the

plurality of features with a reflectometer-based CD measurement technique.
6. The method of claim 1 wherein the wafer is processed in a processing chamber and

determining the dimension map is performed with a metrology tool that is integrated with

the processing chamber.
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di mensi on map i ncludes applying a relationship to

transform the di nmension map into the processing
w@asoanetoer map. 9. The nmethod of claim1 wher ePET/US2004/042825

determ ning the processing paraneter map fromthe

di mensi on map includes applying a mapping algorithna

7. The t@thodl afstaiiod Wherei e ta5et IF PEPCAREEG N JTBEEEERE pgpmber an
conprising: determning a dinmension map of a plurality
détefraintngriesdiorns dremap fsqrerfodmedwith aintetrolog)y tesd g pigpds alone
paraneter map fromthe di nensi on map; processing the
wofethe peedstgn@ahbert he processing paraneter map to
create a post processing feature on the wafer;
determ ning a di nension of the post-processing
feature; determning a figure of nerit fromthe

8. The SAMRIELUIAT FHlEeiR eagmmm%%éblrageséﬁgwaﬁlaeaﬁﬁp from the

eterm ning a processing paraneter Tor a subsequent
fer.accor.di;ng. t f i : ;
S G AP g s AR B bl e e hRPlnco he
post-processinqnfeature i ncl udes aver agi ng
RESETHERAALG Py e t han one post - processing feature.
12. The method of claim 10 wherein determ ning the
processi ng paranmeter for the subsequent wafer includes
modi fying a rel ati onship between the processin%

9. The peathorbefelaimigvherein detaanipingohe arocessing paragigtor ap trom the
subsequent wafer according to the figure of nmerit to
pirnehstm mamindinfi¢segplymigat maprng plgodtBm. The met hod of
claim 10 wherein determ ning the processing paraneter
for the subsequent wafer includes deternm ning a
processi ng paraneter map for the subsequent wafer.

10. A method for controlling wafer processing comprising:
determining a-dimension map of a plurality of features on the wafer;
determining a processing parameter map from the dimension map;
processing the wafgr Jéccording to the processing parameter map to create a post-
processing feature on the wafer;
determining a dimension of the post-processing feature;
determining a figure of merit from the dimension of the post—processing feature; and

determining a processing parameter for a subsequent wafer according to the figure of

merit.
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14. A wafer processing system conprising: neans for
determ ning a dinension map of a plurality of features
wo@roosieronmf er; means for determ ning a processPEUS2004/042825

paraneter map fromthe di nension map; and neans for

rocessi.ng.t waf er .accardi 0 the cessin :

1. TR SRR P O e 50 B U d el 65 BO R pssing feature
claim 14 wherein the ne%ps for processing the_ wafer
i%@!‘% QYeraZiG IRERYHANRIE L 1016 E88 OPH PO PERERING 53U o
waf er processing system of claim 14 wherein the neans
for determ ning the dinension map i ncludes a netrol ogy
tool integrated with the sem conductor processing

12. Theynstienh of Zlaind 10afhercip detemssing thegpystessing parpmetsi fig therswhsequent
for determning a dinmension map of a plurality of

fvedérifictedes moditeingal elatiomshgriseteen tikeprocdssini Ppgratneter and a
processi ng paraneter map fromthe di nension nap; neans

fRheRidAGE 8 $édhtre ol ShNRbEEqueR GRS aBEbrEid g th he FToRELTThé to
paranmeter map to create a post-processing feature on

tPsadel slodifftB 30 st d_hipdet erm ni ng a di mensi on of the
ost-processing teature; means for determning a
figure of nerit fromthe dinmension of the

post - processing feature; and neans for determ ning a
rocessi_ng. ameter .for .a subsequent wafer accaord
13. THE gaeiipdl o IR 40 SYIeHaR AeSriBing HhecPryngrape Biigretet [asghe subsquent
system of claim 17 wherein the nmeans for deterninbg%
tWRieTdngledes LefRTTBINIng APTRERSH NG PHRBEET WP fU ARG FUDSFINERtIHEY

nmeans for determ ning a post-processing di nension nap.

14. A wafer processing system comprising:

means for determining a dimension map of a plurality of features on the wafer;
means for determining a processing parameter map from the dimension map; and

means for processing the wafer according to the processing parameter map.

15. The wafer processing system of claim 14 wherein the means for processing the wafer

includes a semiconductor processing system.

16. The wafer processing system of claim 14 wherein the means for determining the dimension

map includes a metrology tool integrated with the semiconductor processing system.
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19. The wafer processing systemof claim17 wherein
the nmeans for determning the figure of nmerit includes
woras®efoos determning a figure of merit nmap. POT/UTI0O4/042825
waf er processing system of claim 17 wherein the neans
etermnin roocessi ng paraneter for the

f d th
17. A%"éf?ési?ﬁ%%%{“g\ﬁé{ftgw901??8388%?3 nmeans for deternining a

processi ng paraneter map for the subsequent wafer.
means for determining a dimension map of a plurality of features on the wafer;

means for determining a processing parameter map from the dimension map;

means for processing the wafer according to the processing parameter map to create a
post-processing feature on the wafer;

means for determining a dimension of the post-processing feature;

means for determining a figure of merit from the dimension of the post-processing
feature; and

means for determining a processing parameter for a subsequent wafer according to the

figure of merit.

18. The wafer processing system of claim 17 wherein the means for determining the dimension
of the post-processing feature includes means for determining a post-processing

dimension map.

19. The wafer processing system of claim 17 wherein the means for determining the figure of

merit includes means for determining a figure of merit map.
20. The wafer processing system of claim 17 wherein the means for determining the processing

parameter for the subsequent wafer includes means for determining a processing

parameter map for the subsequent wafer.
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