Process Controls for Inproved Wafer Uniformty Using
Integrated or Standal one Metrol ogy BACKGROUND OF THE
I NVENTION Field of the Invention [0i] The present
invention relates generally to the field of
sem conductor fabrication and nore particularly to
nmet hods for utilizing netrolo {o inprave di nensional
Protessifentrols fordmproged ¥ affggémfﬁr%n&o‘g'@“&gﬂgﬁ?gf atggyor
bet ween waf ers. DesglLi.RLi rior Art [02] '
~Sem conduct or fabrissggbﬁéir??ﬁgg%g%y performed on
substrates such as wafers of single-crystal silicon.
Typi cal ly, nunmerous identical devices are fabricated
~on each waf er , BAGKGROID OF THE INVFNHON of
sem conductor fabrication technology is to ensure
FieldufitheIuvehtjorbet ween devi ces made at different
l ocations on a wafer as well as uniformty between
[01) detteqesepindntadelanngaiehlletodht figld pisemicomiusior fahgcajiga gnd more
uniformty across and between wafers requires '
partictdrfyab Picthpds for uiilizingessiology seoimpheye dinteggiorak upHsIraity HefRer s
have uni form and repeat abl e thi cknesses and features
procéssivig bath aerosstverfdrs elidrbetverowafersunf or t unat el y, devi ati ons
. caused by non-uniform processing in one processing
step can often becone nmagnified through subsequent
processing steps. Thus, if a deposited material |ayer
Descyiptiof 8f the Prfor dishess across a wafer, a specific feature
defined fromthat |ayer can have varying di nensions
[02] i rSetitdnenent fasteaiieds cdnonemiypeaforded dnemubstiatel eushias wAkTsER
that wafer. [03] Additionally, sem conductor
singlplceRbslicty. Typitallyl waerons plentic devitesiard dabribdteshoncachuwafies, and
very clean environnents. In order to mnimze
accofiRipl R ohdgdal ofsemfcondubor Bbricatibt ieohrelqyy dute sesuregmifotmitsietvecen
are commonly ¢lustered together with robotic neans
devided aiad@diteli B (@uticne oi owsfetiistwaell as bniformity 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]  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



waf ers between the various chanbers. In this way
repetitive processes such as depositing |ayers,
maski ng, etching, stripping, cleaning, and annealing
can be perforned on a wafer w thout exposing the
wafer to the outside environnent. [04] In order to
control processing steps during sem conductor . =~
wafqsy brbwesn ilegyatiousicharalsive i Haé%wayﬁg%ggwgceﬁgs Pk dengringpyers.
" nore test wafers fromthe processing cluster for .
masldng §tshing PP iR dSPBINGy AnC TBHEAHRETER AR ipEm %Wéﬁ%‘ﬁ‘tﬂ?"”‘
One common destructive neasurenment technique is to
expasing dhe-wases ¢ the AUBIIGRIVETTIRE | | ow fabricated features to
be observed in profile-with a netrol ogy tool such as
[04] & Brudmn iarpnsl GEceSineFiops Gatg sanieeeNftor Professipeit 15 3peiEnes
can provide highly accurate neasurenents of heights,.
necepfagit thEemayp ges/prmioraisef veders framithe nspcessiiaritster for ety g?sm‘“e or
t hi cknesses, and so forth. This techni que, however,
non-destmettyp snepgyeeniaf EIneLARMOE dogugiive i“??és'-‘é%’?f'g‘ﬁ FeP iR o cross-
expensive to performfor each sanple _area bein% )
sectipn ¢ aafer tpeallew fabniaaedientugra & berbarvad 1 RroRlsi thea mrtiggy dool such
, focused ion-bean1(FlBk®n1IJin to essentially define a
as a beguningigjeasron Frigiessone{SEMh Ehigdreniqugcanyproyde hishly accurate
- location. Like cross-sectioning, this technique allo
meafugernanisa heighty avidths sidewalhangles fradiicof pyyvatyre Jangr UNpifespes and so
the profile is at.a |ow angle and therefore certain
forthmelhda teaimising, o vieren dessropethe gigfer andiiv¥ery B8 ERRURMNErBH xpRRsive to
angle. Wile FIB allows nore |ocations on a wafer to
* perfoyen for eaple saminlperrescheingrinvestigsicd| yanotherdlestarlive trehpique FaplaYS
~is-destroyed. [057 .Several non-destructive techniques
focusddsion-bselsFIB) @rBing tr-¢sseniiainiedfnea lpscaneistopehyingy thgywvafer at a
- features on a wafer from above, rather than in profile .
desived laghtidn. Aikecrosssastening this ippiinigue ligves featuren o bg vievwge ingprofile in
not destroy the wafer, and can allow the wafer to be
a SBMithotyensk. theprefile Iset ploscensls and therpforeentiain mpeasyrpmpnig havg e
waf er contam nation, it can be time consunmng to
correagmidy eccbims fanéifeangler Sthileiiil ailnvsaeassiopriioanon  WAREWDE and
provides only |imted nmeasurenents. Principally, this
investigated imprrerapiilly, the wafer neverbeless is dediopedal  di nensi ons, such
as line widths, but does not provide information X
[05] ab Beneral mopedestrusiivkiodméguss alsgt exishaPre suphyleelntiqugnigestIFRL to view
like.
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.



2 [06] Another non-destructive technique invol ves

el l'i psonetry which neasures properties of [|ight

reflected at a I ow angle froma surface. Ellipsonetry

is well suited for nmeasuring |ayer thicknesses of

materials that are at |east partially transparent to
wavel en

061 ¢ ST SRR e PPy Ssame b S OB e
ight SERFEC ST Bt B e RS B T OOt P dpyer
N
o BRI LSS 3 RLEBOREL Pl o PSR Rk
ok 15 2SS B SRR R R o

o b d of ~ neasurements is perforned. As an exanple
lmmﬁ$%r&¥ﬁﬁﬁ??%ﬁm Yme of an etching step may depend on

the thickpness.of a ot o ist |layer.. Ta determ ne.
o7 | (Kot Sabs baigions P S EB R RE seehRg S SR fictor
test. wafer i s qg@s red.igziﬁveral.locatigns and lected
procesig i GURMOoRtK Spritolied by peripdically measnring OpRorALPE afeas fglecte
etch tinme for a nunber of. subsequent wafers, |t w
wafefs g pl e A e e 5 alf RS SArer et Bt oy of,
t he photor.esi st .t hi ckness_across wafer and bet ween
measyAPERe S SRO R s 45 B OHER e B A Rge B ST o8 iy chgend
en a consistent_etch tine.is used. It will b ,
on thf ks SEAOMTSRE e, (oGt Eritsewesth dihe. B Haoresis tever
have _sim | ar dependenci-es such that .applying g uniform
on a {5t SpafiE & s AT P%@&iﬁ?ﬁ%ﬁﬁ ﬁ@nﬂ&%@&%ﬁ ?*@H&f?@?o select
or .even an aver.age of neasure ts, can pr.oduce,
the eich i 7 & PRMPeR L SRS aenE AISE 1Lt B cAPmEE e YT iiqng frgm the
Therefore, what .is desired._is nmet hod _.f or
averagp, 7t RNORHRSHSY ORISR ASTRT A PG BYEhSVORRARCrS TR GG Beth g ver-
.sem_conductor processing to tailor subsequen )
ctohig G0 IO G ADE £ EPRBTIGID il Pyl JE P sapgeated tht
bet ween wafers. 3. . ) . . .
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.
[08] Therefore, what is desired is 2 method for non—destructivély measuring every wafer

undergoing semiconductor processing to tailor subsequent processing steps to improve

uniformity across and between wafers.



SUMVARY [09] The invention provides a nethod for
controlling the processing of a wafer. The net hod
i ncludes determ ning a dinmension map of a plurality of
features on the wafer, determning a processing
paraneter map fromthe di nensi on map, and processing
the wafer according to the rocessi ng paraneter nap.
The di nensi on nap can bR R¥i ned by nmeasuring the
same dinension of each of the plurality of feat%%e%i}ld
[09] ankhedByenEerRIOYides Gé‘%egioﬁ’if‘P’Féﬂ“‘E%}h‘&Eét?%PfﬁF‘?ﬁ?l?ﬁgoﬁ fater. The metho
variation of a dinension of the plurality of features
inclugdes determiningiaskmesion 5138 0f HAUEH b o feafzson thepyader, feterruting 3
of features can include a plurality of test pattefns
procas#ing pAMelPT TR fian he dimension B¥P: it RIgksssipg the Wafey PgFOE%%&*@ g
repeating features in a nmeasurenent area. In sone
procassin® HrABeietma dhe digsnsion mapeandedeismapsdhy mRsitiedt $56e
the sane dinmension as a feature of interest, while. in
dimensiprepf cagihefdl pheralits of feaneg.and gangisahe deleapiac by flftermiming the
features have a dinension with a known correlation _to
variagomiefadimicesipngt thy plusaity pldedres ay adupdion of Jgaabirn ap His sy The
to the nethod for controlling the processing of a
pluraligyfaf featutes aan irchidnyplrebity ofitepkpiters Hapgsn dngnde 4 sptligignt number of
measuring the plurality of features by spectroscopic
evenkylshaqed eapeating fepfures in p EPpsuEamsHEAes Ip suRsroeodiments fhesienly
techni que, and can al so include determ ning the,
_spacagarpeatinpisaturss have the, same dimegpian e ierye ohingrest rile in other
plurality of features as a function of [ocation on the
embogithients the avenlyspepsdrepersiog fapmesdayh? FFRIPTWHE dgrou qogelation to
processed in a processing chanber, the di nmension map,
a dinasiomef affeatoreref méetesti th a netrol ogy tool that is
integrated with the processing chanber or that stands
[010] al Awerdingimtheheetpd doreosireling the poeessing\pistovaers determpgng de
the nethod, determ ni'ng the processing paraneter nap
dimefisiommih eandinchedegicaswring e plurality of fgaureapipippetpgeapic ellipsometry or a
relationship to transformthe dinmension map into the |
refleqipwetessehC ancaswesment tehpiqubeand car soiaclededlespainingdha griation
paraneter map fromthe di mension map can al so include
of merpthapiong dianensippifitiap phtrglity iof featurdss & Hynetiop 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 2 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



enbodi nents the processing paraneter map establishes a
tenperature or a tenperature range for a tenperature
tunabl e chuck or tunable gas injector. [011] The
i nvention al so provides a nmethod for controlling wafer
processing. This nmethod includes determning a
di mension map of a plurality of features on the wafer,
embadiEnants o ITAFSHng PRrRaes S1ap §SNishaT B @RPoRALTC OF B fpmppature range for
di mensi on map, processing the wafer according to the
a tempprgieesBianly chagkprdensble gaiINIEHO%Cr eat e a post - processi ng
feature on the wafer, determning a _dinmensjion_of the
(0113 p e inyewioaglsp prpvidea s metbod fE e@YTRILRE Y@ T Procgsing. Shis methpd
fromthe dinension of the post-processing feature,
incluggsdletgunining Aingsign piep e%%@mgty hfcatiues op tyeoiatey, determining a
subsequent wafer according to the figure of nerit.
procaReingpandmsitey gnap fomyihpdimention B0, Proecsyias thegy Beraseqrdigs to the
feature can include averagi ng neasurenents of nore :
proces$ingpanameetes up Lpersete 8 BPYrrorEaing featuregigthe wafes | deigrminas {de
determ ning a post-processing di mensi on map. [0121
dimepgieror! dfierpgsttRsocebringisrtpis lefespingig mfigsrel of mepriffrpig the dimension of -
processing, determning the figure of nerit can
the ppstrprogebsing fnatmeg, prrydaterainane femadesFneamrameder heratsupsegieaiseaiorg
feature to a targeted dinension for the )
accordivgtto the Hews of merite Qetermining e dirprsiinggg therpostiprengpsengdpature can
merit can also include determning a difference ,
incluteaveraging micesugimeptssif mereghan die PpProcesscdeatipgnd eamralsp énclude
and a targeted di nension for the post-processing
deterigreng i mst-rpcesomedigehrduli mant s det ermi ni ng the figure of
merit can include determning a figure of nmerit map.
[0121 [ Q48ardifl swtha oetiodifergontellingevaiestprasassingy deseyppining the figyre of merit
waf er processing, determning the processing '
can ipdudamenparing dre dithensgmivf thg pestiprosessing fertire Forictangied dimension for
determ ning a processing paraneter nmap for the :
the petipsecisie g feawad. dpeterFiningbe figutevbmeriticameglse neluge datramipingg
paraneter for the subsequent wafer can include
diffesenati Hetpiengtha dingnsion o pt-Dotessionfeatuee gdadarseieddjmension for the
paraneter and a dinension of a feature on the
post-probessing eriirendd smeagdediohenty deterntinieg fliedigue dfmenteantinciuge
produce a nodified relationship. In some of these
determirivgrt figend of nobeit erapi ni ng t he processi ng paraneter for
t he '
[013] Also according to the method for controlling wafer processing, 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 médifying a relationship between the processiﬁg parameter and a dimension of
a feature on the subsequent wafer according to the figure of merit fo produce a modified

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



5 subsequent wafer can further include determ ning the
di mensi on of the feature on the subsequent wafer and
applying the nodified relationship to the di nensi on of
the feature. Also in sonme of these enbodinments
determ ning the processing paranmeter for the
subsequent wafer can_ include determning a
subselqednaW'ﬁt’fanifwﬂwawchﬂﬁﬁﬁgnmlf@d?%ma?“%qf@egﬁ%‘?w PB tgsubpfanent
i nvention also includes_a wafer processin syit em The
wafervafl epplying e susidifigd sgjasiowsiip tp the digesionoh Hig f?agF& Iso n some of
determning a dinmension map of a plurality of features
these @mbodimenta Aeierminipgihe Dropesying AT &peirn{PTHe bprapet wajeR gan include
- paraneter map fromthe di nensjion map, and neans for
deterpinigersiationship meap e figecd it §@Po t he processi ng
paranmeter map. The neans for determ ning the di nension
[014] néjhe invehtipatso anclpdes By Aefprecseing isterc Ahe FHET RieresANg system
spectroscopic ellipsonmeter or can enplay a
includes frlegust fordetermini imesioneeas Hf & BIFRIY S deAteRs therpygfer, means
means for processing the wafer can_ include a .
for dst@miniugaiprotassingpasaestss map foysibe fimensionsyans 2k meane §er processing
enbodi nents the neans for determ ning the dinmension
the wafgpadcolingde the gravessing buayeteigorp- | The sygresiaglefgrniping e dimension
sem conductor processing system Also in some of
map inbledws acmdtothigirtent thatdringifs ¢ speaueseeic pllisemsist FeR Fuplakt
i ncl udes a processi ng chanber having a tunabl e el ement
reflecsandterdmses GIe mpssursmantdechuined | Eheapagasdopprocesging fhp M3feacqias
i njector. [015] Another wafer processing system of the,
incluilewenticondudtorprasehsmg nystens Th opmelef thesaembodimets te measifemn
map of a plurality of features on the wafer, nmeans for
deterohixtirer the dimegsien papiodudss agetrplogs ot isegived Withdha sepéconductor
di nensi on map, neans for processing the wafer .
proceasiegsysiemg Alw ih hane ¢itleseysbadiments thereerueonfigtdr PEPCeTSEGISESIHN
post - processing feature on the wafer, nmeans for
include taquroviessinggrhambtr veving atnnable el¢reenpesh apg s@peyaiursgunable chuck or
feature, neans for determining a figure of nmerit from
atunithegdinjensi on of the post-processing feature, and
means for determning a processing paraneter for a
[015] S et enfer matmsinggystemai thg inentidranglidps meansflonrgiermininga
sonme of these
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 \ﬁafer 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 defermining 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



enbodi nents the neans for determ ning the di nension of
t he post-processing feature can include 6 neans for
determi ning a post-processing di nension map. Al so, the
means for determning the figure of nerit can include
means for determning a figure of nmerit map.

Additionally, the neans. faor determning th -
means fQ5 SEEENHBE PHRISHRRESTFING Jimeppign @ﬁbs‘gﬁ‘b&‘ﬁ iganp sy desggmining the

i nclude nmeans for determning a ocessin ar I
fignreypfmery leﬂf%u%@%@a@éﬁ?tﬁ%%%%g@f |TRAEL 5@@@%&‘%‘@?&% means

DRAW NGS [016) FIG 1 is an exenplary nethqd accorping
for determigingthp rarasting paspmgierdos th%ﬁfﬁiqg%?w 199 m%vf&smznﬁ ¢ an
exenpl ary di mensi on map ‘produced according to an
detergynivsh RRASEsNgatameter map EtheoHbselysteya®l G 3 is an
illustration of an exenplary spectroscopic
el lipsonetry system [019) FIG 4 is a cross-sectiona
view of an exenplary feature to be neasured and of an
exenpl ary test pattern of such features. [0201 FIG 5A
is a graphical representation of the neasurenents
shown in FIG 4 as a function of radius. [0211 FIGs.
5B and 5C are exenplary processing paraneter naps
derived fromthe graphical representation of FIG b5A
[0221 FIG 6 is another exenplary nethod according to
anot her enbodi nent of the invention. 8 DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0231 The i nventi on
provi des a nethod and apparatus for using neasurenents
frommultiple locations on a wafer to control a
subsequent sem conductor processing step to achieve
greater



di mensi onal uniformty across the wafer. By applying
the nmet hod and apparatus to successive wafers,
greater dinensional uniformty can al so be achieved
bet ween wafers. [024] The nmethod, as applied to an
i ndi vi dual wafer, maps the wafer before a processing
step and then tailors the processing step according
to the map. I\/BREIE)BESCBERHQWQFt%AW&Nﬁ;@d i ncl udes
. determning a dinmension map of a plurality of features
[016] 0F1G.Hes swdxemplagiomethod astandjnato Jpreabedimepl FediBitei%r map
from the di mensi on map, and processing the wafer
[017] aFE@12d5 agexemplehedimpsinn ey ipragiuprsh aspradiag toARgmbadimgpf of the
exanpl e, a processing step is directed to etching a
inventimyer beneath a mask. The mask has a circul ar opening
wth a dianmeter dinmension. The final diameter of the
[018} c G inam ilpsriiogof ap cxeripioipperiipreepis AlipToMERESYEREh ti ne
and the wafer tenperature. In this exanple the nethod
fo191 f IHG t4 isletrossicpdmalyiell ofen skemplrafeasie f Ysimpagrsd apd gf an
features on the wafer, here a map of the dianeters of
exemplarieshpastemt of|sachefedteres acr oss the wafer. Next, based on
the dinmension map that shows how the openjin _
[020] diF¥GEtAcs 8 graphial aepressnsation of (ha fmepsuffreniseshen tniF%@- it function
waf er tenperature, the nethod determ nes a processing
of radhar amet er map fromthe dinension map, and a single
optim zed etching tinme. In this exanple, the )
[021] piEHG= 5B and5P arcanetday prpeshisg parpmplenaps detied egshgraphical
paraneter, wafer tenperature, which can be applied to
repretenmtiovadfdIG.duUx.i ng the etching process. Thus, the
processi ng paraneter map shows the tenperature that
[022] s I 6cis rethep prempibramethol dckerdimgito sl prabrslinagyt effhe invention.
waf er. Lastly, the wafer is processed according to the
processing paraneter nmap, in this case the wafer is
controtl ably etched such that the wafer tenperature is
varied across the wafer as specified by the processing
paraneter map. It will be appreciated that the given
exanple is provided for illustrative purposes, and as
described in nore detail elsewhere 9 herein, many
types of features can be neasured to determ ne a
di nensi on map, and nmany processing paraneters can be
controlled to achieve greater dinensional uniformty. -



[025] The nethod, as applied to successive wafers,
extends the nethod for individual wafers by creating
a feed-back | oop. After determ ning di nension and
processi ng paraneter maps and processing an initial
waf er, a post-processing feature of the wafer is then
nmeasured. The nethod next conpares the neasurenent of
t he post - QME@D{@%GBWT@N@%W@%HM%I ue and
feeds the difference back into the step of tailoring
[0231t HEhepinGodesirodes aaptted ang pipaeaths foy usihg mawrtemeaisdiom pltiple
the above exanple, where the final dianeter of the
locatizing o h aafeppenitrn 2 pubseguenfsemiconiuetpr puadessing stemiparkievgageater
and etch tinme, the feed-back [ oop allows the function_
dimensgioie vfifomsity eomsel thaiviafer.e By hpplying the swthod anddpparatul & supepssive
processed. [026] FIG 1 illustrates an exenplary
wafesspeaicndmensmhal amifermity dad 6o Begachigesdibewieergwefiersat er
di mensi onal uniformty across a wafer. The nethod 100
[024]i riheunkgisodaassipplisd 1d O iodividetlorafiirmhapg the wadkir frefess oproersginitep
a plurality of features on the wafer, a step 120 of
and thiet @ilors thie prpcessipg stepesdnding tpthearpt Moramapichladsn thiymethod
di mensi on map, and a step 130 of processing the wafer
includesoderetiningpgtaglithdnsion prap ofs pluragj typd faess on theapafer-f@mpning a
shows an exenpl ary di nensi on map 200 that represents
procdshieg paramétert maprfronf the dithensing mep, and pracessing the wafes asording: tathe
a plurality of locations on a wafer. For exanple, the
procdsgiaf paremereymdye Ax ah exvanpile) agrqebesing step isstirestedsto etahthgteHeyer
dinension is a wwdth of the line. |In the exanple of
benedth @mazk. Thranskhh® alcimdar apeneg with e dianpteSdiinersidn. ifte final dameter
square pattern to create a map of the variation in
of th¢ biecular ngenwigdd diknotvh durgtion of thé ¢tbh tiree andpirecxdfent tegipariiate. In this
di mension maps can  consi st of different patterns and
examipie the oethbdfist detennimbd Ddisiendion mepd apivisdily ofcfitares he the avaker,
feature in each device on the wafer is nmeasured to
here § @iapof the didineenof opentgpat 1pEATTs abrosh theewafin Neaxs hasedon the.
determ ned through the use of a non-destructive
dimeR%b 2P @t showd howt thabpeainy dinmwirdery apisdthawaurvenrenhsingfand
a common feature in multiple | ocations across a wafer.
wafeld @nipefatues( didplethod idéterntitesfagadoasstngiparameter dnp frouek thddimension map,
di mension to be mapped is the thickness of the film
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 v\-zafer 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



an el lipsoneter can be enployed to generate a
di mensi on map of filmthickness across the wafer. As
anot her exanple, if the feature is a photoresist |ine
and the dinension to be mapped is the wdth of the
line, an SEM can be used map the |line width at
mul tiple | ocations across the wafer. _
hereiRafdng ipeneftfeaturbrocsn He DBASHEA SLdeimmine adissension e MY so
be enpl oyed as the nmetrol ogy tool. [028] Another
procenging phestetarcian be consroller ereingveRERaen Higppasiopih tnifA he used
to create a dinmension map is spectroscopic . .
0251 | Thie pmtwod.tas ypplisd tesuesrstive Wafap exendsdboppibodior ingivisalpafers by
systemis the i SpectraCD manufactured by KLA-Tencor
creatinBarieed daek lo@@A)AfteT Heteindning Eimemiyicas PErsessHGPARMEGEBTRS A4
sintegrated with a clustered sem conductor processjng
proceayisg rinisiel vt 2 pest-progesgingicatyes oftesvaterds fipr Weastrefa Phagethod
to be renoved fromthe processing system It will b
next aqpaes iretmesglsurerhent of thepaskpiaerssing featiee tp Ay exnerteh valug aafl g“&ds the
operabl e where the netrol ogy systemis a standal one
diffeftyiat ok info0ROitepRif@iloging the processing step preapplied tathe next wafer. In the
spectroscopic ellipsonetry. A broadband |ight source
above Bmpth, weert the finbletiamed@4f the ciselagopening i p finctierimifehg a
range of wavel engths, for exanple 240 nmto 780 nm
tempatatute dnd eghtimephefee@DE&k Iqtpallons e fipgton tofp Sae wmedEithragh,
304 towards a prism 308 that spreads the beam 304 and
succfki0¢ @afesthattis ndessed. det ect or array 310. The detector
- array 310 analyzes the reflected beam 304 as a
ro261f URIGH 1 Distedes\wa eedreplary Bmbovimes bia ngthod Y fopachicying geater
measured data spectrum 312. This spectrum 312 is then
dimeasomanefdraigpicnss aavafendEhe rdethel 10D fnckirdgs @stegp 11§ of determining 2
determ ne a best fit 316. [030] Spectroscopic )
dimedhibh pewofet pliyrality ofifeatdtes bp the wafer, acstepel@h 0f dairrminieg 4 pocessmg
therefore best suited for neasuring unpatterned
parain@ensp feolthe etrandion mapaay 8 st 1 F0ftporcessing eshwafer ageording to the
grating.on wafer 306. It wll be appreciated that a
proceing itnietarmiay Fi€. Astbeatneenphary dmemiciouarstOithnt reprsengsthe
measuring a single occurrence of that feature, or a
variftioR 8f £difemkitnlof A éeanat maasnet at apluhlitytof losationip oepwhier Fot

example, the feature may be a line in a photoresist mask and the dimension is a width of the Jine.
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.

[0271 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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measurenents of gratings, the library 314 is
pre-determned off-line for nodel gratings 318 wth,
for instance, different |ine spacings, |ayer materials
and thi cknesses, heights, widths, sidewall angles,
degrees of corner roundings, etc. The di nensions of
t he nodel gratina;qSlS that are _known when Db iIdiﬂg &l

For example ifhefegturs ina {m gnd thedimpnsiqn tp Re mapnsd KLoSiqeiet the .
w Il be sinmultaneously determ nable by a neasure nt. ¢

an ellispragipican be sapIAFHHRgengRte & dPERsRmap ol g JCERGSHEEOS 1t Water
and their variability will determne the accurac .aap

~ As angthergxamgle. if Higteaftre is a@éotelmlafi lipg3nd thg glimeggion;to be HPBH%H? the
[031] It will be appreciated that spectroscopic

widtheqf thedingraetSEM eapdaintrd nap thrdipe ridienmuliiple docptions acrpspihg,wafer
significantly larger than a feature of interest, &Pr

Refleptametgiibased CR megvwementyaeiniaupt Sinialsa be mppleYsd @i fmesPwsy fool
50m x 50m As noted el sewhere herein, a périodic arra

10281 o Angihet ramrfleatpigtivaaeasterasit ksghnigusfhafean berused tojcrpgied dimension
occurrence of a feature. |deally, the pattern is as

map is gpegEOsePPiS elipRemetry. HiheXePBlaRE SROCTFsRPHR IS PRty SYFIRR 1s the

_ spectroscopic el lipsoneter. Suitable_Batterns of

iSpectro@l manyfgeiied by KbASkne o Sandast £ EhniSresHitD fddepe
found, for exanple, in lines of photoresist in a mask

advartagpeysly intplyaied with jackipered papic@dyStonpracestng SYFeR SR fipt yaers can
particul ar device fabrication process, test patterns

be megpured wishau havingito beremayad fem hpdrpegssiag svstean. (Jeyyelle argreciated
features can be added at known | ocations across a

that thgeshethod of dleeinyeption s alsq eperablecyhare the mstrolagy sypam it $andgloge
produced in the same manner and under the sane

systegondi ti ons as the features of interest, so that the
features in the test patterns will have the sane

[029] diFirisillogieptes theupreoffspagtrosceric gHippamedy e 4tbroappand Jight sopice 32
-not .essential to have the features of interest and

directs  de4re 3@4 nf@slagredilight spansingmarengerqi vaprlenghefer xample 349 mgoe
as a correlation is pre- determined so that a

780 nire alsa texgniewafer 86 a Theouafer A6 raftents dlaprbegin d04toyragi p pyFry POS that
data about the features of interest. [0321 As an

spreadsdherpiam 304and projerie itanigi afstesion Arrael] Ob Fhasdstestor g0t 0@nalyzes
el li psonetry of a photoresist |ine 400 on a stack of

the reflegtest am(3P4 ashivnetion of wevelengtheand polatidagiorrp @rodyce ymeasyred data
pattern 404 with a series of evenly spaced

spectipiic1@r Ghisspectrim 842 #@@ncampired Ageinsi cmodstidaig litgary Sé4 et
| ocati ons around the ' :

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 oceurrence of that feature, or a single occurrence of a related feature. To enable
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12 wafer. ldeally, photoresist Iines 406 are identica
to photoresist line 400. It will be appreciated that
t he spaci ng between photoresist |ines 406 should be
sufficient so that the photoresist lines 406 do not
interfere mﬁth one another In other words, if

s RS S MB35 oo S5 E arSl AE 1
R et e
SR R i i vl
s BT B S e

e e ek @,gg,ggwg

Variaﬁi;i dgtgxagnﬁ?qp tb% gc%aﬁ'a:c[g %tgiia;g%leﬁqq a(Ei Iwg]F 1{;&?‘%)? d n};geﬂtty nmeasurement

ave e r nore neasyred dinensions, or a
1031 g Wgﬂ?ﬁ%e%aé?%\@@ﬁp%mﬁéca@ﬁ FEAS R ﬁ%ﬂesaf’rfaeaé“ffﬂa?fﬁ e et
di mensi on 1 Referrjin into FIG 1, in_step
can bg 2’@“‘?}0?51!18 Lﬂééseg % U tf%f%fgf nstanfe: 1B SAR é’&b?ql%‘i"ﬁ“tth“‘e
di nensi on p. A proce33|n par amet er map
meﬁv%ae@%ﬂh@a FR 0mh v otRd elseWiegT Rersin, &@@gg‘ﬂlﬁ @Tay or patfern can
araneters wll be app I|ed to a wafer during a
bem %@éﬁ%ofsatsgw © RGRITTRGS OF Afedtie e ldstlle the PritRy %#w byger
plies a uniform processing paraneter to th
than (i pieplopstiares o Bl SPrSPIABS elligsometsrmppitap! c QBT el spaced
rocess paraneter is the duratjon_of the processin
repeapflcaiTe raIsPRetRR bedendt foprramples in dingsafphpigresistip a itk .
waf er - A processing paraneter map for process duration
Whegfifable ppfierii dre1of B¥ereRt 1o A PREFHir e Viessiabrigpion Fopass legapaitpms
wi_| | be a single value, such as a nunber of seconds,
with sphficiqnf nymhessof EYR"E’QSPFdeePFW%fWWB% addgd gHgown locations
di mensi_on_na 0O of FIG 2 would show a wafer havin
acrosya Yaker. Jsailys lquéatw@@ Hethe feptpatiasns Fnpradise insthe game tpaAnaey
- single value can ap i ncl ude pressures,
underitaq 58 songitions g5 thefop @rqs afjeterash 8 Bairthelgaiares jo Ryt peGEs il
as flowrates, and gas_ flow ratios. A processing
have %ﬁ sapRcimensioahasIimERETes Afintsresh Homeyreit isaiol essenial thhave the

determ ned from a
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 photoresif;t lines 406 can be fabricated at different locations around the
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di mensi on map, for exanple, by averaging values in the
di mensi on map. Thus, an average 13 di nension for the
wafer is used to set the process paraneter according
to a known rel ationship or mathematical function that
rel ates the neasured dinmension to the appropriate
process paraneter. [0351 More conpl ex processing ,
wafep dleatip{ photormisslinsa H0GATs isepsisalie photpicsisidine #8f: dt Wil agRreciated
processi ng paranmeter maps may conformto the physical
that thé spiating bayweengfhotoresisplinet46sheid besiffisient sEat thslippnresist lines
waf er tenperature can be made to vary across a wafer
406 doynot interfemevitf onk @netkers In othes sordssif photorasist dings 496 afeispiged too
onto a wafer from above or can be disposed in a wafer
closehjotbghdirer they may abifieke the tenieddimensions of e target PhptIeYs line 400 and
chuck can vary the tenperature of a wafer radially
may Bwtedd havh dor dxhmeplei differert eideswadleangtes adbwigiber i s eit her
hotter or colder than the center. O her processing .
- [033) pdt ‘ameteé thet specipsenpidallipsomastytiagde tavdelil serefthamong dingpgion of a
simlarly controlled across a wafer. Thus, a
featupr Cwessingly, fpectavetniy ellipapmétnrmeggiremente phleqebeng peross gheser can
the systemis fitted with a tenperature tunable
yieldelhugikion cmps foe apmanprmensionpisare whrsuregnfethst, moprethapneer
to the circunference. The function can be linear or
dimehdigh®n be irgerporafed30 avinglh dimensipemep Foy instaace R dipsngipy map can
di mension map 200 of FIG 2 it wll be appreciated
be a tamof a detieechdimensicthitisthe whighted aisoage of tvogr maregntasirpd t he
center (ID) and smaller towards the circunference
dime D), orSi differerich bet®reef § merswed dimposion andjafangefed dimersiagl. on:
map 200 reside at either of two specific radii, each
[034] g rRufrric@apaiyeio @ 13 fetbpt130 p prodessing aramoter Rggeis defemingddom the
each radii, as shown in Figure 5A. The two averaged
dimeusibrinnap. ah grocéssing eapeeter thad)is ¢ sdprrscrgation o€ hove pngi dr yiofs progggsing
with a line or higher order function to generate
parap¢ters @415 bauppjied anmraier dnues: (502 samgbte0 XLbhs mosirsimple plrasing
5B and 5C, respectively. In the processing paraneter
parafi@RSngQpphesdc undFérmi precessigyakameyer tpthe ertgs imalyr. gdor anstapes, 2
is tenperature and there is a proportional
commeilatinaoBdd frodzes pupmetdr ivehe dpgicnmf iwtpeocessingr and generally the
tenperature and the neasured line width. It will be
duraiggayis the isahefdy tHe@nsire svafer.t Aatocessing 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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any relationship can be used to transform a di nmensi on
map to a processing paraneter map. 14 [0371 Still nore
conpl ex processi ng paraneter nmaps can be created
according to the conplexity of the control schene for
the processing paraneter For exanple, a suitable
proceSS|ng par anet er p for a tenperature tunable, .

dimepgipr for ths Ml ipgdde §etmr QIPCBF%H%E?@PEP( arcerdmetn aé’-ﬂ@&tﬁﬁ&ﬂ&}np or
hexagonal  grid of enbedded heatln% el ements can have

mathgiaticafapeing &t reletsfemaagie’ diparsingte g SRR EPHARRIPS e P arameter.

el enment. Referring again to the_exenplary dinensio q

[035] o GOmPIEX PIPesssing pargrpety mAps B Aki9 e delFrtinag (MOIP CPRPPhe
nmeasur enents that nake up the dinmension nap 200 fal

ProCesHNg PArg RIS IRaPg FIRYC coné%ﬁeémrphysa% lipjiations %E%gﬁowgsmg system.
paraneter map necessaril equi res a hexagonal %rld

For e #BpIe.{ WM TR iR canthE Tef *sarwr%bwz@bbx e gseqfiPpalHt e
processing paranmeter map will require a __nore_conpl ex

Heatepp o3 difgCtACEHE OpR mwaﬁy&?%bgm PricAmRe dnosaddn p sl Ihyldef or
created by those of ordinary skill in the art,

“chugj] Patipple 5’%’@@%‘@ bl FTaR YAy iSSP TR E A weler Epgially such
el ements, such as a tunable gas_ injector that can

that thpeirquafargnee af the walgais emqs\hptﬁeap@old@aﬁatb@e 91147} Altipey processing
created. [0381 It will_ also be apPreC|ated that nore

pararpeierp sush és Pipovoliagei aad ignAiuxrer by siplaslypaytrelled agrasrey waferg Thus, 2
froma single dinension map. For instance, a di nension

PIOCGYERS DA Tiad dor WalerdraRaraws, WheredheSisieRds Blsdiwish slemperature
for both te rature and bias vol tage. Likew se, nore

tunablgyyclp gen beg rgvﬁgn BYFT fhearaso! e conia P e clgsindpiengee Thnfinction
or nore processing paranmeters through one or nore

can bp lipess euhigher pietanet er maps. For exanpl e, a di nensi on
map of a feature's height and another dinension nmap

© [036) of Withhzefarenge tortle exemp {oensigngnap 208 af & P fveil bg ppeciated that
toget her when deternmining a processing paraneter nap.

the megrgoegl live frécklx shayn drereatestini the qegier(lR) ang smalierdewgydsiBe t he
waf er s processed according to the processing

circupéprense {@P). (pinse thefoiheentas paints i he dipenson Iaﬁip?QOeraSI@ecﬁt eifher of
waf er can be, for exanple, a deposition, masking

two specifid 1adii, emhrgquyp icargbe ayerrapd ta@rodase anFRsage m@eﬁam@srgdnﬂas

| east one processing
shown in Figure SA. 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 shownin
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
.a’p_p’ropri ate wafer terperature 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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paranmeter of the processing step 130 is determ ned for
the wafer by the processing paraneter nmap that was
generated in step 120. It will be appreciated that a
processi ng paranmeter map can 15 be applied to nore
than one sem conductor manufacturing process in step
130. For exanple, two succesSive etch processes _on
[037); rRéilmate SRS PrechisiRERITAnIFEST BRRTCAP PE Creast ﬁ@%‘&"ﬁé‘h’é‘? er
map to control wafer tenperature. As_noted_el sewhere
compigxityiohthe esital sohgme fo the PFGEELs PHETFST aFRE ¥k p sui@glf pe
applied to the processing step 130 to sinultaneously .
PrOCESEAE PAIMGHRS P@Ptfﬂ%%te’é‘ﬁ%atbﬁeg‘@é Ch‘}% taateensols vyafer tmperagire gith a
illustrates an exenpl ary enbodi nent of a method 600
squareGF hexagnnplridiof ﬁﬂ\kﬁjfdé? hea REFAERBIS D baveRindspadet Empesature
di mensjonal uniformty between successive wafers. The _
. valuefaF ¢ehheaiugeleraentn Belgiring agrinsio sy egemplory dwersiannap g0 of FIG- 2,
. dimension map _of a plurality of features on a wafer,
it wilh besapgisoigiod thaelf Siermsapigmeatsgha swke nmtie dimension gap A0 a1 P
t he di mension map, and a step 630 of processing the
squatfzgFigras shopdr Hidiihe ProcesHRge RAFeEs §12R Qecb‘é?a&ﬁb‘%-}*feﬁ%ﬂéﬁxﬁﬁf’na] grid,
create a post-processing feature on the wafer. Next,
then frapsfopraing 81§ dgnrsies $0ag 269 O spilablegrroeeting pArERaiey mgp will require a
di mensi on of the post-processing feature and a step_
moregswPIST maRping Hgrithy. Auchjalparitims Famie teadikycagied fai those of ordinary
- . dinmension of the post-processing feature. Finally,
skill nrfhe sy SHEMIGDOCIsHRY ARSIy mapeior e'ger iopabipelemanisniupley asn tunable
_processing paraneter for a subsequent wafer according
gas injeptar fhat ¢an gpatally varya pg flov e qan be siapilarlyicregted di nensi on
maP of a plurality of features on a wafer instep 610
[038]j Ji wilglse he prargojatedbatqupapthasonepeocessi)e PRIAMCHE mep mADHBE
100, and step 620 of determ ning a processing
genergigd Fppasing ensinmmane o intsinse. anlimensidngnapsee b Used foyereate a
the same as the step 120 of nethod 100. Likew se,
processirgpaggEten fnap fordetidemppratere andbifias volie g ridkavgset monethan one
_processing paraneter map to create a post-processing
dimeRsiqRAPS b PE SRS taydefasming onearakerd prieecssing parageiens throngh nsjor
100, however, step 630 also requires the creation of
more rogessing prapeeingyy. Feuaxample.grdimensionerhagrof aféagure’s height and
post - processi ng feature
another dimension map of the feature’s sidewall angle can be integrated together when

- determining a processing parameter map.

f039] 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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can be, for exanple, a newly deposited |layer, a line
in a photoresist mask, or a feature produced by
etching such as a transistor gate stack. In sone
enbodi nents the post-processing feature is a test
pattern 404 that has been nodified by the wafer
processing in step 630. It will be 16 appreciated that
be agplibdmurnbre trh proseetiodiciop menwfee g HreeesLin step &l Hes example,
created in order for the nmethod 600 to proceed, nore
two $uocassioneiclppstesyrs ou ths simrgw dferatan e hasrMSPIgRessNgPaTRIieEeT map to
step 630. [0421 In step 640 a di nension of the
contpbwhfepteapestiva gAs rowt glsewlics: batinmpdre than oot bsRe RAasHEter map
of the post-processing feature can be determned with
can Teraypladi tb aiel procemsingotep 30 wybndaméqueslly gokitrpmoredhanggprocess
nmetrol ogy systemthat was used to create the di nension
parati®ipr.i n step 610. More than one post-processing
feature on the wafer can be neasured and averaged, or
fos0]a G 64lustratessi axgmplaly vmbedimantd p msthed 1560 for eentroling gvafer
show how t he di nensi on of the post-processing feature
procusaing ésachixve gestet dimensmh@unifpid® betwees suspeseiB@wafersi Jhe method
of merit is determned fromthe dinension of the '
600 hupits-withecepdil0gf ddteminings diffibrsidn rgaprad agluratisy ofifeatareporsedafer,
on a conpari son between the neasured di nension for the
a step 630 dqurotiissa mocdssng parametan dnapdrom the digeengon iprend b gep 630 of
for that feature. For exanple, the figure of nerit
processing ke waferakct@ding tot threprodefsirey prcaneetdy etapdecreath e pose-pEgeseil 2
di mnensi on and the target value, with positive val ues
featifr€pi e enfdarnYexreths metholl @li0rens stopm64(t dfsibteamining r dmbadsion hibthe
the target and negative values representing neasured
postPrdrefifigdesurt Aad a aepess5D efdetdrindving hguraniyedrit flom thévdisrension of the
enbodi ments in which step 640 produces a
postipRstbssiipdefas] Rgalt), te agithot 60kincludéseyst-pFO0 obdetdnniogng smocessing
produce a map of the figure of nerit to show how t he
parafobi@iifo a @libsemieht waf@rateeslind dedignreofwafier . [0441 I n step
660 a processing paraneter is determned for a
(04135 UDSeaiaRE a\dahakion eap ot placality of Fatrdsioguvefain sty 610 is
determined in step 650. As noted with respect to step
essedtRfly tiRrsafie hemastep I ol mefiod 6% Shd gepéaleanfdttenniniag a broosssiag
di nensi on map, the processing paraneter nmap i s
parafiSle£bd RO 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 parampeter 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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according to some known rel ationship between the
measur ed di nension and a processing paranmeter of the
subsequent processing step. Were the relationship is
i near, for exanple, the relationship can be
expressed in the formY = nmX + b, where Y is the
processing paranmeter and X is the neasured di nension.
appretigie asdihbugh onlyrma post-praatssiog aivpe rged bacreatedhip|ogder fopthe
step 660 the 17 figure of nerit can be used to nodif
meth®i 600 &5 prodeed @hdie thin biecpostepeédessigderture pandprobrodreedin Sisp b3
A processing paranmeter can then be determned for a
(0421 SEPSEOMORIdimekien obthe pehprocéssigg fehtare is ditemujuwsin {Thadimspsion of
and appl ying the known rel ationshi p having the .
the pé¥ppliotdsaifl femafefoat beddermired Bt kiy snititle inetralpgy systemtinadding the
that after step 660, once a relationship between a
same GlefrBl0g) ORtemnbht vas pred cesSitathe Hamensint ap natepl6d@ nMore than one
nodi fied according to a figure of nerit determned in
post-frb@psiESeature St iparuianin bahessedad apgagndoosametcbroessnsut
measuri ng the subsequent wafers. Instead, subsequent
dimeN@inip cebe dreataias winmdhdvothb dintehsorselities pust-proeesfing feture varies
waf er that was put through steps 610 through 650. In
acrosS@8®afek. t hese enbodi nents, the di nmension map :
determned for the first wafer in step 610 is assuned
10431 T Gn BBPSIP atfiputend nsewibs deamnitedfvizeths dingemsion ofthe pese pioprgsing
paranmeter map is prepared for the subsequent wafers
featufe! ORR fiflad oftthdTit Nsbasstl oMByEomparisgn beteeanalre medsatell dimshiipn for the
determned in step 660. [046] Alternatively,
post-SBES SRl R REre\Wad Sinse ta@eted Gingrsian foeitatdeatares Foigpxempledlet figure of
such as the center even though an entire dinmension
merit P bNBS PoBpaditereh@betveen the hizhsuvadfdanension apdthe tafet vihes with
enbodi nents the dinension map determ ned for the first
posit8 ffies idprésbiR g Gledsurél dp@lsioasithhtaregedier thahibegrgetdnd riegative
waf er, but scal ed according to the single neasurenent.
valuef\rdptea& i g mesuRa dan@ons e 1659 thag detagedh de tosrmbadifvents in
is then determ ned fromthe scal ed di nensi on map and
which €p @WrodubdsalposiisbdesipatiEndion afip, stepsiSe pabhitwise pregiticel d map
ot her enbodi ments, an independent dinmension map s

fthé’ﬁ?ﬁ@éﬁﬁeﬁﬁ R sh8 R BBw IRIBREUT Merivakies acacss Berwaitrep 110 of
? nmet hod  100. Each such di nensi on map

[0441 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 dimens.ion 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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is transfornmed into a processing paraneter map
according to the new relationship determned in step
660. [047] In sone enbodi nents the relationship
bet ween di nensi on and processi ng paraneter can be
made a function of l[ocation on the wafer. In these
enbodi nents nul tipl e post-processing features %n %hi
figurevaff regrit grrebanised termeadify pgher erhoth offhtcqsBicientip gadige PIif! b-
feature a figure of nerit is 18 determ ned to create
proceasifig pruareetesfoarien be Geipgminpdfor @ gpbsparenigafe by peasuring fiea
relationship map. Thereafter, a dinmension map_for a
subseguéns wefeeand apaiving tedmowe relatispshinhaving themedifiedsoeffigient ng
paraneter map according to the relationship map. In
[045] s Ut willbegppreeinted thet afiexptapdoBs onge & Felativaip heyea 3 dpeasigp nd 2
cl osely the post-processing features were to the
processingRsranbterdiagbeen mogifiedirrepidang to @ figws of mrgtietsrmiperkin step 650,
wafer. The relationship map represents how the
subsaqatrd wafsrestan he precseed viter peamingdhofuhsemesnt wafers. Instead,
processi ng paraneter should vary as a function of
subsdqoerd wafsrs aap be etsimeeddo by the grrasasdhe firstywafprghativag py dirgash steps
the next wafer. In sone enbodi nents every wafer
610 throoglr @9s & sanker of thyke ereodioentseibe d@eﬁnsinlama@éqswnw&fl &gr the first
benefits fromthe prior wafer. [048] It will also be
wafegipprep 61 Gisassuttied to spplysothe sdnementeaiers, ané 2 PiogasHBPEFACIer map
begin at step 640. In these enbodinments the initial
is preparké foritie sybssqesmt wafers frowythal dimension srap pHrine e 8¢vhplatienshin e
and then in step 640 a dinension of the
deterpietl ipstepc@@si ng feature is deternined. Thereafter, in
step 650 a figure of nerit is determned fromthe
[046] di Adeesitively Giibseheenpoaers pandeasesburgd ftagingledocabignbuehasihe penter
step 660 a processing paraneter is determned for a
even shobglearLmmtite dimEwsionaaporad pregared far the fritguafes. bifsome of these
determined in step 650. This nmethod can then be
embadipenat theldibrensisnubaedpteenineduor gresfirstvogTin siep G1Rds dppliedjoicath
specification, the invention is described with
subsggeére mafec,dut sakp ecofding to theisingiemasasurenénér 4 pfocessing paBBSisr map
skilled in the art will recognize that the invention
for each sulstqiehnivifeds thehéstetmmed Yam the scaled dimaneion meplardShengvs
of the above-described invention may be used
relatibinstiipuletbralned 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 v
step 660.

[0471 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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or jointly. Further, the invention can be utilized in
any nunber of environnments and applications beyond
t hose described herein w thout departing fromthe
broader spirit and scope of the specification. The
speci fication and drawi ngs are, accordingly, to be
regarded as illustrative rather than restrictive. 19
deterBied toCreteMSighre ofmest taplthhtoran bedevelepqdiinkg apelobensip F§Pof
a wafer conprising: determning a dinmension map of a
Therepftert atlinteysiof mépdat asubssqoent watsr oaafbe ransformed itop BIOFSYRD T
features including a plurality of test patterns, the
paranie6e tmap pedotdingrts themel hticatslrip map s Wfshehcd sypfemiemiesye @ffmes BWp y
spaced repeating features in a neasurenent area, the
repre@uBIhoy chisely thel poepEmessing ffabaeawassto thefeugaigd xalae #hefancsian of
with a known correlation to a dinmension of a feature
positiof oh thisevatest Thechelntimehip g reprgserseaysthn gplgtionsimbaty eeragpasured
fromthe dinension map; and processing the wafer
dimemdumoind prugessiog phremgtercbedd vary apafuastion of loggiion to achigye the greatest
met hod of claim 1 wherein determ ning the di nension
unifoftBipy donsh thd @sxt wafen sinrspmeg emnbedimenieevdiyrreatesiporeressesdiershgpethod
the plurality of features. 3. The nethod of claim1l
600 sekiek eich welfet Benafiitn frog thdyericdimaemsi on map i ncl udes
determ ning the variation of a dinension of the
[048] P il dlsoybe apprécimaddithas én sosnecembbodinents the nutthddeembseirnat sigp 640.
the wafer. 4. The nethod of claim 1l wherein the evenl
In th&3@ anbsllimepaas inhigl Wafat is pasessétbio ereate 8 anyt-pdicatsinsifeatre andihen
feature of interest.
in step 640 a dimension of the post-processing feature is determined. Thereafter, in step 650 a

figure of merit is determined from the dimension of the post-processing feature, and then in step
660 a processing parameter is determined for a subsequent wafer according to the figure of merit
determined in step 650. This method can then be repeated for subsequent wafers.

[049]1 In the foregoing specification, the invention is described with reference to specific
embodiments thereof, but those skilled in the art will recognize that the invention is not limited
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 descﬁbéd 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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5. The method of claim1l wherein determning the
di mensi on map includes determning the variation of
nore than one dinension of the plurality of features
as a function of location on the wafer. 6. The nethod
of claim1l wherein determ ning the processing
paraneter map fromthe di nensi on map incl udes
applying a relationship to transformthe di nension
map into the processing paral®fer map. 21 7. The
met hod of claim 1 wherein determ ning the processing
p&LARBer map from the di nension nmap incl udes appl yi ng
a mapping algorithm 8. A nethod for controlling
processing of a wafer conprising: determning a
di mArisethedrfap cottralling (pra¢essingod!  wafen cempoisinghe waf er
| agl YR %ﬁaﬂ rh%ﬁgfja%ﬁ@%hi%yo%a{tﬁ*@g Uk §fie Rhter, the
spectroscopic ellips ry, determning a processing
par phebty ofdfpaturewinchedidg mepinraity i pgst patterns, thetest
pro ' t [
Chap AP s R SRl SoEBR bouehfr e erfiatie
pr ofeetwien gn heeamiremeat enzadithg evanly bpagedoepsatingjfeatures
parﬂ%g% dlﬁf%nsm%wi%hw(%& Lol G PAh 8! diNARIBCGSST NY
of ‘a wafer conprisi ng: determtRi ng a §i HensTon nmap of
a pleatwmkidf intefesteat ures on the wafer including

suring the plurality of features.wth a .
FERT LR R.A Riocktthl Pt Risn alhbL e thE isfigigs, maps and
dedcessingithg weaf@r awesding go fiae preessingpprdmeter k.
di mensi on map; using the processing paraneter map to
control localized etch
2. The method of claim 1 wherein determining the dimension map includes

measuring the same dimension of each of the plurality of features.

3. The method of claim 1 wherein determining the dimension map includes
determining the variation of a dimension of the plurality of features as a

function of location on the wafer.

4. The method of claim 1 wherein the evenly spaced repeating features

have a same dimension as a feature of interest.

5. The method of claim 1 wherein determining the dimension map includes
determining the variation of more than one dimension of the plurality of

features as a function of location on the wafer.

6. The method of claim 1 wherein determining the processing parameter
map from the dimension map includes applying a relationship to

transform the dimension map into the processing parameter map.



characteristics in a subsequent etch process; and
processi ng the wafer according to the processing
paranmeter map. 10. A nethod for controlling
processing of a wafer conprising: determining, with a
metrology tool that is integrated wth an etch-based
processi ng chanber, a dinension map of a plurality of
features on the wafer; determ ning a processing
parameter map from the di nen€ilon nap; and processing
the wafer in the etch-based processing chanber

adcofht mgthas! of ¢lainy L gelzarsinndetpamining te PRGCSSINE ParameAcr
et f fAbhd ' i ing algorithm.
Comparg i SELLAL 0 sBP RN Sl Whning leer!
stands al one from an etch-based processing chanber, a
digrensj l.j r .1 he

& e R, B b Bk be & R PR om the
ddetensiining medimensibn mapcd sgplngalithof feateresion thigevafer

et ch: r ' [ :

or o dEREt: BRSEIE, B ERAUG orpEARHE BPemeedstibe || g
pr oclisongtyf, a wafer conprising: determning a
di,nension map of a plurall f . fer;
PR § MofiosThuluttdhty il A G Afntikibd fod
disinp she prowssingargnetessam ¢o pattacidoenlizad gtch

estgﬁlis in .a.gl urat!itg of tigj ect or. se&tings for a

t un&BFEC T8 E DO G RELCER e r . and
proeessindthet wefewatedrdBgrcny thengrotessirpeppnomtssmag.

par anet er nap.

9. A method for controlling processing of a wafer comprising:

determining a dimension map of a plurality of features on the wafer
including measuring the plurality of features with a reflectometer-based
CD measurement technique;

determining a processing parameter map from the dimension map;

using the processing parameter map to control localized etch
characteristics in a subsequent etch process; and

processing the wafer according to the processing parameter map.

10. A method for controlling processing of a wafer comprising:

determining, with a metrology tool that is integrated with an etch-based
processing chamber, a dimension map of a plurality of features on the
wafer;

determining a processing parameter map from the dimension map; and

processing the wafer in the etch-based processing chamber according to

the processing parameter map.



13. A nmethod for controlling processing of a wafer
conprising: determning a dinension nmap of a
plurality of features on the wafer; deternmning a
processi ng paranmeter map fromthe dinension map, the
processi ng paraneter map establishing a plurality of

bi as-vol tage settings for a tunable chuck; and
processi ng the wafer according to the processing
paranmeter map. 23 14. A net for controlling wafer
processi ng conprising: determning a dinension map of
a - up arsthed far qantrqlling prgrepsing RhASTAler GIERESIBENg t he
WefeBdratifirty, 6Atea ddl 168y idoy 1Rt R NBRE ADH AN etch-based
features on the wafer; determi ning a dinension of the

pl urRHocessing clwmbep rodimesisinp meataf eaduralifi ob fegtysies gndhe
figuggepl merit fromthe dinension of the plurality of
post- processing features; and determning a

p iznogaTRing Phrametes pareljomrthedimensign o ang

t [ f: i T . | :
WREranE P RRRT i RE chotyblsed Pt BRP Inahefs AcPrdideto
postthp Poecessingparemetarasapncl udes aver agi ng
measurenents of nore than one post-processing
feature. 16. The nethod of claim 14 wherein
d&2.eArmrnathed foh eonlirolingippncasbintghef a whigr abinmpyistfg:

P, - I t i LN t-

RaberRinRa 8 Tl B0 cHR B & MR o R B W e,

wietemnininea rodessing pdrenfetgunep dfomrehe timension map, the
processing parameter map establishing a plurality of injector settings

for a tunable gas injector in a process chamber; and

processing the wafer according to the processing parameter map.

13. A method for controlling processing of a wafer comprising:

determining a dimension map of a plurality of features on the wafer;

determining a processing parameter map from the dimension map, the
processing parameter map establishing a plurality of bias~voltége
settings for a tunable chuck; and

processing the wafer according to the processing parameter map.



i ncl udes conparing the actual dinension of the
plurality of post- processing features to a targeted
di mension for the plurality of post- processing
features. 18. The nmethod of claim 14 wherein
determining the figure of nmerit includes determ ning
a difference between the actual dinension for each of
the plurality of post-processing features and a
targeted dinension for each28f the plurality of
post-processi ng features. 19. The nethod of claim 14
wiér & methadoricantgllingevaley nreces$ingSPpPrising | udes

daae%hmzﬁhgg Brden@i¥rem8h TR PhrdBP of RéturdS onthe wizéA0d

of claimI4 wherein determning the processin

ppragretieg the wafartie coepls aqplarmlityief ppstTRIOCeRidRs %681“1@? PRghe
a relalj.onship between the processing paranmeter and a
di mensi on of a feature on the subsequent wafer

addormining pelimpasipnpfithe plunality of nastprepsgeingfeayassi ed
r §Blh RS g@itgﬁgé' of hidfit FRID 0% %&%ﬂ%e\ﬂ}ﬁ%ﬁi& of post-

determni e processing paraneter for
subpeepsesingdedtures; adher i ncl udes deternmining the

. p U _
SRR, Rlprocs e i ol d3uBUbRRA Rl R cBaiBRs
of theefifweatafime:rit2?2. The nmet hod of claim 20 wherein
deternmi ning the processing paraneter for the

subsequent wafer includes determning a relationship
rsp Theomettaod ofgtlaien d# wiedrkin detprmi2dng fHeedineirisouh of the

FERTE IO L

pr axfessierthapam@n®iseiprocessing feature.

16. The method of claim 14 wherein determining the dimension of the
plurality of post-processing features includes determining a post-

processing dimension map.

17. The method of claim 14 wherein determining the figure of merit
includes comparing the actual dimension of the plurality of post-
processing features to a targeted dimension for the plurality of post-

processing features.

18. The method of claim 14 wherein determining the figure of merit
includes determining a difference between the actual dimension for
each of the plurality of post-processing features and a targeted
dimension for each of the plurality of post-processing features.

19. The method of claim 14 wherein determining the figure of merit

includes determining a figure of merit map.



map for the subsequent wafer. 24. A wafer processing
system conprising: an etch processing chanber for
processing the wafer; a netrology tool integrated into
the etch processi ng chanber and configured to produce

a dinmension map of a plurality of features on the

waf er; and a conputational nechani sm configured to
produce a processing paraneter map fromthe di nension
map, the processing paraneteR4rfap configured to

control characteristics of the etch processing

c 2@niihe. method Hielaiaf b4 wircoeie sistergniningt thmpypcessiigraapameter

wh Cn _ el .
o'+ 15k e oLt Soher bnfted BOUHTRE A MHSHAPEANcED the
cl ai prodebsintppaiametéreamt b ditnegyioh @l featmpé oy $he subsequent

fl b hpi -
war oFeiEy Sestang s S et HraF R iR Pafbfnnd Fepdfonie

processing chanber includes a tunable gas injector.

2 waf e rocessi ste onpr.i si.ng.  a r

oy Tobncthal of SBaS A whties Tefer g i sk el Mhfeter
pl glﬁa{ ti[ﬂe)elmfseqm&tvlvﬁéﬂﬂﬁslsérﬁgc]ﬁﬂa? _db&smgniinghhe wirhemsion of
and_a conput ational, nmechani sm confi gured to pr ce a

1 oo gt e ShnaParsial WRiv: AGH GWOSS Hie phtid

pl uk@hiibystap 1O O5¢ dPhEURGS bNthd Ratutees and deternine a
processi ng paraneter for a subsequent wafer according

to the figure of nerit.

22. The method of claim 20 wherein determining the processing parameter

for the subsequent wafer includes determining a relationship map from

a figure of merit map.

23. The method of claim 14 wherein determining the processing parameter
for the subsequent wafer includes determining a processing parameter

map for the subsequent wafer.

24. A wafer processing system comprising:

an etch processing chamber for processing the wafer;

a metrology tool integrated into the etch processing chamber and
configured to produce a dimension map of a plurality of features on the
wafer; and

a computational mechanism configured to produce a processing parameter
map from the dimension map, the processing parameter map configured

to control characteristics of the etch processing chamber.

25. The wafer processing system of claim 24 wherein the metrology tool

includes a spectroscopic ellipsometer.



29. The wafer processing systemof claim 28 wherein
the conputational nechanismconfigured to determ ne
the processing paraneter for the subsequent wafer is
further configured to determ ne a processing
paranmeter map for the subsequent wafer. 30. The wafer
processi ng system of claim28 wherein the netrol ogy
tool includes a spectroscopic ellipsonmeter. 31. The
waf er processing system of cgmtm 28 wherein the

nmetrol ogy tool enploys a reflectoneter-based CD

NRaS The Wedér procksying eystem of claim 24 wherein the metrology tool

employs a reflectometer-based CD measurement technique.

27. The wafer processing system of claim 24 wherein the etch processing

chamber includes a tunable gas injector.

28. A wafer processing system comprising:

a metrology tool configured to produce a dimension map of a plurality of
post-processing features on the wafer; and

a computational mechanism configured to produce a figure of merit from
the dimension map of the plurality of post-processing features and
determine a processing parameter for a subsequent wafer according to

the figure of merit.

29. The wafer processing system of claim 28 wherein the computational
mechanism configured to determine the processing parameter for the
subsequent wafer is further configured to determine a processing

parameter map for the subsequent wafer.

30. The wafer processing system of claim 28 wherein the metrology tool

includes a spectroscopic ellipsometer.

31. The wafer processing system of claim 28 wherein the metrology tool

employs a reflectometer-based CD measurement technique.



