;e3ezz4R, J6Tbo \  METHOD FOR TWO DI MENSI ONAL ADAPTI VE PROCESS
CRI'TI CAL DI MENSI ONS DURI NG SPI N COATI NG PROCESS 5 BA%@W“BWWW
I NVENTION Field of the Invention This invention rel ates

et hod for spin coating sem conductor wafers with pol yneric sohigti ons,
nore particul arlmo a nmet hod for inprovi n%wafer to wafer nmean film

t hi ckness cont r oMERHOR FRRTYWO L SALAPASTAVEPROCESS r ol on

semi conduct or GONIFROLDPCRITIEAL BIMEXSIONS DPRING SERPCOATRG' © -
Description of Related Art The manufacture of integrated circuiis involves
the transfer of geonetric shapes onPROGESSto the surface of a

sem conduct or wafer. Thereafter the 15 sem conductor wafer corresponding to
t he geonetric shapes or correspondlng to the areas between the geonetric
shapes s etched avvay TheBACKE EE INVENTION om t he nmask to the
sem conduct o Bhe hydaki&e! | Y 1 nvol ves a I [ thogr aphic process. This

i ncl udes app [osensitive Pre pol ynmer solution to the

sem conduct or waf é?"smqetwsmlvesraen@rﬁ nthe msthed fasispineeatingyéemidopducias r enoved by
evapor ati on, wafg Jvf‘fl?pcﬂﬁﬂr'ﬁ:Edlﬂ%ng%@ﬂbwﬁ&lcﬁlbﬂl%'a$ne§h|3§?orl?(ﬂ ﬂn%lThe filmis

exposed to rad| ation, for _example ultraviolet hr oug phot omask

supporting tMé °B§’s‘l"”rf€d“"§égh‘b?‘ sheaniraland W""Fﬁl"@f‘?@ ‘&ﬂfﬁé’ﬂﬁ?"!’y')'f ol | owed by a
post - eXosur €ordt@dkén ferisoffifstor WhfersiiBidesto imprbveerinEdPUide A6 dohtv§, Nt erial are
t hen devel oped by soaking the wafer in a devel opi ng sol ution. The exposed
or unexposed 25 areas are renoved in the devel opi ng process, dependi ng on
t he nature oDeidnptifiRehedgit i ve material. Thereafter the wafer may undergo

a wet etch process,in solution, qr r | asma ef ch process.
Both the wet and 3?'?/"‘8 gﬁ‘f&ber(’gld'rb}g%@é 'Ecb'ﬁs 'Qﬁvs%%aéfgﬁggﬁ%\‘mﬁr otected by

t he phot osenshapes/an armaskmthésur@ueeoﬂaeemxbeidluctbne&sdfertmfeeftér@het he et ching :
proces t he own_as photoresist. 30
These frlay forseqﬁgésr%gﬁ@? er\égreégg&l?[n\g ravslgad’lep rchsﬁ?n%m§lt% ®ron bearns,

. X-rays, or i aigashetvesn thetgeometrin abkmess:tqhqﬂam Thertransfer octi\ntsluapbs fodm thee

phot or esi St kgl thesefiRondiBG! L ryfitally %dofb@smh{)g?ag,alzgms%y e of
integrated circuits. |t ensures s actor tion t he geonetric
patterns on meb'dsw'wsambqteﬁenwwre-mﬁ selh@nﬁ@@esmm@ctcﬂmafgm ler 35

di mensi ons, trhesdNat .ekuetp@wnﬁmgonm&qee%st\§ eap'am.{,ﬁ Gt hOrdglifg | 1oNt Wi th
shorter vvavel engths and a resulting small epth of focus. VarTations in

t hi ckneéfs ové?lmﬁ’efilm'sg’&‘}‘?a&% of the wafer and variations in thickness from

one wafer to the ma&film iexpastd@SradRtion, &itleREhite Dirfiold il tfidgh h n- phot oresi st
exposure and conseguent non-reproduci ble variations rn the ultimte details

of the produBfOWQiAFskisuRPPLing the H%‘“ﬁ gomsirs rafteres: (Thydaenesally followadbya  di mensi on
(CD) control phsenymeare me@mdesfsfrmhfagwm tmeqmabsbmnvé eateualardihai zes in which
the line w dth in ten percent of the .
feature si zede“fL peé%’r %‘f@?ﬁ*‘wﬁ“ ‘.“ﬁ(flf‘éei%l’é“%sﬁpp%gﬁﬁ‘ﬁ& df"h“'\’ﬁ‘? devi ces

wi th si?al | er afeesedreregosédze the dieiopbgpnqeks, dépbrelingpe e nafureifelicopr ocessor and
menory devic ] : gp‘gl. ] h_cont.rol of the
critical éﬁ%ﬁ’%ﬁ%‘“‘ C r¥lb?%%g€ tngga@e/'ag)f undergoagvme%‘@n?crg o1 &%4n operate at
hi gher fr equetiqtihesolu}ive, ar@ ds'rrd«’lsrr@remb&p&wt Botb the wet and dry etch processes

etch away the areas not protected by the photosensitive material. Due to their resistance

:

to the etching process, the photosensitive materials are also known as photoresist.
30 These may for ihstance be sensitive to ultraviolet light, electron beams, x-rays, or ion
beams. _

Mean thickness and uniformity control of the photoresist layer is an important
criterion in the manufacture of integrated circuits. It ensures setisfactory reproduction
of the geometric patterns on the semiconductor wafer. With the requirement for smaller

35 dimensions, the photolithography processes have shifted to using light with shorter

wavelengths and a resulting smaller depth of focus. Variations in thickness over the

1
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10 and resistive | osses. One nethod of achieving inproved CD control is by
means of wafer-to-wafer nean thickness and uniformty control of the
resist, i.e., twodinensional resist filmprofile control. Convective

di ffusion and evaporation are two strongly coupl ed mass transfer mechani sns
that determne filmthickness uniformty profiles of spin coated 15

phot or esi st shifaqenf thewafes edd wagatibng nubickoessifont éne vabantatha hext litrodiceg mechani sm
during the f ;,% S EVbR g af t vaporation
mechani sm start & out t\%‘q%r 351 ghayegﬁ(égﬁ%&rggnds%{éﬁlé%"pgour| r°£|“[°ﬁ’g initial
monent s of diaspiang i the ‘!lgmmﬁit@ls@fﬁlnafoémﬁWEhﬂlwﬁhwsvﬂesesmWQoms| ty of the
resist material t@lcRCHiRaR®n &albéabmez RER ERENERE Bk gngauﬁgnvect' ve

di ffusion of .the photoresist. Subsequentl rfi)> evaporat i on econes t he
doni na rrec%*?&ﬁln@hhwmhtweév@hﬂﬁ}am yla'd@t"éﬁ’ rrféynwlhev@mytem péreent ofitesk nes s

profiie. Thefedrie 82k MhisTpRibRnFWR lﬁ&ea‘é‘é/ﬁmﬁﬁcﬁ“ah&rh e bvide@with GhaRse eventually
due to lowered diffusivity of the remining solvents. This strong

dependence ffatyg sizes For exaBRls, thy speed OEBicTQproceyser %@Hﬁ@ﬁmqeﬁlﬁeﬁﬁc hani sm
requires t odmngy a@elfined wfhenm& t’vﬁﬂk&nﬁ'& of th@ biificd] SimBhsichs. SMAPRIRL i on Tel at ed
25 physi cal F‘% {.er S4 Tlrg Lenl n ”}F EI ectrical and/or nechani cal
control specPro¥ed jingyadty gortieo faﬂr‘PB teﬁm [ {eRuencies Jus lpsmaller capacatiye cost  of
proces$d ng vmﬂeursi%nmdssesapmm{emoﬂ bfachietihginiproved O kielisbynahs & capability
required by fL% ener ath evi cg nce gefglganl .cal toI erances on
equi pment witto [ P&t RSP 1P °d'm§? SUEGL MG Ui S ™orhus, an
alternative chmmmadhemsﬁlneadﬁld cbmroachl eve consistently nore 30 stringent
process |atitude es_ | tr| ressure (BP) and
rel ative hum di t)s/coﬁgﬁl)“% ?%glgnuagigega E? " Can s\%ar 't:°u8fédp'\ S'faﬂg resist film
t hi ckness canChmiSIﬁSdhatd#terome(fdediumnsiuoiﬁqmmmmﬁﬂaswésmm&ds control
techno rature
{ogy Vﬂﬁto%%@ﬁlﬂ??‘)&ve\éﬂw cﬂf’ﬂ:s%?lsis {hB 4B rﬁﬁggﬁn@ érhé#u d\}r&{é}?ﬁ )

substrate tenperature nmbi ent tenpera ure uce no nIy nmean
~fil mthi cknddg fow pecands ghepinkeeting Evendhouglyths eyaporatien mechanism statssqut uni formity.

2 There i swaorRRGS ﬁlﬁhlﬁdé@&aﬁl%uﬂﬁ% ﬁ@iﬂlﬁ%ﬁbﬁ@oﬁﬁiﬂc&@qﬁ%ﬁﬁﬂk waf ers wi th
pol ymeric sol utions that decoquple di rensional resist filmprofiles

from vari at i39fheonsigntyalug srusesy 'W%Pf'&t’ ’°S§UB§PTF%E°é“‘HPR§° dyrgmically, thegper at ur es.

There |S a fddErEi}.ﬂfg tRERAvefive diﬁ‘ﬁﬂ)tnfb@dleﬁﬁﬂt&@s@@u%ﬁﬁérﬁ@lvapo?fﬁiﬁﬁt' ng to -
change ﬁ’éﬁé‘ﬁﬁ” c. mterial, ,substrate and ambjent. tenperatures to ensure

that t the dominantypecpinism Which Q’F@“%Hy\ﬂﬁffgmeb‘rﬂ‘? dr ifidrmy thigkoess n ¢ hei r

control | | mﬁroﬂswwm.\au@ﬁatmﬁ tb%m{lmt&e@@mrmleyenmy@m @gct of the
present i nvqntl 10 drying a polyneric materi al

0 vide .a nethod for
on a substrate. d&%’gﬁﬂ P‘%B]eé%{{’a"g?g r&‘@mﬁw esent invention is to provide a
met hod for dryi ndrhis srohg/deperidencanf the Egih caatingproess mahdmbotratxcmubst rate. Yet

~_another obj q{féchzﬂ'nflﬁn{ Qﬁun@é ﬁ)%?r\?stco&d&)‘le@hr(%ﬁc sto El&&@r g\ﬁ/t%' Fmg{ﬁ? é holglg or drying a

polyrrerlc materi a uctor wa of the
- presendd i nvebysieshpirameters. Fightening @m&mwlhmifordmeyhmpahcqnaeh st material on a

sem conduct cc\fﬁcfaﬁ&ns oﬁ‘@@ﬁ@ﬂm 93?1&3:3%? th%\%fralﬂ{sg%gﬁ%ﬁpnlogﬁs?lﬁétvgfnrs' §q L0 provide

a met hod of p| n coatin em con ¢ &0 uti ons t hat
decoupl es t veeydvallinit thp miean thiskngss dontrehcapability reguifed byrfutm gerteiatiors i n pol yneric

material, Sulgikidife ﬁ@&aﬁ@n'tﬁg LEARERBRUEAN nthidfhe MIRFAGR ect of the

present |nvent|on IS to rovi sp|n coat m conduct or
waf ers wit h Bo#ees Thes, wltamﬁmgpvmwéw neededriqaghiext Fapsisgatbtmerg t o changes in

pol ynmezo c n&tra,rgb,ﬁlpmcsggmwdege and anbi ent tenperatures to ensure that
t wo- di mensi onal Si st iles re al ways controlled within their control
linmt. Another obLF pentis al t° TR ""Y'ﬁﬂ’éfﬂ‘f"dﬁpl andyejatiye Gymigdity REet hod f or

drying a 25 can mbé’ﬂ?ﬁﬁ&nmhﬁldnain tﬁhﬂstﬂmmm@&.ﬁ cbdtroebr Whichge-at | east one
of the substrate,t gnger ature, % érrer | te erg}ﬁpur&r ?nd a substrate drying
spin speed i NMFNSioRYRdaptive Progess bEelogy Yardeysiored, VeRatigisdRur ed anbi ent
t enper at ur e.polymeric material temperature, substrate temperature and ambient temperature

35 introduce not only mean film thickness variations but also changes in the within wafer

uniformity.



Yet anot her object of the present invention is to provide a nethod for
drying a polyneric material on a substrate by adjusting at |least two of the
.substrate tenperature, 30 polyneric tenperature and a substrate drying spin
speed in response to the detected variation in the nmeasured anbi ent
tenperature. These and ot her objects of the present invention are achieved
in a process for TRéryisA@edt fﬁﬂiMﬁﬁd’didfsﬂmé&tlhﬂemﬁlfo&mwﬁ'wﬁférsawthubstrate

Tenperatures of the nol Lic terial and erature in the
vicinity of p?‘?‘f@"’éﬁfﬂ@‘ﬁ?'ﬁ@ﬁ?"@"@% e dmspagne! ',&s'fq ﬁ'gbr&neﬁrfré)m(r}?’ M08 subst rat e
is also neaond:enAmarihlasubmtd and txhbenmmaniesammersta forthepeeedfarre i s
detected. The su 1 ent

t enper at ur o2 e g &ngt”gﬁ{/a%ta {ngto c?lgnlxsg\pé o&mer%ﬂ%ﬁﬁ%ﬁxb‘;&%}e é’g onse to the
det ect éd vamhbibiatocmperatureseo mssasuhaeﬁvoemdncrsrmaltreﬂrspmpﬁtwue always anot her

enbodi nent on, a variation in the determ ned
substrate tgé{lpégpgqpﬁﬁéﬁg&éé@éﬁ?ﬁ% At | east one of the substrate
tenperature, polyneric 5 tenperature) anbient tenperature or a substrate

drying spin speed is adj uskpviRRVRSPPREINVENTIONDEt ected variation in the
measured substrate tenperafure. Statlstlcal nodels are used to calculate an

amount of adj ust Aepardingly..a8 opigstobthe prepentinyrationis lprovids amethed for n anot her
enbodi fent  Qfyidd epolmsie MateritloRAlhiRiate.2 Var i atlon |n t he neasured 10

pol ymeric terrperature s measured. At ]| east on bstrate
tenperature, pol yYRBFEObieg g?aé’trﬁ?'lé'“"%‘ﬁ'ﬁf‘é?rf???é {hﬂ‘f@’ ‘Fy'“&asubstrate
measured pof SW""'“E”Mb“m““ﬂ“%‘f?‘é@%‘éﬁckfp%re OF THE L GURES 15 Figure
measur ed pol ymer i rat u i gure
1 is one enbodi rré’rc?fa"(?f etobisst of the prsseafVERIog I8P PROE 8“??&?&8 A 9BM&he present

I nventi on. Iﬁblgmbﬂcaauemlanamﬁ&nammfeal VI ew of a portion of the spin

coat| n appar at USA tfurtﬁ)er Ogjegu? Pre% Sven lon lS tO Ppr U Cﬁsg&ﬁ&({f& ﬂ'é%gr am of one

enbodi tent of a process ‘con stem use aratus of
"Figure 1. Firgistaawnalsnasgmaqﬂdumrwm resist filmuniformty at different

ai 1 tenperat ures A & tc?(f'tﬁct}ﬁ#%tnﬁ@dtﬁ);\lsttgmefdé%“{c@m@gf#ﬂc%ﬁmg Figure 5

is a graph of Ws'resrst ness Wt wi thout resist tenperature
and spin speemicenduetat wafers with pelymericrsalytionsithat despyplas swerdimensigmal resigti qure 6 is a

graph of SPm@&me%%ﬂoﬁxtvamtldm wyogﬁkm fuderdd1, sdbsiﬁ@raﬁaumaen& tehfpBRRIFAL Ur €S Wi th
and w t hout I st tenperature adjustnent. Figure 7 is a graph of SPR508A

resi st2&i | mthi cl?lr?é%f@tw deFC&?fdhwffSH@mV"Pté%‘l'%‘P provide a method of spin
coating semiconductor wafers with polymeric solutions which automatically adapting

to changes in polymeric material, substrate and ambient temperatures to ensure that
two-dimensional resist profiles are always controlled within their control limit.

Another object of the present in\;ention is to provide a method for drying a

25 polymeric material on a substrate by adjusting at least one of the substrate temperature,
polymeric temperature and a substrate drying spin speed in response to the detected
variation in the measured ambient temperature.

Yet another object of the present invention is to provide a method for drying a
polymeric material on a substrate by adjusting at least two of the substrate temperature,

30 polymeric temperature and a substrate drying spin speed in response to the detected
variation in the measured ambient temperature.

These and other objects of the present invention are achieved in a process for
drying a polymerié material present on a substrate. Temperatures of the
polymeric material and the ambient temperature in the vicinity of the substrate are

35 measured. A temperature of the substrate is also measured. A variation in the

measured ambient temperature is detected. The substrate temperature, polymeric



tenperature and spin speed adjustnent at different air tenperatures. Figure

8 is+a graph illustrating corresponding resist tenperature and spin speed
30 changes nmade when air tenperature is changed for the W5 resist coating.
Figure 9 is a graph illustrating corresponding resist tenperature and spin

speed changes made when air tenperature is changed for the SPR508A resi st
coating. Fi guéntpetdfure, ambieatrtafperadire bi 4 subithtecdtyigspinaped if adpistddan of spin speed
under differe oating conditi.ons.. 35 Figure.1l1 is a graph of film

ni for ity s Hevr e SERE Surlei S Rve RrestH et iemBaBiihg condi 11 ons. 4
Figure 12 is a gr dm#nofhiet embpdimehtgfthapiresenttinventionza variatidni in theaieteaxipak ur e
dosage. DETAI . | 1. .0 I [}ﬁ jnyention, a
process is prsgl\gpgggﬁ%ﬁra ggér'% r%&g' ?‘?B’%ﬁgaﬁ%&‘ﬁ%ﬁ? }ta' %@g’g’ﬁbﬂgﬂca
substrat¥®. THempsoityren@mbisntternperdturk ocasubiirate doying spimewpeesitisadjustad inli el ectri c
constant ("I Qukrc (R i ehectri e L Vel ﬂ,} e osensitive
and phot osens%ﬁ/efoﬁmsﬁmgggg&gﬁhgg@t‘fé':@%é;ur), ggnmgﬁ%- re rP'eg ?{}galcoati ng

mat eri al and masiels peefusad4e rajculate anpAmountf adingtment inSespersb tathe deteated mat eri al s

i ncl ude chemgaldoy. anplified deep ultraviolet ("DLJV') photoresists for 248
nm 193 nm 157 nm and 13 10 nm exposure wavel engths) I-1ine photoresists,
g- i ne phot or esi sti@another ¢mhodiment of thaspreseat inygationavariptiqn in theygeasyiedst r at e can
be a send congapietic fermberhiiRliemadtre®r AT 184sBEHe Y ihd stbSPdtCRMPsatury, Waf er.
Tenperature of . the gf%:P neric nmaterial and %{&)Sarrbl ent t_egger ature in the

vicinity of tPRETSHHEMPErure mbient kmperaiigor 3 ftbsiraiedixing spip aPsed ypasur ed wit hin
the coat noduldpstadingtspoe RIhdetetiel varidtion inthe meabieéd sblymetiy tédSerddliroCess
positions. 1 S Anbient tenperature can be determ ned by using a

t hermocoupl e, RTD or a therm stor,.: Measurenent range may vary fromO0.1

inch to 50 inches from t IRRIBN BESCRIRTION OETHEFIGURES t i cal direction.
Tenperatjure of the.polyneric ferj is detected. neasur i a
tenperatédre of thg:'%% g‘%ﬁ%ﬂb%meeﬁ%lasﬂ'ﬂf%agwﬁk}segp"ﬁghé’%ﬁoﬁgo@%tenperature

of a fl uidic pmsehitinventived 20 to control the tenperature of the polyneric

materi-al . The pol )ﬁ;@ft isggm%fogglev%h%?g@gﬁw%%P#; gjragaéerti ng a

t enperat ure sensor, ernocou rred, or an
acoustic send®mEeyedt|y in thernmal contact with the polymeric material and

measuring its tempggua 34 8 schembtid diagrd 6f dnk BEbRithAE b Prok8d\&Afrol( t her mocoupl e)
RTD, therm stor) or _an_acoustic sensor into the fluidic nediumand

measurifiy a S¥stémeHsstyl with the apraratysof Figyredi. ¢ nedi um used to control the

tenperature of,thq:i%?m'mrgiaswﬂws kedist filthNRitbrmity & GrrBtialt RehRARGEAL Ur e i'S
proportional with the polyneric tenperature. The tenperature of the
substrate canifhang dfthoutresistierperaius adjpstmenta t enperature of a substrate

support that is tIFegured is X gfaphlBf ©S tedist filfh thitkheisiwathQnd Withedt kadtse 30
tenperature can. be nmeasured or. obtai nﬁ& b%i‘H nmeasuri ng the substrate
" tenperature dfPREH '§“b‘(}9wm?§aw5‘85?‘ia& CrEU BB LMPERSt nfrared sensors and
:ﬁchn! q%l%s, _(izi) rﬁglmabﬁitsng:aplﬂefsmpmféﬁuiﬂ;n Mtﬂr’]lhﬁ@ altdliiEenasBmwl p:je% R;I'E
erm stor, u rate. suppo is. thermally coupled to the
substrate ang Tjéﬁpag'ggﬁ‘f'&aaggévﬁth?uﬁ(#g {epgﬁg%fea?ﬁ%mg'ﬁbst'rate tenperature or
(iii) measuring t égureehisegmphioESPRAOBA raxist filev thivkresspvith anBTithout r&distt her mi st or

of the substr . 1 S 'E 0 t he substrate and
using that i ﬁ%&n@#?%#g SE%PSHI a g&{aﬂgwg%ggfr?%pggf%%berat ure. Substrate
support tenper at urfégug 8 isiagraph riflistratingcsotrérgoridingirebist tempekiatwns andrspigrspeedr € i n
that (30" oviclageafladeied GFlemBEARI & obhoiliShd OV ErdsBBAGHAL UT e, ] uSt |1 ke

fluidic nmediumtenperature providing an i ndirect nmetho or determ ning
pol yneric tenper ath uge 9 is a graph illustrating corresponding resist temperature and spin speed

changes made w_hen air temperature is changed for the SPR5S08A resist coating.
Figure 10 is a graph of film thickness as a function of spin speed under
different coating conditions.
35 Figure 11 is a graph of film uniformity sensitivity to spin speed at different

coating conditions.



Substrate support tenperature. can be neasured by use of an IR sensor) an 5
acoustical sensor, an optical sensor, a thernocouple or a resistive
tenperature device. A variation in the neasured anbient tenperature is
measur ed by neans of a capacitance sensor, RTD, thernocouple, thernistor
and the like: One or nore of the substrate tenperature, polyneric
tenper at ure or a Figupeskrisg graphy fiimdevelppmentigteasia funetiontof expmsljredosage.i N r esponse
to the detected variation in the 10 measured anbi ent tenperature.
Preferably, the variation in the anbient tenperature froman intended val ue
is measured prior to applicatw%ﬁﬂﬁic material to the substrate
surface. In one ambmctinBodimemiof thereddne MOEtioh, A\pRdteds Wprotilld fodipmEat ure of the
substrate is detected.and the gol \g/geri_ﬁl malterial t,_ep?erat re and the

anbi ent t emPRPAEQF Batgrial PEacnAnAsbYRte, Tie polymerismatesiat an e phatopssistsirer i ¢

mat eri al to lowdiekttkie tonsfast.(“lowik®) spinl dnrdisldcticsRSODI Rpoliimigy ef er abl y del i vered

to the substrate surfac fter..adjustin t st one of .the substrate

t enper at ur e ,(plbot(t) sf/"r?{lg'rv 7 %ndfpgﬁ&%epg{lﬁ ’@?ma?ﬂﬁﬁé%t Sé@ﬁp“é‘r’ﬁ?'ﬁ?@“&ﬁ&"@‘%st rate

dryi ng spi n msgebiandns prefsrabip a eesisomatirdal dBuimbie edisvraateriils includechédikallyeasur ed
anbi ent tenper ' r odi . a. waf er coat i cycle

i ncl udes t‘he&gﬁéﬁﬁa ‘,%QT%"%M ositi SHﬁ%ﬁ:gs-'sgs g\/\g?ésr""br%g\gmg‘pllsg "(':'hiﬁ’ga? (i)

appl yi Wy I eginsexpesgret wayelergltinr I-knerphotomsisté, ighling phgiomesiitn §-linkphatarkdsts to -
distribut e thgme ik Sne QiRack Bih bA'sEhicdudoriRb e I HERREI i 1 V) T emOVing any
- excess resist liquid and (v) evaporation of solvent Trom'the coating.
Figure 1 il |se®icengduetsr Wafer. damperatpeeef the polymeriqopateriahandianamhienon. Al | of the 25

t enper at ur eSefipfank® in REAHABLFHY VubsiaR Wil tikel! ARbRnERSRLGEE xﬂ%quré@”p' i ng
rate. Data ca,n,b(iF averaged in sone formto increase the signal to noise

rati o: The wdfiythe coatrg GioseasPpssibletn thewvafer dusingrits pracess pagtdonsanpl ed.
Si gni figant Armblas teaiperafaef @i Be ddi@mitad 8y usirfy d tRamBebupld T 8r 4 iemflitspensi ng
step and t he, subsequent déyiagg stg bf gqn,bi en%_ tenperature starts
fluctuating iﬁfff‘f’f‘f@e FROES My vappfrom gr"lf’ &Y ipgfres MafsTPErcesihgigBtat i on 30
bet ween t he ipeértidal difecioncur si on and t he begi nning of the next wafer can be
used to detect a.m nitt Udthf lthe.fl uct uation. Statistical nodels are used
to calculate a new pBIYHSF g PORTMEUG meteHaL SLRECR Y easHIng A temperate hon ysed
for that wafofthe pdlymsric matriat diretly orsmeaburing attdnepemorre efaftuidic mgdiamnisedol | ers. Al |
cal culgfion I Slon [ ' wel | as 4.npl enentation of the new set
of val %qas, é?‘go‘itggﬁgé %{’a’? %r?tg'%tg hg'gB?Ig%(%rﬁcsmeatgrfazpheé’g@ﬂlﬁ?'c STRPTRIE 81 yrreri ¢
mat eri al, t e msedureddyi (D insentipg a temperatueesensos (thérmpcauplej REBY préfanet, i on of t he
anbient te J o eti2 cd ' Wl stant tines the 6
anbi ent tegggng_{ségpgr f‘)’f %°'§asé’.@S@é%%%%ﬁ@?‘%ﬁﬁ?“?%ﬁﬂ‘hél’%'ﬁ'ﬁ%ﬁ ate drying spin
speed i s a dUAIiRband mepsyrieg itgpmpsratuiqer diynsesting & hermal sgnsor @hermogauple, t he
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anbi ent” t enpErREEARHreokig Lui o useshie contro!l the fsmapratureent therpobmerient of t he
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substrat e tenper dheltempel@fufeif @ik substrate g Rmiifled Yyandasuringtal ON in the
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nmeasured substrate t rature, at | east one qf, t he pol ,
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Var at 1 on' of MR 5 oSRRE bl ol Rt Rof GRRRUET ikl ate

t enper at ur e, thetampasateres withpethermorauplenRTR, therinistor,aff the dubsiratg segport tepsed i S
adjusted. 1 i ' [ 3 pn-coating

appar at us lghinh?%cgr%e%%lrm%gse&%mét% R(plt%ﬁgq{n%? %@Eg%?n%?ﬁg sggggtgnt i nvention.
Spi n coat i ndeBRSHRYra P& i) MBasusing the éenfparafuge, alith @ thepretoiple, BT oPat ent 5, 670, 210,
the entsre My j j r e. However)
the et hods o S et e el S D P B,

spi n- coat i nghak ffermationdo Henke the sybsieatelemperatgresShbstrate senpag temaseatue us 10

i ncludes a housing 12 in which a rotatable support chuck 14 is positioned
to support a wafer 16 to be coated. Su;ﬁport chuck 14 is nounted on a
spindle 18 connected to a notor (not shown) nounted in a pedestal 20 which
is provided with a means to raise and | ower spin chuck. 14. An annul ar ring
22 is positioned adjacent to spin chuck 14 and receives excess 25 resi st
liquid flow ng offthe surface of wafer |6, during the spinning operation. An
annul ar exhaust chanber 24 receives the resist. Exhaust chanber 24 exhausts
process control gases that are directed to the wafer surface and directs

_________ o v o



exhaust chanber 26 and an exhaust conduit 28. During operation of spin
coating apparatus 10, resist liquid is applied to an 30 upper surface of
.wafer 16 by a resist dispensing system 30. Support chuck 14 is spun and
resist liquid is spread over.the surface of wafer 16 by centrifugal force.
Excess resist solution flows over annular ring 22, captured by exhaust
chamber 22 ﬁ@p&@%ufdwea% @mp&athilin Wﬁﬁi ﬁoﬁaaqu.ad.r;’@meEﬁIeler' ng now to

1
Figure 2, spln{ I's coupled to a notor by neans of shaft 36. A
z-not i on cylsil*h‘t!@F tCEB"‘-@ﬁ{ﬂe $‘lSF'd@M@'W%\W"&i@“‘&”ﬁﬁ‘&?ﬁ°‘t‘ﬁ“$ﬁi‘§@°§nd | over the

chuck 4., AnRH6EForlRiRhinhg pd§meRitBthfstat@eect ri cal power to notor 34. 7 As
|IIustrat ed in Figure 3, one enbodi nent of a cbwtrolpﬁgstem 36 that can be

used with spin c&?ﬁ"ﬁ&%\?ﬂ?&r‘%ﬁﬂi?“{ﬂcﬁ"sbegﬁmd S 940 IR$PRIE 36 i ncl udes a
CPU 38 swhi cRedisticab@nsor Cropadal éehsod a tﬁk@ﬁk&o@ﬂe 6emutatwe t@tpewd@estoatl on. CPU 38
has an i nput, chanpnel and an ut channel. or I ou d wwth a spindle
control | er Apvarafieniythe 'Beaﬁ‘ﬁf‘é)”r“lﬂp‘i“é?mﬁﬁaﬂgs‘s 'Qﬁas th?“?f‘gﬂ‘gﬁ ed with notor 34.
.An anbi ent  tcapipitindé sensor SRTIS, akierMatousiel bisdrmtoraridathelikeat ur e sensor 44,

pol ymeric tenperature sen r 46 _are e C rovi de
signal s. Anbi ent ﬁ"gﬁﬁg\pﬁft S%éﬁgagmfg‘%g'ﬁedg%g%% °bar&ggr assﬁlaét%f{ whi ch are
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spin cpatin i housi ng 12
as wel P@ g’t’ft%gﬁ ea%](i)t?%nt tel;@ata@?g) P?%érfb]tg t%g‘}r%gg?oﬂhmg aﬁ&é%wegﬂpgowe nti onal

chill plate fmwntem;ylaledw\me@wre@woe@ appiigatianoof diepalymericsmaeriab tathe | mat e
substrate tgf [mﬁ{‘ e POl yneric tenperature sensor 46 can be a

conventi onal ot oreS| st solutjon tenperature sensor coupled with an input
channel of CPU 3 Ig opgerphodimenofshegpresens inyention. the tempemyrraf thesubstrate e

tenperature &Iec&@ﬁ.&hpwyrﬁalcsﬁa@m t%baauéénmeun@idmttanaeh&rméer surface. An
anbi ent _tenperature conttrolle substrate tenperature controller 50 and

pol ynetd ¢ t engsaired Rrias tedely ?’UBI“L‘W%’EWE‘F paterial & e sebstrate e pelvmesie out put

channel s or pAériapisprefbeibily sawe:éartutmubétﬁfmeﬁmuﬁ& adjaRting @t le&ft ofr ecei ves
control S|gn s in resgonse t nals fromsensor 42 required to nmaintain

the anbi ent R&SHPTaLs temReragire, po E?HB’F'@H‘{‘" ampieqtemperatyre and subsfates bt r at e

controll er Joirgsin speed inoEEpont toahegdmlc&d iviriakies pahsmedsmredsangienk S f r om
substrate te eﬁgure sensor 44 required to maintain the chill plate
t enper ature® “chill pl ate set tenperature. Polyneric tenperature
controRber SZ redeian@beremhbdimbnt,ai vgfiericoating cyadsincindss tiesteps ofn@ s from

pol ymeric tenperature sensor.4 " meric
tenperature pggF HpHes ?oo %ﬁ%rfascpm %fmkf gﬁp%pﬁg?%%s'gﬁég’ ?eﬁtrs‘le}gg"logl/el DCE was
desi gned, aspishimgithel waferablistribyte fhe resisheveithe elafep imsrspinoing gh2€(APC nodel . DUV
Shi piey, - Bodriaying e xbaledl INUTIRI®) elgheds pUTERGY Aot RS | © )11 T
actual track air Rigyrp & illustates oap embndiment PWWP@“h‘BYﬂ“t'@? e‘dl efdheng a Vai sal a

hum di by andef e QLN R n&%aﬁéarcomﬁhbus.Wm§pm@mﬁ‘e@§aa$llhg$ca/§ag Dt SVG 90SE
Track) available 30 from Silicon, Vall Grou San | gse th an air

humi di ty andapbfpesraged insoms frmde mglysseélms'seééﬂ npisgRatioyf thevafenis '%dF

t enperat ur e y@sSspirtehfék. TRRPeidhires aitBakfied. adlg»ﬁﬂ&nahm@mao%mé Wefef fsack to
stabilize. Hum di controlled to b const ant f]gélag o the conditions.

At each air lP?—."r‘?ﬁe‘#"&f‘%thé é‘é?“s‘ﬁéﬁtﬁﬂa“d\%%‘gieqmF‘é‘yF‘ﬂF@P under different

temperature starts fluctuating during the last wafer processing, temperature information

30 between the point of excursion and the beginning of the next wafer can be used to
detect a magnitude of the ﬂucfuation. Statistical models are used to calculate a new
polymeric temperature and spin speed that is then uséd for that wafer. These values are
sent to the corresponding controllers. All calculation and decision making, as well as
implementation of the new set of values, are done before the dispense step.

35 For a given polymeric material, the polymeric temperature can be, (i) a linear

function of the ambient temperature, (ii) a linear function of a first constant times the



resist tenperature to optimze filmuniformty. Once the optim zed resist
tenperature 35 was deternined, the next step was to coat filns at different
.spin speed to determne the 8 spin speed under which the total indicated
range ("TIR') of all coated wafers and the wafers coated with process of
record ("POR') were within desired specifications. 5 10 EXAMPLE 1 W5 Resi st
FilmWs fil mnuammséﬁmas{ﬁg]gecz@\?tsasnmmmmg ame@ﬂel i5Rk s%mgpeg@r%'agned as shown

in Table 2. E and contras resist filns coa nder the three

di fferent opftadmtic fepctonefithy agrbicntiemperatyrs prEY)dke substratesleying spin speqddet  of

coati ng condighddPRicFHIRAGESE aGlist oRtaRiiRies the bRBRRERRYerfttre | NidWRERd A SVG
M CROSCAN || and QOSEﬂ cl %gr syste%\é\gs_ sed to conduct E and contrast

test. Decr eS§MSHniympes lemBEyuy APstapbnp =19. 3CAir Tenp = 20. 3C
(set AiQrs Tgrrp = 21n Bﬂlﬁfﬂﬁbodﬁﬁﬁm&fﬁnﬁﬁweﬁmm}? polyferic @atdrigl ze resi st tenp
to. 1Q < 6.~Optimze resist, te pnpensate unjfaornt )

conpensat ec [EIGRMIRISH5Emipg. @I‘?gﬁ‘é&%?"fﬁ“ﬁ'% ?ch'g‘[%é{fg? Ystrteiy opt i ni ze

Spi n speedcapensiat e (The elipaatredf thecubipanR aderentinaig A diatdoiggr change. Table
Gpt i mi zod RACTIRSS Rhris TURRES Sorsith R PIRE Do R RSt
‘Optinmzed ReubsfeefeniReratufe pde@Q@e Af the falymeriz|tenfErafiye,iamibisatteRperatienp Re.
Temp=22C Al r,_ Tenrs 1 m 3 enp Uniformty and Thi ckness Contr ol
9 Th@ act G%?f{@gg%éﬁp%ﬁ or a%%ir:ézug%nder different set points are were
det ermi ned. The [RHyeSerothrsembodiment df3he presdnttitmentinn: uvdriatien inghemmesswied hi n 40. 3
~~ 40. 5% f OfoBnkri@hPErature iGetdciB ﬁ'r@%&%h vvnb 2 kﬂéd«ﬁé@gelﬁtevhx‘éﬁifog%%ﬁs ‘control

concept denonStration results are s In5 Ta i In-this
Exanpl e 1, [peYmerieitmpemiure iigastone afshesybstmie| temperatyre apibiopt igmperature

and a substrate drying spin speed is adjusted.

15 Figure 1 illustrates one embodiment of a spin-coating apparatus 10 suitable for
use with the methods of the present invention. Spin coating apparatus 10 is more fully
described in U.S. Patent 5,670,210, the entire contents of which are incorporated herein
by reference. However, the methods of the present invention can be implemented with
other spin-coating apparatus known in the art.

20 | Spin-coating apparatus 10 includes a housing 12 in which a rotatable suppoﬁ
chuck 14 is positioned to support a wafer 16 to be coated. Support chuck 14 is
mounted on a spindle 18 connected to a motor (not shown) mounted in a pedestal 20
which is provided with a means to raise and lower spin chuck. 14. _

An annular ring 22 is positioned adjacent to spin chuck 14 and receives excess

25 resist liquid flowing bﬁ' the surface of wafer 16 during the spinning operation. An
annular exhaust chamber 24 receives the resist. Exhaust chamber 24 exhausts process
contro! gases that are directed to the wafer surface and directs the exhaust gases to an
exhaust chamber 26 and an exhaust conduit 28.

During operation of spin coating apparatus 10, resist liquid is applied to an -

30 upper surface of wafer 16 by a resist dispensing system 30. Support chuck 14 is spun
and resist liquid is spread over the surface of wafer 16 by centrifugal force. Excess
resist solution flows over annular ring 22, captured by exhaust chamber 22 and
removed through a resist waste conduit 32.

Referring now to Figure 2, spindle 8 is coupled to a motor 34 by means of a

35 shaft 36. A z-motion cylinder 38 and slide 40 provide a means to raise and lower the

chuck 4. A power coupling 76 couples electrical power to motor 34.



controlled wwthin desired control limts when air tenperature fluctuations
of =~ 0 .75 C was induced. This was achi eved by neans of nodel baste
-variation of resist tenperature by .4 Cand + 25 RPMand - | 5 RPM of the
spin speed. /// 10 /// Wafer No ~ . Mean Thi ckness, A ~ SS=3450rpm - Re.
T=22.0C, Air T = 20.3C (21.3); CP TSTD (la), A =

21Cl 58013, 525800%@;@%@@4m%rurémsemﬁpaso%am DIFHEEE. i t hout
Conpensati on SS=3450r pm,

T=21C157886. %MWIM%MPW%BSM&B@PWMSW 1!9@&# ERY88Conpensat ed

by decrease igsH &h bt £58hverHoNal ldesktop |c3fﬁ§lﬁér%?%rk§§n&45@ﬂp§\§ hd3n Iipael- 6C Al T
Tenp=19. 3C( Z0. 45&[‘80D T=21C157922. 625 §V9357Hﬁ3 2457952. 6557/943. 2Ai r Teno

decr ease corf dn pupychangelor partsauple & eAnHolles 40 Smimiles 4 351 hm
58043, 72580851 56003, 4400075, 45?"“%“’*“0' - th

' r ase,w t hout
conpensat i on SS=3ALHPPHA teRpepL g’% "?"j%fe‘f{m@frﬂ n%”'j(jﬁbpglyme"c
T=21C158125. 8ipdddtire sensér. ﬁ&&%a&&oﬁ%hi&ECBBBSlﬁﬁoﬂdeﬁsugnamemmbhdncr ease with
resist tenp jncrease co ' 450r Re, Ta22.4C.. Al r

TE2130( 21, e Sy B Gy 38 e SeROTlen G A BRSNSt foambiont , Tomm

I ncrease vm tthmpamurstofﬂ\emoap’sdnsht'roundmgmelspmmwmgamarapsnm ambien®S=347, 5r pnr
Re. I 28083.5 . 4~
58003, TE5a083m s REherth Ay S ReimRble B choler e MEREE P ST e
4is a graphcanb¢asqnvattnon@cmplamewrmublndwnhﬂwrﬁtaydmilgnabmddtmthout resi st
S tenperaturg, d@;&l& H&E%?Ewﬁh]ﬁt{] ?’?ﬂ'mel' id Hﬁ:gér%ﬁ%eﬁsbﬁés dih bO2MnvEfRh

t
t enper at ur e adj ust ment ormt eteriorated to averae%OAfrom
3.5A at one ld‘@@rféét sabmetempeqe@rwaowuwﬂkwgben ipeptichanngdof GPY 3& tal so
i[lustrates fhalde Wirdalliwhich al a/fafctidh bf the ERPERLEY oF tHel b sBRtibRNTE, film
unifornLty was controlled to a sel ected value by adjusting the resist
tenperé ure. apg@pdﬁpg]gﬁ@feg,sqr?cg graph illustrating filmnean thickness with
fluctuations in t&nnﬁwnattwn@em\m&Hauaumsmﬁitéc&np‘eﬂaiuméohtralens@&dwas 10A
aver age bel ow t he, POR t hi ckneslifé\ggen t he ai.r tegg;t)erature was 20.45C and 15A

above the PCRYTHNE SMPSEtEcantrp pre cpuplpd vyith respectiye qutput chagaels of + n APC
control, by ponsbPORU 83 AmbidmaEmmadturg cdnelléras rativéstopes] aighdleinand spin speed

thefilmthicknes at thr dlfferen r te rature 15 | evels were
LT it oy SRR Septol 4 e Rl kTR et e ) Ut it e
in Figlbes &Mt?exteﬁa%ﬁl& Thesubstrate dontralier 5Q)|ecn|\teyc<mudl digniaskmess 5 contr ol
vere eval uat gd, by adb USRS EmbeARE SR A e R bR 8 Jiten the air

plate temperature at the chill plate set temperature. Polymeric temperature controller

52 receives control signals in response to signals from polymeric temperature sensor 46
required to maintain the polymeric temperature at the polymeric set temperature.

25 A three-levél DOE was designed, as shown in Table 1, for the development of
a 2D-APC model. DUV resist UVS5 and I-line resist SPRS08A, both commercially
available from Shipley, Boston, Mass., were used as described in Examples 1 and 2.
The actual track air temperature and humidity were monitored using a Vaisala humidity
and temperature sensor. All wafers were coated using an SVG 90SE Track, available

30 from Silicon Valley Group, San Jose, CA., with an air humidity and temperature
control system. Each time after the air temperature was reset, enough time was always
allowed for the track to stabilize. Humidity was controlled to be a constant for all the
conditions. At each air temperature set point, wafers were first coated under different
resist temperature to optimize film uniformity. Once the optimized resist temperature

35 was determined, the next step was to coat films at different spin speed to determine the



tenperature fluctuated. Wthin a 0.1C air tenperature fluctuation range,
filmthickness and unifornmty were controlled by adjusting the resist
tenperature and spin speed according to the invention disclosed herein.
~ EXAVMPLE 3 Control Mdels The corresponding resist tenperature and spin
speed at which filmthickness. and uniformty can be maintained at different

ai r tenperat qme&eé@ﬁnd%&tﬁdlﬁhﬁB%%éat@&raﬁ@i@ﬁﬁﬁ)'o‘f‘@lﬁ Yoaltd Rﬁféﬂ?&nﬂ thg ned.
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a wete yfithindesired sperifigatinns. | evel above
99.5% for Wo. Equations (3) and (4) are generated by a first and second

10

order polynomal fitting of data s 'r}sgigureQV\A’thastatistic
confidence | evel above 99.5% for S NEDL0 W Resi st Equation (1)

T,~ T~"p = 0.533T~; ~T~, p + 10. 69 HiVBRéspIFil?) SS = 8. 889T~~;,T~"P 350. 22T~;
~T~ + 6880 25 SPR Re. Tan 'p + 8.9 uatl on (4)
SS. = 3. 91TzN~-T~ gﬁ%ﬁg@qsgpmg i‘%ﬁ?} %"d‘%°aﬁ°é‘ “é&g%f WESH“%{HB € and

illustrated ?nmgmmof%emabﬁhﬂspamndgﬂwmm‘@mmure and spin
speed change ,,;gpecg [ changed for the W5
resi st coati ?\05%5& %3%%&&1@@%%&%{%{@& ﬁuo\é\'?ﬁaé\g%sd’" Figure 9) the
cor r espondi nBf Q“ﬁ“gﬁ"&'ﬂg@PS’fo@Fﬂ?erétstﬁﬁNdI@pé@ﬁEdeWse made when
t he ai N0t enpededtoltbRIudyaEs afd 3meRdet Or t he SPRS508A resist coating. 12 Film
Thi ckness Se tivity f0 Soin speed The correlation bet vveen f| | mthickness
and spin sp imately linear wthin cef gd ranges
when ot her co,aiimg,q:gmdctl ons !vgr“ereg,?,msztoa_\;% seFl guf g§ﬂg qugdclj are graphs
of f| | mthiclkness and uniformiy a functl on of [ spin gpee under

di ~' erent cdnditions. Figure 1 )P?‘F"I)§§T3r4é‘@’é§’ that fhe thickness densitivity
to spin spegd, e.g., the slope|gt RaphRegve, is yery simlar, 'e{bout 0.9 A
for all. thrlee conditions. Figlre 11 shows that uhiformity is independent
condi ti ons. qf film
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enmbodi nent dfcompensatethiektesson hap been . 15 presenteﬁcf,,a enBaté poseg of
illustration descrlptlon t is not intended 8. hausti e or to
linmt the irvention to the prefise forns di scl oseptie g’ﬂ many
nodi fications and vari at [ans] VDOE olID-APO Moaél DetelopmemCt 1 11 oners killed in
this art. It is intended that the scope of the invention be defined by the
following clains and their equivalents. :

SS = 3400rpm S8=3450rpm SS=3500rpm
Air Temp=19.3°C Air Temp=19.3°C Air Temp=19.3°C
Optimized Re. Temp Optimized Re. Temp Optimized Re. Temp
Air Temp=20.3°C Air Temp=20.3°C Air Temp=20.3°C
Re. Temp=22°C Re. Temp=22°C Re. Temp=22°C
Air Temp=21.3°C Air Temp=21.3°C Air Temp=21.3°C
Optimized Re. Ter'np Optimized Re. Temp Optimized Re. Temp

“Table 2. DOE of Thickness Sensitivity to Spin Speed
15

Uniformity and Thickness Contro}



13 What is claimed is: CLA)I(NNS 5 1. A process for drying a polyneric
material present on a substrate, conprising: neasuring a tenperature of the
.polymeric material and an anbient tenperature in the vicinity of the
Substrate; determning a tenperature of the substrate; 10 detecting a
variation in the neasured anbi ent tenperature; and adjusting at |east one
of the substrate tenperature, polyneric tenperature and a substrate drying
spin speed in response to the detected variation in the neasured , anbi ent

t enper alt ur ﬁ' i Thle PRHCASSIOEMFdraires lﬁl;ieﬁMiﬁé’lrQit Bet fp@ihtsareg:l'é{é?ﬁbt?ﬁmﬁﬂfer Ing
materi al t ol yrmeric ature is a linear fu o) t he anbi ent
t enper at ur e%&@ﬁ%ﬁ)’f‘%‘(‘f”és‘@ﬁgﬁg&’f é‘ft?‘ﬁ? Yalug,pas within ?QJ{ “gg‘éJ("\fgrrP?lp‘ﬁ‘}f%er i C

mat eri al t heThpavgdindensiodabadpgtive pracess dostrad chicagtalembristatioh easuiG fareshévnt at const ant

times the anbi t I, ak ur l,us ,a,seco onstant,...' 4.. The process of
Lo 10 wno AR o PURC ISR ABHE T eB el Ry AORA S B m T P v g
spi n speed i ongoltpd adthint desirel ortrdl kbmitsofheh aer temperatuné flacuiats af ur®e.75s3C The

process of c wh in for.d given pol ymerj terial the substrate
dryi ng spin J"svpeemdltn%eél' a%éﬁa‘prsa_?cl l(‘:’%fduh%lt'?egns 3¥ %@ng‘%" (‘:’(a)rhagif"én ¥F¥es the
anbi ent t enpematratues, bypl. 4% md 28 BRM ewhrst EREMtdftespin gpedanbi ent t enper at ur e
plus a thirdyconstant. 25 6. The process of claim 1, wherein the polyneric
material is a resist material. 7. The process of claim1l) wherein the
terrperé?ure #f - the substrate is detected by neasuring a tenperature of a

substrate support that is thermally coupled to the substrate. 30 8. The

process of E?aﬂermol, WHer el Nt NeJ T e npetakhitkiess Su (ia, & 1S |detected by

one of an IR sensor, ag.:aeoMst realecSaNs050.3°cR QR FCSicSensor, a _
t her nocoupl resi-stive tenper Jof claiml,

wherein thel tenperatufe of the polymeril tmaterial |is detttted byl one of
measuring aj tenperatute of the polyneri é&0material [35 dirkttly or| neasuring
a tenperatufe of a 1TaldiCc nedl pm used sg@scontrol [the teqperatuarie of the
pol ymeric ' 3 ' £ | variation
in the anbi anintended valuelis measured priior to
application of the pofyneric majerial t¥%® he subsirate st face. l11. The
process of Elaim1) furthehi regienwitho agtion) ng t he pol ynerlic materi al
to the subsfrate surfase3abbeReBdi°CNid Teip.BC2d.Bask T-arte of t he substrate

t enper at ur ef~potymerr¢—tenperatyre; a..‘ugwm—e—mﬁd—em;rat e
dryi ng spi n_spe.ad_i_n_;l_es.p‘cms.e_L:L_th_d.e.g._@:P;Led variation ci;a th asured
anbient tenperature. 12. The prpcess of aim1l, wherein ‘the substrate is a

[

sem conduct pr 3 5789 6.3
rl ~5790 ' 6.4
s ~ 5191 6.1

Air Temp Decrease compensated by decrease resist temg. only (1 dimensional)
SS=3450rpm; Re.T=21.6°C; Air Temp=19.3"C(20.45); CP T=21°C

1 5792 2.6
2 5793 2.9
3 5792 32
] 5795 . 2.6
5 5794 3.2

Aif’f‘emg decrease compensated by decrease resist temp and spin speed
$S=3435rpm; Re.T=21.60°C; Air Temp=19.3°C(20.45); CP T=21°C

[ 5804 3.7
2 5806 31
3 ' 3808 34
| 5807 34
5 5803 2.9

10



10 substrate. 13. The process of claim1l, wherein the substrate is a
senm conductor wafer. 14. The process of claim1l, wherein the tenperature of

.the substrate is detected and the polyneric nmateri al

t enperat ure

and t he

anbi ent tenperature are 15 neasured prior.to delivering the polyneric
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Table 3. Tabulated 2D-APC UVS Resist Coating Resuits

Figure 4 is a graph illustrating UVS resist film uniformity with and without resist
temperature adjustment. Figure 4 illustrates that without resist temperature adjustment,
film uniformity deteriorated to average 6.0A from 3.5A at one degfee above or below the
POR set point. Figure 4 also illustrates that withina 0.75°C air temperature ﬂucttlation
range, film uniformity was controlled to a selected value by adjusting the resist
temperature.

10 Figure 5 is a graph illustrating film mean thickness with fluctuations in
temperature. Without APC control film thickness was 10A average below the POR
thickness when the air temperature was 20.45°C and 15A above the POR thickness when
the air temperature was 21.95°C. With APC control, by increasing or decreasing the resist

.temperature and spin speed the film thickness coated at three different air temperature

15 levels were all within the 10 A range.
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15 22. The process of claim 17, wherein the polyneric material is a resist
material. 23. The process of claim 17, wherein the tenperature of the
.substrate is detected by neasuring a tenperature of a substrate support
that is thermally coupled to the substrate. 20 24. The process of claim 17,
wherein the tenperature of the substrate is detected by one of an IR
sensor, an acoustical sensor, an OWL ensor, a thernocouple and a

resi stive tenperature device. 25. e process of claim 17, wherein the
tenperature of the polyneric mat 8PR308 Resistfinect ed by neasuring one of a
tenperature of the polynmeric material 25 directly or by nmeasuring a
tenperature of a fluidic mediumthat is used to control the tenperature of
t he pol ymeric matAsrillustrated & Figures faadb G SPRIS wsistifilm nmiformitytané thicknessr i si ng:
delivering t j egq;:,e i Al : [ . fter. adjusting
at Ieas% oneéag?aﬁlr’\aégg‘; Llﬁtent .téd@gja?ﬂ%ggn%ﬁgﬁ%éﬁlﬁgﬁ%@ée?g@n%gr%%mre and the
substrate drigmpriptaefluggiateds Wadin 3 O.Bdjeinemperature flustiptionsange.dilm thickgessect ed
variation i nnlih@ifelafi" Wird @EntINBE by Alifisting 'TRE tedilsU fefhperatire IME spis p&ds of claim
17, wherein the variation in the substrate tenperature is determ ned prior
to appli catiSFPrYRe P s iEnYandisrleseditreiti al to the substrate surface. 35 28.
The process of claim 17, wherein the substrate is a sem conductor
substrate. 16 29. The process of ¢l aj 7, wherein the substrate is a
sem comuct or wafer. 30. The pr ocegmjzai m 17, wherein the tenperature
of the substrate is detected, the Qoalrdigddels naterial tenperature and the
anbi ent tenperature are neasured 5 prior to delivering the polyneric
material to the substrate. 31. A process for drying a polyneric nmateri al
present on a subsIheabreespanding cesist tempeatirs andgpin speed at which filnprhlckweey and nmat eri al
tenperature Lent. re i.n_the vicini of strate; 10
det er m ni ng %“?'gﬁ‘gecr%g%r '35‘8'%'%?‘123{ gﬁ%@?‘r%’ﬁ ée?“pg"é?ggtﬁgﬁyg \a/"éir ?@%Sl%g% in the
det er nlhed setpstively averecdeteemined, r Equatinnel (1 dpd € iarecgeneratbd by first il ssfondhe

pol ymeri c t%?@&ig@i&&bﬁ:ﬁalﬂ% o Bdta IH Wpﬁfﬂéﬁé?wﬁmsﬁsﬁy@&tﬁﬁ%@g@éé Sptn

" speed in response’to the detected variation in € neasure strate
t enper at ur e. 99950 £ U¥he Bauasions §3)oind df)apre generatgdy by lacfirstc anidpserandnerderdel i ver i ng

the pol ymer i giyRBrhif fitflg dfQath SRwRUDEikiad Gk b SthRGOcAlildte RUI USRI BEsAL | cast
two of the apbient tenperature, the polyneric tenperature and the substrate
drying spin fgb%P&o?As adjusted in response to the detected variation in the
det er np@ed substrate tenperature. 20 33. A process for drying a polyneric
mat eri al present on a substrate

VS Resist
Equation (1) TreTemp = 0.533Twirtemp + 10.69
Equation (2)  SS=8.889T stemp 350.22T air Temp + 6880
25

SPRSOSA
Equation 3)  Tre.Temp = 0:5TAir Temp + 8.9
Equation (4)  SS=391T temp  160.94T airTemp + 4302
30 |
Using Equations ! and 2, and illustrated in Figure 8, the corresponding resist
. temperature and spin speed changes were made when the air temperature was changed for
the UVS resist coating.
Using Equations 3 and 4, and illustrated in Figure 9, the corresponding resist -
35 temperature and spin speed changes were made when the air temperature was changed for
the SPR508A resist coating.
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surface, conprising: neasuring a tenperature of the polyneric material and
an anbient tenperature in the vicinity of the substrate; determning a
tenperature of the substrate; 25 detecting a variation in the neasured

pol yneric tenperature; and adjusting at |east one of the substrate
tenperature, anbient tenperature and a substrate drying spin speed in
response to the detected variation in the neasured polyneric tenperature.
34. The process of claim33 mhereln for a given polyneric material the 30
pol yneric tenperature is aFilm Eaigkness SensitivisytospinSpeedanhi ent tenperature. 35.

The process of Clmean%ﬁnom%eﬁmﬂtﬂl&mssghd@mspsddmappeoxmw lirthr t he
polynmeric tenperature,is a |linear function of a first conséant tinmes the

anbi ent  t enphin G§rain 1pin seeeq rangesgrign etBsr<pating condiions ke soptant Jdewses 10| ai m 33,

wher ei ns Ij or ﬁdg}&E@aﬂﬁbﬁ/ﬁ[ﬁiﬁhﬂm@ﬁhﬂ?&xﬂ‘onﬂ:@@sBﬁn&idﬁ)sisrpatsmedhydeﬂg spi n speed f
is a quadrati unct | on anbi ent he process o
cl ai m 33, Wrﬂé& £ cqngitions. 8&8\?&&85 P‘Ftéh"rf&ﬁg‘ﬁséfns'f‘ﬁ‘g k3 ﬁlﬂgfﬂ"gﬂ '&8dryi ng spin
speed is a Ctué\ddip%bf&clfdﬂlﬁ/éllbﬁdﬁyﬂlfmlﬁ dbbut 919 Acforall theé cantliciers. Figereditbi ent

t enper at ur e, econd. cons t he ent I enpgrat ure plus a
third consta atﬁ%‘%"m ﬂg'gfﬁ"‘ J@Esi“’d‘f sP@‘Td“"d i @ RRZons- Fi pg%yrrerl c
material is iaa gmﬁh aﬂt‘nlmrddvelojamdntra&&safﬁhﬂnoppfmgtssredbsagd digwre3l2, wherein the

t enperature 0 Supst ral rat ure of a
subetr i0e. suBBBIPRCRLRS aR fusk APl RENTEE Y BANE IR EURENGE C 7 2
process of clllthugmpﬂﬁperfvmen@mﬂmﬁbn meb@mmﬁemmwefdmbprm@wes det ect ed
one of an | R, AARRGIskir r@ﬁ@&ﬁ%&rﬁtﬁxles SN sRR 18R rilont AR cad |

t hernocoupl e and a resistive erature device. 41. The process of claim
33) wherein qwm%hsewedeuw@nmfrqswthW@%me&i al is detected by

nmeasuring one of ﬁetf&gmgaéeg&.?n&ﬂ‘oftafp@fmhm&rduﬁenreramé in@éntibR hai teeet | y or by
nmeasuring a tenperature of a dic medjuymthat is 'lé.lcésd to control the

_t enper dPur e HFseprGionBIrPares 9f dllusiEation and des‘if?tm“r HE's petdate %l ai m 33, wherein
tpe \r/]arl altl m&m:.&éwtdqaﬁlymemvendoemxgé prietisecfornts dmelasddr aﬁvmuslgrmdnp appl i cat :c on
of t epoy rrater al.to t substrate s e _process o

cl ai m 33, ?‘?41@"?3“8‘5 Yasiatiops W EIEP‘? PRITFHE ‘frﬁcé"{l' V%HP&&" a8y F‘aﬁ to the
Substrate s UinfeRided tiak the scopélpfiibd inviention bd defisdd b@mte followihgclsimis abd theie

tenperature, polyneric tenperature, anbient tenperature and the substrate
drying spin "s‘ﬁ %tfn response to the detected variation in the neasured
polynmeric material tenperature. 25 44. The process of claim 33, wherein the
substrate is a sem conductor substrate. 45. The process of claim 33,

wherein the substrate is a sem conductor wafer. 46. The process of claim
33) wherein the tenperature of the substrate is
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30 detected, the polyneric material tenperature and the anbient tenperature

are weasured prior to delivering the polyneric nmaterial to the substrate.

.47. A process for drying a polynmeric material present on a substrate

surface, conprising: nmeasuring a tenperature of the polyneric material and

an anbient tenperature 35 in the vicinity of the substrate; determ ning a

tenperature of the substrate; 18 detecting a variation in the neasured

polynmeric tenperature; and adjusting at |east two of the substrate

tenperature, anmbi ¥hatiselkimeddt ure and a substrate drying spin speed in

response to the defected variation igy, gMeasur-ed polyneric tenperature.

48. The process of claim47, further conprising: delivering the polyneric

material -.to the substrate surface after adjusting at |east two of the

subst ratke tenperayure, AGReRTbr dARPEPHHER il BeseittAslsiByGedr Vi NG spin

speed in response to the detected variation in the measured polyneric

mat eri al tenPUPRItStABe. 19

-Aé‘ (y. ’Q’é‘é" A9, . ﬁ9 mRasufnSLteNBératty@hy the PolYmeriGhaterid &idanAmbliny tefperdtufd AT R Al " Y.
e. ai . e

L_Xh~xr ngb\ V\lﬂ%‘&é‘f@&l’)j’@aﬁ Rheetea] cal] cay ca] caU] cal] ca] caU] caU] cal] caU] ca] ca

EJ] cal] ca U c"al] cdéfminihg cempédtartaf theshteahdcall ca] cRa] cRa*/v{ UQ-<j 1

G orsplvakt zidsaloasehea haakearhaavlarbaahsaleal cal cal cal cal cal

Ul c”a] cal] ca] cal] adijisting/hrcleds] ana $fithid SGa04a efferature, polyrdric)tgnipetiturt aiid'd . 1{ uoj d] W

Q vakf ZTU] Calﬁst?’%ﬁd ing spin speed in response tq the detected variation in the meas .

Ul cral] ca] cafﬂ ca c'a'tﬂfc%wf%a caucay| cal caU caU| ca cgfcﬁfjjdcaU] cal] cal] ca

U] caU] cal] cabinbiatf|terapdfatare)] ca U] c"all1624445666D7V\88M Z: : ;

; ===?2vAB* HXHTI | J3JJzt W%sg: Q?M
a] ca] c\z;] ca] ca] caj %é] ia?@%}rqa (;éar}cggﬂ_’a ca @g&}ggﬁ}’ﬁ%ﬁtﬂ'ﬁ%}ﬂagg [ &i%&%ng?g
Sz SSTANUUUVIRIYRIENG AeRpesayiRdsd homanipactionof tag ambipnt qmpatapuies] ca

3. The process of claim 1, wherein for a given polymeric material the

polymeric temperature is a linear function of a first constant times the ambient

temperature plus a second constant. °

4, The process of claim 1, wherein for a given polymeric material the
20 substrate drying spin speed is a quadratic function of the ambient temperature.
5. The process of claim 1, wherein for a given polymeric material the

substrate drying spin speed is a quadratic function of a first constant times the ambient

temperature, plus a second constant times the ambient temperature plus a third

constant,
25 6. The process of claim 1, wherein the polymeric material is a resist
material,
7. The process of claim 1, wherein the temperature of the substrate is

detected by measuring a temperature of a substrate support that is thermally coupled to
the substrate.

30 8. The process of claim 1, wherein the temperature of the substrate is
detected by one of an IR sensor, an acoustical sensor, an optical sensor, a thermocouple
and a resistive temperature device.

_ 9. The process of claim 1, wherein the temperature of the polymeric
material is detected by one of measuring a temperature of the polymeric material

35 directly or measuring a temperature of a fluidic medium used to control the temperature

of the polymeric material.
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15 measured prior to delivering the polymeric material to the substrate.
15. A process for drying a polymeric material present on a substrate,
comprising: '

measuring a temperature of the polymeric material and an ambient temperature
in the vicinity of the substrate;
20 determining a temperature of the substrate;
detecting a variation in the measured ambient temperature; and
adjusting at least two of the substrate temperature, polymeric temperature and a
substrate drying spin speed in response to the detected variation in the measured
. ambient temperature.
25 . 16. The process of claim 15, further comprising:
delivering the polymeric material to the substrate surface after adjusting at least
two of the substrate temperature, polymeric temperature, and substrate drying spin
speed in response to the detected variation in the measured ambient temperature.
17. A process for drying a polymeric material present on a substrate
30 surface, comprising:
measuring a polymeric material temperature and an ambient temperature in the
vicinity of the substrate;
determining a temperature of the substrate;

detecting a variation in the determined substrate temperature; and
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11" @10%J& ()-M+@10% / & ()-M&10% & ()- 10 10

10$>10%& ()-! 9 F4: 1 10%&' ()-- HWzX6-\:1C 10%/*/& ()-!> 1094 % & ()-!Q
10988& ()-,y@O0% & ()-1+ @ 10%' ()-M +M @ 10% /& ()-M h*}[9~\:119", 2 10%/
I'& ()-14,2 10% & ()-,YL10% & ()-" 109%& ()-!'C 109%/*/& ()-1"
10% /& ()-*,-./ U~ @ 9F10% & ()-10% & ()-Y10% & ()-!910% /& ()- 10/ 10/
10/, @t 10% & () - O-dE

10% & () -, f 10% & ( l“@'%é‘ %g‘)”&&fdwg‘%')em PHPFBE B TUSEYLA 0~ @1 @
10% /& () - &-Sﬁ%ﬁh&'d@mg pin( spe&lin fespafisq th the detgitOdYasialion-ih the@eb Q@ () - ! &@ 10%

& ()-k1 9AB& (! %,/ 10// 10//'0° S5 10%/& ()-!!S5
10% / & () - fof"ﬁ%jfg'%&a G0% & ()- & @ 10% & ()-(!!"o#$$$WX90A3 10
10% & ()-10% & () - - 1'U%P1’€&bf(s)0f8m&91-7 wisrde for @ given P@&nerlc()%ter&'l tp- ! &9-
109%&' () -5$%9 ¢ 1990 (:1) Q¥4 B{,%, @O‘V & ()-10% & ()-S
10% & ()2 &V&W&% %39* °t“%' /g 319 9910% & () -s$
10% & () - #10% & () (W)pf c aim 17, wherem fora given polymenc material the
polymeric temperature is a linear function of a first constant times the ambient

temperature plus a second constant.

20. The process of claim 17, wherein for a given polymeric material the
10 substrate drying spin speed is a quadratic function of the ambient temperature.
21. _ The process of claim 17, wherein for a given polymeric material the

substrate drying spin speed is a quadratic function of a first constant times the ambient

temperature, plus a second constant times the ambient temperature plus a third

constant.
15 22, The process of claim 17, wherein the polymeric material is a resist
material.
23. The process of claim 17, wherein the temperafure of the substrate is

detected by measuring a temperature of a substrate support that is thermally coupled to
the substrate.

20 24. The process of claim 17, wherein the temperature of the substrate is
detected by one of an IR sensor, an acoustical sensor, an optical sensor, a thermocouple
and a resistive temperature device.

25. The process of claim 17, wherein the temperature of the polymeric
material is detected by measuring one of a temperature of the polymeric material

25 directly or by measuring a temperﬁture of a fluidic medium that is used to control the
temperature of the polymeric material, _ '

26. The process of claim 17, further comprising:
delivering the polymeric material to. the substrate sﬁrface after adjusting at least

one of the ambient temperature, the polymeric temperature and the substrate drying

30 spin speed is adjusted in response to the detected variation in the determined substrate
temperature.
27. The process of claim 17, wherein the variation in the substrate

temperature is determined prior to application of the polymeric material to the substrate
surface.
35 28. The process of claim 17, wherein the substrate is 2 semiconductor

substrate.
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() - VR () - fB#L10%R: () oz ! .
$1(()<)>/&'@(g)) -Sig'ﬁ?'(?%?f% Al \Hhe é)ff‘s? é‘%ﬁ@%@)’%ﬁe—"‘, e ERESYHTE °f th gubstrats .
s109& ()-!19° fdptectedydhe polymeric material temperature and the ambient telflgeor%%:; 8ar; gtn?a)surledg | 109GB3EE
N . - * \ oLl 0 P)-1 >0 ()-1ot
'&(Q ! éffl%o/;;é?’é?"%%"‘ e (711 "l’%%%%% HHTI [ JJ}A<{\: 1114 17T
10% B. B& () - T, 610988 ( )\ meessfogskyipy 2 golymerc maeyig BgesehLon azsulishiate
;& () - S - 10Y®6rtAck cdhgslsligkLELL{\: 1 11" S 10%& ()- S 10%& ()-! S
109& ()-!fs109% ()-S 10B 1QB 10By; s109B& () - LyMVBNNCOPA<{\:!!! ! H@
1098 ()-! H@ 109& FN0E HBgYste Bbigmpgratuse airbag ambiengpemperature in the |
109%& () - PP6 QBRRSGaBMBEbstratd;! Hs- ' 109&' () - * 109%&' () - SS$& 10%& () -, ! >S$&! 109%&' (

C ) - oR () - 0 an :
)s_lbg//e?z# (1 iyiLﬂ( )10% %‘?‘e/%@%ﬂé °{§‘}9%%§’%(§;55F§F;38Y 109% () -. g10%& () - UUVWWX] H:
Il 10! 109& () -! &déeépg & virjatibn ihQRERdetermind DBsthaje t AR, )and 10
LOXXX/ XOXAXXXdBH. !aiijusting at least two of the polymeric temperature, ambient temperature and a
substrate drying spin speed in response to the detected variation in the measured |
substrate temperature.
15 32. The process of claim 31, further comprising:
delivering the polymeric material to the substrate surface after adjusting at least
two of the ambient temperature, the polymeric temperature and the substrate drying
spin speed is adjusted in response to the detected variation in the determined substrate
temperature.
20 33. A process for drying a polymeric material present on a substrate
surface, comprising:
measuring a temperature of the polymeric material and an ambient temperature
in the vicinity of the substrate;
determining a temperature of the substrate;
25 detecting a variation in the measured polymeric temperature; and
adjusting at least one of the substrate temperature, ambient temperature and a
substrate drying spin speed in response to the detected variation in the measured
polymeric temperature. _
34. The process of claim 33, wherein for a given polymeric material the
30 polymeric temperature is a linear function of the ambient temperature.
3s5. The process of claim 33, wherein for a given polymeric material the
polymeric temperature is a linear function of a first constant times the ambient
temperature plus a second constant.
36. The process of claim 33, wherein for a given polymeric material the
35 substrate drying spin speed is a quadratic function of the ambient temperature.
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