METHOD FOR TWO DI MENSI ONAL ADAPTI VE PROCESS CONTROL OF CRI Tl CAL DI MENSI ONS
DURI NG SPI N COATI NG PROCESS 5 BACKGROUND OF THE | NVENTI ON Field of the

I nvention This invention relates generally to a nethod for spin coating

sem conductor wafers with polyneric solutions, and nore particularly to a
met hod for i npr oMEIFHOIRFOR TWORMIMENSHDNAL ADAPTIVEGSSOCHERs ol and wi t hin
wafer to wafer . ' ngr L.conductor wafers in order to

i nprove criti &@ﬁﬁ{‘ﬁ@ﬂ‘ﬁ%ﬁk@ﬁ@% ]S)JM%&S@&% PURING SRINEOATAING The

manuf acture of integrated circuits preytwes the transfer of geonetric

shapes on a mask to the surface of a sem conductor wafer. Thereafter the 15
sem conduct or wafer corresponding to the geonetric shapes or correspondi ng

to the sareas between the DEOREROUNIS OFPESE ISVEkPld away. The transfer of
"t he shapes f{: Ethe mask to the sem conductor warer typically involves a

1'ithographic I ncl udes applying a photosensitive pre-polyner
solution to the smmaduﬁmmes\gei@mytoIhﬁzﬂﬁelfdfeﬁlﬁcdaﬂngéaﬁuo%ﬁmwl ymer

solution is re eva ratlon and the resultin 20 polyner filmis
t hen baked. ﬁ’gg g’rﬁ ng‘ee& Nl f“bd'P%‘Eﬁlpé‘?ﬁcﬁf’lﬂytPGlmeg‘Q‘gFPﬁl“eprﬁY"ﬂ& avi ol et

| i ght, throughfeato qtﬂﬁ@tn&ﬁﬁﬁlhu thidlgesy dontel ahbmﬂiaswafsacb\m@mcmneypat terns. This
is genggal Iy { gst = ex ure bake cess. The images in the
phot osggm ti '\:/Oen%r)ria "er T al f dé’?tgr\e &h mog?fg? 8%8‘"’69“@% FRP R Skaf er in a
devel opi ng sol ution. The exposed or unexposed 25 areas are renoved in the
devel opi ng pbgsgg n FRRERGAAY on the nature of the photosensitive

mat eri al . er may undergo a wet etch process in an

et chi ng soI ut i on, Thﬁmaiu@quﬂfm@tWUMIOMtheBettsferbf@omcand dry etch
processes elf s%\‘i@XnaElb% Y GfiSce 3Pk semxgc; ﬁ&tgrq'l%f'éf TR RhpLOsensi tive

material. Due t heir resistance I ng process, the
phot 0séhsi ti ﬁFé“‘f?&f"ért‘?réﬂag“ 88”@5154“@8%F@rtbwoa?tfrshb@eﬂr@swsqspongtbgwése may for

instance be g&eRYetweePthk QedleircaNiped Blrchédlay. Ble®hdil B AE &XPes Ak AYLS, OF 1on

mask to the semiconductor wafer typically involves a lithographic erocess. This

includes applying a photosensitive pre~poiymer solution to the semiconductor wafer.
The solvent in the pre-polymer solution is removed by evaporation, and the resulting
20 polymer film is then baked. - ' '
The film is exposed to radiatior, for example ultraviolet light, through a
photomask supporting the desired gepmetric patterns. This is generally followed by a
post-exposure bake process. The ixhages in the photosensitive material are then |
developed by soaking the wafer in a developing solution. _"I'he exposed or unexposed
25 areas are removed in the developing process, depending on the nature of the
photosensitive material. Thereafter the wafer may undergo a wet etch process in an
etching solution, or a dry plasma etch process. ‘Both the wet and dry etch proeesses
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 iestance be sensitive to 'uitraviolet 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 smalier depth of focus. Variations in thickness over the
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beans. Mean thickness and uniformty control of the photoresist layer is an
I mportant criterion in the manufacture of integrated circuits. It ensures
satisfactory reproduction of the geonetric patterns on the sem conductor

wafer. Wth the requirenment for smaller 35 dinensions, the photolithography

processes have shlfted to u5| ng |In%%l with shorter vvavel engths and a
resul ting sniFPECfHeprefer ard ageipes mbirkngsy Bom opevaferite tonaes ingpducet he 1

surface of tim-regbaicibindriativhé A lpheto@sistRxpddln@onsdgb IR pMBESSI L O t he next
si st, exposur e, and

i ntroduce non epro e,va tions in _phaqta

consequent n% ?%‘5#%@%@?*‘8?& de‘@‘!il"? Heipeaducwit ‘{?‘ﬁlé‘“ifgf PosEiPls SHe fedpgtionsf t he
product which |i nChiticah#imaais (ub)&oawmaeamaiokmﬁ'curavitﬁ sthaller fthdiRNSi on (CD)
control -becones spal lL.er feature 5 sizes in which the
e i 0 rC U RS et bt el or SRRPRT Fitinfn BEReB AT 1 he
feature si zefeatlivistze.Whistprabiammvill i mdrmaf iaamgoritaﬁce inatiie devicss wikhsmbre devi ces

with smaller si.ze For e, the speed of m croprocessor and
menory devi cfggtt"%g&gsr F o:exa:m,eah rm ne r?fjm‘ieﬁsgrﬂ% MROHASNIEHAt r ol of t he
critical di mtesglydeermined by heling width qmptroiwdxelcrm@l dndbdlorsohtkipwitian oper at e
at higher frggusosi and resistive |osses.
One net hod o@acﬁ?éﬂlw%m&n% ?/ang%%g gi?e??ryﬁu\é&o% Teans 2ot “ARESFEF - t o- waf er
mean t AP cknexd f%'ﬁﬁavq}ms{%&a@newﬂv@énhcbievmg lrtllbrequém gntroliis By medngwof di mensi onal

resist 111 m Dbl ik @loknd R SRSy dhldof hlyeagd ygpor ati on are two

strongly coupl ed mass.transfer m’ne filmthickness
uni form ty ptigersiasal resist §im profilgsentigl- 15 phot oresi st filns. Convective

diffusion i s t he coRiRACkTAIAL BApIREARR: S8 SUALPChE mll aled oW seconds

of spin coati n% Even t hough the evaporation nmechanismstarts out two
orders of nelHTEHdes Latdstpratnediimithigkapstamifamity profilesof Frir cagted d spense, its

nonzer ®5 anchhomesistfitins MniietiGadiFRFonMs §6 @Shntrdat tﬂﬂnxﬁé‘ﬁe&hﬁﬁkrfﬁ HurfRl Rd :c al ht 0
usi on of the

i ncrease dyqa al | F decr asi g} convectiv
- phot or esi st . %J%s 8"(%'5‘5? 3P0 €0 ‘gf‘lﬂb‘%‘gé S5EpGEE P a'&fﬂ?r?‘ﬁ‘éﬁ?“trrec hani sm
whi ch event uabloydedel engritndssniaier ditfiyg this nitidl Frioalente 58dispeief &d nzekh1e t hi nni ng
rate due to ¥ %gn%{axqtt\jaﬁxg cgt}séasrvris%osgtg og the Feste !‘%atgl}lla Pc;[ lgg-lealsg d)gnli%wa y, thus
decreasing the convective diffusion of the photoresist. Subsequently, evaporation
20 becomes the dominant mechanism which eventually determines the dry film thickness
profile. The thinning rate due to evaporation starts ‘to decrease evenmﬁlly due to
lowcrgd diffusivity of the remaining solvents.
This strong dependence of the spin coating process on the evaporation
mechanism requires today's modern wafer tracks to tlghtly control evaporation related
25 physical parameters Tightening of the electrical and/or mechamcal control
specifications on equipment contributes to the spiraling cost of processing wafers and
may well limit the mean thickness control capability required by future generation
devices since mechanical tolerances on equipment will not alleviate required process
variances. Thus, an alteative approach is needed to achieve consistently more
30 stringent process latitudes. '
' Unintentional changes in barometric pressure (BP) and relative humidity (RH)
~ can cause significant variations in the resist film thickness control for which one-
dimensional adaptive process control technology was developed. Variations in
polymeric materidl temperature, substrate temperature and ambient temperature
35 introduce not only mean fiim thickness variations but also changes in the within wafer

uniformity.




| owered diffusivity of the remaining solvents. This strong dependence of
the spin coating process on the evaporation nechanismrequires today's
nodem waf er tracks to tightly control evaporation related 25 physical
parameters. Tightening of the electrical and/or nechanical control
specifications on equi pnent contributes to the spirali cost of processing
wafers and rmmy WEH's # pesf forpmethod 9 5Pf‘?1‘?°€ﬂ?$eg§'§"°8@’|’f’tr°6}”a%%ﬂﬂ§'i lity required
by future grneieit Isaﬁhondem dzesuphb ReBdifRAmal residt ﬁtmb&ﬁ&n&eﬁn vafateasli pment wi | |
not alleviate required ss vari.ances. Thus.. an. alternatiye approach is
needed to aBRPRPEILBHE} ’ts ?f??‘ﬁ%%bl@é& Fm%‘beénpeﬁ?'osgéﬁé ef acte?%l%des

Uni ntent i Orlﬁhetﬁdi’t&ﬂﬂ&ﬁaultdmdﬂea‘l@mﬂﬁptmgtop:hmgssmgol@ﬁa)c maekrial adubgtiate@ndiumi dity

(RH) an cayse nificant va | O St f|| t hi ckness contr ol
For wnf on oty Tpaiss & i heRe Mottt MslFR0R vt ooy s

devel oped. Matml&tdlvmhmthmrcopmhlymlc materi al tenperature, substrate.
tenperature and anbi ent tenperature 35 introduce not only nean film

t hi ckness vari ations but al S0 changes | n the within wafer uniformty. 2
There is a need for a meths ; EANMNBNEEANCconduct or wafers with

pol ymeric sol uti m profiles
fromvariations R&%r&%@ aﬁ@éj&‘t‘@# mat e?rg%ﬂ%é&%g}ﬁ%@g%ﬁ%?%ﬁ t enper at ur es.
Therelfs a tlrumgh@rﬂmefe@nﬁe‘?ﬂl OIaaﬁﬁtl?ﬁtWéfd whi ch automatical ly adapting to
changes in pol ynghdier BEE&H’@E pre&lﬁpﬁwnﬁbﬁxs@@ﬂoﬁd@d@bﬁm fok @At ures to
ensure that two-di nensional resist pro iles are always controlled within

t hei r cont r Blymeriginpaterial gonaaRmicopdutioESubRAINT] ON Accordi ngly, an obj ect of the

present inventi oRetiafioth® oBje\sf B paesénetnh@:dmﬁ @to prbOidels yeth@d Eor@plinger i ¢
material on a supstrate. Anothe {3‘6 t of the present invention is to

provi de a n%ctm?i“’f”&ﬁ’erm?f'i"rﬁméf"“ fc mterial on a seniconductor

substnate. Yet anGdiRFokMe} efthe p]-ésehﬁ&vaﬂﬁ@&ﬂlipmmm&:tbﬁ fosdryiag pr ovi de a

. method for dsru t nrllﬂen%l on a semiconductor wafer.

Another object of the present invention is to provide a method of spin coating
semiconductor wafers with polymeric solutions that decoupies two-dimensional resist
fitm profiles from variations in polymeric .material, substrate and ambient temperatures.

20 Yet another object of the present invention is to proﬁde 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 contro! 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 poiymerié: 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



pol yneric material on a seniconductor wafer. 15 A further object of the
present invention is to provide a nethod for drying a resist material on a
sem conduct or wafer. Another object of the present invention is to provide
a nmethod of spin coating sem conductor wafers with polyneric sol utions
that decoupl es two-dinensional resist fil rofiles fr m \éarr ations in

pol yneric mat@Regfure ag W%[t‘%’méwa%wbaﬁf“{pﬂﬁ% 'hstpﬁ?delsa SFFOVRt  anot her

obj ect of thecspdireS&nlﬁedewEdthﬁonB:thd)nmwddﬁn&tfmtphmdﬂof spin coating
sem conduct or waf [ soI tro S mat j cal | y adapting
to changes in pol 3%?%”@&@8"&% fl"@e ats an |e“nI %t c‘tﬁﬂg?onﬁ’ res to
ensure that sthatdtemmmmaﬂetht sﬂthastmm bfehae mbm&lmagesammdymehed W thin
their cantrol ect of the. present n is to provide
a met hod for t%'l‘pegmré amggﬁﬂ yrrerrc Pct et e tcd '"%?P“és"su{g\!?&aétt%'ﬁy adj usting at
| east one of rtSherlsstobbEtctemcedtverrqaen mtthrermsaasurp@)tujomer temperaiprer Statisticaland a
substrate dr | tion.in the
reasur od amby o FuaE Ryl ERRANT Rkt HibBR plte BLE 'L 0 o
is to provi devagiatignt hod for drying a polyneric material on a substrate by
adj usting at |easty, mepémmgnsvmtgats%mt 124 irftion Heha o

tenperature and a substrate g I'n speed I n response to t e detected
vari atith |nPPH@=ﬁ%‘ﬁ§B?f@HWaWP§h‘F téhlﬁ@F@netPf@B Sq’fﬁE%‘étWB'f%er obj ects of

the present Ipeweehtemp&aereaﬁmlaﬂ%pbaﬂ@e &raqstes&&eﬁerng sgrn)ﬁl:r&ﬁ i@ polymeric
mat erial present on a. substrat e. enper at ures of meric materi al

and the ambi SALSEEREEPASEioghs rirtftcrré veFaiPhin e ermtrﬁtep@trasftcrtateefﬁrfe 35
nmeasured. A tenperature of the substrate is also nmeasured. A variation in
the nmeasured anbient te 1 pstrate tenperature,
polymeric 3 tenperature, i t hstrate drying spin
speed i K5 adj ust ed annre tnesmmdmntdfasﬁﬁtceahgdseuaruhahdxﬁahwbﬂﬂtee measur ed
anbi ent tenperat In another enbodinent of the present invention, a
variation inPHRe" d’é’ Wi ned substrate tenperature is detected. At |east
one of the substr &igeretXinperat mtmpalpudefarpomon of the spin coating apparatus

from Figure 1.

Figure 3 is a schematic diagram of one embodiment of 2 proeess control
20 system useful with the apparatus of Figure 1.
- Figure 4 is a graph of UV5 resist film uniformity at different air temperatures
with and without resist temperature adjustment. A
F igure S is a graph of UV resist film thlckness with and w:thout resist
temperature and spin speed adjustment at different air temperatures.
.25 Figure 6 is a graph of SPR508A resist film uniformity at dtfferent air
temperatures with and without resist temperature ad_}ustment B
Figure 7 is a graph of SPR508A resist film thickness with and without resist
temperattire and spin speed adjustment at different air temperatures.
Figure 8 is a graph illustrating corresponding resist temperature and spin speed
30 changes made when air temperature is changed for the UVS resist coating.
Figure 9 is a graph illustrating conesbonding resist temperature and spin speed
changes made when air temperature is chariged for the SPRS08A resist coating.
Figure I.O 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 sensrt.wty to spin Speed at different

coating conditions.



5 tenperature, —anbi ent tenperature or a substrate drying spin speed is
adjusted in response to the detected variation in the nmeasured substrate
tenperature. Statistical nodels are used to cal cul ate an anount of
adjustnment in response to the detected variation. In another enbodi nent of
t he present inve | &l

temperature is rrgtzliésug{led?a %t%li @Efls‘{%o%#&l&ﬁ C%QZU tgﬂtq'rog e ur?r%oéq?%ﬁ: ure,

pol ymeric tenperature, anbi ent tenperature or a substrate drying spin speed
is adjusted in response to tﬁ]@rﬂ?ﬁsﬁ%ﬁ@b%ﬁxéh‘ on in the neasured

pol yneric tenperature. BRI EF F-THE FI GURES 15 Figure 1 is one
enbodi nent of a dIHPEF cEvadimarf of earefint inventien.foreses icrrovided forsirping at

i nvention. fHogee AatkSal BrefdnOsida %%Eeo"[ﬁla pilRicQhatdiaPOh bk Phoffesil® SPi N
coat i ng apparat UEFth rom Fi ure g egB is a schematic diagram of one

enbodi ment  df¥ &ie E’é‘g‘ém@é ?‘P’&I’)SP'ZG’“ i GSEPU) polvictide he appar at us of
Figure 1. Fl(ﬁjtbltcﬁeré:txlv&a:ﬂ ;ﬂbﬁﬁﬂsﬁwe)%oh%&bﬁ(t S(ﬁ(B’l')nanlhﬂh-fréﬁeBﬁJe)éoﬁ Fdl fferent
air tenperatures wi t hout r enperature adjustnent, Figure 5
is a graph o™ W‘S"’“Wéssﬁr%nml?l?’F‘ﬁ‘?smﬁtﬁ‘?@sé““ﬂi‘l?ﬁsﬁﬁam afsrib‘ﬂ't‘d‘:rcé%q“g% Iy

t enperat ure amnpﬂfe:i;ﬁeep mmamieta‘djun\ﬁ’t)mbreaﬁts bt D48 NH3 @h, rlstragﬂ?]g dgures. 25

Fi gureyp is a ara or.m at _different air
tenpera(fures Wi P‘I’ﬁsem Y vae%?‘ol%‘eé’g?tgrtes’f%ﬁr)lg‘reg[’]?]?rés’%}iiy&'é’f’ RRYiresifs qure 7 is a
graph of SPRBO®Alke Slihs sublstratereantbe e lkentisendustortsubsndie und grefeiablydsi st t enperature
and spin sp t hiideIRel akures, . Figure 8 is a
graph ill us?gglf%agéﬁgsg%h?fqﬁlérfe%@?g?l? cmrﬁ“étf“lfjre a9 Ao SB| n speed 30
changes nadéewwfaiﬂﬁhetWmdﬂwwebstrstegmmg&dAmbmttth@etﬂﬂﬁe isesdasiredcoat i ng.
Figure 9 is m&r@mam&&a&tée&m GRS BRIV Dugif g%%iocasépﬁé?{@gwe and spin

speed -changes made when air tenperature i's chan R508A resi st
coat i n]g's Fi g\bient mperagregem prdegrmingd by wsineckthrsmaconple, R FRpra themistdn. spi n speed

under Measurement range may vary from 0.1 inch to 50 inches from the wafer process height.-

in vertical direction. _
Temperature of the polymeric material is detected by measuring a temperature
of the polymeric material direct!y. or measuring a temperature of a fluidic medium used
20 to control the temperature of the polymeric material. The polymeric temperature can
' be measured by; (i) inserting a temperatire sensor, (thermocouple, RTD, preferred,
‘thermistor) or an acoustic sensor directly in thermal contact with the polymeric
~ material and measuring its temperature or (ii) inserting a thermal sensor (ﬂlennocouple,r
~ RTD, themmistor) or an‘acoustic sensor into the fluidic medium and measuring a
25 temperature of the fluidic medium used to control the temperature of the polymeric
material. The fluidic medium temperature is proportional with the polymeric
temperature.
The temperature of the substrate can be determined by measuring a
temperature of a substrate support that is thermally coupled to the éubstratc. Substrate
30 temperature can be measured qr,obtained by, (i) measuring the substrate temperature
“directly by means of optical acoustical, infrared sensors and techniques,'(ii)measuririg
the temperature, with a thermocouple, RTD, thermistor, of the substrate support that is
thermally coupled to the substrate and using it as an indication of the substrate
temperature or (iti) measuring the temperature, with a thermocouple, RTD or
35 ermistor, of the substrate support that is thermally coup!ed to the substrate and using

that information to calculate the substrate temperature. Substrate support temperature



different coating conditions. 35 Figure | | is a graph of filmuniformty
sensitivity to spin speed at different coating conditions. 4 Figure 12 is
a graph filmdevel opment rate as a function of exposure dosage. DETAILED
DESCRI PTION I n one enbodi nent of the present invention, a process is
provided for drying a 5 polyneric material present on a substrate. The

pol ymeri ¢ e similad to geefluidiic mpdiot empedasitsin that dprodided mdhditect meanst ant (" ow- k")
spin on diel | " L) 1 WS hot osensi t.ive and

phot osensi t isgg lj%{eg%?l;rfmglﬁ]gd%%glgeqwdé&m%f’mgﬁmpgﬁ%?r? PiRY'fling £ {?g“%c{)ati ng

mat eri al andnéthodfpedetermiving palymest Btnperatuesci al . Suitable resist materials

i ncl ude chem cal | bidrad | g ﬁ#\/ oresists for 248
nm 193 nm 157 n%b%tﬁa?y f@ﬁdo n%@%g%{ﬁc?{&vél&%%ug sa,n)[?-lg%hl(g%{éanphotoresi sts,
g- | i ne phot cacewstical sensdr, 4ni apticah brosass atbératosoupkered a pdsistive treperdfire devidzst r at e can
be a sen condygtMbn HukshiRked ﬁmermeﬁ{p@&a}géame§s#bﬁ%%&%%tor waf er.

Tenperature of the polyneric material" and an anbi ent tenperature in the
vicinity of @PRSit#sEsIEY: R Eythermagouple, thermiiskaiand Bapks: at ure is measured within

the coat nodul e asneGr @i F3hdaSThidngefinlrd @olymkAE teAPEDR of b SubREREESS
positions. 15 Anmbient tenperature can be det ér mi ned b using a

t her mocoupl EYIREEbTPee 4T eppdiystsd in respgasetn thedetseted vargloniathevary from 0. 1
i nch t 9050 imesasd inilaeht tehfpettfite IPréfeabio the Mkt in tHeRmVRAdbhfkatite! €Ct i ON.
;I'grrper ature f?%'f wieﬂtég%gxwﬁrét C E:m':lt eri %I 4 dcet_ ected pl?)ﬁ“grﬁreasur i nigo,a
nper at ur e VTR 15 R RO OR agplcation of thy gePpigeide tenper at ur e
of a fluidi cubmdiesmiatsed 20 to control the tenperature of the polymeric
Tl 0 PO R RE T B B R R e 1 2
acousti ¢ senbertedprrdabt polymerictingrrbkmpaatizahd the binbiefteerpetauresiec mat eri al and
RTD, 1 horm ST oyt o ety e pb R e Pyt SRl BB Rsb o
measuri ng a m8enabispeafershly detiybred toghe Jubstritecsurfandiafien adimetihgtableasooderafl  t he
tenper at ur e f o BfROh YdMRlire Srolymeric temperature, ambient temperature and substrate
drying spin speed in response to the detected variation in the measured ambient
temperature. |
20 In another embodiment, a wafer coating cycle includes the steps of, (i)
positioning a wafer on a spin chuck, (ii) applying resist to the wafer surface, (jii)
 spinning the wafer to distribute the resist over the wafer in a spinning phase, (iv)
removing any excess resist liquid and (v) evaporation of solvent from the codting.
Figure 1 illustrates one embodiment of the present invention. All of the
25 temperatures can be measured continuously with a predetenﬁined sampling rate. Data
can be averaged in some form to increase the signal to noise ratio. The wafer is loaded
on a spin chuck. Temperatures are sampled. Significant times are before the wafer is
loaded, during the dispensing step and the subsequent drying step. If ambient
temperature starts fluctuating during the last wafer processing, témperature information
30 between the pdiht of excursion and the bcginning of the next wafer can be used to
detect a magnitude of the ﬂuétuatioﬁ;’ Statistical models are used to calculate a new
polymeric temperature and spin Spced that is then usé(_i 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) 2 linear

function of the ambient temperature, (ii) a linear function of a first constant times the
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material. The fluidic nediumtenperature is proportional with the polyneric
tenperature. The tenperature of the substrate can be determ ned by
measuring a tenperature of a substrate support that is thermally coupl ed
to the substrate. Substrate 30 tenperature can be neasured or. obtained
by, (i) nmeasuring the substrate tenperature directly by neans of opti cal
acoustical , ambleheefperstiephis s s@Oad ¢oReiHl (A &R substrhte My & is 4 he

t enper at ur e, %th' }).her C(%gjpl e, RITD, th?rn‘t'hst%r, of fhe substrate support
that is thSHEHGOREEDEH T TAEPTALE L1 e drbstatsying ik sespf ®ndi cat i on
of the substargmidratictfempion oftafiret conistant tichgs tienmtbisnt REptdard, piiPLsaéndre, With a .
t her nocoupl e .or .35 t.herm sto f the substrate support that is
thermal |y c&%ﬁ%gn %Stﬁ%aembs'%tg{nlpa?@hafﬁ'ﬁad'é‘f%cé’"s‘t?%at i nfformation to calcul ate
t he sulbfstrate teriperditcuembodBudnsofitd peseatppentiont £pglgmertcihateriab is similar to
the fluidic ' ature in.t | royides.an.ndirect. measure of
substrate tef ek&zg%%ﬁsg{ggﬁj@%&IA&%%ﬁn{l}?th%étH% |ﬁ‘ﬁ1vf°g’r%énrcg' ﬁ‘%"é"{&? Bvi di ng an

i ndi rect moweasved or dée tempemaiurepf|thel sybsgate 6 denpipedit AiveiatiGuipste at e support

t enper at ur e-deﬁﬁ!ﬂn%uﬂﬁﬁé%ﬂrﬁ*& Y&l 1 sph&e%@ﬁégﬁﬁattfaﬁ' in%#@r%gagér j cal

sensor, an optical sensor, a thernocouple or a resistive tenperature
devi ce. A vHbstratetemnpeialirg, pideaseens of e Pelimériatempeasshper ambisng tempemmees ur ed by

neans gf a aﬁ@pg@gﬁmﬁnggﬁ§g{eedﬂmu%&erm)coupl e, therm stor and the |ike.
One or nore of the substrate tenperature, polynmeric tenperature or a

substrate dryi nd®¥gprtass smbodipent pibepraseptiayeation. o variation isthe mepserhd det ect ed

variation i polyhRrid @miperagttictarEal BiYespbRRREha listhRed VAFigiRIRMeyY, the variation
-in the anbi ené,m':cﬁ‘ggerat ure from a&ai nt ended val ue is _nmeasured prior to

appl i cation?8 BEFOHET 7deasfehng ity subHrate femPeIRipe F 2RIt BIPFANEE. | n one
enbodi ment = ahd & hestpnedeing spimsieed is adjustddne tenperature of the substrate is

det ect. and t he ol ri.c material. tenperature and the anbi ent tenperature
are 15ﬁ’dne asur ed 6?%“6%/ p'ltﬁgmateef PRRRIE] 8mt°ﬂtg’? BRLFRAE 2PRRTAEF; @ IS“‘fagfglf‘FTe

substrat e. Thewitothy 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 im.plemented with
other spin-coating apparatus known in the art.
20 ‘ Spin-coating apparatus 10 includes a housing 12 in which a rotatable suppdrt
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 r!'ng 22 is positioned adjacent to spin chuck 14 and receives excess
25 resist liquid flowing off the surface of wafer 16 during the spinning operation. An
annular exhaust chamber 24 receives the resist. Exhaust chamber 24 exhausts process
control 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 s;ﬁread 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.
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material is preferably delivered to the substrate surface after adjusting
at |l east one of the substrate tenperature, polyneric tenperature, anbient
tenperature and substrate drying spin speed in response to the detected
variation in the neasured anbient tenperature. 20 In another enbodinent, a
~wafer coating cycle includes the steps of, (i) positioning a wafer on a
spi n chuck, (ii) Apiihsared in Eigirs 8, ane emhedimerft of a cantrblsystem $6 that)can bpi nni ng t he
vaf er 1o di Sigh bith &l gb%tnﬁ%mﬁipéﬁatu?‘l’@fs shd¥éh. \hes) sygaemmm?us%p@fﬁse (iv)
renovi ng any excess resist Iiquid and (v) evaporation of solvent fromthe
coating. Fi gthieh ¢anjbe p gerventiosal d@ﬁ@péamenewmoﬂ@mttoneckw&émanuwtent ion. All

of the 25 tesﬂaﬁﬁe@waﬁ%u@am%er@%ﬂE&Lisneaqmﬂa@ mUR ¥naMit0aspradet er m ned
sanpllng rate. ‘Data can be avera in some Tormto increase the signal to
t

noi se ratio. °Wﬁ@‘%¢@@§“@6‘éﬁéﬂedg‘6‘ﬁ“§°*§ﬁ% chuck. Tenperatures are

sanpl ed. Si gni fi CARNEmbibARSmPRFRurd St 82 50850 fi@fipetature AR 84 polfiieig t he
di spensing step and the subsequent dryi rc(}' step. |f anbient terrperature

starts fl uctES‘E‘PF‘ﬁE}WdEﬂSPh‘b‘S e gach cuplef yfth M%@gwﬁgsw’éﬁw &ir e

information ted@edd@i-WeRor 42\d|TPUES podvidsGaBIS Walth and ftuktﬂmbaglherummt of the
next wafer can be us et ect amagtude of the fl i

Statistical WB‘B%’F%"eé’?g’eﬁg’é?fP?eéc PIPGInE D SPINR0G/ g ABPARRY | fJB ‘&r ature and
spin spéed t hmt cirﬂ:etahmcammdoﬁsmg 12hsivelad @itside D @ s@atar alodeis. Sensor 46ent to the

correspondin ontr ers cal cul at kKing, as well as
i npl ement at i gafq%of“ c?wgmf?é’al chp‘ltplat SRy G ie%ar eq%one af,‘éf rgﬁfgdgﬁ spense step.
35 Fora gi veestnpmieyutsmtetamamralRolwdwcpmipym&m enoe Apomdt acanvedtionlle, (i) a

i near func | r I tion of a
first consta O%GS%ESJILF %Egkga%el%ﬁ{[’p% 5egrvﬁ ua&e'd‘)’}%édaep@g})j%qgonstant
(iii) the sublsmda&leia&rvwmarspﬁmct@p@éuw|tesnmranquaﬂhemh0tprdsi§mtumom of the

anbi entlstenpgﬂ'p?agdjgo%quafgrsg)fa&he substrate drying spin speed is a quadratic
function of I rst constant tinmes the anbient tenperature, plus a second

constant tinmes th&n ambiraiiempesiipe Fantalie 48] ybstatersmpeptie pastralir 508nd n anot her

embodi ment  ofojAgicRéRARre oM S0 Are BuREd WilBfcbgeciRlBhudhambEBPEr at Ure s

determ ned. An anbient tenperature in the vicinity of the substrate is
ports of CPU 38. Ambient temperature controlier 48 receives control signals in

response to signals from sensor 42 required to maintain the ambient temperature at the

20 ambient set temperature. The substrate controfler 50 receives control signals in
response to sigﬁals from substrate temperature sensor 44 required to maintain thé chill
plate temperature at the chill plate set temperature. Polymeric temperature controlier
$2 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-level DOE was designed, as shown in Table 1, for the develbﬁment of

a 2D-APC model. DUV resist UV5 and I-line resist SPR508A, 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. Ail'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 unifolrmity. Once the optimized resist temperature

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



nmeasured. The tenperature of the substrate is determned. A variation in
the determ ned substrate tenperature detected. In response to the
variation in the nmeasured substrate tenperature, at |east one of the

. polyneric tenperature, anbient tenperature 10 and a substrate drying spin
speed are aqj. . A not, her enbodi . Of .the present invention, a
vgri ation igl"#%’é“%?r%’é‘%ﬁé‘g‘{m%%%}%ﬁ‘é %’ﬁ%@zﬁg{ Ej?{f”i%’;at yagraw they response
to the det eotabass apated with process oftrbeord (FBORMevdrewitlémpsirat spedficatibnd east one of
the substrate tenperature, anbient tenperature
speed is adjusted. 15 Figure 1 illustrates one enbodi ment of a spin-coating
apparatus 10 suitable for. use wiEXAMRBEdet hods of the present invention.

Spin coating apparatus 10 is nDreU{,E!BIe%“Fﬂgscri bed in U S. Patent
5,670,210, the entire contents of W C incorporated herein by
ref erence. HoweveddV> fildhipkness sensitipity toisein preedstest vay designed apshowain Tablei npl errent ed

with ot her 2sp| HriCodbhit BIURPRISAHIHScIARIWilel em@diﬁ%mf’,@nﬁp& n-coating
apparatus 10 includes-a housing 12 in which a rotatable support chuck 14

i s positi onSeRiftnsEsHeakated igheck the sffecs ofpeating sendition chapgsape thehuck 14 i s

mount ed on ah&litisgtaBhylReARARRC WePl ¢ MIGROBE AU HaRAPISE RRWsyBHLEd in a
pedest%l ZOL;i\f/Ym ch,is provided with a nmeans to raise and | ower spin chuck.
14. Atl%nnul t??oﬂﬂ‘cﬁ% ,°°ﬁB%5H"f‘oned adj acent to spin chuck 14 and receives
excess 25 [ bedrédsed Alddngb TT OWI[NG OTT the Surface Mwl ng the

Spi nni ng operation. annul gr, _exhaus anber 44 receives_the|resist.
Exhaust chafB8 e?ﬂ"ééﬂ"gusts prid¥E %’“pﬁéﬁg%ofsetgases’“f'ﬁ%‘ﬁpﬁ?g irkcted to the
waf er surfafe and directs the |gohanss=3¢gms2g to arp exhaust chanper 26 and
an exhaust ftonduit 28. During ckoe)sat i 920%1_ spi n doating apparatbs 10,
resist liqu{d is applied to ar “°30°BBpéf “surface jof wafer 16 byla resi st

di spensi ng pystem 30. Support |[chuck 14 is spun 4gnd resist liqujd is spread
over the suffgee—of—water—16—Hy—cent+Fuga—Foreq—Excess- resist sol ution
fl ows over aﬁﬁ‘ﬁ""gé?e.?flél&nénpﬁ, captured B9 Bhaust JIEBEE S5 ERE | enoved

t hrough a r peinpenspstibmeindui tf 32. Referring now|ttocdmmgbsae 2, spindle 8 is

Q

10 U caont ra f oAl fore

coupled to admpéepr 34-by neang of a ‘ uniformity change.
‘ Optimize spin speed to TIR<174 ‘Optimize spin speed
compensate thickness to compensate '
change.' thickness change.

Table 1. DOE of 2D-APC Mode! Development

and a substrate drying spin

S8 =3400rpm S§8=3450rpm SS=3500rpm
Air Temp=193°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. Temp Optimized Re. Temp Optimized Re. Temp

15

Table 2. DOE of Thickness Sensitivity to Spin Speed

Uniformity and Thickness Control




35 shaft 36. A z-notion cylinder 38 and slide 40 provide a neans to raise
and | ower the chuck 4., A power coupling 76 couples electrical power to
nmotor 34. 7 As illustrated in Figure 3, one enbodi nent of a control system
36 that can be wused with spin coating apparatus 10 is shown. Contr ol
system 36 includes a CPU 38 which can be a conventional desktop conputer
or work station. CPU 38 has an input channel and an out put channel or port
coupled with a spindle controller 40. Spindle 5 controller 40 has an

out put coupl ed wi ILX{FQ’?B‘PIO‘F“ ‘sair temperatuist uader diffmetsetinging asewerodetdyinedubst r at e

t enper at ur e mmrsetliaémt Wl 409Einl the ab@ARARLB WAL FitREAGOL ﬁ@v%ﬁmﬁ%&ﬂscoum ed
with CPU 38 ﬁ‘) royvi S g als. Anbjent. tenperature sensor 4 and CPU 38
provi de sign es&ﬂﬂi‘“ﬁ‘fs'&'?% Cgpt’f"ﬁ RTETSHEPREP! copespidemprsiationpespisaarashaweinof t he
at mosphér e sUsilolifod DUy . trhmlmplemﬁﬁwnge@mamaé&&s mﬁmmam}b:ﬂn?% Zzone can
Sensor 44

be anywhere |n S utsl de of a coater

can be a conVeR? hl?egn {]]‘9’ %F’Te? °f>’f“£“ém Gt 'B’BWW\HFT"PP“E’IPW%SO aidCits signal
used to est wanteiusdbsThiat wast meé(ﬁbwrrﬁeanf’(ﬂf}’tﬂ&fel ®adi® REOftRh WieresigNSOr 46
can be a conygl :’aéﬁ#l%lép ggént(agez%ﬁ;Msol uﬁ ratur sensor coupled with

an i nput chann pr ob g P'@ﬁp"ﬁ e a function of the
tenperature #f the photoresist solution 15 appl ied to the wafer surface. An
ambi enygtenpgrature controller 48, substrate tenperature-controller 50 and
polymeric tenperature controller 52 are coupled wth respective output
channel s or wn{\rfc of . CPIL 38 Anhient tenperature controller 48 receives
control sighalN’n response tolsi gﬁ’éﬂ"&“‘f‘ﬁ"ﬂfﬁ‘r%ensc}r ABTPEquired {to maintain
t he anbi ent terrperatuﬁ@}é@wWeT%Om'émOBmll}menature The sjubstrate

control |l er pU Tecei ves controt Bl gndl ST TEeSponge-to—sigats—Hr om
substrat e tenperatur-eSenser—44i-r-egui-ed4-0 "'sa-m-ll-n_t_h.e_cb.l_u_pl ate

S800 .
tenperaturelat—the chill plate Ket tenpérature. Polyneri o t enperjat ur e
control l er | 52 receivks control|signal s> responge to stgnals fjrom

pol ymeri ¢ tienperaturetsensor 46f requireésddio nal njal n tn:en porymgri c
tenperat ure[ at tne poj yMETTC SEf TENPET giger e 257t ccgo evet—BOE was

desi gned, as—shewr—a—Ftaptg - —tor—the developmenl of
. ir Tenp Decreases without Compensation

85=3450rpm; Re. T=22°C; Air T=19.3°C(20.45); CP T=2i°C

1 ~ 5788 6.8
7 5790 6.1
3 S789 6.3
4 5790 ' 6.4
5 5791 _ 6.1

Air Temp Decrease compensated by decrease resist temp only {1 dimensional)
58=3450rpm; Re.T=21.6°C; Air Temp=19.3°C(20.45); CP T=21°C

1 , 5792 _ 26
2 5793 29
3 5792 , EW
4 , 5795 26
3 5794 - - 32

Air Temp decrea;e compensated by decrease resist temp and spin speed
88=3435rpm; Re.T=21.60°C; Air Temp=19.3°C(20.45); CP T=21°C

T 3504 37
) TT5R06 31
3 O 3308 33
7 3807 34
3 5R03 35
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35808 -

35.

] &l W] w2

5809

33

Sprisgpeed—to Tl R<17

5808

3.4
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Table 3. Tabulated 2D-APC UVS Resist Coating Results

Figure 4 is a graph illustrating UV'S 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 degree above or below the

POR set point. Figure 4 also illustrates that withina 0.75°C air temperature fluctuation

range, film uniformity was controlled to a selected value by adjusting the resist

temperature.

Figure 5 is 2 graph illustrating film mean thickness with fluctuations in
tgnp-crature. Without APC contro! 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

I5

" levels werc-zill within the . 10 A range.
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conpensate thickness to conpensate change. thickness change. Table 1. DOE
of 2D APC Model Devel opnent SS = 3400r pm SS=3450r pm SS=3500r pm Ai r
Tenmp=19.3 C Air Tenp=19.3 C Air Tenp=19.3C Optim zed Re. Tenp Optim zed
Re. Tenmp Optimzed Re. Tenp Air Tenp=20.3C Air Tenp=20.3 C Air Tenp=20. 3C
Re. Tenp=22C Re. Tenp=22C Re. Tenp=22C Air Tenp=21.3C Air Tenp=21.3C Air
Tenmp=21.3C Optinmized Re. Tenp OptEXAMEPEERe. Tenp Optinized Re. Tenp Table
2. DOE of Thickness Sensitivity kprsppirEseRggd 15 Unifornmity and Thi ckness
Control 9 The actual track air tenperatures under different set points are
were determ ned. -The RH set point was 40% and the actual value was within

40.3 - 40.5% for sl; . b BRNSL: Y A s control
0 A illusdBk® irSFigurd§ aﬁd\r’]@'sqlkmbﬂrfﬁ}n ﬁg@@%ﬁy a%(b@{lﬁg(?l&é

concept _denonstration results are shown in 5 Table n"this
Exanpl € 1, BET%h WrEsafvahuploth by radisstingsresish femderatuss and Spin ipeef Wsrethe eisnt r ol | ed

Wi thin desi rigebes@iM fl@tualel MWiinWh @M ‘@it tehipERGfeFhudtuidnl izt Uih iRAGRf - 0 . 75
C was inducelﬁi. %hi s was achi ﬁved by neans of nodel baste variation of
resist tenpf8f dPUPFRyvery conofied by sujustipg, ths, Fesist EmprmRroand RN Sped speed. 10
Vaf er No Measscofdingtk the Sriventidn BikElosed Brein. A SS=3450rpm Re. T=22.0C, Air T =
20.3C (21.3); CPT = 2IC 15801 3.5 2 5800 3.5 3 5805 4.2 4 5804 3.1

10 - ' EXAMPLE 3

Control Models

The corresponding resist temperature and spin speed at which film thickness and
uniformity can be maintained at different air temperatures for UVS and SPRSO8A
15 respectively were determined. Equations (1} and (2) are generated by first aﬁd secoﬁd
order polynomial fitting of data shown in Figure 8 with a statistic confidence level above
99.5% for UV5. Equations (3) and (4) are generated by a first and second order
~ polynomial fitting of data shown in Figure 9 with a statistic confidence level above 99.5%

for SPRS0RA. '

20

UVS Resist
"Equation (1) Tre. Temp = 0.533T Airemp + 10.69
Equation(2)  SS=8.889Ttemp 350.22T nic Tep + 6880
25

SPR508A
Equation (3)  Tre 7emp = 0:5Tair temp + 8.9
Equation (4)  SS=391Titemp 160.94T pirpemp + 4302
30 '
Using Equations 1 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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5 5805 3.0 Air Tenp Decreases w thout Conpensation SS=3450rpm Re.T=22C,
Air T=193C(20.45); CP T=21C 1 5788 6.8 2 5790 6.1 3 5789 6.3 4 5790 6.4
5 5791 6.1 Air Tenp Decrease. conpensated by decrease resist tenp only (1
dimensional ) SS=3450rpm Re.T=21.6C Air Tenp=193C(20.45); CP T=21C | 5792
2.6 25793 2.9 35792 3.2 4 5795 2.6 5 5794 3.2 Air Tenp decrease
conpensated by decrease resist tenp and spin speed SS=3435rpm

Re. T=21.60C, Air Te”p:193qm-ﬁ_§)_(ﬂ'es@w3- 7 25806 3.1 3 5808
fenp i ncrease without conpensation

3.4 4 5807 3.4 5803 2. 10 Air Te ]
SS=3450r pm Re. nghfé,”” tP“%E“Zi%“' ¥p jickgess andspinppepd wasiapggimaglydineg 5813 5. 7
3 5817 5.8 . within certain spin speed ranges when other coating conditions were constant. Figures 10

5 and 11 are graphs of film thickness and uniformity as a function of spin speed under
different conditions. Figure 10 illustrates that the thickness sensitivity to spin speed, e.g.,
the slope of each curve, is very similar, about 0.9 A for all three conditions. Figure 11
shows that uniformity is independent of spin speed under ali three conditions. Figure 12
is a graph of film development rate as a function of exposure dosage. Figure 12
10 establishes that the model based embodiment of the present invention does not effect the
lithography performance of the film as described by the constancy of develop rate curves
with various air and resist temperatures. This establishes that the present invention can
accommodate 2 wide variety of resists and other liquid polymers.
The foregoing description of a preferred embodiment of the invention has been
15 presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Obviously, many
modifications and variations will be apparent to practitioners skilled in this art. Tt is
intended th'at the scope of the invention be defined by the foliowing claitns and their

equivalents.
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4 5811 5.6 5 5815 6.2 Air Tenp increase with resist tenp increase
conpensation - SS=3450rpm Re.T=22.4C, Ar T=213C(21.95); CP T=21C 1 5821
3.1 25822 3.9 3. 5822 3.4 4 5823 2.9 5 5826 3.3 Air Tenp Increase with
resist tenp and spin speed increase conpensation SS=3475rpm Re. T=22.40C,
Air T=213C(21.95); CP T=21C 5807 3.7 2 5805 3.8 3 5808 - 3 5 4 5809 3.3
5 5808 3.4 Table 3. Tabul ated 2D APC LUV5 Resist Coating Results Figure 4
is a graph illustrating Wb resist filmuniformty with and w thout resist

5 tenperature adjustnment Figure 4 illustrates that w thout resist

t enper afde adjustnment, filmuniformty deteriorated to average 6. OA from
3.5A at one degree above or below the POR set point. Figure 4 also
illustrates that within a 0.75C air tenperature fluctuation range, film
uniformty was controlled ta a selected value by adjusting the resist

t enper at r dllustratin Il mmean thickness with
e BiAERceld ) G 2 pbOn Bl WSOl RR b e o meribes oas o
aver age belreasirinPORmpoiatkBes sha\peRmidie EARE and
15A abo e the Pﬁéthl crEFr)less when d\?hg air n?%t?rgéélr at ué@h\ﬂ{abie%ég@%rﬁéﬁh APC

contrdf, h%y'clnrﬁté’ ke AdPHratgecr easi ng the resist tenperature and spin speed
the Tilm tyepdingnmoeP@Gshraturd B ff didstBiEnt air tenperature

detecting a variation in the measured ambient temperature; and

adjusting at least one of the substrate temperature, polymeric temperaturs and a
substrate drying spin speed in response fo the detected variation in the measured
ambient temperature to control a unifotmity of a hub{iimens,ional profite of the polymeric
material within a first control limit and to control a mean thickness of the polymeric
material within a second control limit.

2. The process of claim 1, wherein for a given polymeric material the polymeric
temperature is a linear function of the ambient temperature.

3. The process of claim1, 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 claim1, wherein for a given polymeric material the 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.

14




15 levels were all within the 10 A range. 11 EXAMPLE 2 SPR508 Resist Film
As illustrated in Figures 6 and 7; SPR508 resist filmuniformty and
thickness 5 control were eval uated by adjusting resist tenperature and
spin speed when the air tenperature fluctuated. Wthin a 0.1C air
tenperature fluctuation range, filmthickness and uniformty were
controlled by adjusting the resist tenperature and spin speed according to
the invention disclosed herein. 10 EXAMPLE 3 Control Mdels The
correspondi ng resi st tenperature and spin speed at which filmthickness and
uniformty can be maintained at different air tenperatures for UV5 and
SPR508A 15 respectively were determ ned. Equations (1) and (2) are
generated by first and second order polynomal fitting of data shown in

Fi gur @ Bhepracess of akairsti, swheoeihitde polymaicahatehiavie a RRi%YadteriaUV5. Equati ons
(3) and (4) are generated by a first and second order polynomal fitting
of data shown in Figure 9 with a statistic confidence |evel above 99.5%

for SPREQS t T 10. 69
Fauat) on (o oess SN et et Bt PR M e WA A bLP 5 5
Equatm@ﬁs'qry)g Ffempeeitresy autstrate sughat HBgt a;tthem'lalm c@pled B BkTZar T~p

160. 95455 Td" p + 4302 30 Using Equations | and 2, and il lustrat ed in
Fi gure § {Eﬁe correspondi ng resi st

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

9. The process of claim1, wherein the temperature of the polymeric material is detected
by one of measuring a temperature of the polymetic material directly or fneasuring a

- temperature of a fluidic medium used to control the temperature of the polymeric
material.

10. The process of claim1, wherein the variation in the ambient temperature from an
intended value is measured prior to application of the polymeric material to the
substrate surface.

11. The process of ¢laim 1, further comprising : delivering the polymeric material to the
substrate surface after adjusting at least one of the substrate temperature, polymeric
temperature, ambient temperature and substrate drying spin speed in response to the

detected variation in the measured ambient temperature.

12. The process of claim1, wherein the substrate is a8 semiconductor substrate,
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tenperature and spin speed changes were nmade when the air tenperature was
changed for the UVS resist coating: Using Equations 3 and 4, and
illustrated in Figure 9, the corresponding resist 35 tenperature and spin
speed changes were made when the air tenperature was changed for the
SPR508A resist coating. 12 Film Thickness Sensitivity to Spin Speed The
correlation between filmthickness and spin speed was approxi mately I|inear
within certain spin speed ranges when ot her coating conditions were
constant. Figures 10 5 and |I | are graphs of filmthickness and uniformty
as a function of spin speed under different conditions. Figure 10
illustrates that the thickness sensitivity to spin speed, e.g., the slope
of each curve, is very simlar, about 0.9 Afor all. three conditions.

Fi gur 31 Thegeggss elstaim i wherein the sutistrdepisndesnhicohdaionwspged under al |
three conditions. Figure 12 is a graph of filmdevel opnent rate as a
function of exposure dosage. Figure 12 10 establishes that the nDdeI based

enbodil e Theqirotdss Erasamt, WHEYSIRhE ford tﬂ%%f‘ﬂ%é Eﬁﬁs&:ﬂ& is Jgiét%hf%ga

perfo manqe of. the filmas described constancy
cur veS'® RFYRSUG T ﬁ%a'é?mp&rﬁtuw%thet %ﬁb@nhtamwatu‘fblase ﬁ&t@hh&&bn%r tbhat t he

pr eseddlivierine e e variety of resists and ot her
g PO ASCABTDAESuBotil

| i quid pol yhers or egol ng “on of a preferred enbodi nent of the
i nvention has been 15 presented for purposes of illustration and

descrj s not i ntended to be exhaustive or to limt the invention
to thLé) @5?%%‘3% BF Ayig e Ic mgaTRl Bresentranya substiiate mtnprmngand

vari ati onsm@gédn BRRGES ed | i,s art is
i ntended that t t?gec?scope 0 rtett?gtﬁéﬁlmntelngr}@%taﬂgﬁqﬁe qu‘ﬂg t%\p?fﬁﬁmﬁg cl ai ns
and tm&ie viceiyiof thesubstrate; A ai ns A process for dr ying a pol yneric
mat eri al subs rat co sing: neasuring a tenperature of the
pol yneric ma% ilt'mﬁr‘l:'a% gme 5“&%}}'@%t ure
detecting a variation in the measured ambient temperature; and
adjusting at least two of the substrate temperature, polymeric temperature and g
substrate drying spin speed in response to the detected variation in the measured
ambient temperature to control a uniformity of a two-dimensional profile of the polymeric

material within a first control fimit and to control a mean thickness of the polymeric
material within a second control limijt.

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 surface,
comprising: |

measuring a polymeric material temperature and an ambient temperature in the
vicinity of the substrate;
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inthe vicinity of the substrate; determning a tenperature of the
substrate; detecting a variation in the nmeasured anbient 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 anbient tenperature to control a uniformty of a

t wo- di nensi onal profile of the polyneric material within a first control
limt and to control a nean thickness of the polynmeric material within a
second control " limt. 2. The process of claim1l, wherein for a given
polynmeric material the polyneric tenperature is a |inear function of the
anbi ent tenperature. 3. The process of claim, wherein for a given
polymeric material the polyneric tenperature is a |linear function of a

first consteternitingestanfie:aibe effhel RIMRAEALUre plus a second constant. 4.
The process of clainm, wherein for a given polyneric material the substrate

drying spPeirdisgenvarationdn thn deteemingdaubstratst temperattg;emd t enperat ure. 5.

The procesgiphingl-al i : i I ic.material th

substr at ol ging ek onBaf b SoilferE sehbBRe g, KRt sRbe e it ant
t i mesubsteaterdsviegtspirespaedinuesporpeus the detstedvamtindnthé MRsurde anmbi ent
t enperat,ur.e .pl us third constant. 14 6. The process of claim1l, wherein
t he ﬁ‘(ﬁ%ﬁﬁtﬁt mﬁﬁfagweal is aresist mterial. 7. The process of clain,
wherein the tenperature of the substrate is detected by neasuring a
tenperature of a substrate support that is thermally coupled to the
subsi8.atiberogess pirdaies17,0fherem for &, givérepelymetibendteripiahatponaneic t he

substr i et ected. by._one_. of anl ensor, an acoustical sensor, an
opti%ﬁ%@h@%?&f gin?ﬂ%@ﬁéﬂ%gﬂgeeﬁﬁﬁbﬁ%éﬁgﬁrﬁw. tenperature device. 9. The
process of claim, wherein the tenperature of the polyneric material is

detected by one of neasuring a tenperature of the polyneric naterial
di r et Yhe pregasstidamal 7, 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.

20. The process of claim 17, wherein for a given polymeric material the 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. |

22. The process of claim 17, wherein the polymeric material is a resist material.
23. The process of claim 17, wherein the temperature of the substrate is detected by

measuring a temperature of a substrate support that is thermally coupled to the
substrate. '
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tenperature of a fluidic mediumused to control the tenperature of the
polynmeric material. 10. The process of claim, wherein the variation in

t he ambi ent tenperature froman intended value is nmeasured prior to
application of the polyneric material to the substrate surface. 11. The
process of claim1, further conprising : delivering the polyneric materi al
to the substrate surface after adjusting at |east one of the substrate
tenperature, polyneric tenperature, anbient tenperature and substrate
drying spin speed in response to the detected variation in the nmeasured
anbi ent tenperature. 12. The process of claim, wherein the substrate is a
sem conduct or substrate. 15 13. The process of claim1l, wherein the
substrate is a sem conductor wafer. 14. The process of claiml, wherein the
tenperature of the substrate is detected and the polyneric materi al

tenperatpure and th nbient te rafure are asured prior to delivering
the par yHis PRGeer 8F P 18 Wheralh s fesmeratuce ohihg Wbt srdalested §ya

pol y BREi oF dFpfFese i i Sing: ing a
t enper at ure of trﬁdeu rﬁfﬁ%ﬁt'gﬁ'ﬁﬁﬁﬁﬁﬁﬁfaﬁ%ﬁ %k@?@ﬁ%@@%ﬁﬂdy in the

vi ci fesistiver termpersiuse dedice; deternining a tenperature of the substrate;
detecting a variation in the neasured anbi-ent tenperature; and adjusting at
| east two of the substrate tenperature, polyneric tenperature and a

subsbalieedsipicags 6DHING PESFhéIN SRIGATRrAArd Sﬁhéﬁbﬁt%% H%ﬁ:n%ﬁéfiiso.” in the
mty of a

measured, anbient tenperature to control a unifo wo- di mensi onal
pr of §igtectsd by EgasiTing ope of pdewpemturg oftha pelmera matetial diretiynot byand t o

cont ; It ; i material w,thin a second control
[ g Aol pef RS £l BRI oy SR B sl e eBhemrafiragt ¢ ne
pol yiherpalymetiematkeridlo t he substrate surface after adjusting at |east two
of the substrate tenperature, polyneric tenperature, and substrate drying
spin

26. The process of claim 17, further comprising:

delivering the polymeric material to the substrate surface after adjusting at least
one of the ambient temperature, the polymeric temperature and the substrate drying
spin speed is adjusted in response 1o 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.

28. The process of claim 17, wherein the substrate is a semiconductor substrate.
29. The process of claim 17, wherein the substrate Is a semiconductor wafer.

30. The process of claim 17, wherein the temperature of the substrate is detected, the
polymeric material temperature and the ambient temperature are measured prior to
delivering the polymeric material to the substrate.
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speed in response to the detected variation in the nmeasured anbi ent
tenperature. 17. A process for drying a polyneric material present on a
substrate surface, conprising: neasuring a polyneric material tenperature
and an anbient tenperature in the vicinity of the substrate; 16
determning a tenperature of the substrate; detecting a variation in the
determ ned substrate tenperature; and adjusting at |east one of the
pol ymeric tenperature, anbient tenperature and a substrate drying spin
speed in response to the detected variation in the nmeasured substrate
tenperature. 18. The process of claim17, wherein for a given polyneric
material the polyneric tenperature is a linear function of the anbient
tenperature. 19- The process of claim 17, wherein for a given polyneric
material the polymeric tenperature is a linear function of a first
const IS ' rature plus second constant. 20. The
pr oce?gt' 04‘\_ cl ai%ﬁ%,a%i?gf)% fH%‘g%“élelﬁfeﬁSF ?isé'gﬁ’ﬁ@*@rﬁuéiaﬁﬁhe substrate
dryi nGOSHIeIpeed is a quadratic function of the anbient tenperature. 21.
The proces f.claiml7, wherein for a given polynmeric material the
substrate %ﬁ%ﬁ”ﬁ'ﬁgépﬁ’%]y@ﬁgé@ﬁ%ﬂ%! taﬁ'@efémecaﬁdjanahd:ﬁemtemp%'ratete manst ant
tinesvkmﬂqaﬂhh@@ubg&ﬁgperature, pl us a second constant tines the anbient
tenperature plus a third constant. 22- The process of claim17, wherein
the pol yneff Mgliey pdemperaiureedfi the subsiesteal . 23. The process of claim 17,
ubstrate I1s detected by neasuring a

wherein th re of the

t enper at ur gefg? ﬂfg&é ?ﬁf‘?ﬁ%‘? o é\?d{f‘z?ﬁr"'f‘ﬁ%tsut’%trﬂtﬁé@mﬁ@u@oapded to the

subst r at e. adjis@y aflleastrnecsIhe @b i in. tenper ature of the

Substrate s detected by ponyAieH RelberftiRd, HrnibibiftehHRs A Urs o
substrate drying spin speed in response to the detected variation in the meadsured

substrate temperature.

32. The process of claim31, 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 detenmined substrate
temperature.

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:

deteciing a variaﬁon 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. : '
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one of an IR sensor, an acoustical sensor, an optical sensor, a
thernocouple and a resistive tenperature device. 25. The process of claim
17, wherein the tenperature of the polyneric material is detected by
measuring one of a tenperature of the polyneric material directly or by
measuring a tenperature of a fluidic mediumthat is used to control the
tenperature of the polyneric material. 26. The process of claim17,
further conprising: delivering the polyneric material to the substrate
surface after adjusting at |east one of the anbient tenperature, the
polymeric tenperature and the substrate drying spin speed is adjusted in
response to the detected variation in the determ ned substrate
tenperature. 27. The process of claim 17, wherein the variation in the
substrate tenperature is determned prior to application of the polyneric
materjal_to the substrate surface. 28. The process of claim 17, wherein

the sitbsthaPeaess gt saincohwierIn faimsivenmalymeric metets frenalyotericl ai m 17,
uher GbMpbRaufrtRS il thiciriiThe ARMHGH UmPBERNe 30 The process of claim

, Wherein the tenperature of subs e s 'detected, the polyneric
material tenperature and the anmbient tenperature are neasured prior to

del i veri t he pol tic material to the substrate. 18 31. A process for
dryi t% aﬂ%ol?{;’r?g%’ (?YF%{'E%SaW Freie &ita given giGmaterigl thecrolymesifpr i si ng:
Meas yhperaauieak YRida® AtRhicta freN Rl thhd ' ein
the i gi nity of the substrat g; det ersmdr{\iﬂﬁ% a F%@Eﬁ%ﬁ&%ﬁ%gﬁ}gu strate;
det eéEFW eoREANtat i on in the determ ned substrate tenperature; and

adjusting at least two of the polyneric tenperature, anbient tenperature
and a substrate drying spin speed in response to the detected variation in

t he BBaHeqiiocesISt ¢lain® 3BEWRGIR fire: given polymeric material the substrate
drying spin speed is a quadratic function of the ambient temperature.

37. The process of claim 33, 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.

38. The process of ¢laim 33, wherein the polymeric material is a resist material.

39. The process of claim 33, wherein the temperature of the subsirate is detected by
measuring a femperature of a substrate support that is thermally coupled to the
substrate.

40. The process of claim 33, wherein the temperatu're of the substrate is detected one

of an IR sensar, an acoustical sensor, an optical sensor, a thermocouple and a resistive
femperature device.
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32. The process of claim31, further conprising: delivering the polyneric
material to the substrate surface after adjusting at least two of the
anbi ent tenperature, the polyneric tenperature and the substrate drying
spin speed is adjusted in response to the detected variation in the
determ ned substrate tenperature. 33_ A process for drying a polyneric
mat eri al present on a substrate 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;
detecting a variation in the measured polyneric tenperature; and adjusting
at |l east one of the substrate tenperature, anbient tenperature and a
substrate drying spin speed in response to the detected variation in the

meas ufedTheprooess iof cladmids;, atherein 19 teddperfhee pif aaepslyeleric ngatatials wher ei n
for a,give lyneric material the pol ric tenperature is a linear
functqeg‘ra‘ldg? @ﬁ@g%%lr@rﬂn? Q’%‘b%’ﬁ?‘?@@ﬁ’e @gt erprlymese daafetal ditestivosBY wher ei n
for anehs(fimgReteriPsrbfr R arfudi i ' 1L Bl Lngar
function of ga_ first C(gnst anqﬁ#'?m@'@ﬁéﬁaﬁn%:ugﬁ?E‘??ﬁ@é@éﬁ%?‘%ﬁ%‘?%@%ﬁsecond
consth@polysencrhatesiabcess of claim 33, wherein for a given polyneric

material the substrate drying spin speed is a quadratic function of the
anbi ent tenperature. 37. The process of claim 33, wherein for a given

pol ywer iThevmoeesabf ¢lhien SBbHhBANI® theatialin I ik POISRRricTeMpakAGiAL! ¢ function
of a first constant tines the anbient tenperature, plus a second constant

t i meSIFWreHBIYHe anpiipakien of bemolmeric matenal to e subistrag8sufaes. pr ocess of
claim 33, wherein the polynmeric material is a resist material. 39. The
process of claim 33, wherein the tenperature of the substrate is detected
by 43. The process of claim 33, further comprising:

delivering the polymeric material to the substrate surface after adjusting at least
one of the substrate temperature, polymeric temperature, ambient temperature and the
substrate drying spin speed in response to the detected variation in the measured
polymeric material temperature. |

44. The process of claim 33, wherein the substrate is a semiconducior substrate.

45. The process of claim 33, wherein the substrate is a semiconducior wafer.

46. The process of claim 33, wherein the temperature of the substrate is detected, the
polymeric materiai temperature and the ambient temperature are measured prior to
delivering the polymeric material to the substrate.

47. 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;
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measuring a tenperature of a substrate support that is thermally coupled to
the substrate. 40. The process of claim 33, wherein the tenperature of the
substrate is detected one of an IR sensor, an acoustical sensor, an
optical sensor, a thernocouple and a resistive tenperature device. 20 41.
The process of claim 33, wherein the tenperature of the polyneric materi al
is detected by neasuring one of a tenperature of the polyneric nmaterial
directly or by neasuring a tenperature of a fluidic mediumthat is used to
control the tenperature of the polyneric material. 42. The process of
claim 33, wherein the variation in the polyneric tenperature is neasured
prior to application of the polyneric material to the substrate surface.
43. The process of claim 33, further conprising: delivering the polyneric
mat eri al teterthmimpbdempeetisner diahe sabsteatead] usting at | east one of the
substrate tenperature, polyneric tenperature, anbient tenperature and the
substr at ed%tPgﬁ%aélﬁﬂﬁh%rggb eirﬂe?%gﬁ‘gpﬁé’é@%“qtﬁ@ﬂ%%@&?&ﬂ‘d\/ari ation in the
measur ed i 1850 kRT : j m 33,
whor o1 n 1 AQISTES! EagPhE) drthe SHOBRIS i pordlie, PRBIHIERRLAL ST O
cl ai sntBdrateviesing spinrapesdin respoase $o the defiectmuduriation wa fler med6ureihe process
of clgim 33 wher%i n the tenperature of the substrate is detected, the
pol V'i"(‘?"ﬁﬁ?'gp?'gﬂ L"‘teerrperature and the ambi ent tenperature are neasured
prior to delivering the polyneric material to the substrate. 47. A process
for drying a polyneric material present on a substrate surface,
conpt8-si ng: neH¥PIasgsa of eljiedds ebLotmsiigl ymeri ¢ material and an
anbi ent tepper e i . LCLnit : injng a
P o LRENAY Mol el Fatbfibi bt Slinksie MiBEE Ui aditishid SF 1t

two of the substrate temperature, ambient temperature and the substrate drying spin

speed in response to the detected variation in the measured polymeric material

temperature.
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detecting a variation in the measured polyneric tenperature; and adjusting
at |east two of the substrate tenperature, anbient tenperature and a
substrate drying spin speed in response to the detected variation in the
measured polyneric tenperature. 48. The process of claim47, further
conprising: delivering the polynmeric material to the substrate surface
after adjusting at least two of thaBSEBACIte tenperature, anbient
tenperature and the substrate drying spin speed in response to the
detected variation in the nmeasured polyneric nmaterial tenperature 22
ABSTRACT  METHOD FOR TWOD DI MENSI ONAL ADAPTI VE PROCESS CONTROL OF CRI Tl CAL

DI MENSI ONS D I j IdiTTeri c
mat eri al presen (]))r?ﬁgﬂsubs wﬁﬁ%é@ﬁf@n%g@l?ESg?@ﬂ]ﬁgﬁpo yneric
material is nmeas n i in icinity of the
Substrate. Ate gj’g{g‘i"g W?ﬁﬁ?ﬁ@% gi’ﬁﬁ?&"’ﬁﬂ@@@ﬁo@%n ation in
the nmeasured anbient tenperature is detected. The substrate tenperature,

pol ymeric tenperature, anbient tenperature or a substrate drying spin speed

is adjusted in .response to the detected variation in the neasured anbient
tenperature. FiAgprogess for drying a polymeric material present on a substrate is provided.

Temperatures of the polymeric material is measured and the émbient temperature in the
vicinity of the substrate. A temperature of the substrate is also measured. A variation
in the measured ambient temperature is detected. The substrate temperature, polymeric
10  temperature, amblent temperature or a substrate drying spin Speed 1s adjusted in

response to the detected variation in the measured ambient temperature.

Fig. 1




