67,200-1005 1 2002-0765 APPARATUS AND METHOD FOR ENHANCI NG WET STRI PPI NG
-OF PHOTORESI ST FI ELD OF THE | NVENTI ON The present invention relates to
phot ol i t hography processes wused in the formation of integrated circuit
(1C patterns on photoresist in the fabrication of sem conductor o
integrated .circuits. Mre particularly, the present invention relates-to
an app@ﬁq@@@_gggsnethod for enhancing viet stripping of photoresist froma -
waf er by %QLQH%ining a low viscosity of a strip chem cal or solvent :
dispenseg onto Phe waf er to enhance spread of the strip chem cal or

solvent fromthe center to the edge of the wafer. BACKGROUND OF THE

| NVENTI ON The fabrication of various solid state devices requires the use
of planar substrates, or senm conductor wafers, on which integrated

circuits are fabricat ecdPPEARATYSH ANDMBIZIQD GHOR/iBNHANGIING f unct i onal
integrated circuits on a wafer at the end of the IC .fabrication process is-
‘of utnpst inportance to SEEN STREIRRING ORIPHAIGRE®ErS; and increasing the -
yield of circuits onthe wafer is the main goal of sem conductor
fabrication.. After packaging, the. circuits on the wafers are tested,
wherein non-functional dies are B

FIELD OF THE INVENTION

The present invention relates to photolithography processes

used in the formation of integrated circuit (IC) patterns on
“‘photoresist in the fabricatioﬁ'-of semicohduCtor. inteérated
,circuits.. More particularly, the'preseﬁt invention relates to an
apparatus‘and method for enhahcing wet'stripping of phoforeéist
from a wafer by maintainingﬂaﬂlow visCositydof a strip chemical or
'soivent dispensed onto'the wafer to enhance spread of thé strip

‘chemical or solvent from the center to the edge of the wafer.

BACKGROUND OF»THE INVENTION

'The'fab;ication of varioué solid étaté devices requires the
gse Vof planar  substratés; or semiconductor_ wafers, on which
ihteg;ated circuits are fabricated. The final number,_or yield, of
functional integrated circuits on a wafer at the end of the 1IC
fabrication process is"of utmost importance to semiconductor
manufacturers, and increasing the yield of circuits on the wafer is
;hevmain goal of semiconductor fabriqation. After packéging, the

circuits on the wafers are tested, wherein non-functional dies are



67, 200- 1005 2 -2002-0765 marked using an inking process and the functional
".dies on the wafer are separated and sold. IC fabricators increase the
yield of dies on a wafer by exploiting econom es of scale. over 1000 dies
may be forned on a single wafer which neasures fromsix-to twelve inches
in di.ameter. Various processing steps are used to fabricate integrated
circui t s o -sepgsonduct or wafer. These2 steps include deposition of a
conduct igymd-aygds on the silicon wafer substrate; formation of a .
phot or esi st or other mask such as titaniumoxide or silicon oxide, in the.
formof the desired netal interconnection pattern, using standard

| i t hographi c or photolithographic techniques; subjecting the wafer -

substra et chi rocess to remove the conducting layer fromthe
ar eas n&tl%rgtc?\gg?lgd gya’f‘hie&g’a‘gg( Prodfsipcetdls fyncheonahdlirs mp ithgewafert he
formof the masked pattern_ on the -substrate; renoving or stripping the

mask | af&e SEHRrates sngsepdde t@@lﬁ@brycmSQn@ ImenéaseeuMeayﬁﬁldndfCBiéélne
gas, t her eby exposing the top surface of the conductive interconnect

I ayer andacwelfengbaneixplyitihg kezotthtless WEsktale . bYorPP! i g1 dfi%ts%a
nitrogen gas to the wafer substrate. Photoresist materials are coat H onto

the surfaemed on walsdhgle wafer which measures from six to twelve inches

in diameter.

Various processing‘steps are used to fabricate integrated
cireuits on a semiconductor wafer. These'steps include deposition
of a conducting layer on the.silicon.wafer substrate; formatiqn'of
aAphotoresist:or.other_mask such.as titaniuﬁ okide -or silicond
oxide, in the form-of the desired metal interconnection.éattern;
u51ng standard llthographlc or photollthographlc technlques,
subjectlng the wafer substrate to a dry etchlng process to remove
the conductlng layer from the areas not covered by the mask
'thereby etching the conducting layer in the form of the masked

.pattern on the substrate; removing Oor stripping the mask.layer_from f
the substrate typically using reactive plasma and chlorine gas,
thereby exposiag the top surface of the conductive_interconnect
layer; and cooling and drying.the wafer substrate by applying water

and nitrogen gas to the wafer substrate.

Photoresist materials are coated onto the surface of a wafer



3 - 67,200-1005 2002-0765 by dispensing a photoresist fluid typically on
“the center of the wafer as the wafer rotates at high speeds within a
stationary bow or coater cup. The coater cup catches excess fluids and
particles ejected fromthe rotating wafer during application of the
photoresist The photoresist fluid dispensed onto the center of the wafer
S Sprea tmardlé toward the edges of 8he wafer by surface tension

n

generate trifugal force of the rotating wafer. This facilitates
unlforn1%$ t@&8%on of the liquid photoresist on the entire surface of the
wafer. During the photolithography step of semiconductor production, |ight
energy is applied through a reticle mask onto the photoresist material
previously deposited on the wafer to define circuit patterns which will be
et ched Ibvadwlbeﬂaﬂﬂ@tappn@eéfeggsétgmu&e g?fibaié&hsnctﬁé%éﬁtef &Pethe
wafer. Areticle is a transparent plate erned"wth a crrcu

be f fe | he
c?rcﬁf%fﬁﬁ@ EOLUERE TornceTarAigh %E&‘@? Retaite %Z%é%tﬁe‘é%%ab”%fne

die, forg nd st be ste d and repeated across the entire
surface 6? mafe #% ﬁPnggf,Cprﬁéggﬁﬁ§kex€ﬁs frefsiiidsnenddearticles
- ejected from the rotating wafer ‘during application of the
'photoresist. The photoreeist fluid dispensed onto the eenter of
the wafer is spread outwardly toward the edges of the wéfer'by
'su?face tension generated by the centrifugal force of the ;etéting
wafer.  This facilitates uniferm apblicatien of the liquid

, photoreéist_on the entire surface of thevwafer,

During_the.pﬁotelithogfaphy step of semiconductor prodhction,
light energy ie.applied through‘a'feticle.mask onto the photoresist
material previeusly. deposited 'en .the wafer to define circuit

-Lpatterns which will be etched in a subseéuent processing step to
define the circuits on the wafer. A reticle is a transparent plate
patterned with a circuit image to be formed in the photoresist
,coating on the wafer. A reticle contains the circuit pattern image
for only a few of the die oﬁ'a wafer, such as four die, for
example, and thus, must be'stepped and repeated across the entire
surface of the wafer. In contrast, a photémask, or mask, includes
the circuit pattern image for all of the die on a wafer and-

requires only one exposure to transfer the circuit pattern image



the.circuit pattern image for all of .the die on a wafer and- requires only
‘.one exposure to transfer the circuit pattern inage 67, 200-1005 4 2002-0765
for all:- of the dies to the wafer. The nunerous processing steps outlined
above are used to cunulatively apply nmultiple electrically conductive and
insulative layers on the wafer and pattern the [ayers to formthe
circuitsg7,éﬁvifdd§u yield of functional4circuits on the wafer depends on

pr oper %ijgégqﬁn of each layer during the process steps. Proper
application o ose :layers depends, in turn, on coating the nmaterial in

a uniformspread over the-surface of the wafer in.an econom cal and
efficient manner. Spin coating of photoresist on wafers, as well as the
other steps in the photolithographty process, i-s carried out in an

aut omat dPXc Getlergld e opiss ttaadthes wstfen usi ng waf er handling equi prent
whi ch transport the wafers between the various photolithography operation.
stations, such as vapor prine resist spin coat, devel op, baking and -
chilling stations. Robotic. handling of the wafers m nim zes particle

generation artherah@eddUBI®rodH ! egtégéerodtrﬁ%% € & L3%e QSeq to
processing operations to be carried out Sinultaneously. Two types.o
aut9natQ§n&ﬂ§ﬁﬁw§M3;%&Edy'multiple electrically conductive and insulative.
. layers on the wafer and pattern the layers to form the circuits.
rThe final yield of functional circuits on the wafer depends on
proper application of each layer during the process stéps., Proper .
application of those layers depends, in turn, on coating the
material in a uniform spread over the.sufféce of the wafer in an

economical and efficient manner.

Spin,coéting of photoresiét én_wafers, aslﬁeli as the other
steps in the phptplithographty process) is carried ouﬁ in'an.
automated coater/developer track syStem ,using wafér handling
equipment which transport the .wafers between the varioﬁs
photolithography operation stations, such_as'fapor prime resist
spin coat, develop, baking énd chiiling stations. Robotic,handling
of the wafers-udnimizes partiéle genéfation and wafer damage.
Automated wafer tracks-enablé various pfocessing operations to be
cgrried out simultaneously. Two types of automated track systems
widely used in the industry.are the TEL (Tokyo Electron Limited)

track and the SVG (Silicon Valley Group) track.



wi dely used in the industry are the TEL (Tokyo Electron Limted) track and
"the SVG (Silicon Valley Group) track. 67,200-1005 5 2002-0765 A typi cal

met hod ef forming a circuit pattern on a wafer includes introducing the
wafer into the automated track systemand then spin-coating a photoresist
[ayer onto the wafer. The photoresist is next cured by conducting a soft
bake proges§00A 555 it is cooled, the wgfer is placed in an exposure
apparatu§oostz a stepper, which aligns the wafer .with an array of
di e patterns %hed on the typically chrone-coated quartz reticle. \Wen
properly aligned and focused, the stepper exposes a snall area of the
wafer, then shifts or "steps" to the next field and repeats the process
until the entire wafer surface has been exposed to the die patterns on the
reticle.' ThePphoPdcadi stetilmodxpbsdbrming ght cﬁb{lggg?at&%rhetdrpl g iAafkhe
circuit imge pattern.. Exposure of the photoresist his i mge pattern

cross- | i Bhelades hanttariudiig HHRS helf airn ihRe c r ter  the
al i gni ng and exposi ng stZE{ t he waeerlls efﬁgsggﬁ?@g%%gﬂgg%@%§W'&eEaﬁPﬂg

and thenthén dgyehoped and- t;lg tﬁagggsa de el o}g ho or esi st pattern

The circuit pattern defi ned eve e pHdteY esisthps
next trQ§§$€5fé§&§é)léﬂ%%xgnggégélﬂg 5§%§hc€ﬁ£§%f%%%% bake process. After -

it is cooled, the wafer is placed in an exposure apparatus, such as
Sa stepper which allgns the wafer w1th an array of die patterns
:etched on the typically chrome-coated quartz reticle.  When.
_properly aligned and focused, the stepper exposes a small area-of
' the wafer, then shifts or “steps” to the next field and repeats the
Aprocess until the entire wafer surface has been ekposed to the die
patterns on the reticle;t Ihe_photoresist is'exposed to light
through the‘retiele in the cireuit image pattern. Exposure of the
:photores1st to this image pattern cross- llnks and hardens the
resist in the circuit pattern. After the aligning and exposing

"step, the wafer is exposed to post-exposure baking and then is

developed and hard-baked to develop the photores1st pattern

VThe circuit pattern»defihed by the developed and hardened'
‘photoresist is next transferred to the.underlying_metal conductive
layer usihg a metal etching process, in which metal over the entire
surface of the wafer and not ' covered by the cross-linked

photoresist is etched away from the wafer with the metal under the



| ayer using a netal etching process, in which netal over the entire
"surface of the wafer and not covered by the cross-linked photoresist is
etched away fromthe wafer with the netal under the 67,200- 1005 6
20020765 cross-linked photoresist that defines the circuit pattern
protected fromthe etchant. As a result, a well-defined pattern of

metal | i cg7mbebogbgstroni c circuits whichecl osely approximates the cross-
l'inked phghorggsigt circuit pattern remains in the netal |ayer. After the
circuit pattern is etched in the netal |ayer, residual photoresist remains
on the wafer. During the-netal etch process, sone of the photoresist

resi due becones sputtered fromthe. wafer and redeposited onto the side
wal | s of the netal circuit structures. Additionally, some. of the .
photoreng?S?gghggeégRh??ﬁ?ﬂ?13&e§@@§nﬁ@fAHQSpththinpuﬂI pattepnl prerdated
.residue. These photoresist..residues nust be renoved fromthe wafer prior
to  conpfEPRnEhe hetelBuitabr iAmtd arequliress welypidedlingd phetwehess ifetallic
subjected to a two-step process for .renoval of the photoresist reactants -

and resi dierbeberthenvafl erircuifte fwhsEhStE@Rdd1 D ' OXWGEIL .
pl asma (plasma ashing) step which renoves nDSE}ogpgf?ﬁgﬁé%%% Sﬁ?eacte

sznggl1iﬁh@§9p§§té£e§£§@1éffc%@éeﬁatgg§nsggﬂgfn§tfﬁ {ﬁeaﬁg§§15¥é§é%.
After the circuit pattern is etched in the metal layer,

" residual phqtpresist remains on theiwafer. During the metal etch
process, some of the photoresist residue becomes>sputtered‘from the
wafer ahd ;edeposited ontd the side walls of the netél circuit
structuresﬂ Additionaliy, some of the photoresist reacts with etch
réactants and prdducts to form polymefic.-residue. * These
photoresist residues must be . removed from the wafer; prior to

‘completing the IC fabrication process.

_Typically,'the wafer is subjected to a two-step process for
rgmoval of'the photorésist reactants and residue from the wafer.
The first step'in the process is an oxygen plasma (plasma ashing)
step which removes most or all of the  unreacted residual

' photoresist from the wafer. The second step is a wet strip process
which is used to remove the polyméric residue from the wafer.
During the oxygen plasma step;'the unreacted residual photoresist

reacts with the oxygen to form volatile compounds which leave the



which is used to renove the polyneric residue fromthe wafer. During the
"oxygen plasma step, the unreacted residual photoresist reacts with the
oxygen to formvol atil e conmpounds which | eave the 67,200-1005 7 2002-0765
waf er surface. However, the gases present. in the oxygen plasma tend to
react with and harden sone of the residual photoresist, which remains on

the wafe %Q tﬂﬁ gubsequent wet strip sttep a solvent solution is used to
renove tgg' Pathea residual phot or esi st generated during the oxygen
Bp<-9%enel |

pl asma s as the polyneric residue formed fromthe photoresist
during the nmetal- etch process, fromthe wafer and circuit structures.
Figure 1 is a cross-sectional, partially schematic view of a typica
conventional wafer support 10 for supporting a wafer 18 in a strip chanber

(not showafedusimfagephoturwesiest, Wale Sidids PHPEESSE 12N p 0 .
typically includes a shaft 12. which ?% con%ectedttégaeg ugﬁ&?gﬂtﬁ?é%aé a

couplin e: ehyi IS S ted e.chuck 16. As the shaft 12
rotgtesgﬁiﬁdcﬁgcﬁe%%E §ﬁ§§%ﬁﬁuaa?er %@ ga%%o%?e %Fhé%EB%Pa& F&ﬁﬁfﬁe§PFFp
chem cal ;1201 - Ls,an.proganikc_solvent, is dispensed froma dispenser 22
onto the %%%e#géﬁr gcgﬁoFﬁ?hgaggfer %Q; he SCENEBL WREr 86KIPTRESPst BRI p

chem cal gf sgreads ogtmardtg_over t he surface of the wafer
solvent " "solution i used to remove the hardened Tresidual

photoresist generated during the oxygen plasma step, as well as the
polymeric residue formed from the photoresist during the metal etch

process, from.the wafer and circuit structures.

" Figure 1 is a crossfsectional,-partially'échematic}view of a
typical conventional wafer support 10 for supporting a wafer 18 in
a strip chamber (not shown)fduring a photoresist;ﬁet strip procésé;
The wafer support',lo'-typically' includes a shaft 12 which- is :
connected to»a bhuck 16 through a coupliné 14. The wafer 18 is
‘supported 6n thé chuck 16.' As the.shaft 12 rotates the chuck 16
and the wafef i8 suppoftedvthereon, a liquid strip chemical 20,
Which is'aﬁ organic éolvent, is dispensed from é;dispenser 22 onto

. the gpper surface of the wafer 18,.at‘the center thereof. The
s;rip ¢hemica1 20 spreads outwérdly'over the surface of the wafer
lS,due to the centrifugal-force\exerted on_theIStrip chemical 20 by
thé spinning. wafer 18. .In this manner, the dispensed strip
chemical 20 is distributed from the center toward the edge of the

wafer 18. The strip chemical 20 removes residual photoresist (not



18. .due to the centrifugal force exerted on the strip chemcal 20 by the
"spinning wafer 18. In this manner, the dispensed strip chemcal 20 is
distributed fromthe center toward the edge of the wafer 18. The strip
chenmi'cal 20 renoves residual photoresist (not 67,200-1005 $ 2002-0765
shown) fromthe surface of the wafer 18, |nclud|ng circuit lines etched in
t he condgetggg igygr on the wafer 18 in g previous netal etch process,

pri or to ? d fabrication of integrated circuits on the wafer 18.

Duri ng t me ri pping process outlined above, the strip chemcal is
typlcally heated prior to being dispensed onto the surface of the wafer.
In contrast, the wafer typically renmains at roomtenperature as the strip
chem cal js djspensed onto the wafer As a result, the heated strip
chenicals$ LbEFQWtFQ?IFuééép@doipdme(Kﬁﬁemnl&utim¢lmﬂmmg6ﬂrrdﬁuilﬂﬂneS
decreases the viscosity' of the strip chemcal. Consequently, distribution

of the sek¢pedhbmitde comductuinid drapeapiorad He Gaflhe 16eRhes f).‘@e\?ﬂﬁlse%aqf'
the wafer is hindered, resulting in nore effective renoval of

phot or esésth prEsialie E’rq@rt ke ééﬂtiﬁheér%rféatcﬂgl)?fgptggrgf cﬁ)ec{upth%rsl:

areas of the wafer. Accordingly, a nethod 1s nee I'n a|n|ng
el evat edohepRer@i £ P§.a strip chemcal during a wet stripping

Durlng the wet strlpplng process outlined above, the strlp
’chemlcal is typically ‘heated prior to belng dlspensed onto “the -
surface of the wafer. In contrast, the wafer typlcally remains at
room temperature as the strip chemical is dlspensed onto the wafer.
As a result, the heated strlp,chemlcal-ls substantially cooled upoa
oontact-with the wafer, and this decreases the v1scos1ty of the
strip chemical. Consequently, dlstrlbutlon of the strip chemlcal
in a uniform spread from the center to the-edge of the wafer 1s'
~ hindered, resulting in more effective removal of the photoresist
residue from the‘oentrai areas as compared to the peripheral areas
of the wafer.. Accordingly, a method‘is needed for maintaining the
elevated temperature of a strip chemical during a Wet stripping
- operation in order to maintain the chemical at a low'visoosity for

enhanced spread of the chemical over the surface of the wafer.

An object of the present invention is to provide an apparatus

and method which is suitable for maintaining a low wviscosity of a



operation in order to maintain the chemcal at a | ow viscosity for
".enhanced spread of the chenical over the surface of the wafer. An object of
the-present invention is to provide an apparatus and nmethod which is
suitable foor maintaining.a |low viscosity of a 67,200-1005 9 2002-0765
strip chem cal during the stripping of photoresist froma wafer. Another

obj ect of,} %)prgfent invention is to prgvide an apparatus and nmethod for
facilitatihngY8- Qétantially uniform spread of a liquid process chem ca
from t he <9#&76Pegi on to the edge regions of a wafer, which apparatus and

method is not linmited to use-in photoresist stripping processes. Another
obj ect of the present invention is to provide an apparatus and nethod
whicch is suitable for heating a wafer prior to and during dispensing of a

heat ed statiripcbbeindahlodiueihbe tief @itrfiggi_n t Be EHBEBEQQ_iéErfP@\’% Wifer.
renoval of photoresist fromthe wafer. Stil'l another object of the present’
invention is to provide an apparatus and. nethod which -is suitable for

enhancing uniformty in the spread or distributi.on of a strip chem cal on
the-surface o el;.. | oner i or _maintaining g |l ow viscosity of the
liquid stri p‘kéﬁgr}ﬁ\g?al(gbﬁ%cft andt htg% oBfEﬁ?néf 10YE mS i R9eREPEAdEs ap
provi de an n L o )
apparatus and method for facilitating - a substantially uniform
.spréad of a liquid process chemical from the center region to the

edge regions of a wafer, which apparatus and method is not limited

'to use in photoresist stripping processes.

Another object of the present invention is to provide.an
apparatus and method which is suitable for heating a wafer prior tb
A;_and during dispensing of a heated strip chemical onto the wafer for

‘the enhanced stripping or removal of photoresist from the wafer.

Still another object of.theApresent invention is to provide an
apparatus and method which is suitable for énhancing uniformity in
:the'spread or distribution of a strip chemical on the surface of‘é‘
_Wéfer by lowering or maintainiﬁg a low viscosity of the liquid

strip chemical.

Yet another object of the present invention is to provide an
apparatus and method which utilizes a heated wafer chuck to

facilitate heating a wafer to a target temperature substantially



apparatus and nethod which utilizes a heated wafer chuck to facilitate
“.heating a wafer to a target tenperature substantially 67,200-1005 10

2002- 0765 equal to the tenperature of a liquid strip chem cal dispensed
onto: the-wafer during a photoresist stripping process. A still further:
‘obj ect of the present invention is to provide a nethod for. enhancing

di stribugyonggf,@y4iquid process- chemcg over the surface of a wafer,
whi ch el 99‘%98 udes heating the wafer to a target tenperature; heating
the process chenical to the target tenperature; rotating the wafer; and

di spensing the strip chemcal onto the wafer as the wafer. is rotated. Yet
anot her .object of the present invention is to provide a nethod for

i nproving the renoval of photoresist froma wafer. .SUMWARY OF THE

| NVENTI CREN&! ale@ delfartespeinat uttee st and igner sbbjpctlemibda hdibepcages, ohke .
.present invention is generally directed to an apparatus and nethod for
enhanci nghenvébem dyring taeplspr 60ds Dt as O DEEHEy GhaseLad such  as a liquid
strip chem cal or solvent over the surface of a wafer. to enhance contact
.of all areas of the wafer with the chemcal, such as during the renoval or
stripping of photoresist fromthe wafer. The apparatus includes a wafer

chuck having g fepfersfQher object of the present invention is to provide
'a.method.for,enhancing distribution of a 1iqﬁid process: chemical

" over the surface of a wafer, which method includes heating the
wafefvto a target tempe;ature;'héating ﬁhevprocéss bhemical to the-

target temperatﬁre; rotating the wafer; and dispensing the strip

-'chemical onto the wafer as the wafer,is rotated.

Yét another object of the preSent invention is £0'proviae a

method for improving the.removal of phdﬁoresist from a wafer.
SUMMARY OF THE INVENTION .

In accbrdance with these and other oﬁjects andvadvantagés, ﬁhe
'present invention is generally directed to an apparatus and method
for enhancing unifofmity in the spread of ‘a process chémical such
as a liquid strip chemical or solvent over the surface of a wafer
to enhance contact 6f all areas of the'wafer with thé chemical,
such as during the removal or sﬁripping of phdtoresist from. the
wafer. The apparatus includes a wafer chuck having a heater for

heating the wafer chuck and a wafer supported on the chuck. The



heati ng the wafer chuck and a wafer supported on the chuck. The 67, 200- 1005
- .11 2002-0765 wafer chuck and wafer are initially heated to a desired
target tenperature which is substantially the sanme as the tenperature of
the process chem cal, after which the process chemcal is. dispensed onto
‘the surface of the rotating wafer. The process chemcal is naintained at
the desired target tenperature on the hgated wafer to maintain a | ow

vi scosi t§7 od0¢he0¢r ocess chemical and thus, enhance wunifornity in

di stri buid@oh-®76spread of the process chemical from the center to the
peripheral regions on the wafer surface. BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention will now be described, by way of exanple, with reference to
t he acconpanying drawi ngs, in which: Figure 1 is a schematic view,

parti al lyafér CERESKRSARRI Wared! a:@et'Xﬁ&EQEl?E?PEx%QEEB”%'G Rt 8Lg g&é’oﬁérc_gé’t{

supporting a wafer during a photoresist st I'ng process; . Figure is a

hemat i Y in _sgction,. of f t in inpl tation -
of the praeanBAl il i RO Y Sl dRl Uie, teanreoh MR Lo

fabri cati,on rocess;'Figur 3 %s a flow diagram according to a nethod of
t he 67,566§ eps chemical, after which the process chem;cal is dispensed

onto the surface of the rotating wafer. The process chemical is
maintained at the desired target temperature on the heated wafer to
maintain a low viscosity of the process chemicai and thﬁs, enhance
-ﬁnifqrmi;y in disﬁribution or spread of the @rocess chemical from

- the center to the peripheral regions on the wafer surface.

BRIEF DES.CRIPTION OF THE DRAWINGS
- The invention will now be described, by way of example, with

reference to the accompanying drawings, in which:

Figure 1 is a schematic view, partially in cross-section, of
a typical conventional wafer support for supporting‘a wafer during

a photoresist stripping process;
Figure 2 is a schematic view, partially in sectidn, of a wafer
support in implementation of the present invention for supporting

~a wafer during a semiconductor fabrication process;

'Figure 3 is a flow diagram according to a method of the



2' 002-07.65 present invention; and Figure 4 is a top view of a rotating

- wafer, nore particularly illustrating. distribution of a process chem cal
fromthe center to the peripheral regions on the wafer surface in

i npl ementation of the present invention. DESCRI PTI ON OF THE PREFERRED
"ENBCDINENTS The present i nvention has particularly beneficial utility in

enhancin Ooi phot oresi st from a fer by heating and nmintaining a-
|OMIVISCO 10 trip chemical or solVent after the chemcal is
dlspense@ % surface of the wafer in order to facilitate a

substantlally unlforn1spread of the strip chemcal or solvent fromthe
center to the edge of the wafer. However, the invention jis not so. limted
in application, and while references my be made to such phot oresi st
renoval @essnti proteertical; @nd sol vent,. the present invention is nore
generally applicable to enhancing the spread or distribution of any type
of -liquid. process chem cal over the surface of a wafer during the
fabrication of integrated circuits on the mafer Referring Initially to

Figure 2, a wgfief,,SURPqKt aBQobnv%%w 8F %Oro atlng wafer, more partlcularly

illustrating distribution of a process chemical from the center to
‘the peripheral regions on the wafer surface in implementation of

the present invention.

DESCRIPTION OF THE PREFERRED 'EMBODIMENTS

.The_present invention has particularly beneficial utility in -
enhancing removal = of photoresist fror_n. a wafer by heating and
maintaining a iow.viscosity of a strip'chemical-or solvent after
the chemical is dlspensed onto the surface of the wafer in order to
- facilitate a substantlally uniform spread of the strlp chem1ca1 or
solvent from the- center to the edge of the wafer. However, the
1nvent1on is not so limited in_applicatron, and while references
-may be nﬁde to such photoresist'removal and strip chemical .or
solvent, the present invention is more generally appllcable to
enhancrng the spread or dlstrlbutlon of any type of liquid process

chemical over the surface of a wafer.durlng the fabrication of

integrated circuits on the wafer.

Referring initially to Figure 2, a wafer support 30 in



2002-0765 accordance wth the. present invention is typically nounted. in

 a process chamber (not shown) for the processing of sem conductor wafers
38.. For exanple, the wafer support 30 is particularly adapted for a
spin-type wet strip photoresist strip chanber available fromthe SEZ

corporation of Phoenix, Az. The wafer support 30 typically includes a
shaft 32 which is connected to a chuck t hrough a coupling 34. The upper
surface a@f, 2de- 1dock 36 supports the wafer '38. A chuck heater 44,

typi cal Ippdwwi7es @ generally inverted cone-shaped heater body 45, is
provided inside- and in thermal contact with the chuck 36, according to the
know edge of those skilled in the art. A chenical dispenser 42 is disposed

above the chuck 36 for dispensing a process chemical 40 onto the upper
surface of .t fer.38, at ,the center thereof, as the wafer 38 is
Redpatfartetushe b

rot at ed as

r
erel naff

EEdCTRe Ot Oexits (/i apblas mounteds in a

i npl enent ati on of - the present.invention the chuck 36 of the wafer suppo
30 suppdtteCess \ehiaibegs 480t hehaahdr 38 isheubrectssing af webmstohdw: tgr
process for the renoval of photoresist (not shown) fromthe patterned

upper

that the wafer support 30 nay be used to support the wafer

dafierse 8. t hFomaf erafflef ortlexanpier Hoppwet. 3ot i§3gageié&p&dly
In any ot

type of aufagtess Forwhachspind e ivetdi sReRBe LI Orddifst * strip  chamber

'available from the SEZ corporation of Phoenix, Az. The wafer
support 30 typically includes a shaft 32 which is.connected to a
chuck 36 through a éoupling_34. The upper surface of the chuck 36
supports fhe wafer:38. A‘chuck heater 44, typically having a
genérally inverted ¢one-shaped heater body 45, is provided inside

-and in thermal contact with the chuck 36, according to the

1 knowledge of those skilled in the art. 'A'chémical dispenser 42 is
~disposed above the chuck 36 fbrvdispensing a process chemical 40
~onto the upper surface of the wafer 38, at the center thereof, as

the wafer 38 is rotated as hereihaftet described.

Referring next to Figures 2-4, in implementation of 'the

wafer 38 as the wafer 38 is subjected to a wet stribping process

rt

her

. present invention the chuck 36 of the wafer support 30 supports a

for the removal of photoresist (not shown) from the patterned upper -

surface of the wafer 38, for example. However, it is understood

-that the wafer support 30 may be used to support the wafer 38 in

any other type of process in which a liquid is dispensed onto the



14 wafer for coating of the wafer with the liquid. Initially, the chuck
heater 44 is energized to heat the chuck 36 and the wafer 38 to a desired
target tenperature, such as 40 C, for exanple. As the shaft 32 rotates the
chuck 36 and the wafer 38 supported thereon, the chuck heater 44 maintains
t he chuck 36 and the wafer 38 at the target tenperature. Aliquid strip
chemical or organic solvent 40, such asl4T- 250, a trade-name of Advanced
Technol ogy Materials, Inc., for exanple, is next heated to the desired
target tenperature (40 Cin this case), and then dispensed fromthe

di spenser . - Ay d .Lhe center
Sha (B g, el Foedapfie IRAS wilfir WRE (0 e, Dftidhy e LEK neker £ i

centri fugal fquéE spreads tq&strif chem cal 40 outvvardlé over the surface
of the wafergged foheatiae chighe3o angthe wakes 38daardesitad tagetlemEEUSsL i n a
spiral pattern, as showmn in Fig. 4. As the wafer 38 is rotated by the ‘

rotating cdughlas3d6 “@)dosbedhpR2Astthe skdfusR rbadsahe ¢Huclcddhhduad Wifend8t s t he
chuck 36 which, in turn, heats the wafer 38. Accordingly, the tenperature
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mai ntained at a relatively |ow value. This |ow viscosity of the strip
chemical 4befaert lempesaiure Wb igaid staplojiemical or wrgandosolvent 40.surlbas 81-t he
strip chem cal 40 over the entire surface of the wafer 38, between the

s SO, B2 ur g T o 3
heated to the desired target temperature (40 °C in this case), and then dispensed
from the dispenser 42 onto the upper surface of the rotating wafer 38, at the center
38a (Fig. 4) thereof. Due to the rotating motion of the wafer 38, centrifugal force
spreads the strip chemical 40 outwardly over the surface of the wafer 38 from the
wafer center 38a toward the wafer edge 38b in a spiral pattern, as shown in Fig. 4.
As the wafer 38 is rotated by the rotating chuck 36 and shaft 32, the chuck heater 44
continually heats the chuck 36 which, in turn, heats the wafer 38. Accordingly, the
temperature of the strip chemical 40 on the wafer 38 is maintained at the elevated
target temperature, and thus, the viscosity of the strip chemical 40 is maintained at a
relatively low value. This low viscosity of the strip chemical 40 facilitates

substantially uniform flow or migration of the strip chemical 40 over the entire

surface of the wafer 38, between the wafer center 38a and the wafer edge 38b. The



sur.face of the wafer 38, including circuit lines etched in the conductive
- layer on the wafer 38 in a previous nmetal etch process. Finally, the wafer
38 .is. typically rinsed with DI (deioni-'zed) water to renove the residua
strip chem cal 40 and photoresist prior to continued fabrication of
integrated circuits on the wafér 38, in conventional fashion. Wile the
preferred enbodi nents of the invention e been described above, it wll

" be recoghf z&¥0 aHPunder st ood that various nodifications can be nade in the
i nventi on0@hd0Tde appended” clains are intended to cover all such :
modi fi cations which may fall within the spirit and scope of the i nventi on.
16 CLAIMS: 1. A nethod of maintaining a process chemcal at a | ow
viscosity during a process, the method conprising the steps of: providing

2 vaf er ;sViens IGMBrlLeack by b UeHOFEE 1 40,7 ra%rt%%gﬁwgrggu%ﬁ%t Bhung, e

process chenlcal to said target tenpera
and dIS t rocess che ont.o a,center of said heated and
rotatin' gf gﬁé %ggﬁﬁﬁ g@to?BFiB%PBQCF&FﬁP} \M%HQﬁrﬁ%ﬁhQﬁfﬂﬁuth@
sai d mafer tar%
con uctlve layer on the wafer 38 in a prev1ous metal etch process
Finally, the wafer 38 1s‘typlcally.r1nsed w1th DI (deionized) water
to remove the residual strip chemical 40 and photoresist prior to

continued fabrication of'integratedvcircuits on the wafer 38, in

conventional fashion.

‘While the preferred embodiments of the invention have been
described above, it will be recognized and understood that various
modifications can be mede in the invention and-the‘appended'claims
are intended to cover'alltSuch modifioatiohs.Which may fall within

- the spirit end scope of the invention..‘



tenperature conprises the steps of providing a wafer chuck, providing said
wafer on said wafer chuck and heating said wafer chuck to said target
tenperature. 3. The nmethod according to claim2, wherein said providing a
waf er chuck conprises the step of providing a chuck heater in said wafer
chuck and wherein said heating said wafer chuck to said target tenperature
conprises the step of heating said chudR heater to said t ar get
tenperature. 4. The nmethod according to claim 3, wherein said chuck heater
conprises a generally inverted cone-shaped heater body. 5. The net hod
accordi ng ¢pagps.-one of clains 1-4, wherein said target tenperature is
about 40 C—I7 ®6. A nethod of enhancing renoval of a photoresist froma
waf er, the nethod conprising the steps of: providing a wafer; heating
directly said wafer to a target tenperature; providing a strip chemi cal
heati ng sal-d stAimetbodof owintamisgiadroegsgshe et alaw &viscopidy dufing asai d

heat ed waf er ; an(hedi éﬁeasi ng said heated strip chemcal onto a center of
sai d heat d¥O&FRS> tedneihpd GoRErising the steps ofet hod according to claim 6,

wherein said h i i fer to a target tenperature conprises the
steps of provi g?%gﬂgn‘%\g%%\%huck, provi di ng sai d wafer

heating directly said wafer to a target temperature;

heating the process chemical to said target temperature;

rotating said heated wafer; and

dispensing the heated process chemical onto a center of said heated and

rotating wafer.

2. The method according to claim 1, wherein said heating said wafer to a target
temperature comprises the steps of providing a wafer chuck, providing said wafer

on said wafer chuck and heating said wafer chuck to said target temperature.

3. The method according to claim 2, wherein said providing a wafer chuck
comprises the step of providing a chuck heater in said wafer chuck and wherein said
heating said wafer chuck to said target temperature comprises the step of heating

said chuck heater to said target temperature.

4. The method according to claim 3, wherein said chuck heater comprises a

generally inverted cone-shaped heater body.

5. The method according to any one of claims 1-4, wherein said target

temperature is about 40 °C.



on said wafer chuck and heating said wafer chuck to said target
tenperature. 8. The nethod according to claim7, wherein said providing a
waf er chuck conprises the step of providing a chuck heater in said wafer
chuck and wherein said heating said wafer chuck to said target tenperature
conprises the step of heating said chuck heater to said target
tenperature. 9. The method according tojgl aim8, wherein said chuck heater
conprises a generally inverted cone-shaped heater body. 10. The net hod
according to any one of clains 6-9, wherein said target tenperature is
about 40 C . .
6. A method of enhancing removal of a photoresist from a wafer, the method

comprising the steps of:

providing a wafer;

heating directly said wafer to a target temperature;

providing a strip chemical;

heating said strip chemical to said target temperature;

rotating said heated wafer; and

dispensing said heated strip chemical onto a center of said heated and

rotating wafer.

7. The method according to claim 6, wherein said heating said wafer to a target
temperature comprises the steps of providing a wafer chuck, providing said wafer

on said wafer chuck and heating said wafer chuck to said target temperature.

8. The method according to claim 7, wherein said providing a wafer chuck
comprises the step of providing a chuck heater in said wafer chuck and wherein said
heating said wafer chuck to said target temperature comprises the step of heating

said chuck heater to said target temperature.

9. The method according to claim 8, wherein said chuck heater comprises a

generally inverted cone-shaped heater body.

10.  The method according to any one of claims 6-9, wherein said target

temperature is about 40 °C.



