67, 200- 1005 2002-0765 1 APPARATUS AND METHOD FOR ENHANCI NG WET STRI PPI NG
OF PHOTORESI ST FI ELD OF THE | NVENTI ON The present invention relates to
photol i thography processes wused in the formation of integrated circuit
(1C) patterns on photoresist in the fabrication of sem conductor.
i ntegr gt2400-9ighgui ts. Mre particularfly, the present invention relates to 3
an ap@%%QL%gsgnd met hod for enhancing wet stripping of photoresist froma
waf er by maintaining a |low viscosity of a strip chemcal or solvent
di spensed onto the wafer to enhance spread of the strip chem cal or
solvent fromthe center to the edge of the wafer. BACKGROUND OF THE
I NVENTI ON The fabrication of various solid state devices requires the use-
of planar substrates, U5 Eo Al METHORaFORs ENFANGHNGh i nt egr at ed
circuits-are fabricated. The final number, or yield, of functional _
integrated circuits on a Wil STRUPRING ©Fd PHOTORESICT f abrication process is
of utnost inportance to sem conductor manufacturers, and increasing the
yield of circuits on the wafer is the main goal of sem conductor
fabrication. After packagi ng, the
' FIELD OF THE INVENTION
The present invention relates to photolithography processes
used in the formation of integrated circuit (IC) patterns on
' photoresist in the fabrication .of semiconductor . iﬁtegrated
circuits. More particularly, the present invention relates to an
apparatus and method for enhahcing wet‘stripping of photoresist
from a wafer by maintainingﬂawlow viséosity,of a strip chemical or
~solvent dispensed onto the wafer to enhance spread of the strip

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

BACKGROUND OF } THE INVENTION

The fabrication of varioué solid étate devices requires the
use of planar fsubstratés; or semiconductor wafers, on which
integrated circuits are fabricated. Ihe final number,‘or‘yield, of
functional integrated circuits on a wafer at the end of the IC
fabrication process is 'of utmost importance 'to semiconductor
manufacturers, and increasing the yield of circuits on the wafer is
the.main goal of semiconductor fabrication. After packaging, the

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




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

67,200- 1005 2002-0765 2 narked 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 67,@0med omt a single wafer which2measures fromsix to twelve inches

i n di ametoer-o\ayious processing steps .are used to fabricate integrated
circuits on a sem conductor wafer. These steps include deposition of a
conducting layer on the silicon wafer substrate; formation of a

phot oresi st or other mask such as titani um oxi de or silicon oxide, 'in the

formo { i Nt ercaonnect i,o tern, g standard

|t hogreghed §?55§h%€9 %@i%?ggﬁf B RbnF R ticimaldihs e Chir wrter
substrate to a dré rocess to remove the conducting |ayer fromthe
areas RSt EGVEFal gyaP es . LG Hekepradous dgoreaseorbecyingdi afediem the
formof the masked pattern on the substrate; renoving or stripping the
mask | pe, VRbaY bﬁeemﬁtmttﬂ@geetsbpomabsyoﬁssu@le eadvere 10l00s dd egnalag fibedr | ne
gas, t her eby -exposi ng the top surface of the conductive interconnect

| ayer ; famedoohi agsangdldr vabgrt weivhf eeasubesr atembyi APEbYENE1 VAL Bliches

in diameter.

Various processing.steps are usea to fabricate integrated
circuits on a semiconductor wafer. These'steps include deposition
of a conducting layer on the.silicon.wafer substrate; formation'of
a.photoresist:or_other_mask such as titaniuﬁ okidevor eilicon“
oxide, in the ferm-of the desired metal interconnectionvéettern;v
using standard 1ithographic or photollthographlc technlques,
subjectlng the wafer substrate to a dry etchlng process to remove
the conductlng 1ayer from the areas not covered by the nmsk
thereby etching the conducting layer in the form of the masked

‘pattern‘on the substrate; removing or stripping the mask,layer.from :
the substrate typically usipg reactive plaema and chlorine gas,.
thereby exposiﬁg 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




and nitrogen gas to the wafer substrate. Photoresist materials are coated
onto the surface of a wafer 67,200-1005 2002-0765 3 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 cat ce fluids and particleS8 .ejected fromthe rotating wafer
during %ggiﬁggk of the photoresist. The phot oresi st fluid di spensed
onto of the wafer is spread outwardly toward the edges of the
mafer by surface tension generated by the centrifugal force of the
rotating wafer. This facilitates uniformapplication of the liquid
photoresist on the entire surface of the wafer. During the photolithography
st ep ofbys et spemkiciora ploshustesinst | §1ghitd engpigyally appl tied ¢hitaghon tigsicl e
mask onto the photoresist material previously deposited on the wafer to

define wefletlids thrt Wwares wotghew 4t }bﬂ%ﬁt%d Ryid I3 HDSEUE Rt oREPF S5SNI
step to define the circuits on the wa Areticle Is a transparent plate

patter ngd Midtera c%F)r Cuirhei ABYEe 00\.? ARy ik e E}i?ﬁa%eiha ?f@f‘éi?

the wafer. A reticle contalns t rculrt pattern | ma eM/of
the di eej%taed’vafﬁrdm Sltl,%@ a%oft%%rln%' eWa];?gg: during appllcatlon "of the

photoresist. The photoresist fluid dispensed onto the center of
the wafer is spread outwardly toward the edges of .the wafer_ by
surface tension generated by the centrifugal force of the rotéting
wafer.  This faciliﬁates uniférm apblication of the liquid

 photoresist on the entire surface of the wafer.

During the »p-h.ot.olithogr'aphy step of semiconductor production,
light energy is' appiied throughga'n':et.icle mask onto the phol;oresist
material previbuslyf depos'ited ‘on bthe' wafer to define circuit

~ patterns which will be etched in a subseciuent processing step to
define the ciréuits on the wafer. A reticle is a transparent plate
patternéd.with a circuit image to be formed in the photor_esist
coating on the wafer. A reticle contains the circuit pattern image
for _only' a few of the die on"a wafer, such as four die, for
example, and thus, muét be stepped and repeated across the enti._'re
surface of the wafer. In contrast, a photdmask, 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




exanpl e, and thus, nust be stepped and repeated across the entire surface
of the wafer. In contrast, a photonmask, or nmask, includes the circuit
pattern-inmage for all of the die on a wafer and- requires only one exposure
to transfer the circuit pattern i mge 67, 200- 1005 2002-0765 4 for all of
the di gs; tod-Rggeafer. The nunerous prdcessing steps outlined above are
used t%06 ul %%tively apply nultiple electrically conductive and insul ative
| ayers “on "t he Wafer and pattern the layers to formthe circuits. The final
yield of functional circuits on the wafer depends on proper application of
each | ayer during the process steps. Proper application of those |ayers
depends, in_turn, on coating the material in a uniformspread over the.
surf ac& 98t alffe Ofaftde diesntoetbAoWRERK-and ef ficient manner. Spin coating
of photoresist on wafers, as well as the other steps in the : o
phot ol i thographty process, is carried out. in an autonmated coater/devel oper
track system using wafer handling equipnent which transport the wafers

bet ween t he Thar i e rqot pkbbé@giﬁgh)s_t@;ﬁ ablioDiséat ixltsee SHEE ABHARYS

prine resist spin coat, develop, baking and chilling stations. Robotic,
hahd|'&&mulative1y apply multiple electrically conductive and insulative.
. layers on the wafer and pattern the layers to form the circuits.

The final yield of functional circuits on the wafer depends'dn
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 surface of the wafer in an

economical and efficient manner.

Spin coating of pho;oresiét énuwafers, as'well as the other'
steps in the photolithographty process;lbis carried out“ in an
automated coater/developer track system Ausing wafer handling
equipment which transport the wafers between the varioﬁs
photolithography operation stations, such_as'ﬁapor prime resist
spin coat, develop, bakingbénd chiiling statiopé. Robotic,handling
of the wafers-udnimizes partiéle genéfation and wafer damage.
Automated wafer tracks-enablé various pfocessing operations to be
carried out simultanéously. Two typesvof automated track systems
widely used in the industryvére thg TEL (Tokyo ElectronvLimitéd)

track and the SVG (Silicon Valley Group) track.



of the wafers mnimzes particle generation and wafer damage. Automated
waf er tracks enable various processing operations to be carried out
si-mul t aneously. Two types of automated track systems widely used in the
industry are the TEL (Tokyo Electron Limted) track and the SVG (Silicon
Val | ey &0 @_iéggk. 67, 200-1005 2002-®765 A typical nethod of forming a
circuit gg on a wafer includes introducing the wafer into the
autonat%@ F§2€55ysten1and t hen spin-coating a photoresist |ayer onto the
waf er. The photoresist is next cured by conducting a soft bake process. '
After it is cooled, the wafer is placed in an exposure apparatus', such as
a stepper, which aligns the wafer with an array of die patterns etched on
the typicall¥ &WParelcaomtéwdgueft foreingl @ hecuitprppetkynaldrgredwanier
focused, the stepper exposes a snall area of the wafer, then shifts or

" st eps"includes netrdduelidgantier epéatsihbe ths oo@sSmatdd |t ddes %?%téﬁ waher
surface has been exposed to the die patterns on the reticle.. The

phot or eshéeh ispigxRasad i hi 9hhor dRESLgh tf%éxe.t bags Lg?%gﬁﬂﬂélc.wt rgge

pattern.. Exposure of the photoresist to tHis |Zae a ln_cr_o?];"llng S
and hafﬁgggb i LN i it t.tern. ALfer e aligni )
exposi ng st%ép‘)é’%si%g%wg }e¢' (l:‘gp%)%gﬂse%gmf%z%%&gj%-.gxﬁ8£{3ﬁ%a}6%l¥?%e%‘?d tﬁ‘gﬁeFS'

it is cooled, the wafer is placed in an exposure apparatus, such as

' a stepper, which aligns thé wafer_With an array of die patterns
‘etched on the typically chrome-coated quartz reticle. When‘
 proper1y aligned and focﬁsgd,'the stepper exposes a small érealof
' thé wafer, then shifts or “steps” to thé'next field and repeats the
process until the entire wafer surface has been ekposed to the die
pattefns on the reticle;‘ The photoresist is'exposed to light
throggh the'retiCIe in the circuit image pattern. Exposure of the
:photoreéist to this‘image patternicross;links 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 photoresist pattern.

AThe circuit pattern defined by the develéped and hardened
‘photoresist is next transferred to the-underlying_metal conductive
layer using 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




devel oped and hard-baked to devel op the photoresist pattern. The circuit
pattern defined by the devel oped and hardened photoresist is next
transferred to, the underlying netal conductive |ayer using a netal ,
etching process, in which netal over the entire surface of the wafer and
not covey egbdyidde cross-linked photoesist is etched away fromthe wafer
wth theomet@esinder the 67, 200- 1005 2002-0765 6 cross-1inked photoresi st
that defines the circuit pattern protected fromthe etchant. As a result, -
a well-defined pattern of netallic mcroelectronic circuits which closely
approxi mates the cross- |linked photoresist circuit pattern remains in the

metal | _After e circuit pattern.s etched,in the netal |ayer,

resi dua‘T%yog Sotrérnekg;’lds%) PE%?ﬁiana?aﬁe ‘iﬁ&fj@res gﬁg‘ﬁi RYTEHEE R L exdt PROtEFEeESS,
sonme of _the photoresist residue beconmes sputtered fromthe. wafer and

r edeposi ¥y ‘ﬁ}ﬁ&tﬂi’é‘%i-de}\ﬁaﬁl zegplt hed neehl -defiord pahitaye efegetallic
Addi tional ly, sone. of the photoresist reacts with etch reactants and

pr oducttl cxee kesrtnqpuloy neifeuiesi sld chThekese by oepresiximatessi tthees crust - be
renoved fromthe wafer prior to conpleting the IC fabrication process.
Typi callinkechehwfaresiiss subjcedtepat@eant WenslieR BHOEESS Mk@hl layer.

After the circuit pattern is etched in the metal layer,

- residual photoresist remains on the wafer. buring the metal etch
process, some of the photoresist residue becomes‘sputtered-from the
wafer ahd redeposited onto the side walls of the metal circuit
structures. Additionaliy, some of the photoresist reacts with etch
reactants and . prdducts to form polymeric -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
removal ofAthe photorésist reactants and residué from the wafer.
The first stepbin 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 ;emove'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



removal of the photoresist reactants and residue fromthe wafer. The first
step in the process is an oxygen plasnma (plasma ashing) step which renoves
most or all of the unreacted residual photoresist fromthe wafer. The
second step is a wet strip process which is used to renpve the polyneric
residue fromthe wafer. During the oxygen plasma step, the unreacted

resi dual’ or st reacts with the oxygen to formvol atil e conpounds

whi ch | -@H> 67, 200- 1005 2002-0765 7 wafer surface. However, the gases
present, in the oxygen plasma tend.to react with and harden sone of the
residual photoresist, which renmains on the wafer. In the subsequent wet
strip step, a solvent solution is used to renove the hardened residual

phot or esi ftr ganefaded dHowWEget ethyygaBel @3B eHtefin aShdebkydén tFPasma
polyneric residue formed froemthe photoresist during the netal etch

processserdfd o thea el 9f t ANAnai hatibnS tbHfet L!%@Sthé: i Qé'éfii&ai Seﬁo oresjist, .

cross-sectional, partially schematic view of a typical conventional waf.er

Quf Q i 18 i p_chanbe t. shown) - duri
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' ' ' : ) huck 16 through a coupling 14. The.
\7,2? ]; %%V\égﬁt(:h SI'O utcl%rhnecltsed &soe Ctouc remove the harggnedg residual

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 cross-sectional, partially schematic view of a
typical conventional wafer suppért 10 for supporting a wafer 18 in
a strip chamber (not shown) during a photoresist;wet strip proéesé.
The wafer support 10 -typically includes a shaft 12. which is -
conneéted to a bhuck 16 throuéh a coupling 14. ‘The wafer 18 is
‘supported 6h thé chuck 16.' As theAshaft 12 rotates the chuck 16
Iand the wafef 18 suppofted'thereon, a liquid strip chemica1 20,
which is an organic solvent, is dispenséd'from é;dispenser 22 onto

. £he upper surface of the_wafer 18h}at‘the center therédf.. The
sﬁrip chemical 20 spreads outwérdly'over the surface of the wafer
18 due to the centrifugal force_exérted onvtheIStrip 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




supported on the chuck 16. As the shaft 12 rotates the chuck 16 and the
waf er 18 supported thereon, a liquid strip chem cal 20, which is an
organi c 'sol vent, is dispensed froma dispenser 22 onto the upper surface .
of the wafer 18, at the center thereof. The strip chem cal 20 spreads

out war dd-y fy¢ridde surface of the wafe® 18. due to the centrifugal force
exerted, thgstrip chemcal 20 by the spinning wafer 18. In this nanner,
the di spensed strip chemcal 20 is distributed fromthe center toward the
edge of the wafer 18. The strip chem cal 20 renopves residual photoresist
(not 67,200-1005 2002-0765 shown) fromthe surface of the wafer 18,

i ncl udi circuit lines etched in the conductive |ayer on the wafer 18 in
a prevﬁgggnwet om dihe, sidaas obrile valesniBnudaciuBingacisaust lines
integrated circuits on the wafer 18. During the wet stripping process

out | i n&&FdEishdn the sonidpctivieniapericntiyip cedfer Heatied spprevibasbeengl -

di spensed onto the surface of the wafer. In contrast, the wafer typically
remai netath procestenpeiat We canttiheest fabribanienl of sintiapensed captaitbe
wafer. As a result, the heated strip chemcal is substantially cool ed upon
cont actoritiHe thagewafi@r,, and this decreases the viscosity of the strip
chem cal . Consequently, distribution of the strip chem cal

During the wet stripping process outlined above, the strip
chemical is typically,hea;ed prior te-being'dispensed'onte‘the-
surface of the wafer. In contrast, the wafer typically remeins at:
room temperature as the strip chemical is_dispehsed oﬁto the wafer.
As a result, the heated strip,chemical is substantially cooled upoﬁ
eontact with the wafer, and this decreases the viscosityeoflthe
strip chemical. Conseqﬁently, distribution of the‘strip chemical
in a uniform spread from the centefAtoAthe edge of the wafer.iS'

- hindered, resulting in more effective removal of the photoresiet
residue from the eentrai afeas as compared to the peripheral areas
of the wafer. Accordingly, a method is needed for maintaining the
elevated temperature of a stiip chemical during a Wet stripping

- operation in order to maintain the chemical at a low viscosity 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 viscosity of a




in auniformspread fromthe center to the edge of the wafer is hindered,
resulting in nore effective renoval of the photoresist residue fromthe
central areas as conpared .to the peripheral areas of the wafer..
Accordingly, a nethod is needed for maintaining the -elevated tenperature
of a strip_chemi cal during a wet strip@ng operation in order to maintain
t he cheﬁﬁc&poéﬂOQSIom/viScosity for enhanced spread of the chem cal over
the surf88é-8f6Phe wafer. An object of the present invention is to provide
an apparatus and nethod which is suitable for nmaintaining a | ow viscosity
of a 67,200-1005 2002-0765 9 strip chem cal during the stripping of
photoresist froma wafer. Another object of the present invention is to
provi desamipappamatad dudimettiosl $tori@ind i dBtpINGE Greghst avidnald waFeif or m
.spread of.a liquid process chemcal fromthe center region to the edge
regions of .a wafer, which apparatus and nethod is not limted to use in
phot oresi st stripping processes. Another object of the present invention is

to-provide ap,fRRA" ' n d ' j S;SUJ f.or .heating.a wafer

prior to angnaurgﬁgq%ﬁgfgngfﬁgEgg_5%%%a é% %@?%%égéin%%aﬂx%nPﬁogﬁéem&?er_

for .. the enbanged o ripploy Yol SPR¥A ; of POt regisl fromife vafer.
.spread 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
Aapparatus and method which is suitable for heating a wafer prior to
. 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 the present invention is to provide an
apparatus and method which is suitable for énhancing uniformity in
:the spread or distribution of a strip chemical on thg'surface of.é‘
‘Wafer 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




Still another object of the present invention is to provide an apparatus
and, nethod which is suitable for enhancing uniformty in the spread or
distribution of a strip chemcal on the surface of a wafer by |owering or
mai ntaining a low viscosity of the liquid strip chemcal. . Yet another

obj ect 5@@-?6 ent invention is to ppovide an apparatus and nethod
whi ch . Z eated wafer chuck to facilitate heating a wafer to a
t ar get % éfi&%?e substantially 67, 200-1005 2002-0765 10 equal to the

tenperature of a liquid strip chem cal dispensed onto. the wafer during a
phot oresi st stripping process. A still further object of the present '
invention is to provide a nethod for, enhancing distribution of a liquid
processSTeHkerfi@ dihe deapernsuser pice bigaidastrip wichi gt idpenskddesto.
heating the wafer to a target tenperature; heating the process chemcal to

the tarlyetwabempeahating;a piictdresidte swafigpinangrdicepensi ng the strip

chem cal onto the wafer as the wafer. is rotated. Yet another object of the
present invention is to-provide a nethod for inproving the renmoval of
photoresist froma wafer. SUMVARY OF THE I'NVENTI ON ‘

A still further object of the'présent invention is to provide
a‘method_for‘enhancing distribution of a 1iqﬁid process: chemical

- over thé surface of a wafer, which nmthod includes heating_the
wafef_to a targét temperature;vhéating the-procéss bhemical to the -
targeﬁ temperatﬁre; rotating the wafer; and dispensing the strip

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

Yet,another object of the preSent invention is to provide a

method for improving the removal of photoresist from é‘wafer.

SUMMARY OF THE INVENTION .

In accbrdance with these and other oﬁjects and-advantages, ﬁhe
present invention is generally directed to an apparatus and method
for enhancing unifoimity in the spreadiof‘a proéess chémical sﬁch
as a liquid strip chemical or solvent o&errthe surface df a wafer
to enhance contactvdf all areas of the wafer with the chemical,
such as during the removal or sﬁripping of phdtoresist from the
wafer. Thg apparatus includes a wafer chuck having a heater for

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




In accordance with these and ot her objects and advantages, the present
invention is generally directed to an apparatus and nethod for enhancing
uniformty in the spread of a process chemical such as a liquid strip

chem cal or solvent over the surface of a wafer. to enhance contact of al
areas of_the wafer with the chem cal, {such as during the renoval or
strlppl% 197 Sresist fromthe mafer. The apparatus includes a wafer
chuck 4P heater for heating the wafer chuck and a wafer supported on
t he chuck. The 67,200-1005 2002-0765 11 wafer chuck and wafer are
initially heated to a desired target tenperature which is substantially
the sane as the tenperature of the process chem cal, after which the

pr ocessvaffeani chick sadis pafieed arentinithiea By f heet of tbea%EéﬁiﬁEHVEﬁﬁgetThe
process. chemcal is maintained at the desired target tenperature on the.

heat ed tafgirdturTRiHICA A sashowrkhesasity tak %Bﬁepégcﬁﬁé cbRpE st uAR £ hus,
enhance wuniformty.in distribution or Spread of the process chem cal from

beSchy R R =R R i, MR chEpPROete MRS, P B engrosy o

exanpl & ntvg ttrhe rsellire SC&4 Otﬁehero a r{"E)gjanxyaﬁgrdra'}(\flgggroIccgsé;’\'hchemlcal is
maintained at the desired target temperature on the heated wafer to
maintain a low viscqsity of the process chemicai and thﬁs, enhance
-ﬁnifqrmity in disﬁribution or spread of the brocess chemical from

the center to the peripheral regions on the wafer surface.

BRIEF DESCRIPTION OF THE - DRAWINGS
The 1nvent10n w111 now be descrlbed by way of example, with

reference to the.accompanylng 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 section, 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




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 section, of a
waf er support in inplenentation of the present invention for supporting a

waf er . %wrb@@ $em conductor fabrication process; Figure 3 is a flow
di agr am-gy g %g to a nmethod of the 67,200-1005 2002-07.65 present
|nvent|on 2 .Figure 4 is a top V|em10f a rotating wafer, nore _
partlcularly |IIustrat|ng di stribution of a process chemcal fromthe

center to the peripheral regions on the wafer surface in inplenentation of
the present invention., DESCRIPTI ON OF THE PREFERRED EMBCDI MENTS The present
|nventlEﬁeﬁ§§tp&PVPEEP8PPyaB@nef|C|aI utility in enhancing renoval of
photoresist froma wafer by heating and maintaining a | ow viscosity of a
strip chem cal or solvent after the chem cal is dispensed onto the surface
of the wafer in order to facilitate a substantially uniform spread of ‘the

strip chem catigare sOisemttdp(NﬂéWbe(éﬂﬁdﬂaﬂwhgthﬁféégemeietﬁﬁrﬁﬁﬁﬁiarly
However, the
illustrating dlstrlbutlon of a process chemical from the center to
the peripheral regions on the wafer surface in implementation of

the present invention.

DESCRIPTION OF THE:PREFERREDVEMBODIMENTS

pThe'present invention has particularly beneficial utility in .
enhaneing removal . of photoresist' from. a wafer by heating and
maintaining a'lew.viscosity‘bfba stfip chemicaleor solvent after
the chemical is dispensed pnto the.Sﬁrface ef the wafer in order to
- facilitate a substantially'uniform spread of the strip chemicel or
solvent from the:center to the edge of the wafer. - However, the
invention is not so limited in_application, and while references
- may be made to such photoresist'removal and strip chemical.or
solvent, the present invention is more generally applicable to
enhancing the spread or dlstrlbutlon of any type of 11qu1d 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




invention is not so limted in application, and while references .my be
made to such photoresist renpoval and strip chemcal or solvent, 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 integl8@ted circuits on the wafer. -
Ref er r g 2O8iti°QPl y to Figure 2, a wafer support 3.0 in 67, 200- 1005

2002- 02892t 786cor dance with the, present invention is typically nounted.
in a process chanber (not shown) for the processing of sem conductor :
waf ers 38. For exanple, the wafer support 30 is particularly adapted for a
spin-type wet strip photoresist strip chanber available fromthe SEZ .

corporabb@ﬂdathh@@ﬂb@th&%ffﬂkéﬂﬁﬁfﬁveﬁ@ﬂ@@ris3QKﬁYEéE§&|MOEHEEHdﬁﬁ 3
shaft 32 which is connected to a chuck 36 through a coupling 34. The upper

sur f aCPr@EeTsl.%e AP 36 nctU RS t Sy Wafer pidce gﬁﬁgc%@%@;coﬁuqtgr

typically having a generally 1nverted cone-shape ater

prout Sggeetsl iy anden LG, conlagh ot b stk 99 scsadngate (he
above 5ng%gHCkf§P EPrsgﬁigggééngwgtpﬁﬁﬁﬁif %gggggggigg_‘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 coupling 34. The upper surface of the chuck 36
supports Ehe wafef138. AAchuck heater 44, typically having a
generally inverted ¢one—shaped heater body 45, is provided inside
‘andv in thermal contact with the chuck 36, accordiﬁg to the
: knowledge of those skilled in the art. 'Avchémical dispenser 42 is
;diéposed above the chuck 36 fbr dispensing a process chemical 40

“onto the upper surface of the wafer 38, at the center thereof, as

the wafer 38 is rotated as hereihafter described.

ﬁeferring' next to Figureé 2-4, in Aimplementation. of 'the
.presentAinventioﬁ the'chuck 36 of the wafer‘support 30 supports a
wafer 38 as the wafer 38 is subjected to a wet stripping process
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 suppbrt 30 may be used to support the wafer 38 in

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




onto the upper surface of the wafer 38, at the center thereof, as the
wafer 38 is rotated as hereinafter described. Referring next to Figures
2-4, in inplenmentation of the present invention the chuck 36 of the wafer-
support 30 supports a wafer 38 as the wafer 38 is subjected to a wet
strippi ey, poocesssfor the renoval of phgtoresist (not shown) fromthe

pat t er ngdopppess surface of the wafer 38, for exanple. 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
67, 200- 1005 14 2002-0765 wafer for coating of the wafer wth the Iiquid.

Initiallye th chuck .heater 44 is energized to heat.the chuck and. t he.
waf er 3§¥F%£a%8£sFP861P8r& ﬁﬁﬁnﬂﬁéﬁﬁuéégguEﬁea 19816c, %Sﬂtéﬁiﬁﬁkeph?he
shaft Bégrgé tes the chuck 36 and the wafer 38 supported thereon, the
chuck heR¢ bR frdailss energicrdckosbeahdthpechiugler3c smditthenwalgrges

tenperature. A liquid strip chemcal or organic solvent 40, such as .
ST- 250,t®on draipee, thzgabxtemparature,t Bechdesi ¥éd °Car fotr. exenpéeat uke
(40. oCin this case), and then dispensed fromthe dispenser 42 onto the
upper stihé¢ashtadft tire rotatésg tiaf echud8, 38t 4 ehat aefaf¥Ba §§i @upported

thereof. Due to the rotating notion of the wafer 38, centrifugal force
spreadsthéeesi | itheeidehetlter 44 maintains the chuck 36 and the. wafer
 38 at the target temperature. A liquid strip chemical or oréanic
.solveht 40, such as-STfZSOL ior example, isgnéxt heated to the
desired target .temperature (40 oC in this case), and then dispensedA‘
from the dispenser 42 onﬁo;the upper surface of the rotating wafer
38, at the center 385.(Fig. 4) thereof. Due to the rotatihg mbtionu |
,éf the wafer 38, centrifugal force spreads‘the;strip chemicél 40
- outwardly over the surface of the wafer 38 from the wafer center.
.38a toward the wafer edge 38b in a spiral pattern, as showﬁ in Fig.
4! As the wafer 38 is rotatedbbyAthe rotating chuck 36 and shaft
32, the chuck heafer 44_cbntinually heats the chuck 36 which, in
turn, heats the wafer 38. Accordingly, the temperature of the
‘strip chgmicai,40 on -the WAfer 38 is maintained at the eievated
target temperature, and thﬁs, the fiscosity of the strip chémical
. 40 is maintained at .a relatively low value. vThis.low viscoSity of.
the strip chemical 40 facilitafes.substantially'uniform flow or .
migratiop of the strip chemical 40 over the entire surface of thé.

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




.outwardly over the surface of the wafer 38 fromthe 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. Ac quy@60§he tenperature of th&d strip chemcal 40 on the wafer 38
is mai %41 dwg__th the el evated target tenperature, and thus, the viscosity
.of the&'s 'ﬁb emcal 40 is naintained at.a relatively |ow value. This

| ow viscosity of the strip chemcal. 40 facilitates substantially uniform
flow or mgration of the strip chemcal 40 over the entire surface of the
waf er 38, between the wafer center 38a and the wafer edge 38b. The

67, 200-5100% cheuica¥etl Imvesp relsédiuedl pAOtoremims (resi dhakmphoton adiest
(not shown) fromthe .surface of the wafer 38, including circuit lines

et ched surfidee abntluet wifekape;, amdheimaf efiB@uith BiREEVieRUHclELA 8leh
process. Finally, the wafer 38 is. typically rinsed with DI (dei oni zed)
water dondietave thpetreshdd wifdP £dhey Caa?x‘é%eﬁg i ?Se?rgg&ﬁ}%ﬂgéeosrs to

continued fabrication of integrated circuits on the wa _ B
conventsionaly! aghe Aar e 16NEyBIBLET {of: RIRPUTR DT QheliBRibOYP UL Nave
to remove the residual strip chemical 40 and photoresist prior to

continued fabrication of'integrated_circuits on the wafer 38, in

conventional fashion. .

While the preferred embodiments of the invention have been
described abéve, it will be recognized and undex;stood that vario,us"
modificatiéns can be méde in the invention and the appended claims
are intended to cover all such modifications.Which may fall within

- the spirit and scope of the invention. .




descri bed above, it will be recognized and understood that various

nodi fications can be made in the invention and the appended clains are
intended to cover all, such nodifications. which may fall within the
spirit and scope of the invention. 67,200-1005 16 2002-0765 CLAIMS What is
cl ai medg s300-14pdet hod of maintainingie process chemcal at a | ow
VISCOSIéd SIUg 4 a process, conprising the steps of: providing a wafer;

heat i ng sald wafer to a target tenperature; heating the process chenical to
said target tenperature;. rotating said wafer;,and .dispensing the process
chemical onto said wafer. 2. The nethod of claim1 wher ei n sai d tar get
tenperature is about 40 C. 3. The nethod of claim1l wherein said heating-
said wafer to target temperature cop?i¥@s the steps of providing a wafer
chuck, providing said wafer on said wafer chuck and heating said wafer
chuck tWhataiip t&rajemed drgper at ur e. 4. The met hod of claim3 wherein said
tamwttamaaUMels

4. . A method of nw;ntalnlng a process chemlcal at a low
>viscoéity during a process, comprising the steps of:
| -~ providing aiwafer;
_‘heating said wafer to a target temperature;
' heatiﬂé the process chemical-té said target témperature;

rotating said wafer; and

.dispensing the process chemicalvonto said wafer.

2. The method of claim 1 wherein said target temperature is.

about 40 oC.

3. The method of 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.

4. The method of claim 3 wherein said target temperature.is

about 40 oC,.

5. -The methpd of claim 3 wherein said providing a wafer chuck




about 40 C. 5. The nethod of claim3 wherein said providing a wafer chuck
67, 200- 1005 2002-0765 17 conprises the step of providing a chuck heater in
sai d waf:er chuck and wherein said heating said wafer chuck to said target
tenmperature conprises the step of heating said chuck heater to said target
tamaagto q%#wrmﬂmdofcHﬂm5ﬂMaehtsmdtamwttamaauuels
about 4 % e nethod of claimb5 wherein said chuck heater conprises a
genera.l‘m/O W ed cone- shaped heater body. 8.. The method of claim?7 ‘
wherein said target tenperature is about 40 C. A et hod of enhanC|ng__
renoval of a photoresist froma wafer, conprising the steps of :  providing
a wafer; heating said wafer to a target tenperature; “providing a strip .
chem ceﬂompma&taawgheasuept of ppréendiag 4 oclsaikd Hemtget me@aedaWafer chwélat i ng
said wafer; and

. and wherein Sald heatlng sald ‘wafer chuck to said target

temperature comprises the step of heating said chuck heater to

said target temperature.

6. The method of claim 5 wherein said target temperature is.

about 40 oC.

7. -The method of claim 5 wherein said chuck heater comprises

a generally_inverted cone—shaped‘heater body.

,BJ The method of claim 7 wherein said target temperature is

about 40 oC.

” 9; A tﬁthod”ef enhancing removal of a photoresist from.a
wafer, comprisiug the"eteps'of:
}providing’a'wafer;
1peating said wafer-to a target temperature;
providing a strip chemical;
-heating said strip»chemical to said target temperature;

: rotating'said wafer; and

dispensing said strip chemical onto said wafer.




di spensing said strip chem cal onto said wafer. 67,200-1005 18 2002-0765
10. The nethod of claim9 wherein said target tenperature is about 40 C

11. The method of claim9 wherein said heating said wafer to a target
tenperature conprises the steps of providing a -wafer chuck, providing
sai d wageroep-p@he wafer chuck and heaggng said wafer chuck to said target
tenperaiyge. o %g. The nmethod of claim 11l wherein said target tenperature is
about 40 oC. 1 . The nethod of claim 11l wherein said providing a wafer
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.
14. The net hbY of TRE dihhes whecdpAmsli vhere it sa bdpeargel & anpeasureddsC.
15. The method of claim 13 wherein said chuck heater conprises a generally
i nvert edbowlor®l sifaped heater body. 67,200- 1005 2002-0765 o

11. The method of claim 9 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..

12. The method of claim 11 wherein said target temperature is

~about 40 oC.

T13. - The method of claim ll'whereih said providing a wafer

- chuck comprises thevsﬁep of prqviding a chuck heater in said wafer
_‘chuck-ahd wﬁerein said heating said wafer chuck to said térget
temperature cdmprises the step of_héating(said chﬁck heater to said

target temperature.

14. The method of claim 13 wherein said target temperature is

about 40 oC.

15. The method of claim 13 wherein said chuck heater

comprises a generally inverted cone-shaped heater body.




19 16. The nethod of claim 15 wherein said target tenperature is about 4 0
oC. 17. A wafer support for supporting and heating a wafer, conprising: a
waf er chuck for supporting the wafer; and a -Wafer heater provided in said
waf er chuck for heating. said wafer chuck. 18. The wafer support of claim
17 wherein said wafer heater conprise$9a heater body having a generally
invertéﬂ7dﬁﬁﬁﬁ§H5bed configuration. 19. The wafer support of claim17
further2@oam?1&t ng a shaft and wherein said wafer chuck is carried by said
shaft. 20. The wafer support of claim 19 wherein said wafer heater
conprises a heater body having a generally inverted cone-shaped

confi guration. ' ‘ :

16. The method of claim 15 wherein said target temperature is

about 40 oC.

',17:' A wafer sUpéqrt_for supporting and heating a wafer,
comprising: |
~a wafer chuck for supporting the wafer; and
. a wafer heater provided in said wafer chuck for heating .

said wafer chuck.

18. The wafer support of claim 17 wherein said wafer heater
comprises .a heater body having a generally inverteduconelshaped

configuration.

19. The wafer suppbrt of claim 17 further comprising a shaft

and wherein said wafer chuck is carried by said shaft.

20. - The wafer support of claim 19 wherein said wafer heater
comprises a heater body having a'generally_inverted cone-shaped

configuration.




