PROXI M TY HEAD HEATI NG METHOD AND APPARATUS by | nventors Katrina :

M khayl i chenko John delLarios 10 BACKGROUND 1. Field of the Invention

[ 0001] . The present invention relates to sem conductor wafer processing
systens, and nore specifically, to heating fluids in a proximty head. 15
2. Description of the Related Art (0001] Sem conductor wafer fabrication

vl antat i oPROKIMEF Y BLEA B ATING METEDD.AND APRARATUS cach

fabrication step, residue can remain on a surface of a sem conductor wafer.

Thus, between the fabrication steps, a cleaning. step is typically used to
‘renove. particul ates 20 and ot her unddgginvaidre material that remain on the
surfaces of the sem conductor wafer: Exenplary particul ates can include
silicon dust, silica, slurry resiKlisgna MEkinlylithenkes, and silicate particles.
[0002] The cl eani ng step can incl udej@nldeN§Rosst €p, @ spin step, and a dry
step. During the rinse step, a fl UId delivery device, such as a spray

deV| ce or an. immersion :

10 ' BACKGROUND
1. Field of the Invention

[0001] The present invention relates to semiconductor wafer processing

~ systems, and more specifically, to heating fluids in a proximity head.

‘15 2. Description of the Related Art

{0001] Semiconductor ‘wafer fabrication typically involves multiple repeated

_ fabrication stef)s, such as implantation, material deposition, planarizatioﬁ, and étching;
After each fabricatibﬁ step, residue can remain on a surface of a semiconductor wafer,

Thus, between the fabrication steps, a cleaning step is typically used to remove particulates

720 and other undesirable. material that remaiﬁ on the surface of the semiconductor wafer.
Exemplary pafticulates can incl.ude.silicon dust, silica, slurry residue, metal ﬂakes, and

silicate particles.

[0002j The cleaning.step can .include a rinsé step, a spin step, and a dry step.

During the rinse step, a fluid delivery device, such as a spray devicelor an immérsibn

25 devicé, can apply a cleaning fluid to wet the surfac_e of the éemicondu_ctor wafer. For
example, the cleaning fluid can be sprayed onto the surface of the semiconductof wafer

| with the spray device. = Alternatively, the éemiconductor wafer can be immersed in the

- cleaning fluid within the immersion-device. After the rinse Step, the semiconduétor wafer
1




25 .device, can apply a cleaning fluid to wet the surface of the.

'sem conduct or wafer. For exanple, the cleaning fluid can be sprayed onto
the surface of the sem conductor wafer with the spray device.
Alternatively, the sem conductor wafer can be imersed in the cleaning
fluid within the i mrersion device; After the,riFse sLeE, t he seniconpuctor
wafer 1 ce bserotaied {Q8pip ofk Pierpagiquiatescalpng with fhe pleaniy .@ﬂ?gf?-mﬁtl'?ﬁcﬂﬁ@t Yo a
cleaning fluid. Subsequently, a drying step can dry remaining droplets on
t he surf acdryfg stépecanetryy comeinotgoiroplets @n. thdeurfasg of thesemicangdnetay watesp DyFing: her
sem conduct.or wafer fabrication steps, it may be desirable to heat the '
flui d appl thedidaairghgep vk fotiee; semicontigctSrewhiep fisbiichion wepsrit nja0R3desiyple cal -
heati ng mechani sns for sem conductor wafer processing systens have

i ncluded ' : t hélg | uid source delivers
i st BTG apNRE e it e OBl VAl

fluid to sone desired -tenperature.. Subsequently, the heated cleaning fluid
propagd es to t}0803pr aylypiteli sting teehanismer Soo rsetBedndactol OWpig0 Oppcessingy er
using the steps previously described in current sem conductor wafer '
processi NogRxedsaiie MRYud2a 4 Healet béinebled 10 FlurRMRIRJee The MTRidenirecddtiven fludg, -
fluid may “experience heat | oss while traveling fromthe heater. to the

fluid deli éﬁ%hyasdtﬁé/ 'cﬁaeémcrixgc d, .toV\gﬂg pleﬁtigﬁe\bﬁ?ﬂ fdats the BRbMe ffliid & tGHE kesrdde

surface of “The sem con or wa enperature of the heated cl eaning

For ego ny, CHRSRLTE. [UBERY B o SREINY BromEnbtty B kiRt B id®,

a sem conduct or waf er processing systemthat enables heated .fluid to be
delivered H@H§$§@ﬁkﬁﬁﬁductor waf er at a desired tenperatUrei'

10 [0004] | However, using the Steps previously described in current semicbridu(:tor
wafer..proccs.sing systems may be iﬁefficient. For examplc, the heated cleanj.ng ﬁuid h'lay
experience heat loss while t:aveiing from the heater toﬁ the fluid delivery device. Thus,
when the heated cleaning ﬁuid touches the surface of the semiconductor wafer, fhe

‘ temperature of the heated cleaning fluid may be lower than the desired temperature. -

i5 - [0002] In view of the foregoing, what is needed is an appérzitus' and a method
for heating fluid in a semiconductor wafer processing system that enables lhf_:ated fluid to

be delivered to a semiconductor wafer at a desired temperature.

to the heater, which heats the cleaning:



SUMMARY CF THE | NVENTI ON . (0003] Broadly speaking, the present invention is
an apparatus and a nethod for heating a fluid in a proximty head. It can
be appreciated that the present invention can be inplenented in nunmerous
ways, such as a process, an appazatus, a system or a device. Several

i nventive enbodi nents of the present invention are -described below [0004]
One enbodi nent of a net ho®MKATENDS N ENVENIRORT Processing i ncl udes
providing fluid to a proxmty nead- and neating the fluid wthin- the
proximty head. The method al so includes delivering the heated fluid to a

surface of & 100033M CBRAUN! Sfeakiabthd preseiRCinvBntional ef Qfaﬁfss B a

oper at. on [ 0005] In an enbodi mnent of a proximty head seni conduct or
waf er c that i's
“conti gur & to SRAREPHOD Beaddifa AL rksilhead F*ﬁﬁ%ftgtﬁﬁ%*ta%%?ﬁtﬁﬁtﬁgw The
proximt 0 i ncbudes a _sensor ug n gr OXIamt head for.
measurin ‘teﬂ oF SH8F ATRledepE Eﬂé‘uﬂe{ﬁ ‘t’%v@%& asl%PfPﬁ? ugh E’Fﬁ'é Bdting

~portion and a channel disposed in the heating portion, such that t he
channél S¥IBPT guieirer oSeFraenyertive| apkpdimerts i the, PTéRERE IYGRIRN EFCon.
Further, the proximty head. includes a bottom surface having at |east one
out | et pdascnzbndlbalbwl east one inlet port such that the at |east one outl et
port is in flow conmunication-with the channel disposed i n the heating

portion. 20 [ In_.an e di nren a mcondu tor I‘OCESSI ng
system the. ?@@%“hem PH"CFng‘gnE“?P f‘&“fgllﬂff % SEFOR W%w "Wr E8'E n flow
.communi cation with the fluid source. Further, the proximty_ head includes
a heat i ngnderdesi Bioviding ifid da 2 proxipdiys bead taéﬁp@aaﬂ&rtée offuid Pithind thq owi ng

theret hrough and a sensor disposed within the proxi mty head for
measur i n@rctmmltyémwbr’ﬁh&unethoﬂ atsbencﬂtwlﬁscﬂchvmgtge hbfrtcrhﬂhldtthe suefats ofcp 3

10  semiconductor wafer for use in a wafer processing operation.

[0005] In an embodiment of a'proximity head for semiconductor wafer |
procéssing, the proximity head includes a heating portion that is configured to ratse a
temperature of a fluid flowing therethrough. The proximity also includes a sensor
| disposed within the ptO)tirfljty head for measuring the_'temﬁerature of th¢ ﬂuid ﬂowing :
15  through the heating portion and a channgl disposed in the heating portion, such that
| the 'ch_annél is configured to guide the ﬂuid through the heating portion. Further, the
proximity head includes a bottom surfacé_' having at least one outlet port and at least
one in]ét port; su.ch that the at least one outlet port is in flow cqmmunic’:ation with the

channel disposed in the heating portion.

20 | [0006]  In an embodiment of a semiconductor wafer processing system, the.
system includes a fluid source and a proximity head in flow cotnmunication with the
flud source. Furthe_r, the proximity head includes a heating portion configt}red to
raise a temperature of a fluid flowing therethtough and a sensor disposed within the

_proximity head for measuring the temperéture of the fluid flowihg through the heating
S . 3




portion.. The proximty head al so includes a channel disposed in the
heating portion, such that the channel is configured to guide. the fluid

t hrough the heating portion. The proximty head further includes a bottom
surface with at | east one outlet port and at |east one inlet port, such
that the at | ea,z,%l one outlet port is,in flow comunication. 5 with the

channel dfShYsedht RraxiBith 853 #lsP Pstudesa chame! dispesgd ik Hie RertiRE 20881 em al so

- includes a first nmember connected to the proxinity head, such that the

first menveh that theabngpl iseehnfigurednip guida tie fiuid tpough thie hypatingpbrient Bhsecond
menber configured to support a wafer. The second nenber is capable of

- placi ng tirexig6y kaddusharinyialera potorh Katfecet With Beleaatdnerouslet paic @andfat t he
proximty head. 10 [0007] O her aspects of the invention will become :

appar ent t£nt higtel g&ﬂt,oé’ﬁcﬂghﬁeﬁéia{'?é?i_sp&%gﬁﬁtf& ipegt:is GRERAY bomAfiRicG] | on Wi t

| t he acconpanying draw ngs, illustrating byway of exanple the principles of

the invention. BRI .EF SCRI PT1 O _THE W.NGS [ 00 odj,ment s of
the. | mventiibHe gL PRI IRl A U08 Py P de UL VBT AL oo Dr el Hep
description taken in conjunction with the acconpanying draw ngs_ in :which:
' [0009] Filgeirdes airss mgmbeieonppelgs t thg PEINIItY lhetd apehigasthe fsti mymberi®ad wi t h
a heating portion, in accordance with an enbodi nent of the invention;

[ 00010] Fiogfigered Boi manipwlegethei moxidiigheadt and asseeend mgmbapichafigyedto mity
head with a heating portion, in accordance with an enbodi ment of .the

i nventi onsupb&0Q Wldfedi Dhy ecdfd nenibes i eapublews @il gae isbnitdhdadtongater

sem conductor 10 .wafer processing systemw th dual proximty heads, ‘in

accor danGgoxfnlafe RhETHath TBrfice dF tHe Yok MYBMdan:

10 [0007] Other aspects of the invention will become apparent from _the
: followiﬁg detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.




[00012] Figure 1Dis a side view diagramillustrating a sem conductor wafer
processing systemwith a proximty head coupled to a power source, in
-accordance with an enbodi nent of the invention; 15 [00013] Figure 2 is a
side viewdiagram illustrating a proximty head having a resistive heating
~elenent, in accordance with an enbodi nent of the invention; [00014] Figure
3 is a side view di aghanii. at | ng- imty head having a
resistive heating el essh "B&@iﬁ%‘l@&%’g%mv di ment of the 20
“invention; [000@5&} Fiqure 4 is a top viewdiagramillustrating a heating
“portion of a f? mtgmh@@aleﬁwfﬁ@cmw@sqn may Best be Hedredood PATACBodi nent
-of the invention; 5 [00016] Figure 5 is a side view diagramillustrating a
heat i ng . potltei followingadgseription takerhinadnhmetiony withahe sedoatpanging Iduawdngs in
~accordance with an enbodinment of the invention; ' [00017] Figure 6 is
anot her silgéh:vi ew diagramillustrating a heating portion of another :
proxi mty head having a circulating fluid, in accordance wth an enbodi nent
of the invention; [00018] ..Figure 7Ais a top view diagramillustrating a

- proxi gity heaqogganni pguRef A0 sitid vRGFOLaRGRuAR g 3 DB RRAC) Reaatvigl the

i nventi on;

a heating portion, in accordance with an embodiment of the invention;

[00010] Figure 1B is a side view di'agram illﬁstrating another proximity |

head with a heating portion, in accordance with an embodiment of the invention;

[00011] Figure 1C is a side view diagram 'illustrating a semiconductor
10 wafer proéessing system with dual proximity heads, in accordance with an

embodiment of the invention;

[00012] Figure 1D is a side view diagram illustrating a semiconductor
wafer processing system with a proximity head coupled to a power source, in -

accordance with an embodiment of the invention;

15~ [00013] Figure 2 is a side view diagram illustrating a proximity head |
having a resistive heating element, in accordance with an embodiment of the

invention;

[00014] = Figure 3 is a side view diagram illustratingl- another proximity head.
‘having a resistive heating element, in accordance with an embodiment of the

20 invention;

[00015] Figure 4is a top view diagram illustrating a.heating portion of a

proximity head having wires, in accordance with an embodiment of the invention;
5




[00019] Figure 7Bis a top view diagramillustrating another proximty head
10 scanning nethod, in accordance with an enbodi nent of the invention;
[00020] Figure 7Cis a top viewdiagramillustrating regions of a wafer in
use with the heating portion of a proximty head, in accordance with an
. enbodi nent of e | nvention; and [00021] Figure 8 is _a flowhart diagram
illustrating & léllli oﬁ@m I S0 rYéew giagram g‘lli.sﬁa%n%ﬁ&’)@?ﬁ‘ﬂ& porsendf 2
accordance with an enbodi nent of the invention. 6 DETAILED DESCRI PTI ON
(00022] TPraximgy heed hgving atxintulating $luitk Su acdvedance ayitiy en embadicheat pbthsod for
heating fluid for delivery to a surface of a sem conductor wafer in a
sem condigleition;waf er processing system An exenplary sem conductor wafer
processing system includes aproximty head, as disclosed in United. States
. Patent Application No. 10/261,839, .entitled, "Mthod and Apparatus for
- Drying Sem copghgatypr I i e Usw j ; igand
Qutlets Held in. Cltzgs e%r%g%i Gn%St%i’} B?'gptﬁﬁ_% Waf gira gragluﬂug‘!ééeﬁsn?g'@g?\ag BF ?Fggﬁon
Sept epber -3 0 ich i s inecorpora . refer.en i lts antirety. The-
proxi Bt FSHer postLY ol MREY B SRR SIS T R Eskdiate ™ Yo
ot her enbg_gi ﬁts rgg_i ncl.ude the proximty head having any shape, as |ong
as the pPBRPHMEL eRUPBat fluid. [00023] It will be obvious, however,
~to one skilled in the art, that the present invention may be practiced

w t hout some or all. of these specific details. In . o :
' _ [00018] Figure 7A is a top view diagram illustrating a proximity head -

scanning method, in accordance with an embodiment of the invention;

[00019] Figure 7B is a top view diagram illustrating another proxiinity head

10_-. scanning method, in accordance with an embodiment of the invention;

- [00020] Figure 7C is a top view diagram illustrating regions of a wafer in
use with the heating portion of a proximity head, in acCordance with an embodiment

of the invention; and

[00021] Figure 8 is a flowchart diagram i]lustrating operations for heating -

15 fluid in a proximity head, in accdrdance with an embodiment of the invention.




ot her instances, well known process operations have not been descri bed
in.detail in 15 order not to unnecessarily obscure the present invention.
Furt her, the enbodi nents described herein are exenplary. It will be
appreciated by those skilled in the art that upon reading the description
and. studying the drawi ngs, various alterations, additions, permnutations
and equi val ents thereof areDpaasLEbDESCRIErIONT ef ore i ntended that al
such alterations, additions, pernutations, and equivalents fall within the
true spirit and 20 scope of the disclosed. enbodinents [00024] Figure | A

is a side vie strati 0 head 110 eating
portion 190, mdﬂgggora’gﬁéehtoép\ﬁ"i‘%e@ﬁg@wg&% ofm taR%aIF‘tHYS/@H\fI]M e oﬁ an
exenpl ary seni conduct or waf er -processing system 100, the proximty head 110
s Connéthedting Hu TepsmBEDUP A0uUAPTR FREFEEF veler 303 SYREORIIHY sour ce

120 provi des a7 fluid used in sem conductor wafer fabrication

oper at i omafer poeessingr sysfehui dsn eaempliaryc berdisonditctor, waler gmocesingsyssem( DI W, a
. chem stry, a conbination of the chemistry and DIW and a conbi nati on of the

. chen st iy¢haRd M@rdXimityiOwadehs distlodkd lin MEnitsdP PR NPattt APplickioh| 6l i n the
‘art that any fluid suitable.for use in sem conductor wafer 5 processing

 maybe “Siﬂ 2|6P 8§9meﬁﬁ’dﬂ£’f‘c‘elﬁ§tp ﬁgoﬁr@ ?:}0 asﬁ\ﬁ‘yﬁhg éxﬁﬁonc[&%zﬁafé“hough

Figure | ustrates th connector 130 to
gui de th

fhe 11 u Sedrdtit Fr ylﬁ%aﬁ?’%ﬁﬁ&% P R B o

o proxi n‘ité head 110 recel ves the fluid, the fl UI d rov& into the heatl ng .
porti on Bydacesreanddiled g Seriomper 10, 2001.0whiTB At Mcprmoraied by referencesigy s

. terrperature Further, the proximty head 110 controls the terrperature of
- the flui dnmytyapﬂhylm@umthe@d ilhastratedlgby the dravings hereindisi exemiplary, and

10 other embodiments can include the proximity head havmg any shape as long as the

proximity hea_d can heat ﬂu1d_._

[00023] 1t will be obvious, however, to one skilled in the a;'t, thrat the
present invention.may be practiced without some or all o.f these specific details. -In
other instances, well knbwn process opefatipns; haver not been described in detail in -

15 or_def not. to unnecessarily obscure tﬁe present i'n\./en_tion. Further, thé emquimcnts
; described herein arf;'exemp_laxy. ‘It will be appreciated by those skilled in the art that. |

upon reading the descﬁption and studying the drawings, various alterations, additioné,

permutations and equivalents thereof are possible. It is therefore intended that all

‘ such alterations, additions, permutations, and equivélents fall within the true spi_ﬁt and

20 scopé of the disclosed embodiments.

' [00024] Figure 1A is a side view diagram illustrating a proximity head 110
with a heating portion 190, in accordance with an embodiment of the invention. In an
'exemp]ary seiniconductbr wafer processing system 100, the p_rdximi_ty head 110 is

~ connected via a connector 130 to a fluid source 120. The fluid source 120 provides a
_ ; _ _




heating porti.on 190 reaches the set tenperature. Upon reaching the set
tenperature,. the fluid flows through one or nore outlet ports on a bottom
surface of the proximty head 110. The heated fluid then touches a surface
~of a wafer 150 that is positioned by 15 a wafer holder 140. The wafer '
hol der 140 _is capabl e of supportl ng the wafer 150 Er oxi mat ﬁllutgdo t he bottom
surface dhid peedin gemiqondpciay weles. Tabpesling] opesationse SMpstrat es
can be processed during sem conductor wafer fabrication operations. For

~ exanpl e, istixdst watee sdeiemzedatvaten (DTW).f 4 ehaanistry Fagusbingticshofathesthemisiryor
rectangul ar shapes, as aze used in flat panel. 20 substrates. However, for
si npli ci tayd DBV EaAd G covhbinatién BAARe theistiyr &id aatenal Howesstcht wal Hehe waf er
150. Further, t he waf er 150 can rotate .or nove linearly with respect to

the proxiy B}éﬁ%ﬂtq ade }]&ﬁed ghﬁs %JgttHﬁlan? FRPLSELIR 501t 1€ il iicondikiGamnary -

“Current xanp es inclu mm waf ers and 3 Omm waf ers. However, to those
of orglnar eis p033|ble, as

"ong. 2 Ereesn €y b bibd i Seicona B VB frofls e R A0BT om st race of the
proximty head 110. [00027] The heated fluid delivered to the wafer 150 via

a first outlet or n_conbine with a heated id dellvered by a
second out | et [9@}%5 ?ﬁ%%@ﬁ%&“ﬁﬂ‘r‘%}‘atc&ttﬁ? ?Jﬂldoiﬁulr“eet At h3yBe iy del i ver

i sopropyl - al cohol (I PA) while a vacuuminlet port 194 renpoves all the
fluids fromeacts 180rte gosledhe flbid twathe pradmity hwas b wather pmbadisent R t hird
outlet port .196 may not deliver 1PA. Thus, in some enbodi nents, the vacuum
i nl et porcbulﬂl94h@ﬂbm sdummlmsdiréwyheaheﬂrommityihemﬂlImeAtﬁnh&:ﬁ pmbxfmity d. Any.
fluid delivered to the surface of the wafer 150 can have any 10 footprint.

For exampegd 1idRchived thefRAY RRE th@ﬁﬂw@ﬁ)t@%%ahﬂ‘%’}ﬁﬂiéﬁrwﬂl MG featiioVever ,
.any fluid footprint is possible, as |long as the uid is renoved fromthe

surf e}ee (f) n}dﬂely@i@e{ts 1ROnb {ohg s)é@?éﬁ&ﬁ@rﬁ&fet la*%er the proxumty head 110

controls the temperature of the fluid by applying heat or wa:tmg, until the fluid i in the |
| heating portion 190 reaches the set temperature. Upon reaching the set temperature,
the fluid flows through one or more outlet ports on a bottom surface of the pfoximity
head 110. The heated fluid then touches a surface of a wafer 150 that is positioned by
15 a ﬁafer holder 140. The wafer holder 140 is capable of supporting the _v\:rafer 150

proximate to the bottom surface of the proximity head 110.

[00026] In some embodiments, substrates can be processéd during
semiconductor wafer fabrication operatiéns. For exainple, substrates can take on
different _sha_pes,. such as square or rectangular shapes, as are used in ﬂat.panel

20 _sﬁ_bstrates. However, for simplicity, reference will be made to a circular .wafe'r, such
as the wafer 150. Further, the wafer 150 can rotate or move iinearly wifh respect to
the proximity head 110. The actual diameter of the wafer 150 can vary. Current

ekamples include 200mm wafefs-and 300mm wafers. However, to those of ordinary

8




[ 00028] In sone enbodi nents, the wafer 150 maybe stationary, while the
proximty head 110 noves with respect to the wafer 150. For exanple, Figure
iBis a 15 side view diagramillustrating another proximty head 110 with
the heating portion 190, in accordance with an enbodi nent of the invention.
The proximty head 110 can nove in a direction 160 over the surface- of the
waf er 156killpnthe grtnswewest size Ard ghapgiinpesyiblee a8 lanepastlp wWakersl 0| ggpPeheat ed by
" the heating portion 190 via a plurality of ports disposed on the bottom
surface ¢facedpropimite 0o the boeen stiffice dfthe proxirity headdrd®. of 20 ordi nary skill
inthe art, the proximty head 110 can nove in any direction, as |long as
the proximty head 110 does not collide with the wafer 150. [00029]
Al t hough one pggB7YT1 t YhdRadedl AQidCaNverRt ity eie fWaftr d SDovignefistiblit ponf t he
“wafer 150, Figure 1Cis a side view diagramillustrating a sem conductor

war er pr%f%%hg&nggiﬁé SHiteL 9f ﬁMhEﬂe@Lf%% Q%i?%%(r?& n}byyyﬁsgﬁg bBuAGsRE dance wit

an enbodi nent the 1nvention. T 110 can nove in the
directions indigated, such as th i recti.on 160. ver, -Qroximty heads
105 BrSonSRigR, 4 B el b a8 55 brider migd ARR AAR SN W 0T
‘exanpl e, the upper degicted‘proxinit “head 110 depicts_the he%ign portion
190 coveVreyainlet@rt 494 sraeves ahlithe fluids frem the swifsact9f the apfer | 01%
~Alternatively, the |l ower depicted proximty head 110 depicts the heating
portion i&fe asmbodireertshe tiiod didet it 19® maypet detiven BHA.of Thubeinpyomd mity
head 110. Further,-the |lower depicted proximty head 110 is coupled to

-apr e- healgibodifbnts e Patnig et pbfi0194 oaRpadtheves| the dieatetg flifie adeniper at ur e
of the fluid about to flowinto the heating portion 190. Then, apre-heated

i d 1] oedhdy hBRL NARY! G RRIOR 1 9 Giack ! Fahe RERL TS0 boh bR a set

t enper at ure. , pre-heater nables the fluid to reach higher

ter t s. Furth by, . - t. the .f| Ui | m d 110
can BBt d0SEam ot ORmieine B RETHAECHLE alo b e BB PRV R ot
thme. any fluid footprint is possible, as long as the fluid is removed from the surface of the :

wafer 150 by the vacuum port 194,

[00028] In some embo&iments, the wafer 150 may be stationary, while the

proximity head 110 mb?cs with respect to the wafer 150; For example, Figure iBisa

'15 side view diagram illustrating another _proximity head 110 with the heatiné poﬁion
190, in acéordance with an émbodjment of the invention. The proximity head 110 can -

move in a direction 160 over the surface of the wafer 150. During movement, fhe

.proximity head 110 delivers ﬂui& heated by the heéti_ng portion 190 via a plurality of

ports disposed on the bottom surface. of the proximity head 110. Of course, to one of

20 ordinary 's'kjlllin the art, the ptdximity head 110 can move in any direction, as long as.

the proximity- head 110 does not collide with the wafer 150.

[00029] Althoﬁgh one proximity head 110 can deliver fluid to one surface
of the wafer 150, Figure 1C is a side view diagram illustrating a semiconductor wafer

processing system 100 with dual proximity heads, in accordance with an embodiment -
' 9




[ 00030] Figure 1D'is a side viewdiagramillustrating the sem conductor
waf er processing system 100 with the proximty head 110 coupled to a power
source 15 180, in accordance with an enbodi nent of the invention. In
contrast with the proximty head having a .plurality of outlet ports for
~delivering the heated fluid, another enbodi nent can deliver the heated
fluid toof He igvertioe e nremigytheadsi BY) canameyreingle fisectigny indicaed, Syl heat i ng
portion 190 is disposed within sonme portion of the proximty head 110. As
il | ustr atethebdirdeiignri68. Haweherp pgixirhily hedlsslubsen ddidr, $0h ds alvstged tyhe
heating portion 190 can be any size and shape. Further, the: heating

-portion HROJGANpRRGATP XA PBF ek ple! tiR ufptrl d@icﬂé@@r&ﬁnﬁt?%eﬁdomm ty head
110. Moreover, although the ‘-heating portion 190is fully disposed in the

S - - t ; . . - . - . .. . . h . h
et i ng. SEPErane HonReRlor TR RIS o SRR D ik H R pRG bl 0" e
f the. ti rtion 190 .10, be. di ed in.th imty head 110

T any miireAreabo ehohs IveaBRisl meTpahian | 19980FE REhPaERElie heat
the fluid and deliver the heated fluid to the wafer 150. [00031] Fluids can
f1 ow i nt 9@ Reconcaing o pidhe SpErrpodiaoHiibe prowimityhead HY. Fupber8itnect or
130. Further, one or nore connectors can deliver multiple fluids into 'S

t he. healower depictedoprodiafity Head 16 dnquiupledftb uipts-héaer 0 TBenpreheadpelt i on can
flowinto the connector 130, which can be referred to as the first

_connect okg dap@ble oERAiERE AR Enpelatre b tHedTuid Sb&H t@Hown@itBd haginghemiai ry for
an etching operation, can .flow into a second connector 132 and fluids for

-a plati “999."%@15}%%%%9&5 Y}!ih@&?irﬁtheth*éhﬁ:fgoﬁée}ﬂ%%@For]fﬁn%i heﬂhg%&'l‘iée’ to

one of ordinary s In the art, one or connectors can be-used for

.any unt. and types of, fluids. For ex le,..DiWcan..flowinto. the first
oS Bty BB Ottt b6 T preciheer ) B ety S Mg s deicllc b 1155
Thus, any nunber of_caonnectors can introduce fluid tq the heati]:tré%gp(jrti on

190, as 4TBRFGRHESt HETHERt Dhgrepisating the §uid. dhe prximily dgad d Iean f1uid..

control heating of the pre-heated fluid in a shorter amount of time. ' '

[00030] Figure 1D is.a side view diagram illu’stratihg the semiconductor
Wafer proqeésiﬁg system 100 with the proximity head 110 coupled to a POWET SOUICE -
15 18.0, in. éccordaHCe wi'th an embodiment of the invemion. In contrast with the
.'projcimity head having a plura}ity of outlet .po'rts for delivering the heated ﬂuid,
another embodiment can deliver the heated fluid to the éurface of the wafer 150 \}i'a '

one outlet port 192. The heating portion 190 is disposed within some portic.m of the
proximity head 110.- As illustrated by Figures 1A through 1D and subs¢quent

20 dfawings, the heating portion- 190 can be any size anci shape. Further, the heating
portion 1.90 can encompass a portion or an entire area of the proximity head 110.
Moreover, although the heating porti.on 190 is fully dfsposed iﬁ the 'p.roxirnity héad.
110, other embodiments can partially dispose (not shown).the heating portion 196 in

 the proximity head 110. Howevsf, the size and shape of the heating portion 190 can

10




[ 00032] The proximty head 110 is connected to the power source 180. ‘The

15 . power source 180 introduces a current into the proximty head 110. An

electrically conductive material propagates the current into the heating

portion 190 in oidef to heat the fluid. Oher enbodi nents may not include

- the power source 180. For exanple, as shown by Figures 5 and 6, the power
.source 186 disposmt inr the proxéuiity hedrb bt irt ey mhnried, asnlobg es Heahdatigg portionon  190.

| f heating fluid with the power source 180, then 20 the powersource 180 can

produce abow conlivitea 16 Badt tHeMnifl bd delivdpRMRAted fhuidtothé wafdra 50pur el y

exenpl ary,  and any other value is possible, as long as the power source 180

- can -produce enough power to heat the fluid in the heating portion 190. '

[00033] )n ot Wome"ﬁlhﬁfs%afﬂhwq{lmﬂé ﬁcatﬁg>bow&ﬁ196viee&%{ecﬁ>9éa@ﬁ& &80 is

possi bl e that "does not 1 nvol ve electricit For exanple, lasers are. known

to heat - 11 surfa f pobjects. Thus, any type. of power .saurce 180 is

possi bl e TEE0NEHEF 130, FurtRes Qe St mope Conpgebrs At deive L mlinl e il dn o °

the heating portion_ 190. [00034] An enbodi nent al so in¢ludes_a sensor 185
and ad cothe batiag pegion 196 cFarenianiple dhids fofiasgeasre PRERRRR pFLRPWI P head 110

~for neasuring the tenperature of the fluid flow ng through the heating

por'tion 180.coRvedtdrerl30 hwhisbnsar W@Srefaredodo db sthes dusti ironrrstdredBOng
portion 190 or can be disposed external to the heating portion 190. To one

of or di-n&@oyrespdnidingly) fliies, atth ad be esdigOthebBEire 86t dieewhmpgaspeeution, eay
| ocation, as long as the sensor 185 -can neasure the tenperature of the-

fluid. I meQngio %rgee&idn@dﬁ&.cct&h?%zfgwggiq%gﬁr b 1&g GMREAURSRoWGHRYL! . any

‘type. of sensor 185 is 10 possi , : g as the sensor can neasure the
tenperat yr.e; of the fluyi d~] 00035 pleed . 1S r. 185 s
- controll é&?lrdlggr.me?ﬁ)é f onht Pglqog%g’lghgg?smcc%% gla}uggg 1$2§1§Oar{%r%1e (?Ihléﬂ%?e‘ '
- tenperature of the fluid jn the heatin ortiaon, 19 For X e, a
prope?Pt i GABRECIRE &3t E? ughck #‘Eraé)‘n%““t jmf? e%Bt?‘Plﬂ%’i %ﬂr&émﬁnﬁfg} e
“‘tenperature of the fluid. After setting the set tenperature, which is a
t enper at diloav igto the first connector 130 and the chemistry can flow into the second connector

132. Thus, ahy number of connectors can introduce fluid to the heating portion 190,

as long as the heating portion 190 is configured to heat the fluid.

[00032] The proximity head 110 is-connccted to the power source 180. The :

15 -_ power source 180 introduces a current into the proXimjty head 110. An eléctricﬁlly
cdnductivé material propagétes the current into the .hcating portion 190 in order to'

heat the fluid. Other’ cmbﬁdiﬁnénts may not include the power source 180. For

' examp]e; as shown by Figures 5. and 6, the power's_ource' 180 is not required to heat

the fluid in the heating portion 190. .If heating fluid with the power source 180, then.

20 the power source 180 can p‘rodﬁce about 3kW to heat the fluid. However, this vaiue is

| - purely exemplary, and aﬁy-other value is possible, as long as the power Source 180

can produce enough power to heat the fluid in the heating portion 190.

[00033] In other exemplary embodiments, any type of power source 180 is

possible that does not involve electricity. For example, lasers are known to heat

11




15 the fluid that should reach the surface of the wafer 150, -the
controller 188 can detect the difference between a current tenperature of
the fluid and the set tenperature by obtaining nmeasurenents fromthe
sensor 185. The controller 188 then determ nes the anmpbunt of current to

~apply to the heating portion 190 fromthe power source 180, [00036
Sof t war o SUFHAGES @) ARG g TRYSs PBMURS IR spyrce Hav e%a?sfSﬁal?,eqs-lOE%gs %‘z% can
al so manage the controller 188. For exanple, during operation, the softwaze
can est alfowshsaeures 5%} isicapably oft applying he@0©, the heatingpeBion}$9. can neasure t he
fluid tenperature and determne if the fluid tenperature is |ess than 60C.
. The software. can then use the controller 188 to detect a tenperature

di fference and06gad]y Awrgmsbddimsnt aleetethudet fa deheorfl85i ahdt & cpruraienrldsi s _
greater than 60C, then the softwaze can. do 12 nothing and wait for the

fluid to 1iRaghsdrN8556Uish68AGH k4! pRximkRy hBRS £100for Mclbiigythe tehberkfurd he art,
the amount of current to apply and the waiting time for cooling can be

pr ogr amreg gtf]{ggmt @ﬁiﬁgft@gggﬁ the ReahD SorfAPRA TR ed35} 1854

DY, { be
contr erature possibl e, étt er using ﬁar dwar e or

softwaze, .as .]long-.as.the 5 h in N 90 in the. imty head 110
i ncr eageéi-‘%méeci ’é‘ﬁg%ﬂ‘ﬁ?tﬁlrgé’%‘fmf ﬁ@ 'If’q %“@’%rcﬁllﬁgig ?Xtﬁ!“ troetﬁﬁ%gﬁ(@r%qrﬁ%n S?ew

diagramillustrating the proximty head 110 having a resistive heating

el enent, 198 adecmgapicerdinary skl enthsdamtetie sepsarnk8S ¢ambadisnesedrHe aRkat i ng
portion 190 can be conprised of a resistive heating elenent. Exenplary
resi sti vdotmiahj agloap astin sensamnl 8 nednuteasued the itethgersuchofthedidid.c dm ooar bi de 10
, (SiC), nolybdenumdisilicide (MSi2), or other electrically conductive

mat eri al SmBYMmest Rl sehidor T8E 8% hdherfldebus. $idweter) abPEfPedd sefsctaBalbe of
bei ng heated above about 100C. However, the resistive heating elenment can

be a Al [ I SueHtd gu@f being heated to
eq_ualrmop%)rg“{elgg’e%s Itﬂﬁ%h&?;%esézsg% B%e?rl%aesﬁlg%tﬁl%ahf%%gSg? As ?,I lustrated in Figure
2, the resistive heating el enent can : -

- {00035] Coupled to the sensor 185 is the controller 188. Thé coﬂtrollér 188 -
is configured to control the temperature of. the fluid in thé heating ﬁortion 190. - F-or.
example, a proportional integral differential (PID) controller can cdﬁtrol .the
temperature of the fluid. Aftcr‘ setting the set temperature, which is a temperature of

15 | the fluid that should reach the surface of the wafer 150, the contr_oller 188 'caﬁ detect
the difference between 2 current temperature of the fluid and the set temperature by
~ obtaining measurements from the sehsof 185. The controlier 183 then detefmines the

amount of current to apply to the heating portion 190 from the power source 180.

[00036] Software in a computing system connected to. the controlier 188

20 can also inanage the controller 188. For example, during operation, the software can
espablish the set temperature at 60°C. The sensor 185 can measure the fluid
témperature and-determine if the fluid témperature ié léss than 60°C. The_:softwére

can thén use the controller 188 to detect a temperature difference and apply cufrent as

needed. If the fluid temperature is greater than 60°C, then the software can do
' ' 12 o




15 conprise a portion of the proximty head 110. For exanple, a portion
near the bottom surface of the proximty head 110 can heat the fluid
before delivery to the surface of the wafer 150. In other enbodi nents, the
entire proximty head 110 can be conposed of the resistive heating

el ement.. Thus, any .conppsition an onfiguration af the _.resistiyve heating
o ement ARVt FAFRF DG aBRafe e dppGeit oo e cehERIEY 380 "capabl e
of heating the fluid. [00039] The enbodi nents described herein generate a -
f1uid et steuart.othe ampaniveb surrpet torapphhind, theewaiting ¢iram dor ¢nolisgraaad® of t he
waf er 150. The fluid nmeniscus 210 nmay be noved across the wafer 150 to -

cl ean angrogramimbe ivaftiee scftoare.n It ethat erabodiments samy methdd of contvalfiag the
fabrication operations. For exanple, the fluid nmeniscus 210 13 including

t he heat gghid temhsbraraie RepBlld, %&Hérﬁisﬁ%i REIRRR & SbftwgeOREN@IG B dhe TO those
of ordinary skill in the art, the fluid nmeniscus 210 including the heated

fluidzca L1 etha: e fabrl i tion, as
| ong ?51_5 p ﬁ%ﬁlg o%‘ drﬁ ?%p lﬁetgé(;grf%aﬁbgg%gq? Egﬁcfr%{%ésg{hefe 0 ﬁ%‘?}%&}{l g@ﬂ "ui d source
+ 120 delivers fluid to the heating portion 190 for heating, the sensor 185.
nmeasures the tg atyre .the fluid,. One .qr r e 1enperature '
measur enent s, hﬁwgﬁ)nj AL Off Wlfl?ﬂ”teﬁ'edlﬁ%ﬁ]flrlg}”f@m%%? 5@5@%[16%%10
‘tenperature of the fluid. The amount of ‘tine, fromthe delivery of the
f1ui d tohfHBE  prresistive: peatngd clement, ¢ i aerordpare ity ay ephodiaentedf theyid. to
the wafer 150, varies. For 10 exanple, it may take a longer time to raise
t he t enpéranuere dhe hhaing portion d99 ban be tompngedraftaresistivaheatingrdémentor t he ‘
fluid tenperature to lower to the set tenperature. Thus, any anount of time -
i s possi Exemgﬁsy kre3iegivashehtidy ERMRATsAd Bcldble hieridls Wuch heailites daftedset
tenperature-before delivery of the heated fluid to the wafer 150. [00041}

For- gfe f(éi@),dmﬂﬁzﬁhéﬁfaﬁ§ At dANIEN], 2 of SﬂﬁE’PélléétHEﬁljf EHEPRaRBs 1 A 0 about

95C, the heated fluid includes prédom nantly water-based chemstries such .
as DPJV. Ho j r.enmbaodi ts,..other.c 1St re p i bl e. For
exarpi e harrag peisPal Y oo TRaH SRR 1 ebe 2 WU PR B ERPBRELY St Ton
No. 10607 , entitled, "Apparatus and Method. for Depositjng and
Pl anari zilﬂéﬁh#ﬁ“ﬁvrﬂ b FosisiyF MG EEReTA By & Ay A IAbets IORE FrEE 27,
2003, which is hereby _

material is capable of being heated to equal or greater than the set temperature.

[00038] As illustrated in Figure 2, the resistive heating elémeﬁt can

15  comprise a portion of the proximity head 110. For-example, a portion néar the Bottom
- surface of the proximity head 110 can héat the fluid Before delivery to the surface qf '

the wafer 150. In other embodiments, the entire proximity head 110 can be composed

.of the resistive heating element. Thus, any composition and configuration of the
resistive heating element is 'pos_sibie, as long as the resi_stiﬁe heating element is

20  capable of heating the fluid.

{00039] The embodiments described herein generate a fluid meniscus 210
between the proximity head 110 and the surface of the wafer 150. The ﬂuid meniscus
210 may be moved across the wafer 150 to clean and dry the wafer 150 in relation to

semiconductor wafer fabrication operations. For example, the fluid meniscus 210
| 13




20 incorporated by reference inits entirety, the fluid nmeniscus 210 can
deliver the heated fluid including a plating chem stry to the surface of
the wafer 150. [00042] After applying current to the heating portion 190,
electron transfer may affect the fluid. For exanple, Figure 3 is a side
view di agram.illustrating another proximty head 110 havi ng ar resistive
heat | ng. GRARUAE thehrated i e e Bodhm iching 3uf DIEBS APSTRHATSO1 T fese |
~invention. The proximty head 110 includes two heating portions 190
conpr i sedf ekdinty skig irs theveat, imafliidgnenisome iX103a¢luding therheéatediflaidorand30. As _
current is applied to-the resistive heating el enent 320, the insulator 330
prevent s agblesd foBny bdnliBshdictdr Ovdffiefablivitibn yptraon| as deld Mettrdproriniibe surface
of the wafer 150. Exanples of the insulator 320 include
- pol yt e”%éd;g&@ﬁéa@’ EfSid P TFE), commonly known as Teflon(r) and a sapphire
material. P can be a coating covering the resistive heating el enent 320,
whil e the sapphire material can be plates that separate the resistive

heati pg el enen m the flui.d,. Ho oo @Ny Ly L. t o ohS.possi bl e,
as Ioﬁg as taéoé‘{r?iul a g‘?e é‘% SP?%E%%@F%"%? M%‘Petggl}letoli;er?gﬂégé&o?lolr?b t%r P’gnsfer to
the fluid. 10 [00043] As illustrated by the enbodi nent. of Figure 3, the
heati ng ﬁ@?@ﬁ%nt%el@@s@aﬁ%dﬁ?aéﬁ‘ﬁﬂ ‘gﬁ tSTPPEAUTR 0P g‘egg]r"{%er(?n%llqrhﬁl?% shown
as.a vertical heating portion.. 190, horizontal heating portions 190

sur r ounditergperhim aheaserieatentuiidecdnjwiconr with thessonradler 188, |eongohdhg he
heating portions 190 heat fluid in the channels. Alternative enbodinents

-can surr e¢mperagieof ¢@ fbuitl eThepandisuy of hietes Hyonp eliendéliviengof the Swideotthwe 15
heating of fluids. [00044] Figure 4 is a top view diagramillustrating the

heating pe&tiR® heh@d100b thd %elWe?g}( biTtHeYndaRAde %A Qo ARy wlkr W50 S¥arté40 Fof N

accordance w th an enbodi nent of” the invention. Thesesistive heating

el et Gamngleot b lueles Bildsr 1R B 06 wBUEHRBBNSS i BB 7fhe e W 1 es

430 can be can have anon-u orm shap gardl ess of

the configuration of the wires 42Q, the wires 420 are also insulated to
prevent dFBRTAME fhanor wait for ﬁ]ﬁet%flfjl.}?@?erﬁwc é?(i%?re{o g ﬁeﬁé‘?}?%% 430, such
as ceramic, can insulate the fluid fromthe. wires 420. As current is
“appl i ed tiPuspenygreeunt D time; is possible; 25 longwp Hee tempsTAGEe 19 dha Huid 16achss r t i on
0190 is heated to the set tenperature. When the heated fluid reaches the
surf ace dhe $ct ¢ermpefranrelisfiore tdakbvepy okiheihegtet dlmet libe fvafard 585 :

[00041] Fof t_he fluid meniscus 210 having a temperature from about 4O°CV |
15 - to about 95°C, the heated ﬂuid includes predominantly water—bas_ed chenﬁs&ies ,sruch
-as DIW. However, in other embodiments, other chemistries are possible. For
. example, during a plating opération as 'disclosed by U.S. Pﬁtent Application No_.
10607,611, entitled, ”Apparatus. and Méthod for Depbsiting and Planarizing Thin

Films of Sémiconductor Wafers,” and filed on June 27, 2003, which is hereby -

20 incorporated by reference in its entirety, the fluid meniscus 210 can delivef the hea_téd.

fluid including a plating chemistry to the surface of the wafer 150.

[00042]  After applying current to the heating portion 190, electron transfer
may affect the fluid. For example, Figure 3 is a side view diagram illustrating another

proximity head 110 having a resistive heating element 330, in accordance with.an
| 14 |




the fluid neniscus 210 (see Figure 2). Thus, as the wafer rotates in a
direction 400, a |leading edge 480 produces a wet region of the wafer 150
‘and a trailing edge 490 produces a dry region of the wafer 150. The wet
region is produced by the delivery of the heated fluid to the wafer  150.
Correspondi ngl y,. the novenent of the wafer 150 and the proximty head 110,
i n conj usatbodimexnt ©of theniavemionu nheproxinhy headtl &0 irfcludes| IWQEIGatmﬂquﬂl@B@i mty.
head110, produces the dry region. [00045] Figure 5 is a side view diagram
i |1 ustrativogoipeiséaf the gegiiveiteatindflembnt 389 pidaan inddlytoh830l AkGulanti ng a

circulating fluid, in accordance wth an enbodi nent of the invention. In an -

exenpl ar ys ¢pRd ek red@stive Karif P 2MEhednt 330, ARNindHatod BBOSrévetdele@rdine
~heating portion 190 disposed inthe proximty head 110. Wthin the heating

portion S I [ | ' iag, L t her eby

prevent i %g#ﬁlgmf 'i%%icﬂélﬂli’Wﬂg%f(?e%g?regﬁé?\l%eﬁ%&%?[%ggﬁlg%#%ﬂ:ﬁ cula ‘llggggﬁ luid in

t he second channel 0. fromm:xing, The circu ihg fluid can raise the .

~ tenpefat (% BTatRE ﬁﬁum&{%‘a polsteralpergrihyivac f@ﬁ’bicﬁwﬂ%- WPatheat

- exchange. Exepplary circulating fluids 15 can be water-based chem stries
‘that ar e Telippl redia b3pphirp omteriahoPTER gam pe a ostingetoyemnghidie resivgineating can
exchange the circulating fluid with a new circulating fluid .when the

ci r cul at iehgnenk B20, wdiblesthé lvepptitel idajeriab cap bk yplteathat Aepameti thgl sesisdny net-hod

of introducing and managing the circulating fluid is possible, as long as

‘the heat ihagiROsIEheR AR tferthiBe Movidvet, Gny 2fbel R AMBor! 8 pBaTEIBESs 1IBXLEP! ary

enbodi nent, a resistive heating elenent; 'such. as silicon carbide, can be
conbi ned Mt h . S..f. )sfgctla mbodi ment, there is
no power t@o’h?uclggﬁggggsn%{’%%gfﬁ%ﬁéﬁégiaeg& ﬁrgngﬂé{l rent tg@p%ﬁllrat'e)d tothe SiC
Silicon carbide is capable of high thermal conductivity. Thus, at ]east one

seconq channelyo iz cal ShiSUIA'S bk UhibdRhelld mENe R REnBRER S ubfe Second

48
=

190 can surround an outlet port. Further, although shown as a vertical heating portion
190, hon'zontal.heating portions 190 surrounding channels that guide fluid are.
possible, as long as the hcating'poftions' 190 heat fluid in the channels. Alternative

_ embédimcnts can surround selected outlet ports, thereby pennjtting the selective

- 15 - heating of fluids.

[06044] Figure 4 is a top view diagram il]usﬁating the heating portion 190
of the proximity head 110 having wires 420, in-accordance with an embodiment of the
invention.  The resistive heating element can also include bulk resistors, such as the
wires 420. The wii'es 430 can be a net of wires, or can have a non-uniform shape.

20 | Regardless of the configuration of the wires 420, the wires 420 are also insulated to
| pre_veﬁt electron transfer to the fluid. For example, an insulatof 430, such és ceramic,
can insulate the fluid from the wires 420. As current is apphied to.tl.le wires 420, the

fluid flowing through the heating portioh 190 is heated to the set temperatufe. When

thé heated fluid reaches the surface of the wafer 150, the prdximjty head 110 forms

15




520 is enbedded in a material ‘that transfers heat well. However, if a
material has |low thermal conductivity, such as ceramc, then a network of
second. channel s 520 nay be required to performthe heat exchange. [00047]
O her than the exclusion of the power source 180 in Figure 5, the proximty

head 110 &l ffiadfeRsQlz 10 16448 ELIC TR AL uiePatbARLAR inPERGibhabh Y, Decause

the circulating fluid provi eat to the flurd, ectron transter does
not occur_froma n xistent current. course, i f heatin oftion 190
Conb ned s Tesr 2 Kicuen Sk bfion oo SHFET150! nce g e 400 Phen e
proximty head 110 may include insulation. 10 [00048] .Fi I<2ure_ 6 i s_anot her
‘side vi eWrRAUSET &Y TeRI9Bf S Wefer k- nEhe Walgegien is predusd tyrthe deiveay obr oxi ity
‘head 110 having the circulating fluid, in accordance w th an enbodi nent of

t he i nvertkd beatedSfaidi thithaMafer 15A. domtespendingly.the neovspeond teavafet 18PQ t he
second channel 620 of this exenplary. enbodi nent has a nonuniform shape.
Furthgr, aad Sﬁ@mﬁﬁxﬁﬂﬂy $ead 80,6ntdogjumeaon itkhhe Ratufeidg fofane hbged lusd 15
.channel” 510. en the flui-d flows through the first. channel 510 into the
heat i ng We hr G (N LAl n the second channel 620
exchangegﬁfﬁtégfﬂ\?\n*tgﬁt%%%aflﬁg’l %H?ﬁée%%%?%go%hannel 510. Because of the
space separating the two channels, the material surrounding. the two -

channel s can b terial Vi. high thermal conductivity. 20 049] Any

retnod of headPRBSTT | Fighfs BALAS RN Rabaft MRy SORNE bl don R s

il lustrate nethods of heat] usj ng resistive _heating el enents, '

Al t er nat i%eh§, prlf’i"tj'{}‘ﬁéshf’ﬁglairﬁjgé“‘?”lnlguét_1‘]5“?t‘l%a‘1558eﬁlf:ﬂdarlgl1 %@qui €oWithedt i ng
usi ng a heat 'exchanger. Further, exenplary. conbinations of resistive

~ heating gﬁ@oﬁig@gnt @;‘(glmimggntm. In an exemplary embodiment, a first channe] 510 can

10  guide fluid to the heating portion 190 disposed in fhe proximity héad 110. Within the
. heating portion 190, a secopd chann'el 520 circulates the circulating ﬂuid,_ thereby |

prevepting Vthé ﬂuid in the first 'chémnél 510 and the circulatihg fluid in the second
channel 520 from_mixing. The,. circulating fluid can raise the temperature of thé ﬂl.I]d
delivered from the ﬁrSt channel 510 via heat exchange. Exerﬁplary circulating fluids

15 - can be _wateffbased chemistries that are supp_Iied by a pump (not shown). However,
_ dt_her embodiments can exchange. the éirculating fluid w1th a new circulating fluid
wheﬁ the circulating fluid loses th¢ ébility_ to apply heat. Accordingly, any method.of

_ “introducing’ and managing the circulating f.luid- is possible, as long as the heating

_portioﬁ 190 can heat fluid.

20 o [00046] In another ekernplary embodiment, a resistive heatiﬂg elérﬁeﬂt, ‘
such as silicon carbide, can be combined with channels for heat exchange. Inlsuc:h an
- embodiment, there is no power source 180 and thus, there is no current applied tb the -

SiC. Silicon carbide is capable of high thermal conductivity. | Thus, at l'éast one

second channel 520 can circulate fluid for heat exchange because the second channel
16 | |



aze possible. Accordingly, any method of heating fluid is possible, as |ong
as the fluid is heated within the heating portion 190 of the proximty head
"110. [00050] To apply the heated fluid, to the surface of the wafer 150,
.the proximty head 110 can nove with respect to the wafer 150. For
exanple, Figure 7A is atop view diagramillustrating a proximty head
scanni ng Redheabeddsd in 8 sragainé that Fpnyiera et msdl Hesmevepsil @ material Batlodh. The
proximty head 110 can include a heating portion 190. Further, the

proxi m t yhémmabcdrtocivty, sechcas getantct thema metwoek of senng chanelsd20maaypbeoxi mi ty
‘head 110. For exanple, the nenber can be an arm 720 ' capabl e of supplying
fluids, ngp&mmhdﬁw}@mﬂmamy@@g the proximty. head 110. 10 For ‘
exanpl e, the-arm 720 can nove the proximty head 110 al ong a radi al
direction 712. Alternatively, the arm720 can nove the proximty head in a

raster scan qO@eA 1 okt fhar ho@Rethliolol BAbAWE! dburck! B if FiEuieS, dnd 0P Vi ew
h ty hea

diagramillustrating another ‘proxim scanni ng. net hod, in accordance

_Wwith an enhodi oent the invention. 1 n_pne odi,nent. he proximty -
o 310 gy T10 kg, Ao £54 ineflae shelibal B RHSOC SPEMhcally Bl I
circulating fluid can be delivered to a second channel754 and,%rhe fluid to
be heat edMcEFFusingdyid grovides heat tpithetluidy glgeiapn transterdogs not epeupbeMidi ty head
110 npves in a vertical direction 740 when delivering the heated fluid to
t he surf acwexigiénttdvereniaf Of co&8e, iDh heatings portian HAPicombingd the Pewer sour¢not .
shown) is possible when the 20 proximty head 110 has a vertical _
ori ent at i180. wiklb chantets, fos difvulagiggrthid othen ghe @soxihity: tad 1B, mapyinchaddod of
scanning the wafer 150 is possible, as long as the proximty head 110 can
deliver theidsgated fluid to the surface of the wafer 150. [00052] Figure 7C
is atop viewdiagramillustrating regions of the wafer 150 in use with
the heatingportion 190 of the proximty head 110, in accordance. with. ]8

10 ~~ [00048]  Figure 6 is another side view diagram illtstrating the heating
i portion 190 of another proxir_rﬁty head 110 having the circulating fluid, in z-iccordanc:é' B

with an embodiment of the -in_vention. Spécifically, in contrast with the second
channel 520, the. second channel 620 of this exemplary embodiment has a non-

uniform shape. Further, a spaée can separate the second channel 620 from the first

| 15- _charmel‘. 510. When the ﬂuid flows through the first channel 510 into the heating

portion 190, the ciréulating fluid in the second channei 620 exchanges heat w'ith. thg

fluid in the firstrchanhel 510. Because of the space separating the two channels, the

material suxrbunding, the two channels can be a material having high thermal

conductiVity.

20 - [00049] Any method of heating fluid is possible. For example, Figures 2
through 4 illustrate methods of heating using resistive heating elements.
Alternatively, Figures 5 and 6 illustrate exemplary methods of heating using a heat

exchanger. Further, exemplary combinations of resistive heating and heat exchange

7




an enbodi rent of the invention. I mone enbodinent, the proximty head 110
includes a plurality of ports for delivering and renoving fluids. For
~exanpl e, the body of the proximty head 110 can be conprised of silicon

. cazbi de. Enbedded’ .within the silicon carbide are the plurality of ports,
- such as b &S00, ; : W idno/R8he @0 @ fourth
port 768%%@%%)1(63%%3?&%@? ?arn??ﬁ %@6}% %%tlggﬁuﬁgf' ﬁ)\géesglﬁ%pdgh(genrg st r§/ whi |l e the '
second por 64 n i ver DI W e.t.hird .port 7 an be a vacuum and the-
fourt h. ﬁ%f’ffaz%‘ﬁﬁlg‘gﬁgﬁéﬁyl%Poqulgﬂ.lgbr‘?fhleﬁ’é?’.“ﬁﬂé'mgr& ‘s, any anount and
conbi nati on of ports aze possible, as long as the plurality of ports can
- delivery a heated fluid fromthe proximty head 110. 10 [ 0005 t he.

waf er 150 rot ib'&soﬁn & rapply die herted figd 1 B ﬁ?ﬁ%Feh‘éfagj'el‘&'égHéi%vg%s the.
heated fluid to produce a wet region 780. The proximty head 110 produces a
dry regi gnoXigitythead 3tQ cari mgve withitespeettoftheiwdfer 160 Foeexamplé.ddguref/A he,
waf er 150.- Further, as the wafer 150 rotates, heated fluid may spin off the
~surfage af atthp v a@lagddmb illubRung & pyodiBhtydRad scamatusiethod] reacsetdanegi on 780
and the dry region 15 785 is possible, as long as the proximty head 110
can move Jifh 5 RRAbbAifdher gﬂ’@h R6n."5hE AebxiMity RbA I A cdlinkREe AeaERNL Of the
waf er 15(37!.’1;Eh [0005§1] Fi gﬁfr eE I sgnf I ow?harlt gi agram fl I Sst rgti ngﬁﬁ%erat ions

for heating.flupd i R the proximiy. head,1l ihac C i

ebod: medprisn R | Ty D hliny TR oo, ol REFOLGRATE, M by
performed in the enbodi nents previously 20 di gscl osed-in Fi gures t hr ough
‘4. )n an TR3NRHIRURS, ths Reexmity head dit tinitiog Wmﬂlcoﬁﬁrra%w{ @rPe @ %I@t,J’E)O . -
tenperature i's established.. Then, in operation 820, the fluid source 120
can supploppdtleiiofl supplying fhwidsireinpyingeduids, 1and mpyvisg the@redimity headchds 't he

~ proximty head 110, the sensor 185 within the proximty head 110 can

- measuge tHee ekhnipld, thergper Z2uean, mbve dRegrakingty B3d. 110hdogpa radibll direci8® can
then detect a tenperature 19 difference between the current fluid
tenper at uie angietdBveI9! tHee ARG IPOUES MdVveOle! prokiity 844U id . eRefradchen 850,
the controller 188 can al so control the tenperature by applying heat or by
wai ting. %%Qggiﬁlfor exanple,, in a resistive heating method, the heating
portion 190 can I'nclude wires 420 and naterials such silicon cazbide, _

- coupled to a power source 180. The power source 180 can apply a current to

‘the heating p | 190 to..heat fluid flow ng. therethr . tively, -
multiple chanﬁ@f)@ﬁﬁav%%an@fwglﬁ’l };’tg}nf?g Ilsh?\é%p glgﬂhelﬁ‘sg ﬁcfnl(gﬁggﬁaetg@ iv]\}%'lt’ﬂ%?t he
fluid to be heated. Regardl ess_qof the nethqd for heqati ng l;_ll uid, .the
cont r ol | dFOXIBBLYDIEAd SeAnNNS TP¢ROG: |1y PEFQ"%%%P"%&W eerppRdimentRf the Ve EMhmer at ur e
10 matches the set tenperature. B _ . '

15 In one embodiment, the proximity head 110 can be longer than the diameter of the L

|}

wafer 150. Tﬁus, a circulaﬁng fluid _can be delivered to a second channel 754 and the

,. fluid to be heated can be de]ivéred to # first channel 752. Thué, the proxiﬁﬁty héad
110 moires in a vertical direction 740 when delivering the heated ﬂuid to the surface

of the wafer 150. Of course, a horizontal direction (not shown) is possible when the

20 proxi'mity head 110 has a vertical orientation. Moreover, with regard to.Figurés 7A
and 7B, any method of scanning the wafer 150 is possible, as long as .t].ae ﬁroximity

head 110 can deliver the heated fluid to the surface of the wafer 150.

[00052] Figure 7C is a top view diagram illustrating regions of the wafer |

| 150 in use with the heating portion 190 of the proximity head 110, in accordance with
_ 18 _




[ 00056] Then; in operation 860, the proximty head 110 delivers the heated
fluid through the outlet ports |ocated on the bottom surface of the
proximty head i 10. The heated fluid is used in multiple sem conductor
waf er fabrication operations, such as cleaning and etchi ng operations.

- Thereaft ’exﬁgéa‘?lheﬁfhgf @ﬁémghbffog%fﬁé%maﬂnéﬁogﬂ %Igaxtugﬁ Sihfiar@ of the_

waf er erations en those ©o nar ski | in the

: t th t b dillustrated th
L e AL SRR et I, A gt fghe iy Lopept g s o
permt the heating of the fluid in the proximty head 110. _For exarrpl e,

~ the sens&pdngb thepreamity head | Orsasky eomprsedeofpEiliganucarbisie. t Babeddadd i n 20

paral lel with the supply of fluid. Thus, the order of the operations is not
limted twothimthe silérdni cudbide asethe phoality [cﬁ@ﬁﬂa]su&lblaee\fnst parh @6 mxedondent s
described herein are related to the  follow ng patent applications.

Speci §i cabltyreat Hehifr@lpbﬂweagaﬁ@b %&dm LP%@'?BQalFof)@ﬁmﬁ}iSl@ a 'TRstefirt 76w eampor at ed

_.by/referencelnt eir entirety: Pat ent i cation No. f20 il od

10/ 330, 8 A

- on Decen?glgve %Léh%bﬁ%y g?@%k%c%%a?&/ﬁ{ﬂ%lc%ﬁ?ﬁ%égw % gt%gh/g%ﬁ]‘l ent| tl Iede
S S P Dr

a1 of 0o b 3 i Bad BRGSOk 58 5en GEGF WA oF S gt RoRe

10/ 404,270, entitled, "Vertical S Proximty Processor," filed on I\/arch 31,
2003, 4) agount M@?mbmam ok, PPIgh aaPOssihieq @8 lampas thet pliraligy of ReEhets and
.Systens for Processing a Substrate Using a Dynanic Liquid Meniscus," filed
'on Mar c h deliverp @ d8ated Fiuid. fBym Rt prosimdpplidaddidon No. 10/ 603, 427, entltled,'
"Met hods and Systens for Processing a Bevel Edge a Substrate Using' .a
Dynami ¢ Liquid Meniscus,” filed on June 24, 2003, 6) U S. Patent 10 -
Appl iigat.i on Npo00B3] 6045 (ﬂ&ZwaEntllSO rexdtes’ 1§y1&bamnamﬂ Med prctithisy head &Y ati ng
In-Situ Metrology Wthin a Wafer Process," filed on June 24, 2003, 7) U:.S.

Pat ent  Applives@tth®Reded ik 64 Drddiie ae%'ttrégén 78M9t ee RoginfiBPRERL WEo f Or
Cl eaning a Substrate Using Mégasoni c Power, " | ed on June "30, 2003, and-8)

ff\p?ar At uhs %fﬁ%&iﬁﬁ‘q?%? AT a‘“ﬁi@% Hé*%ﬂﬂ%aﬁﬁf’ ”%E’éf%?’%ﬁoﬁg'htthe
: c?;-???'y”%fa'f%ﬁﬁﬁt SRHER 5 e valgy 170 gsiap i ER A gy sairt o I EHIREEST and
nodi fi cations can be practiced within the scope of theﬁg{gpended cI ai ns.

Accor di néeywalenéShr Thenene meddrfaraduging the Ve region 8@ pad) thesdry regigh r at i ve
and not restrictive, and 20 the invention is not to be limted to the

‘det al$s GBYénpdesitds, ms ling asnhy poeximityiHepé d 1 icth imove e aspaoiie] angt awgog val'ent s
of the appended cl ai ns.

' method in relation to the movement of the wafer 150.

[00054] Figure 8 is é flowchart -diagram illustrating operations for heaﬁng

fluid in the pfoxinljty head 110, ‘in accordance with an embodiment of the invention.

The following exemplary operations can be performed in the elﬁbodiments previously

20 .‘disciosed--in Figures 1D throﬁgh 4. In an exemplary operation beginnin.g ‘w_i.th
| opgrétion 810, a set temperature is established. Then, in oper’at:ién 820, the ﬂuid.
source 120 can supply fluid to the proxjmity head 110 After the fluid reaches the
proximity head 110, the sensor 185 within the proximity head .110 can measure the

fluid temperature, in operation 830._ The controller 188 can then detect a temperature
' 19



What is clainmed is: 21 CLAIMS 1. A nethod for sem conductor wafer
processing, conprising: providing fluid to a proximtyhead; 5 heating the
fluid within the proximty head; and delivering the heated fluid to a-
surface of a sem conductor wafer for use.in a wafer processing operation.

2. The nethod of, claim1, wherein the wafer .nprocessing operation.is a 10
i ani ng GEPIGH bven tiicurl fFid tesppegstiie ng the el FAnpetatifpe I 00 eption o Cossi ng

operation is _an etching operation. 15 4..The nethod of claim11, wherein the
waf er pr &d8sdn Apcraper gfq,é},«.p ostrgllen L88iqap also control the temperature by applying

hea_t or by waiting.

[00055] For example, in a resistive heaﬁng method, the heating pdrtion 190
5  can include wires 420 and materials such silicon carbide, coupled to a‘po'wer somée
180. The péwer source 180 can apply a current to the heating portjon 190 to heat
fluid ﬂowing therethrough. Alternatively, multiple channels having circulat_ing fluid
can exchange heét with the fluid to be heated. Regardless of the method for h_éating '
fluid, the controller 188 can adjust the fluid temperature until the fluid tcmpérauue '

10 matches the set temperature.

[00056] Then, in operation 860, the proximity head 110 delivers -‘the heated
 fluid through the outlet ports located on the bottom surface of the proximity head 11.0..
| The heated fluid is used in multiple semiconductor wafer fabrication operations, such
as cleaning and etching operatic.)ns. Thereafter, after the heated fluid is ﬁ‘emoved from

15 the surface of the wafer 150, the operations end.

[00057] To those of -ordina;y skill in the art the éperaﬁons described '
: herein, and illﬁstrated by the drawings, are ekemplary. Further, the Operatiohs_can be
performed in any order 1o permit the heating of the fiuid in the proxim_ity head 110,
) For exan_]ple,. the sensor 185 can continually measure the temperaiure of the fluid in
20_- parallel with the supply of fluid. Thus, the order of the opér,ati'ons is not limited to

any particular sequence.

[00058] Moreover, the embodiments described herein are related to the
following patent applicati'ohs. Specifically, the following related 'applicdtions-are

hereby incorporated by reference in their entirety: 1) U.S. Patent Application No.
20 .




operation. 5. The nethod of claim2, wherein the fluid used in the cleaning
operation is one of a cleaning chem stry and deioni zed water (DIW. 20 6.
The nethod of claim 3, wherein the fluid used in the etching operation is
an etching chemstry. 22 7. The nethod of .claim1, wherein the heating of

the fl ui t.he r“ I mty head f | ude C. L, I,Nn :

t eriper at ﬂpg‘q’h;&? nEned: “fsﬁ}l% Yhff?é’ump:tgéhﬁﬂ%’; é&&gs“éam%ﬂé n“élf’ﬂdg’ of claim
7, wherein the controll | r{ﬂ of the tenperature of the fluidw thin the '
pr OXI ni t yPasember i 2R84, 2)i(he| Paten:Application No. 10/330 897, entitled, System for

‘Substrate Processing with Meniscus, Vacuum, IPA Vapor, Drying Mamfold, filed on

- December 24, 2002, 3) U.S. Patént Application No. 10/404,270, entitled, “Vertical

_ 57 P_roxinlity-' Processor,” filed on March‘31, 2003, 4) U.S.. Patent Application No.
10/404,692, entitled, “Meth’ods and Systems for Processing a Substrate Usiﬁg é _

Dynanﬁc_Liquid Meniscus,” filed on March 31, 2003, 5) U.S. Patent Application No.
110/603,427, entitled, “_Methdds and Systemé for Processing a Bevel Edge_a Substrate

Using a Dyn_amic Liquid Me:niscus,” filed on June 24, 2003, 6) .S, Paterit

. 10 Application No. 10/606,022, entitled; “System and Method for Integrating In-Situ

.Metrology _Within a Wéfer’ Process,” filed on June 24, 2003, 7) U.S. Patent

Application No. 10/611,140, entitled, “Method and Apparatus for Cleaning a

Substrate Using _Me;gaso_nic Power,” filed 611 June 30, 2003, and 8) U.S. Pétcnt

Application No. 10/742,303, eﬁtitlcd, “Proximity Brush Unit Aﬁparatus and Method,”

15 filed on December 18,- 2003.

[00059] Although-the forcgoiﬁg invention has been described in some detail
for bnrposes of clarity of underStanding, it will be‘ap,parent that certain changes anc_i
modificatioﬁs can be practiced within the é.cope éf the appended claims. Accordingly,
the pfesent embodiments are to be considered as illustrative and not restrictive, and

20 the. invention is not to be ]ir_nited to the détaiis given herein; but may be modified

within the scope and equivalents of the appended claims.

What is claimed is:

21




nmonitoring the tenperature of the fluid within the proximty head; and
‘adjusting the heating of the fluid to maintain the tenperature of the fluid
at a desired tenperature. 9. The method of claim 1, further including:
removing the heated fluid fromthe surface of the sem conductor wafer. 10.
A proxi.mty head for sem conductor wafer processing, conprising: 15 a
heating portion configured to raisgyaj erature of a fluid. flow ng

t her et hrough; a sensor di sposed wt e proximty head for nmeasuring the,
tenperature of the fluid flow ng through the heating portion; "a channel

di sposed in the heating portion, the channel being configured to 20 guide
the fluid through the heating portion; and a bottom surface having at | east
one outl et port Aamdthat foremsticanactonivafer pocessingheomptisihgast one outl et port
being in flow communi cation with the channel disposed in the heating

portion. providing fluid to a proximity head;

5 heating the fluid within the proximity head; and
deliivering the heated fluid to a surface of a semiconductor wafer foruseina

wafer processing operation.

2. The method of claim 1, wherein the wafer processing operation is a

10  cleaning operation.

3. The method of claim 1, wherein the wafer processing operation is an

~ etching operation.

15 4. The method of claim 1, wherein the wafer processing operation is a plating

operation.

5. The method of claim 2, wherein the fluid used in the cleaning operétion is
one of a cleaning cheﬁlistry and deionized water (DIW).
20
6. The method of claim 3, wher::in the fluid Qscd in the etching .o_pell'ation-is an

etching chemistry.

22




23 11. The proximity head of claim 10, wherein the heating portion is
conprised of silicon carbide and is coupled to a power source. 12. The
proximty head of claim 10, wherein the heating portion is conprised 5 of
an insulating material having an electrically conductive material dispersed
therein, the el gctrical aonductive npaterj al I RQ. coupl to a power
‘'source.  13. Tﬁeelg‘f’d%?ﬁ?cl%//f%@@gﬂﬁeﬁq%ﬂﬁmhﬁﬁm&ﬁ@ﬁ%ﬂﬂldf‘ﬁgﬁpﬁgﬁl ating materi al
is conprised of a ceramic material. 10 14. The proximty head of claim 12,
wher ei n PHXImEy Bead fuglhier ipcludefduct i ve materjal conprises a wire. 15. The
proxi mty head of claim 10, wherein the channel in the.heating 15 portion
i's a first chaontedllihgeitampenatineras thef fluid/ wthimthapdoximétythead.i ng portion further
i ncl udes a second channel having a second flow. path, wherein the first
fl.ow path and the second flow are separate. '

-5 | B | 8. The method of claim 7, wherein the coﬁ_trolli_ng' of the temperature of the
fluid within the proxiﬁaity head further includes:
_ monitoriﬂg the temperature of the fluid within fhe proximjty head; and
adjusting the heating of the f_luid to maintain thé temperature of the fluid at a

' desired temperature.

10
9. The method of claim 1, further including:
removing the heated fluid from the surface of the semiconductor wafer.
10. A proximity head for semiconductor wafer processing, comprising:
15 a heating portion configured to raise a temperature of a ﬂmd _ .ﬂow_ing

' ;hc‘rethrough;
a sensor disposed within the proxinﬁty head for measuring the temperature-of '
| the ﬂuidﬂo{ving through the heating portién; '
a channel disposed in the heating portion, the channél being configured to

.20 guide the fluid through the heating portion; and

a bottom surface having at least one outlet port and at least one inlet port, the
at least one outlet port being in flow communication with the channel disposed in the *

heating portion.

23



16. The proximty head of claim 10, wherein the sensor iscoupled to a 20
controller, the controller being configured to control the tenperature of
the fluid in the. heating portion. 24 17: A sem conductor wafer processing
system conprising a fluid source; a proxinity head in flow conmmuni cation

with the fluid,s .t he he d|n di n a.heating portion |
confi gur ed toqllai PEPXL‘ Qgﬁf@ri;’ﬁloa Tryt L‘!'Bwr%gpot"ﬂ%’?@tclﬁ L'l‘ﬁ‘.:i i’isensor

di sposed within the proxi mté head for neasuring. the terrperature of the
f1uid flgﬁ/slhgom parbidgand Heconpiat!ith g PPWET SoYFre. :

-

12. The proximity head of claim 10, wherein the heating portion is comprised
5 of an insulating material having an electrically conductive material dispersed thérein-,

the electrically conductive material being coupled to a power source.

13. The proximity head of claim 12, wherein thé insulating .materiz.ll ié
- comprised of a ceramic Iﬁaterial.
10
14. The proximity head of claim 12, wherein the electrically conducti.ve

- material comprises a wire.

15. The proximity head of claim 10, wherein the channel in the heating
15.. portion is a first channel having a first flow path and the heating portion further
includes a second channel having a second flow. path, wherein the first flow path and

the second flow are separate.
16. The proximity head of claim 10, wherein the sensor is coupled toa

20 controller, the controller being configured to control the temperature of the fluid in the

heating portion.
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a channel disposed in the heating portion, the channel being configured 10
to guide the fluid through the heating portion, and a bottom surface having
‘at least one outlet port and at | east one inlet port, the at |east one
outlet port being in flow comrunication with the channel disposed in the
heating portion; a first nmenber coupled to the .proximty head, the first
mermber bei ng 18. dottmigendaglor i afpi prengsaResYSIE, §PBRIFIEY head; and a second
"~ menber configured to support a wafer, the second nenber being capabl e of

pl aci ng the s%q&g@g@ugéor waf er proximate to the bottom surface of the

" proximty head. 8 The seni conductor waf er processi ng system of claim
17, wherein the heating portion is conprised of -silicon carbide and is
coupl ed to a POWBKinSEUERE in ow didnmbhR @ WRR HkIbid sowskee theprot@Esi ng
~system of claim 17, wherein the heating .portion is conprised.of an
insul ati pg, pALEGIAL having an electrically conductive material dispersed
therein, the electrically conductive material being coupled to a power
source. 20. The sem conductor wafer processing systemof claim17, wherein
- the channel in the alieatingyprfion tonfigured @ rhise s tengfeanmelof hdid flowvidg rst {1 ow
~path and the heating portion further includes a second channel having a
second fl ow pat h, wher eiferbthfouloh! st fl ow path and the second flow are
separate. - o , :

a sensor disposed within the proximity head for measuring the
temperature of the fluid flowing through the heating portion,
a channel disposed in the heating portion, the channel} beihg configured

10 o to guide the fluid through the heating portion, and

a bottom surface having at least one outlet port and at least one inlet .
port, the at least one outlet port being in flow communication

with the channel disposed in the heating portion;

a first member cdupled to the proximity head, the first member being

15 configured to manipulate the proximity head; and

a second member configured to support a wafer, the second member being
‘capable of placing the semiconductor wafer proximate to the bottom surface of the

proximity head.

20 18. The se'miconductor wafer processing system of claim 17, wherein the

heating portion is comprised of silicon carbide and is coupled to a power source.

25




10 21. The semi conductor wafer processing systemof claim17, wherein the
sensor is coupled to a controller, the controller being configured to
pontrol the tenperature of the fluid in the heating portion. 15 26

19. The semiconductor wafer processing system'of claim 17, wherein the
heating portion is comprised of an insulating material having an electrically
conductive material dispersed therein, the electrically conductive material being

.coupled to a power source.

20. The senﬁconductor wafer processing system of claim 17, wherein the |
channel in the heating porti.on is a first channel having a first flow patﬁ and the
heating portion further includes a second channel having a second flow path, Whércin
the firSt flow path and the second flow are .separate.. o

| 10 |

21. The semicoﬁductor wafer processing system of claim 17, wherein the

Sensor is cdupled to a controller, the controller being confi gured to control the

temperature of the fluid in the heating portion.

15
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