PROXI M TY HEAD HEATI NG METHOD AND APPARATUS by Inventors 5 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

typically invglves nultiple repeated fabrication steps, such as

i npl ant ati on, rﬁ(EEIMI'H‘E'pﬁEﬁBr{‘IEAéﬁHﬂ&ME’FH@IIM ANDIAPPARATUSach
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
remove particul ates 20 and ot her undesiqu,gk,gorgrateri al that remain on the
surface gf the semi conductor wafer. Exénplary particulates can include

silicon dust, silica, slurry resid . fl.ake and silicate
particles. [0002] The cleaning stegﬁeag%ﬁﬁgﬁ aﬁégﬁeﬁ‘?i nse step, a spin step,

and a dry step. During the rinse ste ‘Y delivery device, such as a
spray device or an imersion 25 device, can apply a cleaning fluid to wet
the surface of the sem conductor wafer. For exanple, the cleaning fluid can

be spra;igld onto the surface of the sw wafer w th the spray
devi ce. ternatively, the sem condu an be imersed in the
cleaning fluid within the imrersion device. After the rinse step, the
sem conduct qr MR{SIf 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

[6001] Semiconductor wafer fabrication typically involves multiple repeated
fabrication steps, such as implantation, material deposition, planarization, and etching,
After each fabrication 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

20  and other undesirable material that remaiﬁ on the surface of the semiconductor wafer,
Exemplary particulates can include silicon dust, silica, slurry residue, metal flakes, and

silicate particles.

{0002j The cleaning step can include a rinse step, a spin step, and a dry step,

During the rinse step, a fluid delivery device, such as a spray device or an immersion

25  device, can apply a cleaning fluid to wet the surface of the semiconductor wafer. For
example, the cleaning fluid can be sprayed onto the surface of the semiconductor wafer

with the spray device. Alternatively, the semiconductor wafer can be immersed in the

cleaning fluid within the immersion device. After the rinse step, the semiconductor wafer
1



1 can be rotated to spin off the particulates along with the cleaning
fluid. Subsequently, a drying step can dry renaining droplets on the
surface of the sem conductor wafer. During the cleaning step or other

sem conductor wafer fabrication steps, it may be desirable to heat the
fluid applied to the surface of the sem conductor wafer. 5 [0003] Typi cal
heati ng necleanibermetdted te e edhthe agicuiwdseriong witbsbt niganisg Stuides Subseguently, a

i ncluded a heater connected to a fluid source. The fluid source delivers
fluid, suchirdsgtshe anerniragaihingidlopléw® ohhee hletlkebl hhicaticdiriat®r WatercDrait g
fluid to sone desired tenperature. Subsequently, the heated cleaning flurd

Propagat es tif LGB BPYIRE sOhichhfucdr LS IARICARN ps. 1P nM hediABRVES

. 5
usi ng t he st eps prev y aescr ed I n current sem conauct or

processi ng t e.inefficient.. For .ex | e he heat ed cl eani ng
fluid may Zégtetggﬁﬁgggﬂ?gﬁfl 19 §'§§u§ﬂiel‘)§ ﬂﬁf‘r%%?‘?'ﬁg&PFSJﬁ%Leﬁhe heater to the
fluid delivery device. Thus, when the heated cleaning fluid touches the

surface ¢f the SQUEG@ndUQ’KﬁEaW\@fe&En ti&hahRAREEA UERI Phdbhier heafeP dpebaam h9
fluid may be lower than the deswec%terrperature. 15 [0002] In view of the

f . , : ; h ‘ i [ 4L
or egol ng ‘Q‘tés@ér{lé favisy gl‘r:ﬁg%d §h@ﬂc@c%8ﬁ‘éc§é(i"t% nala@%d%m%é. e 1l %02)? Hel'i}ig%rfs tﬂéflgbe

in a sem conductor wa rocessi ng syste at “enabl es hea

delivered to a semicgonductor wafer at a desired tenperature, .2 SUMVARY  OF
THE | NVENTI 84§ ?fog%] 8%%%%5‘7“@%%&% ﬁ@%teft i st ihe Sloaeg ng“lz to sgme sirea
apparatus and a nethod for heating a fluid in a proximty head. It can be
appr eci at edtampperatiige praseguently the épated plearing Blavid prvpagasen todhe APTaY HeYieR o the

ways, such as a process, an apparatus, a
immersion device.

10 [0004] However, using the steps previously described in current semiconductor
wafer processing systems may be inefficient. For example, the heated cleaning fluid may
experience heat loss while traveling from the heater to the fluid delivery device. Thus,
when the heated cleaning fl'uid touches the surface of the semiconductor wafer, the

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

15 - [0002] In view of the foregoing, what is needed is an apparatus and a method
for heating fluid in a semiconductor wafer processing system that enables heated fluid to

be delivered to a semiconductor wafer at a desired temperature.



5 system or a device. Several inventive enbodinents of the present

i nvention are described below. [0004] One enbodi nent of a nethod for

sem conduct or wafer processing includes providing fluid to a proxinmty
head and heating the fluid within the proximty head. The nmethod al so
includes delivering the heated fluid to a surface of a 10 sem conductor
wafer for use in a wafer prQgs [ ??] In an enbodi nent of a
proxi mty head for sem condtctor—we e g~ t he proximty head
includes a heating portion that is conflgured to raise a tenperature of a

fluid Flowi ng t tjos) N OBy THRREEX D e Bhe G IeRELITESn @%gﬁ&g anfli gpOSEd

within the proximty hea neas ’rlng errpera ureo
flowng 15 t t ehetln port.ion .an nne S in the
neati ng poPETER. 1oL hefimernoior o TR PG i GATBE AR HRUe Tt ui ¢
t hrough the heating portion. Further the proximty head includes a bottom
surface halVARfiQk caress implsacnigd Il@muquusam'sémuqhe@sa Progess, Rihlapparpigsta such
that the at | east one outlet port is in flow communication with the
channel5 di spEsedon a deleecheSdveray ipogritiveremi@ilmeMO6]f tha maescanbhodntientarof a
sem conduct or wafer processing system the systemincludes a fluid source
and a proxdgstfivedagwi n fl ow comunication with the fluid source. Further,
the proximty head includes a heating portion configured to raise a
tenperature of a fluid flow ng therethrough and a sensor di sposed within
the proxinity KWOAM] f orOnreersbodimgnt ¢fen tretipel far semicondudier Whisr grddessingng
t hrough the heating 3 portion. The proximty head al so i ncludes a channel
di sposed iinciiies Ipeatidimg foidt k®r, prodciyt hadd the whanneahe i Buidonithgunigd to
guide the fluid through the heating portion. The

proximity head. The method also includes delivering the heated fluid to a surface of a

i0  semiconductor wafer for use in a wafer processing operation.

[0005]  In an embodiment of a proximity head for semiconductor wafer

processing, the proximity head-includes a heating portion that is configured to raise a
temperature of a fluid flowing therethrough. The proximity also includes a sensor
disposed within the proximity head for measuring the temperature of the fluid flowing

15  through the heating portion and a channel disposed in the heating portion, such that
the channel is configured to guide the fluid through the heating portion. Further, the
proximity head includes a bottom surface having at least one outlet port and at least

one inlet port, such that the at least one outlet port is in flow communication 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 communication with the
fluid source. Further, the proximity head includes a heating portion configured to
raise a temperature of a fluid flowing therethrough and a sensor disposed within the

proximity head for measuring the temperature of the fluid flowing through the heating
3



proximty head further includes a bottomsurface with at | east one outl et
port and at |east one inlet port, such that the at | east one outlet port
is in flow comunication 5 with the channel disposed in the heating
portion. The enbodi nent of the systemalso includes a first nenber
connected to the proximty head, such that the first nmenber is configured
to mani pul gloetidrheThe prixivmity hiwbasa@idales achasheieizbeseddontid heatieg gontiorsuppor t
a wafer. The second nenber is capable of placing the sem conductor wafer

proxi mat e tsck e BRtdhaMes ;s_r&ﬁﬁgu&a tb gﬁidertwﬁﬁﬁht%oggf@g %g%rlﬂgﬁ&zﬂongmr

aspects of the invention will Decone apparent fro ow ng detail ed

descriptio . I j I it h the accom i.ng dr am ngas,

1 st §at | AoHE el (SRR Bl oty sl BOROTR RN Pho L AR et e
DESCRI PTI ON OF THE ,DRAW NGS 50008] Enbodi nents of the invention nay best be
under st ood JH5! PR} SHEMRAL su6h thd the R IAstheneaeilet Pt isn t%ﬁomﬁ’%?}aﬂﬂcti on
with the acconpanying drawings in which: 5 [0009] Figure 1A is a side view
di agr an? i | Mt thachangehdispesed b the Heatiog wottion. &hkeattiodgngdrof itomsysiem also
accordance with an enbodi nent of the invention; [00010] Figure 1B is a side
vi ew di agr amolides udirstahémperanahdesd fordx ipfaxivity head swét thaschB€att mgmpexiki on,

i n accordance with an enbodi nent of the invention; [00011] Figure 1Cis a
side view dj kd IS, ' I Gopduct or fer ESE k) stem
N D dual B TR B ORI TR o A0y Bl BBt
'Sg\éegg'ngﬂalg)%gptlazlva@r.g 4he s%é%n'dsmgmgérdles c\élpaeb e %5’ %%Elan@ t'h!a 'séjx%ﬁc%%%hé}%r Jafer

proximate to the bottom surface of the proximity head.
10 [0007] Other aspects of the invention will become apparent from the
following detailed description, taken in conjunction with the accom;ﬁanying drawings,

illustrating by way of example the principles of the invention.



waf er 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 view diagramillustrating a proxinmty head having a resistive heating
el enent, in accordance with an enbodi nent of the invention; [00014] Figure
3is a side viewdiagramillustrating another proximty head having a
resistive heating elemegt, in accordance with an enbodi ment of the 20

i nvention; [00015] Fi guiatll LR A

HAESCRITTONSE JiEHn DR a8t rating a heating
portion of a proximty head having wires, in accordance with an enbodi nent
of the inventi of@008][ 00BmEPdiRiegtsrad the invemticsi ey bisele dhdas@od blylrefstanat i ng a
heating portion of ‘a proximty head having a circulating fluid, in

accor dancetomhietfoRowighirdiniRivh @ker! i€onjuéeot W thd AQRBHanFingWrBwhhek $n
anot her side view diagramillustrating a heating portion "5 of another

proximty -fgag. having a circulating fluid, in accordance with an
enbodi nent of the invention; [00018] Figure 7Ais a top view diagram
illustrating a proximty ‘head scanning nethod, in accordance with an

enbodi nent of t bphvent.ion;. [ 00019] Figure 7B.is a top view djagra

i |l ust rr%ti ng an@@lqgr p:%?‘i'rﬁi lsr?esd‘g‘l V‘fﬁ’g‘gﬁgﬁﬁl}"&tw&f‘ﬁé‘cﬁm?‘wﬂ%%@%ﬁ e with
an enbodi mept of the invention; [00020] Figure 7Cis a top view diagram
illustrati %Bﬂ%gip@@n@fn aecqrdapge Wi ap sebpliment plthlémentignpor ti on of a
proximty head, in accordance with an enbodi nent

[00010] TFigure 1B is a side view diagram illustrating 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 processing 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 illustrating another proximity head
having a resistive heating element, in accordance with an embodiment of the

20  invention;

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

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



of the invention; and [00021] Figure 8 is a flowhart diagramillustrating
operations for heating 15 fluid in a proximty head, in accordance with an
enbodi ment of the invention. 6 DETAI LED DESCRI PTI ON [ 00022] The fol |l ow ng
enbodi ments descri be an apparatus and a method for heating fluid for
delivery to a surface of a sem conductor wafer in a sem conductor wafer
processi ng syst E0016h kigmpl faisya sideiviondisgtan ilhatating ndeessg porioysifem 5
includes a proximty head, as disclosed in United States Patent Application
No. 10/ 26p5083fity 8Bdd hdvel a cMebIRgRy AInMH, AP RERARe WAth X ¥inbedagmt epRguct or
Wafer Surfaces Using a Plurality of Inlets and Qutlets Held in C ose

Proxi mty {Q.thg. Vafer Surfaces,” and filed on Septenber 30, 2002, which
is incorporated by reference inits entirety. The proximity head
illustrated by the drawings herein is exenplary, and 10 ot her enbodi nents
can include the i mty head hayi ng.,any shape, as |on t he roximty
hond can heat TIPATT [ GORSE T andir SaC hmie ade Sbnedui SFeiasectian | od 1 n
the art, that the present invention may be practiced w thout some or all
of theSe s¥fednfther Pseximiy. hpsd hovingr ai asewatings fluid| in karsardapes ciighs an

oper ations have not been described in detail in 15 order not to
unnecessardnodabentof ¢hd veeqgiamsent i nvention. Further, the enbodi nents
described herein are exenplary. It will be appreciated by those skilled in

the art that wupon reading the description and studying the draw ngs,

various alterat[0oOEs] adlidré ons.is PeIPTWel idRRFardNAuatingah gRbsintinenef are
possible. It is therefore intended that all = such alterations, additions,

per mut at i QRznni A Hhe BRI HAENdEndeA fn W EAbOiLIRGL bf HE ifRtibh; and
[00019] Figure 7B is a top view diagram illustrating another proximity 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 illustrating operations for heating

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



20 scope of the disclosed enbodi nents. [00024] Figure IAis a side view
diagramillustrating a proximty head 110 wth a heating portion 190, in
accordance with an enbodi nent of the invention. In an exenplary

sem conduct or waf er processing system 100, the proximty head 110 is
connected via a connector 130 to a fluid source 120. The fluid source 120

provides a 7 fluid used in ngmri cati on operations.
Exenplary fluids can includ ter (DIW, a chemstry, a
combi nation of the chemstry and DIW and a conbination of the chem stry
and water. However, it will be apparent to one skilled in the art that any

fluid suitable 1028ke The Sdlewdns dubpdiments describe pn gppesiusgenday nisshadsed i n
sem conduct or waf er processing system 100. [00025] Although Figure 1A

i |1 'ustrat eforthbatifg finid feodsliverytd@ sagfatani g riibenducnnadiran akeidondgiode t he
fluid to the proximty head 110, another enbodinent can couple the fluid

source 120ygfek 86 B(%t’)éﬁl;hg SyBemPr % @k&?{%lagﬁgerﬁﬂcgnﬂﬁftéreﬁvafe? rBEQ%n sWtenhefli_de

110 receives the the fluid f intot heati ng portion~ 190

heati ng 10 e fluid to ratune. rth t he
or ox! ety REGEH Fopt %@f e?ld’%i ciselistt 4F PG SERE P BB Ry heat
or waiting 5 %:%Pthe in the_ heating portion 190 reaches the set
tenperatur}é)/ ‘%p r PHE nngﬁ%O%@th érparBFute, Dryipg $emicanduciifs WHFough
one or nore outlet ports on a bottom surface of the proximty head 110.

The heat edPurfaged Ustigre Plotadine of lnlgsrfidOutlofs Helddd Elost3Roximity toghp 8éafei oned
by 15 a wafer holder 140. The wafer holder 140 is capable of supporting the
waf er 150 Supfaoxs,frate fileaal drhBefhonibardls 200z 0ehioh id meopoaxedrby yeftreack ihlifs
[ 00026] I n sone enbodi nents, substrates can be processed during
entirety. The proximity head illustrated by the drawings herein is exemplary, and
10 other embodiments can include the proximity head having any shape, as long as the

proximity head can heat fluid.

[00023] It will be cbvious, however, to one skilled in the art, that the
present invention may be practiced without some or all of these specific details. In
other instances, well known process operationé have not been described in detail in

15  order not to unnecessarily obscure the present invention. Further, the embodiments
described herein are exemplary. It will be appreciated by those skilled in the art that
upon reading the description and studying the drawings, various alterations, additions,
permutations and equivalents thereof are possible. It is therefore intended that all
such alterations, additions, permutations, and equivalents fall within the true spirit and

20 scope 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
exemplary semiconductor wafer processing systern 100, the proximity head 110 is

connected via a connector 130 to a fluid source 120. The fluid source 120 provides a
7



sem conductor wafer fabrication operations. For exanple, substrates can
take on different shapes, such as square or rectangul ar shapes, as are
used in flat panel 20 substrates. However, for sinplicity, reference wll
be made to a circular wafer, such as the wafer 150. Further, the wafer 150
can rotate or nove linearly with respect to the proximty head 110. The
actual di affisidensaf in hemivahductan & abanfabarstionCuparatiins. eXaeppksy ifhidsudan 200nm
waf ers and 300mm waf ers. However, to those of ordinary 8 skill in the art,

any wafer gicheleangtes ieimided PSS (DIW), AhdrinGy,as cdHSinM@MELf HROcKenistbe
pl aced proximate to the bottom surface of the proximty head 110. [00027]

The ‘heal edafd wirty dgld MeLgfiihidd8s "{géé%!hex%ﬁgyv%)@ aler! SHoML LY RAII be 192

can conbine"w th ‘an unheate uid I'T'ver a second ouflet port 191.

5 Correspondi ngl a third outlet, port .196 ¢ el iver isopr | al cohol
(1P i 1 arp e i Sttt o ol B AT Toiseh sorieBriRlon RREELrf ace
of the wafer 150. In sonme enbodinents, the third outl et 8ort 196 may not
del i verd | PROCERSIRg Mashbesised in earpieendustravafetrmocessingsydtemdfOport 194 only
removes the heated fluid and the wunheated fluid. Any fluid delivered to
the surface of the wafer 150 can have any 10 footprint. For exanple, the

fluid footprint[08825]be dbwugh tRigurs duiaildusimehase fikcvenece, 12(ay hiviog dhe
footprint is possible, as long as the fluid is renmoved fromthe surface of

the waf ercobetby130e Macet® Pabto 14 prok@8028kad N1 ARBheNBREbARYNS car he
waf er 150 may be stationary, while the proximty head 110 noves with

D o bR AR Lol 0SBl g RO RAELn ARce e nor o
accor dancehe\é\”{.itltfﬂ ?’ch?v%@?lgé HS}%E thoefﬂlgigEf'loiwnsvirelpot éhgr?]'eat}-rpgepgrgi8§ il%.t yl"hgeflaegtil%glo can
10 portion 190 heats the fluid to a set temperature. Further, the proximity head 110
controls the temperature of the fluid by applying heat or waiting, until the fluid 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 proximity
head 110. The heated fluid then touches a surface of a wafer 150 that is positioned by

15 a wafer holder 140. The wafer holder 140 is capable of supporting the wafer 150

proximate to the bottom surface of the proximity head 110,

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

20 substrates. However, for simplicity, reference will be made to a circular wafer, such
as the wafer 150. Further, the wafer 150 can rotate or move linearly with respect to
the proximity head 110. The actual diameter of the wafer 150 can vary. Current

examples include 200mm wafers and 300mm wafers. However, to those of ordinary

8



nove in a direction 160 over the surface of the wafer 150. During novenent,
the proximty head 110 delivers fluid heated by the heating portion 190
via a plurality of ports disposed on the bottom surface of the proximty
head 110. O course, to one of 20 ordinary skill in the art, the proximty
head 110 can nove in any direction, as long as the proximty head 110 does
not col | i dekilliintih¢ he, waf wafed 5@e ahDORPB]is Pbdsitdelgls lome apthexwvafet Y5headbd 10 can
deliver fluid to one surface of the wafer 150, Figure 1Cis a side view

di agramii | Emss&d@tdxnﬁatat@emb@qaﬂhtsgﬁ%emﬁﬁgmﬂﬁﬁyﬁ% ng, system 100 with dual
proximty heads, in accordance with an enbodi nent 9 of the invention. The

proxi mty heads 110 can nove in the directions indicated, such as the

direction 160 HRMBYE! . T 64 i \EAYSCH10 GO0 ISy Ul RBuld Mot rated

by the dual proxim r exanp e upper depicted proximty

head 110 )i cts the heatin rti 190 covering an enfire upper. portion
of the progﬁ'icf‘@ Cﬁ@ﬂ)dn% M ?lgﬁﬂp“g’éqlﬁgﬁ“\’le%ﬁv‘?rﬁ% QYOWCHELPEE?%% ‘%Fol)gqm ty
head 110 depicts the heating portion 190 as covering a portion of the
upper por t ¢ ercHPNERElYp adRirdionethrast 196 gan ;t@ihtehéao,pmmg alq()gﬂ)efﬂ’éépﬂdl%@
proximty head 110 is coupled to a pre-heater 170. The pre-heater 170 is
capabl e of vacausi indpt tpoet 1 Enmpreratund thd fluhk fidmithe alxdade dfotht lveafed nE®@ fihe
heating portion 190. Then, a pre-heated fluid flows in the heating portion

190 for figate bRBbdiREnts) e @idOo®RE pofMIRY Aty dEhVs, Tide TS healse 170
enables the fluid to reach higher tenperatuires. Further, by pre-heating

the fluid, : i m : Ny e r r I RQ:
pr e- heat eden?tf&l}iuﬁéﬁ)é’ gﬂ eé%%@?@?@%ﬁ%? 109?1 }P%‘ﬁemn?%g?}g% (%%get&r feiglld([))gllli Qge si de
view diagram.illustratjng,.th em conduct or,. waf.e racessin stem 100
with the pPOREdiPithedti o Cadnes Lothe Ster of dby diler 150 Can Rdve any

10 footprint. For example, the fluid footprint can be about two square inches, However,

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 embodiments, the wafer 150 may be stationary, while the

proximity head 110 moves with respect to the wafer 150. For example, Figure 1B is a

15  side view diagram illustrating another proximity head 110 with the heating poﬁion
190, in accordance with an cémbodiment of the invention. The proximity head 110 can

move in a direction 160 over the surface of the wafer 150. During movement, the
proximity head 110 delivers fluid heated by the heating portion 190 via a plurality of

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

20 ordinary skill in the art, the proximity head 110 can move in any direction, as long as

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

[60029]  Although 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



15 180, in accordance with an enbodi rent of the invention. In contrast with
the proximty head having a plurality of outlet ports for delivering the
heated fluid, another enbodi ment can deliver the heated fluid to the
surface of the wafer 150 via one outlet port 192. The heating portion 190
is disposed within sone portion of the proximty head 110. As illustrated
by Fi gur es of thetinvoutitm. 1Drcaprdximitysteqde it0 24 coasimigs dirbttnbdaditagd,sack i on
190 can be any size and shape. Further, the heating portion 190 can

enconpass as fier direfionr 6an HRMdvES p %Mt?fhehase11mr@aasld'@férysm% iltd&ratedvby €OVeEr,
al t hough the heating portion 190 is fu |y disposed in the proximty 'head

110, ot her gpnhedi | BRI el gioﬁ g&gLTgleSﬁgé%gé&Oa? SRk bifE hﬁ%d o

portion 190 in pr0|mty A an ape” of the
heat i ng por osed in. the %rom mt head 110 in, any

(% ?O]tn 99 aﬁi 0 F

manner , IR i QgrPé’EH“ @ FOVER AN §RIHC MBPE GIOF ePEP’W@&V heatd 1 ui d
and deI i ver the heated fluid to the wafer 150. [00031] Fluids can flow into
the heati nflpofPErtitgy. be dowessispistest roxisnitshhead 110 Mepicrihe beasing®otion
Further, one or nore connectors can deliver nultiple fluids into 5 the
heati ng pol%( ancavefing Rortenanfthe ppfdr potsonf drthaprikeaity hgadopiey, durther,cen f | ow
into the connector 130, which can be referred to as the first connector

130.  Cor riesredepiogyprofiitydad $UG 1R @%pRA 18LGHE-ABSGNE StHYpiE ‘%at@f‘lﬁf chi ng
operation, can flowinto a second connect or '132 and fluids for a plating

operation lg@Q}rJﬂ}@y}f Ll tﬁm t%rﬂ}éérgtu? tlfgnd A ¢ Oﬁo&?H{oﬁﬁ%héaﬁ@%& ]rtgé any

ordi nary skil connectors ‘can
anount an s of fluids, . For.exanp DI Wcan In the first
connect ordllgg% e&’ £ e g'ﬁag?ﬁ leﬁﬁ%%lnftklg%e?tmgd)qrﬂ%n %é(g\évﬁcf”‘@gh%ﬁ‘tgdw hey 32,
Thus, %n nunber of connectors can introduce fluid to the heati ng %Ol’tl on
190, set temperature.  Thus, the pre-heater 170 enables the fluid to reach highe
ternperatures. Further, by pre-heating the fluid, the proximity head 110 can better

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

[00030] Figure 1D is a side view diagram illustrating the semiconductor

wafer processing system 100 with the proximity head 110 coupled to a power source

15 180, in accordance with an embodiment of the invention. In contrast with the
proximity head having a plurality of outlet ports for delivering the heated fluid,
another embodiment can deliver the heated fluid to the surface of the wafer 150 via

one outlet port 192. The heating portion 190 is disposed within some portion of the
proximity head 110. As illustrated by Figures 1A through 1D and subsequent

20 dfawings, the heating portion 190 can be any size and shape. Further, the heating
portion 190 can encompass a portion or an entire area of the proximity head 110,
Moreover, although the heating portion 190 js fully disposed in the proximity héad

110, other embodiments can partially dispose (not shown) the heating portion 190 in

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

10



as long as the heating portion 190 is configured to heat the fluid. [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 order to heat the fluid. Oher enbodi nents may not include
the power beoulispesaiB. thEgroximkaiphd 11@sn sinomwaninyr, & huges the Aealing, pdriien power
source 180 is not required to heat the fluid in the heating portion 190.

I f heati ng19d W dnWikhiRdlié Bed EWEMNIS Ak 8818 the HARA R td e ROMET 1 5P0Ur Ce 180
can produce about 3kWto heat the fluid. However, this value is purely

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

can produce enofWBSﬁ?PV\BIElufd? c%ﬁg%wtlnt% thé H;:ﬂinigtrby%tg&o A il @gmﬁ)e%{cgrg,osﬂi%gg Lo

[ 00033) In other exenplary.e nment's, any OWer 'source

possi bl e that does n ipvolve electricity. For exanple, |asers. are known
to heat 1@%99}%93%?%‘}- EBE"O'E& Qe i fpgre g e?fyﬁeca&f&g@%m@&}?éﬁ“@%@tq S
possible, as long as the - power source 180 is capable of applying heat to
the heati ngepgsringdpotivg, 19000084y amplee fvodi faerat cledndng Ppokiicesam flognioty 185
and a controller 188. The sensor 185 is disposed in the proximty head 110

f or nmeasurthagcofrectaenpddatwhieh &rofbe hefdrtedi do f howheg firktr @aghedidre 13€at i ng
portion 190. Further, the sensor 185 can be di sposed in the heating portion

190 or carc@;eesgbﬁm%@dﬂ@ﬁs,eémlastﬁ &z@ﬁinge@{ehﬂﬁqp%_tdnoachi%%popeifﬁioﬂnearpf _
ordinary skill 'in the art, the sensor 185 can be disposed in any |ocation,

as | ong asyd\henRenshnd %ggj?e?g)rg%?séﬁ'aeﬂﬁiﬁg 5{)12 %ﬁ%@%\%@%lﬁ%ﬁ@&?y@&% ioigro A n one

enbodi nent, the sensor hernocou e sensor
1 is- -1 i bl I h nsor n r h r r f
tﬁg flsui dghﬁgscsongecefbr 34, O&Pcc?l?rset, ' Sne o or&garyns%&?l{n ethé a?t, toenrer;pgr gltolfje €0
10 connectors can be used for any amount and types of fluids. For example, DIW can
flow into the first connector 130 and the chemistry can flow into the second connector

132. Thus, any 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 connected to the power source 180. The

15 power source 180 introduces a current into the proximity head 110. An eléotﬂcéi]y
conductive material propagétes the current into the heating portion 190 in order to

heat the fluid. Other embodiments may not include the power source 180. For
example, as shown by Figures 5 and 6, the power source 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 produce about 3kW to heat the fluid. However, this value is.
purely exemplary, 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] 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



[ 00035] Coupled to the sensor 185 is the controller 188. The controller 188
is configured to control the tenperature of the fluid in the heating
portion 190. For exanple, a proportional integral differential (PID)
controller can control the tenperature of the fluid. After setting the set
t enper at ur e, V\:hiC? IS a t%rrperature of 15 the fluid that should reach the
surface of SPHECERL abieckn, The apyivpeorl RevargBuEsr 88ds dessiblenas Hngfasribpce
between a current tenperature of the fluid and the set tenperature by

obt ai ni ng Pewsus@MEN1 &) i capabihel apphsng hdd & the heatmgnioriodd £90.188 t hen

determ nes the anmount of current to apply to the heating portion 190 from
t he power source 180. [00036] Software in a conputing system connected to

the controller I6M3420 AareribeBmBRNEALS ild\eics ANleh&dr B35 &itBa doRfroRA1Y. €.
during operation, the software can establish the set tenperature at 60C.

I ST AR RS AT e BT i

fluid tenperature is lesst tware can

controlder Q tect .at erature differen nd ply c ent  as
needed.é | f oflﬁ% tilf“ai d’“i‘%%{h%f‘h healipg pajtion ]tgﬁaﬁ%@%ﬁ’ tsgé‘?‘f}lsf)ﬁigé(‘i?‘f Rére can
do 12 nothing and waijt for the fluid to reach the set tenperature. To
those of ofidPPsgHyn &g hqating pogtn HQG or qandeahisnoped temal todhe heatingopariiomnd t he
waiting time for cooling can be progranmed into the software. In other
embodi ment §90.arp aee lwbdrdhagosititlainl thagart, be sthaor d SSeranebatdisposéd ipasgi bl e,
whet her using hardware or software, as long as the 5 heating portion 190 in

the proxi notyidieas 1dik0ad therseases| s5hen tresmekahs fenRhathftof ihdifthid. [HGAS7]
Figure 2 is a side viewdiagramillustrating the proximty head 110 having

a resistivanheRbLERY 1e! &AL 189 1 @%%9@%@%.%%%}655?8%@&%@ 189§

; ; s ..
i nvention. The heating portion 190 can conpri se resistive heating
el enmenty possible, as long as the sensor can measure the temperature of the fluid.

[00035]  Coupled to the sensor 185 is the controller 188, The con.troller 188
is configured to control the temperature of the fluid in the heating portion 190. For
example, a proportional integral differential (PID) controller can control the
temperature of the fluid. After setting the set temperature, which is a temperature of

15  the fluid that should reach the surface of the wafer 150, the controller 188 can detect
the difference between a current temperature of the fluid and the set temperature by
obtaining measurements from the sensor 185. The controller 188 then determines 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 controller 188

20 can also manage the controller 188. For example, during operation, the software can
establish the set temperature at 60°C. The sensor 185 can measure the fluid
temperature and determine if the fluid temperature is less than 60°C. The software

can then use the controller 188 to detect a temperature difference and apply éurrent as

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



Exenpl ary resistive heating elenents can include materials such as silicon
carbide 10 (SiC), nolybdenumdisilicide (MdSi 2), or other electrically
conductive materials. An exenplary material such as silicon carbide is
capabl e of being heated above about 100C. However, the resistive heating
el ement can be any, mat r|aI as long as the material is capable of being
heated to 8@{'8513 Bid Hpik feﬂ“e {inghtorrechsBe seldpmaeratuge. eTo[thowag]ordigany skilt r at ed
in Figure 2, the resistive heating el ement can 15 conprise a porti.on of

t he proxi nint hehashdthe EouRobof exaempl te, applypend ihenwarimg tihe fbotbding saw bace of
the proximty head 110 can heat the fluid before delivery to the surface of

the vafer Ao@rankmediMethesBIoMEE Sthet H8b&IHNERS, RiPHetHodYofteatolihe tFEéin be
conposed of the resistive heating elenent. Thus, "any conposition and

confi gur at I i as the
resistive glgtflamfmﬁ errehelgtsﬂd%gllb}{3 dﬁ%ﬁ{e'r m% gﬁ&gﬁlﬁrge&ﬁ&a% M&?% 388%9] The
enbodi escribe ener te | uid nmeni scus 210 tweep the
proxi mty %@gagf?’@o& t’ﬂgh F%@%ﬁf’@ %Hé”%é?aé?s thgdemperature gf @e i scus
210 may be noved across the wafer 150 to clean and dry the wafer 150 in
relation to sem conductor wafer fabrication operations. For exa t he
flui d meniscus @Qé 711 3 Higup dds agidenden«hagsamfi] luﬁt@tlmyh%er%ﬂpﬁb@d?hl%t chi ng
and plating operations. To those of ordinary skill in the art, the fluid
meni scus 2EQingnel distiget hatingatlededt, undacardahees \aitntplérecdzmbmdanmt of the

sem conductor wafer fabrication operation, as long as the proximty head
110 heat s ihfantiohUiThe Keali@@@dRlon A bl 1d wrﬂpleseu rF & e hbatBigSeléhbrtd 1O

the heating portion 190 for heating, the sensor 185 neasures the
tenper at urg }fpid) Selibti dhefRE QEmPRE @an include materials such as silicon carbide
10 (5iC), molybdenum disilicide (MoSiy), or other electrically conductive materials. An
exemplary material such as silicon carbide is capable of being heated above about

100°C. However, the resistive heating element can be any material, as long as the

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

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

15  comprise a portion of the proximity head 110. For example, a portion near the bottom
surface of the proximity head 110 can heat 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 possible, as long as the resistive 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



tenperature nmeasurenents, in conjunction with the controller 188, control
the tenperature of the fluid. The anmpbunt of tine, fromthe delivery of the
fluid to the proximty head 110, to the delivery of the heated fluid to
the wafer 150, varies. For 10 exanple, it nmay take a longer time to raise
the tenperature of the fluid to the set tenperature than to wait for the
fluid tenpérdyding thechgatpdeltuid onaythes applied ingteliag ane platifp epsrations. afiw thuse of

time is possible, as long as the tenperature of the fluid reaches the set

t enper at ur ef loedinarg sitil inveicyarnfihd NeidhaeatiethsfA10i idcludinkhBe Wodted gD carl 89041]
For the fluid nmeniscus 210 having a tenperature from about 40C 15 to about

95C, the heghied il aHydsdnebitfiefr R&ﬁ&oﬁbﬁg{itdnyoﬂ@étﬁfnl ???g@ Ghef gﬁo&ilﬁ?y such

as DIW However, in other enbodi nents, er chems are possi ble. For

exanpl e, dyr| I RQ. operation as disclosed by U S. Patent Application
No. 10607H%ﬂ®netgllsﬁf’éeg,gld?Appar atus and Method for Depositing and

Pl anarizing Thin Filns of Sem conductor Wafers," and filed on June 27,
2003, ichis 20 incorporated by reference in its entirety, the
fluid meni scus B%%Bﬁn ,gme\;ﬁﬁ sopEch L3 delivers iig ti)mﬂla?@pﬂ@partmna&%rf@r
chem stry to the surface of the wafer 150. [00042] After applying current
to the heakatiggpdia isewso1o85 enaastreorihe riempémture nafy thef flest  t Gee fdruimdre For

exanple, Figure 3 is a side view diagramillustrating another proximty

head 110 hawipagptarer eshsiréventheat icogjuatesentitd3Be dontlenridgncontbl Rhen 14
enbodi nent of the invention. The proximty head 110 includes two heating

portions %g%eﬁwe rdfsRél mRfd.t e 'hﬁ]l%iuﬁlfj b BrRERLL SheCdETBAL oSAE RAH 187he

i nsul at or As current is applied to the resistive heating el ement 320,
t he i nsul a.g¢; halEN: | ectron nsfer, to. t f Ui which i
delivered £o t surfa@kg%&t(ﬁeg&\%\ﬁ'fOefrthégﬁ%e%)@élﬁr%foe@%o‘?a g ?SO’ Varies. For
10 example, it may take a longer time to raise the temperature of the fluid to the set
temperature than to wait for the fluid temperature to lower to the set temperature.

Thus, any amount of time is possible, as long as the temperature of the fluid reaches

the set temperature before delivery of the heated fluid to the wafer 150.

[00041]  For the fluid meniscus 210 having a temperature from about 40°C

15 to about 95°C, the heated fluid includes predominantly water-based chemistries such
as DIW. However, in other embodiments, other chemistries are possible. For
example, during a plating operation as disclosed by U.S. Patent Application No.
10607,611, entitled, "Apparatus and Method for Depositing and Planarizing Thin
Films of Semiconductor Wafers,” and filed on June 27, 2003, which is hereby

20  incorporated by reference in its entirety, the fluid meniscus 210 can deliver the heated

fluid inciuding 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



5 the insulator 320 include polytetrafluoroethylene (PTFE), conmonly known
as Teflon(r) and a sapphire material. PTFE can be a coating covering the
resistive heating elenent 320, while the sapphire material can be pl ates
that separate the resistive heating elenent fromthe fluid. However, any
type of insulator is possible, as long as the insulator 330 is capable of
pr event i ng ealbediman of tlansiertidano Fheeprbkiniid: hek@ 1[1060ABJesAsvoi Hehtisg paitieds by t he
enbodi ment of Figure 3, the heating portion 190 can surround an outl et

port. Furtheg comptibauenths Rt v@hedtiNEEkhea! 3PAld AinkQkidr 280, 180surrent
hori zontal heating portions 190 surrounding channels that guide fluid are

possible. 85a8 A%k NEIRR AAM,PULRANS R ERILE a8 BV cfiliggne! s

Al ternative ment's can surr Sel"éct ed ou por ere

permtting the selectiyv 15 heating of fluids. [Q0044] Figure 4 is a top
vi ew di agrgﬁ?si??rl @ﬁ?ﬁﬂlﬁﬁg‘@ ts iiff?rﬁa Dt 'C‘?ngtheo‘f’afﬁhés‘grgﬁwlﬁo ead
110 having wires 420, in accordance with an enbodi nent of the invention.
The resi st ihgeinseltomg2e| oatude ralpeabBecrpetbylede (BUFK).r esingtontys knowohaas t he
wires 420. The wires 430 can be a net of wires, or can have a non-uniform

shape. 20 Refyan"tinesssapphirhmacoitl.i PUFBChwBe atoithey dtivessy théQesitthe heatigg 420
are also insulated to prevent electron transfer to the fluid. For exanple,

an insul at gen@30326 UGRI18ShE SENIE: mae BBl LS BE NSt et fdeHidid IRMRG VM T es
420. As current is applied to the wres 420, the fluid tlow ng through the

i ui o enciestBebt PeRERERLCrbBLSS heb BRRRE tsfon PNk o ARBERE e

15 the fl ut'hd.megg 50@ 210 ai) ee. Figure ZG. Thus, .as the V\%f er rotates in a
di recti on ABESUFON P AEP PISGTHRS alFeRen Fanser tp i Bdof the wafer 150
and a trailing edge 490 '
10 [00043]  As illustrated by the embodiment of Figure 3, the heating portion
190 can surround an outlet port. Further, although shown as a vertical heating portion
190, horizontal heating portions 190 surrounding channels that guide fluid are
possible, as long as the heating portions 190 heat fluid in the channels. Alternative

embodiments can surround selected outlet ports, thereby permitting the selective

15  heating of fluids.

[00044] Figure 4 is a top view diagram illustrating 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 wires 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
prevent electron transfer to the fluid. For example, an insulator 430, such as ceramic,
can insulate the fluid from the wires 420. As current is applied to the wires 420, the
fluid flowing through the heating portion 190 is heated to the set temperature. When

the heated fluid reaches the surface of the wafer 150, the prdximity head 110 forms
15



produces a dry region of the wafer 150. The wet region is produced by the
delivery of the heated fluid to the wafer 150. Correspondingly, the
novenent of the wafer 150 5 and the proximty head 110, in conjunction with
the vacuum ng of the heated fl ui d into the proximty head 110, produces

the dry re i de view ramillustrating the
heat i né po ?@%d%@%@soﬁ% 2? gg Tﬁ'ésaﬁs ihfow?fg o?pdesamcq HEGHRPi4RY 3 1 i d,
in accordap a enbodlnent of the invention. In an exenplary
enbodi nent eagmﬁu § &Qaﬂwépceﬁm“f@&ﬁegnm Ghitere wafagi 0 andt hdrailing edge A ti on

190 dlsposed in the proximty head 110. Wthin the heating portion 190, a
second chapiedhcgz0dnyiregion af the wafer £30. cheawetnggibh id shodtdedrishiie dpliereof i ng
the fluid in the first channel 510 and the circulating fluid in the second

channel 52theflre@fétirﬂ1)iﬂm@theTﬂ@feﬁiISGWCﬁﬁie@ﬂoﬁdMgS}d tH@ﬂlcrv@hI%ﬁt 5@@:&&&9@&% ure of
the fluid delivered fromthe first channel 510 via heat exchange.

Supp! i od % ﬁ*‘*ﬁ*)’“ iy ARy T ERlBE b BES LR ¢ Bt Ui ge

t he C|rcula f|UI new ci-rcul fluid when the circulating
f1uid Iose§l P&%W&“ﬁ“’?@ﬁ%ﬂ@ﬂ% ﬁ‘ ‘ﬁ%&g‘?ﬂ ngly, any method of

i ntroduci ng and nanaglng the circulating fluid is possible, as | ong as the

heat i ng portl heat fluid. 20 [00046] |n another exenplar
enmbodi nent , @Q&%ﬁ v 1$R$§t ihg sideeviewtdiagramdRusizatis g (e berting rmorigen I%Qan be

conbi ned W|th channel s for heat exchange. In such an enbodinent, there is
no powver sButhse prgOméitidheddud 10t heerieg i & anoulating efitidappl aedrdance heith ShrC.
Silicon carbide is capable of high thermal conductivity. Thus, at |east one

second chaniteldiihé) afahe tiveatib@t & &h vkemplary BaBsdigeahange: BeSREES10 bgn second
channel 16
10 guide fluid to the heating portion 190 disposed in the proximity head 110. Within the
heating portion 190, a second channel 520 circulates the circulating fluid, thereby
preve_nting the fluid in the first channel 510 and the circulating fluid in the second
channe] 520 from mixing. The circulating fluid can raise the temperature of thé fluid
delivered from the first channel 510 via heat exchange. Exerhplary circulating fluids
15 can be water-based chemistries that are supplied by a pump (not shown). However,
other embodiments can exchange the circulating fluid with a new circulating fluid
when the circulating fluid loses the ability to apply heat. Accordingly, any method of

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

portion 190 can heat fluid.

20 [00046] In another exemplary embodiment, a resistive heating element,
such as silicon carbide, can be combined with channels for heat exchange. In such an
embodiment, there is no power source 180 and thus, there is no current applied to the
SiC.  Silicon carbide is capable of high thermal conductivity. Thus, at least one

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



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 channels 520 may be required to performthe heat exchange. [00047]
O her than the exclusion of the power source 180 in Figure 5 the 5
proximty head 110 al so does not include electrical insulation.

Speci fi cal P30 isgsabadsled in hmatiriat atitramsdert hedtdvet clodesr hfatmaterialves fdwi d,

el ectron transfer does not occur froma nonexistent current. O course, if

a heating fiermalsoni@@héghicned celieniPone a SEWERE of 4@8nidMchihrehasutehsy hor
circulating fluid, then the proximty head 110 may include insulation. 10
[00048] Fi gaiiBedtd SerfiithEheatlcdghpbeW di agramillustrating the heating
portion 19%@of ano?eher proxgl3 nigty a}ége{d 110 having the circulating fluid, in
accordance wth an enbodi ment of the invention. Specifically, in contrast

with the second n 20, the second annel 620 of. this.exenplary
erbodi ment nas. WA el Mien SRS pRAGRES of IR P ar et o eCB BN R E B
second channe] ,628 fromthe first 15 channel 510. Wen the fluid flows

t hr ough t H¥OKiTRIEY %arﬁi;%?ls%feeﬁ pign¢lnde plegiricalginsyatien. o fpadficallys because
circulating fluid in the second channel 620 exchanges heat with the fluid
in the firge cobelaiet f6proBdenbea tothet e d spgecteorsepateatdony noheccumroohannel s,
the material surrounding the two channels can be a material having high
thermal  comduGteny ctiyent2 @1 QOAI}T ARyatipt feto® 19 eakbigdl thyipdwes sassi bl e.
For exanple, Figures 2 through 4 illustrate nmethods of heating using
resistive bk - i b OUE |

ol ar y Tt hogectapRIE Tof cireduh Rl AR, A g BRARERY DA 0 e dine
conbi nat i qpg,;18f,f esi stive heating and heat exchange

e
ary

10 [00048] Figure 6 is another side view diagram illustrating the heating
portion 190 of another proximity head 110 having the circulating fluid, in accordance
with an embodiment of the invention. Specifically, in contrast with the second
channel 520, the second channel 620 of this exemplary embodiment has a non-
uniform shape. Further, a space can separate the second channel 620 from the first

15 channel 510. When the fluid flows through the first channel 510 into the heating
portion 190, the circulating fluid in the second channel 620 exchanges heat with the
fluid in the first channel 510. Because of the space separating the two channels, the
material surrounding 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

17



17 are possible. Accordingly, any nethod of heating fluid is possible, as
long 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
waf er 150, the proximty head 110 can nove with respect to the wafer 150.

For exanpl | e s a.t view di.agram.illustrating a proximty
head scann?{]eg&! r%gi# Le(‘)cf,Z éloacﬁ%%l barngd‘ﬁ%go%%cahﬁg gﬁg}dﬁipﬂﬁsﬁ}?lebq‘slp 4 ﬁ'\?m(;non.
The proximty head 110 can include a heating  portion 190. Further, the
proximty tefl \yyilug thaheatipg ppigign 80 #F thermserimitydikAddi®t i ng the proximity
head 110. For exanple, the nenber can be an arm 720 capabl e of supplying
fluids, removing fluids, and moving the proximty head 110. 10 For exanpl e,
the arm 720 canl%928] t hEo ppplyi thiet Keatasaflut @ sheomgrfacer ofd el wdfereki0, dhe 712.
Alternatively, the arm 720 can nove the proximty head in a raster scan

direction gikim{tPAeail] 10Atdnanoat Witk In¥spett tg WhewdRr i1 S0.a Fboexanhsiyy Fpagram
illustrating another proximty head scanning nmethod, in accordance with an

mbodi t; ' [ Ofh | ' : i d 110
enbodi nent ;50§ tc;ph@ie{vn(‘ﬁ%%a%rf;ﬂgjtsté%tﬁ&f{' PW?@?Q‘%@B% @?thgﬁ% M bYdaned

can be |l onger than the circulating fluid

can be del ] ver 0 C channel 4 and th fluid to heat ed can be
del i vered gﬁaa%%nﬁbsqd?%ﬁﬁnoﬁgﬁe ‘f’é’ﬁ?“%uﬁe PW&IW%E?‘}%{ ‘f‘f"é]al&CR]%TG % in a
vertical directi 748 ‘g?en delivering the heated fluid to the surface of

t he waf er H‘B@F’ndo oukFeherg the rogRiy hard ddfi e#n (Bforcoaplednle BsMsEYST bl e

when the 20 proximty head 110 has a vertical orientation. Mreover, wth
regard to Wegpprkegng e pieditzigy heaty 1 bt Rodeximpe dhainmgnbdieandiceam a50726
possible, as long as the proximty head 110 can deliver the heated fluid
to the surdapalcaff suppiwwef éuidtbmoving fluids, and moving the proximity head 110.

10 For example, the arm 720 can move the proximity head 110 along a radial direction

712. Alternatively, the arm 720 can move the proximity head in a raster scan

direction 714;

[00051] - Alternatively, Figure 7B is a top view diagram illustrating another

proximity head scanning method, in accordance with an embodiment of the invention.

15 In one embodiment, the proximity head 110 can be longer than the diameter of the
wafer 150. Thus, a circulating fluid can be delivered to a second channel 754 and the

fluid to be heated can be delivered to a first channel 752. Thus, the proximity head

110 moves 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 proximity head 110 has a vertical orientation. Moreover, with regard to Figures 7A
and 7B, any method of scanning the wafer 150 is possible, as long as the proximity

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
is8



[00052] Figure 7Cis a top view diagramillustrating regions of the wafer
150 in use with the heating portion 190 of the proximty head 110, in
accordance with 18 an enbodi nent of the invention. In one enbodinent, the
proximty head 110 includes a plurality of ports for delivering and

removing flLyi L. e, 1 body of the.proximty head 110 be
conpri sed SF %ﬁ??dglglﬁmgéfg}i? %éﬁve@ﬁggdd&j Ongj et“ﬁt?(ﬁhrg?fg dig ipﬁ%md%(r %‘?a&efgcpe t he
plurality of rts,, sych as a first port 762, a second 5 port 764, a third
port 766, &}‘E&P Sfaoalr“ffﬁl%@? Poriggor delivegingrasdaemgving Beidporkor maamplm thelel i ver
a chem stry while the second port 764 can deliver DIW The third port 766
can be a vé@@wﬁf Al praxémity read 136r ¢an7i68 camprishel ofv eiticoriPAarblide. oBneredded
enbodi ments, any anount and conbi nation of ports are possible, as |long as

t he pl ural Withimthepiiidos dagbide Bl thy phuiralay @@bﬁgi_shwiagaffrrag%drh%iﬂ,raoe&haﬂd y head
110. 10 [00053] As the wafer 150 rotates in direction 700, thé proximty

head 1L Heer : d i 0, C regi Jh
Dr OXi m'S?y pe 76 ?’1%“%’?8%2[3@ %Jddg‘}j;ffqlr’%ehgﬁ’@?ﬁ%ﬁ%g {holk o rlifgmtllzogpgﬁe%f%nd f1uid
fromthe s C f the fer 150.. Fur r, as.th f 150 rot at es,
heated fl u‘?%{"ﬁég Cgﬁﬁnﬁfné’f‘?’*\{v‘?%ﬁ’?ssﬁF?‘hch‘%%gf Fﬁ%%ﬁlé‘ff‘éhﬁo%?h%g? P&Wﬂ&ét hod
of producing . the wet region 780 and the dry region 15 785 is possible, as

| ong as t HEMdegk YRRy Hedhe fawgticpert #o% ean delivepBtAi Bupther embadimegts, amst hod i n
relation to the novenent of the wafer 150. [00054] Figure 8 is a flowhart
di agr am i | 4memnt and myndpeatiani ainorfsoare peatiblegas fdngi & the flialipr ok peitd yarhead
110, in accordance with an enbodi nent of the invention. The follow ng

exenpl ary depieedtd ieaseddauid benpee pasiiBetyinead eo.embodi ment s previ ously 20
di sclosed in Figures 1D through 4. In an exenplary operation beginning with

10 [00053]  As the wafer 150 rotates in direction 700, the proximity head 110
delivers the heated fluid to produce a wet region 780. The proximity head 110
produces a dry region 785 by vacuuming the heated fluid from the surface of the
wafer 150. Further, as the wafer 150 rotates, heated fluid may spin off the surface of
the wafer 150. Thus, any method of producing the wet region' 780 and the dry region

15 785 is possible, as long as the proximity head 110 can move in a particular scanning

method in relation to the movement of the wafer 150.

[00054] Figure 8 is a flowchart diagram illustrating operations for heati.ng

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

The following exemplary operations can be performed in the embodiments previously

20 disclosed in Figures 1D through 4. In an exemplary operation beginning with
operation 810, a set temperature is established. Then, in operation 820, the fluid
source 120 can supply fluid to the proximity 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



operation 810, a set tenperature is established. Then, in operation 820,
the fluid source 120 can supply fluid to the proximty head 110. After the
fluid reaches the proximty head 110, the sensor 185 within the proximty
head 110 can neasure the fluid tenperature, in operation 830. The

controller 8 can then detect tenperature 19 difference bhetween the
current fIdf I‘F’é“r?pn%‘?%i?‘tﬂ %Haelatﬁ@ﬂ@g%)mlf%ﬁ%r%g%?etitﬁnaifém,ilaﬁper@uev I'n
operation 850, the controller 188 can also control the tenperature by

appl yi ng B8t Ibepesgtiaiadl, thy, cqnooles] 88msn absoanvpirel the temperatass byt appdyingat i ng
met hod, the heating portion 190 5 can include wires 420 and materials such
silicon cahbitde byomigphged to a power source 180. The power source 180 can

apply a current to the heating portion 190 to heat fluid flow ng
t heret hrough. Alternatively, nultiple channels having circulating fluid

can exchange hegd008sih Fheexhhpid i Qr&%ti%%@c%gtxﬁa%a,%g%téaetﬁw% Jhofgdiod for

heating fluid, the controller 188 can adj ust the flu rature until

the flud h . te rature, 0056] Then, in
oper at 1o BEDTEIES ifes 440 BB £AERL NGRS bE TR AL e LI Rl Fhro gh

t he outletlﬁ)rtihl ocat ed on t’rgﬁ bottom surface of the proxi m't%}dhead 110.
The heat ed* ¥ ui d "PPUEESOVRE iV CRHPEPIY enf W EHE IR therhagéine Portiony 1010 gt
operations, such as cleaning and etching operations. Thereafter, after the
heated f | uffid @oviagobestireush ABemhevalurhaliplothahds harisg cisolatingdluid
operations end. [00057] To those of ordinary skill in the art, the

oper at i onscateschargedheaheigi the flantitd bd bsiiedt Repdhylether e andthed fordieating
exenplary. Further, the operations can be perforned in any order to permt
the heat i nguiaf tHehgoritdolibAl 1881 chhediREOke MY thgpdathdOuntil the fluid temperature

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 110.
The heated fluid is used in multiple semiconductor wafer fabrication operations, such
as cleaning and etching operatidns. Thereafter, after the heated fluid is removed from

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

[00057] To those of ordinary skill in the art, the operations described
herein, and illustrated by the drawings, are exemplaty. Further, the operations can be
performed in any order to permit the heating of the fluid in the proximity head 110.
For example, the sensor 185 can continually measure the temperature of the fluid in

20  parallel with the supply of fluid. Thus, the order of the operations is not limited to

any particular sequence.

[00058] Moreover, the embodiments described herein are related to the
following patent applications. Specifically, the following related applications are

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



For exanple, the sensor 185 can continually neasure the tenperature of the
fluid in 20 parallel with the supply of fluid. Thus, the order of the
operations is not limted to any particular sequence. [00058] Moreover,

t he enbodi nents described herein are related to the follow ng patent
applicatio ifically, the fallow ng related applicatjons are hereby
i ncor por at 3@38@%?3? EP e WW%&%’?{’WWE‘% Vepory LsyingMantfoldy p filedap? on No.
20 10/ 330, 843, entitled, "Meniscus, Vacuum |PA Vapor, Drying Manifold,"
filed on DEceRbRE24220023)1].S ohatent A prbiseteon Nap p0/B3&89 areniided, ISy 8E0, 607,
entitled, "Systemfor Substrate Processing with Meniscus, Vacuum | PA
Vapor, DryBulstiabnPfoobadiy With dentsaus, DecatieIP 2 4apdf) Oying MAhifeld Patlenbn
Application No. 10/404,270, entitled, "Vertical 5 Proximty Processor,"

filed on Mpesdmik 2420082, 4) ULS.%at&’rﬁlt@gﬁ]ic%{?BA il\&r’altﬂgu 4Narg e&%’é&?“ﬂ%@@oi

entitled, "Methods and Systens for Processing a sfrate Ing a nam c
Liquid Ny | an .. 1..,20Q003 . Pat ent | ication No.
10/ 603,%7?§%n |t¥lljelja%6%g%t ﬁlﬁggﬁa’§9s? gngoﬁjrgPﬁo%e %tFWgAQ%EE‘;\’}Qn ge a
Substrate i nam ¢, Liquid Meniscus,” filed on June 24, 2003, 6)

U. S. Patenloy%‘ng%%l %%@Eon lodg s & yeioms forit Propesging sy SubswptgnkisivBt dod f or
| ntegrati g In-Situ Metrology Wthin a Wafer Process,” filed on June 24,
2003, 7) Wwanpgdégnid MembqusAtfileh ondlartd/361200%6) ehit Patredipplivetibrotiloand
Apparatus for Cleaning a Substrate Using Megasonic Power," filed on June

30, 2003, HWEDBI27N)eStitlRat didthodAmplli DBtentfoNProckSdind 3 E¥H3l E@gd h Substrate
"Proximty Brush Unit Apparatus -and Method," 15 filed on Decenber 18,

gg?; I [ 00038hg Al t@saiic t NRfPNEERLNE, | WY& O TuhaS4bermadescrj §edyjn: some
10 AppIicatibn No. 10/606,022, entitled, “System and Method for Integrating In-Situ
Metrology Within a Wafer Process,” filed on June 24, 2003, 7) U.S. Patent
Application No. 10/611,140, entitled, “Method and Apparatus for Cleaning a
Substrate Using Megasonic Power,” filed on June 30, 2003, and 8) U.S. Patent
Application No. 10/742,303, entitled, “Proximity Brush Unit Apparatus and Method,”

15  filed on December 18, 2003.

[00059]  Although the foregoing invention has been described in some detail
for purposes of clarity of understanding, it will be apparent that certain changes and
modifications can be practiced within the scope of the appended claims. Accordingly,
the present embodiments are to be considered as illustrative and not restrictive, and

20 the invention is not to be limited to the details given herein, but may be modified

within the scope and equivalents of the appended claims.
What is claimed is:

21



for purposes of clarity of understanding, it will be apparent that certain
changes and nodifications can be practiced within the scope of the
appended cl ai ms. Accordingly, the present enbodinents are to be consi dered
as illustrative and not restrictive, and 20 the invention is not to be
limted to the details given herein, but nmay be nodified wthin the scope
and equi val ents of the appended cl ai ns.%ﬂﬁéi s clainmed is: 21 CLAIMS 1. A
nmet hod for sem conductor wafer processing, conprising: providing liquid to
a proximty head including; a heating portion configured to control a
tenperature O{j/‘f liquid flow n% there&hrough; .a sensor disposed within the
proxi mty head /4 8ietied i senycoRduGtaRYaFat RIPECHHNG t JNPHSHRY'd f1 owi ng t hr ough
t he heating porti.on; .a_(ﬁggnnel di pgseg,ia the heating portion, the channel
bei ng confi gut@Yiding liqy QH@"{'W‘E% g2 HPYUGRYE he heating portion: and a
bott om surface, havin t |least one outlet port and at |east, one inlet port,
the at | eastd BRASLPPEPNSAVIOHEH SNl & GMAstAte CLATBHIANTHNGhe channel

di sposeq,.j e .heating portion; formng a |liquid nmeniscus between the
bottom gﬂé@é@@UQPsthe proximty head and a surface of a sem conductor

T gt b OB R b Rl PRl PR B,
head;  anfly jiquid flowing through the heating portion:
a channel disposed in the heating portion, the channel being configured to
guide the liquid 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 fluid communication with the channel disposed in the
heating portion;
forming a liquid meniscus between the bottom surface of the proximity head
and a surface of a semiconductor wafer, the at least one outlet port and the at least
one inlet port opening to the liquid meniscus;
heating the liquid within the proximity head; and

delivering the heated liquid to the liquid meniscus for use in a wafer processing

operation.

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

cleaning operation.

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

etching operation.
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delivering the heated liquid to the liquid neniscus for use in a wafer
processing operation. 2. The nmethod of claim 11, wherein the wafer
processing operation is a cleaning operation. 3. The nethod of claim1,
wherein the wafer processing operation is an etching operation. 22 4. The
met hod of claim 1, wherein the wafer processing operation is a plating
operation. 5.4THe methastobslaion 4i whereinrbe siafier procesejod @pesatipn is a plating

cl eaning operation is one of a cleaning chem stry and dei oni zed wat er
(DIW. EPEfACHet hod of claim 3, wherein the Iiquid used in the etching
operation is an etching chemstry. 7. The nethod of claim11, wherein the
heating of the liquid within the proximty head further includes:

controlling nperature qf the liquid within the proximty head. 8. The
met hod of cl ﬁ?mﬁﬂyﬂé frP?@‘HéchH?FQjFltﬁ‘%iqwﬂ used indie slegniieoperating Is

liquid within the proximty head further inc|ludes: nonitoring the
terrperat%nreeijc}? Cl@ﬁgﬁlq%rﬂ'smﬁﬁ%rﬂ@ﬂ@'zﬁ oates Q[}’Vﬁ)ead; and adjusting the
heating of the liquid to maintain the tenperature of the fluid at a
desired tenperature. 9. The method of claim 1, further including: renoving

the heated | 'SC.I"Fh% r%ﬁwrgdtor}eclasi% ,a v%ﬁe?e];in ttﬁlee“qs&m u%%gquf %%e? Etc\ﬁ?r];ge(r)peration is

an etching chemistry.

7. The method of claim 1, wherein the heating of the liquid within the proximity
head further includes:

controlling a temperature of the liquid within the proximity head.

8. The method of claim 7, wherein the controlling of the temperature of the
liquid within the proximity head further includes:

monitoring the temperature of the liquid within the proximity head; and

adjusting the heating of the liquid to maintain the temperature of the fluid at a

desired temperature.

9. The method of claim 1, further including:
removing the heated liquid from the surface of the semiconductor wafer

through the at least one inlet port in the bottom surface of the proximity head,

10. A proximity head for semiconductor wafer processing, comprising:

a heating portion configured to control a temperature of a liquid flowing
therethrough;

a sensor disposed within the proximity head for measuring the temperature of

the liquid flowing through the heating portion;
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through the at |east one inlet port in the bottomsurface of the proximty
head. 10. A proximty head for sem conductor wafer processing, conprising:
a heating portion configured to control a tenperature of a liquid fl ow ng

t her et hrough; a sensor disposed within the proximty head for neasuring the
tenperature of the |liquid flow ng through the heati ng@porti on; 23 a
channel di spodé&hanielidigpasestindbe pepting poriavs the gharnel hsingcedigurgdied to
gui de the | i %gfl(“.fj t_grough tHe heati ng portion; and a bottom surface having
at | east9Wde TRiigwe tvlghdha heating Portiglia@ndhl et port, the at |east one
outl et port behng i n fr%%i gﬂcormun' cation with the channel disposed in the
heating portiHROMGREYIREe1aViG 8t legsboae crlet pot andfd 1eawd oge inlehgeriothe

i nl et port peni ng, to | i.quid_neni scus supported between the bottom
sur f ace BACFHE ARIGHPON PHER N L Coraminisabon with erRnesnaLEREPSSRiTNe 11
The proxim,ty head of aim 10, wherein the heatin ortion is conprised

of s 11 AR AN A 4*‘? %d%ﬁe‘ﬂ”et%U@?qmﬁe?nﬁlﬁ%@?ﬁgﬁ@”er%etp%ﬁi mty head
of claim10. erein the heatin rtiop i s canprised f an, insul ating
mt or | a0 B licaBEriad: b)Pelien beRvesh ERIRaT queBer BT REPENYY he
el ectrigally. i mat er.i al Ln oupled to a power source. 13. The
pr oxi m ﬁ%%e%@%gﬂﬁ%5¥§ff£em§P%ﬁ9ﬁof ﬁ'é‘%ffnsul ating material is conprised
of a ceramic material. 14. The proximty head of claim 12, wherein the

el ectrically conductive nmaterial conprises a wre.

11. The proximity head of claim 10, wherein the heating portion is comprised

of silicon carbide and is coupled to a power source.

12. The proximity head of claim 10, 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.

13. The proximity head of ciaim 12, wherein the insulating material is

comprised of a ceramic material.

14. The proximity head of claim 12, wherein the electrically conductive

material comprises a wire.

15. The proximity head of claim 10, wherein the channel in the heating 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 to a

controller, the controlier being configured to control the temperature of the liquid in
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15. The proximty head of claim 10, wherein the channel in the heating
portion is a first channel having a first flow path and the heating
portion further includes a second channel having a second fl ow path,
wherein the first flow path and the second flow are separate. 16. The
proxi m t% head of claim 10, wherein the sensor is coupled to a controller,
t he contthelheatingdofoonfi gured to control the tenperature of the liquid in
24 the heating portion. 17. A sem conductor wafer processing system
conprising: a liquid source; a proximty head in fluid conmunication with
the liquid source, the proximt head including: a heating portion
confi gured t ol ©dhBPRNICONAUSIRIYVABl PEOCSSSNY SY§LRM. EPBWINGT: t her et hr ough, a
sensor di sposeﬂgvvithi n the proximty head for nmeasuring the tenperature of
the 1iquid flDUFWEY SOHFRigh the heating portion, a channel disposed in the
heating portion, th hannel bein configured to guide the liquid through
the heating &P’EQW&Y Bfadan Buid eaeunicaten v i lidui¢ sayiceo e BIRITBLY por t
and at | east. on .inlet port, the at |east one outlet port and the at | east
one i nl EEIPE U@E,ﬂ%g in fluid comunication with the channel disposed in
and the _at east .one out] et toaliquid

moni sous supgor el beETEE B SRS AraE PR e BIBRIH Y Bead and &
surface of a tﬁ&[gtﬁr%r&%H?t or wafer;
a sensor disposed within the proximity head for measuring the
temperature of the liquid flowing through the heating portion,
a channel disposed in the heating portion, the channel being
configured to guide the iiquid through the heating portion, and
a bottom surface having at least one outlet port and at least one inlet
port, the at least one outiet port and the at least one inlet port being in fluid
communication with the channel disposed in the heating portion, and the at
least one outlet port opening to a liquid meniscus supported between the
bottom surface of the proximity head and a surface of a semiconductor wafer;
a first member coupled to the proximity head, the first member being
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.

18. The semiconductor wafer processing system of claim 17, wherein the

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

19. The semiconductor wafer processing system of claim 17, wherein the

heating portion is comprised of an insulating material having an electricaily

25



a first nmenber coupled to the proximty head, the first nenber being
configured to mani pulate the proximty head; and a second nenber confi gured
to support a wafer, the second nenber being capable of placing the

sem conductor wafer proximate to the bottom surface of the proximty head.
18. The sem conductor wafer processing systemof claim17, wherein the

heat i ng gBIduich¥e matedadisprergeditherein, dba eﬁammm@ comduicive oaieal heingy power
source. 19. The sem conduct or wafer processing systemof claim 17, wherein
t he heat§aHp'ebia @ POWeES SOUrEsi sed of an insulating material having an
electrically 25 conductive material dispersed therein, the electrically
conductive material being coupled to a power source. 20. The sem conduct or
waf er processing.systemof claim 17, wherein the channel_in the heating
portion is a #Q-rshe 9ICRBHURIRY Waie PR sing IsyRtesach clain 7havhergiathag
portion further includes a second_channel having a second fl ow path,

wher ei n QH%@”PFNF%WHEM*%& 3 fiest sBaBRel R3\ing arf@stsfgbrapatrbanctﬁhe The

sem conduct.or wafer ocessi system,of clajm 17, wherein the sensor is
coup ad TR0 AT b THIRT ThauOe HSEEPNd BB Al R POeead T VCeRlr of ¢ he
tenper atw%e%%f thter}ﬁ‘sg flc():w 'p%tl"a gn(tj ?r'?e QS&EA&“ ﬂo %rrglscégéra g.

21. The semiconductor wafer processing system of claim 17, wherein the
sensor is coupled to a controller, the controller being configured to control the

temperature of the liquid in the heating portion.
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