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fabrication industry, it is necessary to clean and dry

a substrate after a fabrication operation has been
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wi thout the formation of. droplets on the substrate

unyvantecresidpal materiak andppartiges may cause defects. In some cases, such defects

may cause devices on the substrate to become inoperable. Cleaning the substrate after a

fabrication operation removes unwanted residues and particulates and prevent such
defects from occurring.

[02] After a substrate has been wet cleaned, the substrate must be dried effectively to
prevent water or cleaning fluid, (hereinafter, “fluid”’) remnants from leaving residues on
the substrate. If the cleaning fluid on the substrate surface is allowed to evaporate, as
usually happens when droplets form, residues or contaminants previously dissolved in the
fluid will remain on the substrate surface after evaporation and can form spots. To
prevent evaporation from taking place, the cleaning fluid must be removed as quickly as
possible without the formation of droplets on the substrate surface. In an attempt to
accomplish this, one of several different drying techniques are employed such as spin-
drying, IPA, or Marangoni drying. All of these drying techniques utilize some form of a
moving liquid/gas interface on a substrate surface, which, if properly maintained, results

in drying of a substrate surface without the formation of droplets. Unfortunately, if the



acconplish this, one of several different drying
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descri bed below. [06] In one enbodinment, a carrier
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the opening being slightly larger than the substrate such that a gap exists between the
substrate and the opening. The frame comprises a composite core, a top sheet, a bottom
sheet, a layer of aramid fabric between the top sheet and the core and a second layer of
aramid fabric between the bottom sheet and the core. The top sheet and the bottom sheet
being formed from a polymer material.

[07] In another embodiment, a method of manufacturing a carrier is provided. The
method includes forming a composite frame having a carbon fiber core, a top sheet, a
bottom sheet, a layer of aramid fabric between the top sheet and the core and a second

layer of aramid fabric between the bottom sheet and the core. The top sheet and the

bottom are each formed from a polymer material. The method further includes forming



being fornmed froma polynmer material. [07] In another
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[10] Figure 1A is a perspective view of an exemplary implementation of a proximity
head apparatus.

[11] Figure 1B is a plan view of the exemplary implementation shown in Figure 1A.
[12]  Figure 2 shows a schematic representation of upper proximity head.

[13] Figures 3A, 3B, 3C, and 3D illustrate a substrate exiting a meniscus generated by
upper and lower proximity heads.

[14] Figure 4 shows by way of example a plan view of a wafer carrier.

[15] Figure 5 shows a perspective cross-section view of the wafer carrier of Figure 4.



[10] Figure 1A is a perspective view of an exenplary

i npl ementation of a proximty head apparatus. [ 1 1]
wo@angs2kB is a plan view of the exenpl ary PCT/US2007/025467

i npl enentation shown in Figurd A [12] Figure 2 shows

a schematic representation of upper proximty head.
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exiting a neniscus generated by upper and | ower
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nol di ng process for nmanufacturing the carriers of
Fi gures 4-8. DETAILED DESCRI PTION [20] In the

foll owi ng descri p on, nunerqQus specific details are
set forth in order_Mﬁ@!ﬂﬁunderst andi ng
of present invention. However, it wl| be apparent
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maiBniredis thh dpievesabf ﬂﬁld@ @dﬂh s@ifAcedviile also removing the fluids so that the
meniscus remains controllable. Furthermore, the meniscus shape can be controlled by
precision fluid delivery and removal systems that are in part interfaced with a controller a
computing system, which may be networked.

[21] Figure 1A is a perspective view of an exemplary implementation of a proximity
head apparatus 100. Figure 1B shows the exemplary implantation in plan view. In this
example, substrate 160 is positioned within a carrier 150, which comprises a frame
having a central opening sized for receiving substrate 160. In this example, the carrier
150 passes between upper proximity head 110 and lower proximity head 120 in the
direction of arrow 166. In one embodiment, a single proximity head 110 (e.g., either top
or bottom), is used. A meniscus 200 is therefore formed between a surface of the

proximity head 110, and the surface of the substrate 160 and surface portions of the

carrier 150. For example, the meniscus 200 may be defined to be at least as wide as the



precision fluid delivery and renoval systens that are
in part interfaced with a controller a conputing
wayasesg2smhi ch may be networked. [21] Figure |BCT/ESH07/025467
perspective view of an exenpl &y inpl ementation of a
proximty head apparatus 100. Figure |IB shows the
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that the meniscus smoothly transitions from the carrier to the wafer, and back to the
carrier. In one embodiment, carrier 150 has sloped edges at the leading side 154 and
trailing side 156 to prevent abrupt changes in the volume of meniscus liquid as carrier
150 enters and exits the meniscus. For example, carrier 150 has six sides with two
leading edges each angled from the transverse direction by an angle 9, e.g., 15°, and
together forming a centrally-located point, and corresponding trailing edges each at an
angle 0 to transverse and together forming a centrally-located point. Other shapes that

don’t result in a rapid displacement of meniscus liquid are also possible, such as a



pass back through proximty heads 110, 120, or over,
under, or around proximty heads 110, 120, back to the
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m&ﬂ %llelnthe exanpl e shown in Figure 1, the
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ports 114 and supply isopropyl alcohol vapor, nitrogen, a mixture thereof, or other gas or
two-phase gas/liquid fluid. The nozzles 112 and fluid supplied therefrom aid in
maintaining a coherent liquid/gas interface at the surface of meniscus 200. More details
relating to proximity head structure and operation are incorporated by reference in the
Cross Reference to Related Art section above. In particular, U.S. Patent Applications
10/261,839, 10/330,843, and 10/330,897 are referenced for additional details relating to

proximity head structure and operation.



software, or both, controls the novenent of carrier
150 and the flow of fluids to upper and | ower
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Rel ated Arf section above. In particular, U S. Pate
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qh 0, and ca{ 150 are noving to the left with
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substrate be C|rcular and e carrier
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or retrieve a wafer from carrier 150 can include fingers that extend in notches 153 and
then slide underneath the wafer so that the wafer can then be lifted, or the handling
equipment may grip the wafer from the edges at the location of notches 153. In another
embodiment, the wafer may be lifted from underneath carrier 150 by a first device (not
shown) and then removed by a picker or end effector of a robot arm, in which case
notches 153 are not needed.

[31] Carrier 150 also includes thickened edges 155, 157 along the carrier’s left and
right edges to provide increased mechanical stability. Thickened portions 155, 157 can be



Figure. [29] In Figure 3B, neniscus 200 is
transitioning fromsubstrate 160 to carrier 150. At
W0 boog/ogRasnt , trailing edge 164 is inside nmeni SBOBEUSDN7/025467
In one enbodi ment, carrier 158 may be slightly thicker
in cross section than substrate 160. For exanpl e,
seen insdre atlearty6h ﬂxwpmpmﬁuatcr&s%ctmn wviemc lshovwe rie alSiguteeS. In one
arrier be ,about 1.5 t hi qs neni scus .
P SREk SR D 153, 1 Porma §E wphl oot AHmBRE  Spring 10 2
HB8Yo? Cfpatab@Ulatbt! shoWlinP! BF GflofhK GAHUok ek hicitdh &l Q8 cont
° 59 th Caleﬁmglnl sgus hgs n?:orrpl et(e)l yr transi tel one&cof f of contain
enﬂmkidw mhgnetSdr aemhrmgtearreal 60 ¢ a Q&tﬁ/ey{)ﬂy]steﬁl gure 4

0 by wa exanpl e a Ian V|ew fer carrier.
13360 Sipgd eTial10 SipoBy i e Teiicr HFRGE RroHShA PIFDafUS Which may be
onPPERoUID -3 inghées tfh@'k 'itefEthg)bHQntattht gfe tﬁﬁ{ flat, and I‘l%ld so as to

processi ng. The wafer supported on & plurali
mmimpue rVSrthEIZdeﬂactlome ee,rdcﬂdctmme,lpdndmulqmtm thelsnPfaee ef carrier 150. It

for. s rting a wafer w thin openin
mzalig ? Lmﬁﬁgﬁg BAITIRE PYRFelsanhio fogjostvg © gffmwg%seﬁs@ in wet wafer

ré%g?lg%esgfﬁ v hgdrgggﬁﬁpf &cid (Bgdleﬁ ﬁ@&rﬂé%ﬂﬁl&%b . orong fembodlment

the clratr srabouskd mldiudetpmsthtckaexmqftat thei thh:kenetdqmrt’ims dl6fy thickened
a wafer fromcarrier_ 150 g{f\nlncju

or
edg%@g,s Fhaln 998 BRAOTHICHb AR 1993 eld {1 iension; with left and right
h b
cdgf BERE Yiibe P K St Bifer YRGBV e i Aol increase the
cafniapim mgldltgdgésre@lcet\rwtutabcdaﬂe@ronof Innatothee eniliwdimént, carrier 150 is
od| t he wafer rom
C“Eﬁ’i%‘{e Hé&tsﬂb £1 & that ﬁslyltgameﬁ e w@ng%ft 6’{“ Qhpy) substrate, it
QS Bﬂtei%r i RTRYAT %eplﬁu@n @oﬁ{(ﬁk a[nee riglsezfl&?ﬁ&gfbl@fo do both, i.e., it is
bot arm 1In i ch case not 3 are not needed.
po[sﬁ&]_le tCqrovide a khghtadrelo forrmipm:t&d ﬁdmask endat leathwhild alp maintaining

157 along the carrier's left d.right edges to
th, FYTFHI tg‘?&?‘é‘é’s@&[‘ﬁ‘é&ﬂ‘é‘iﬁ Vc%‘cai E‘?ﬂﬁcF‘g{ly Thi ckened
[3BP" (Fighe elsidwsie barfif] @@ﬁ@v‘%ﬂ nﬁ r\%{‘i‘ 82" de¥igh Mdr@ %uit?bnle for being

perspec tive cross-section V| In Fi gure
plaed ierntboiomedreby mduk:mlge«darmg (dsﬂdd?ofﬂn 1A¢ nrentiolxal preeibusly, other

SHRES, 5 DOPHO B SVHB RS BrHFRLTIR T35 Fif RGO L BB SR can be
1@&’8‘%114&%16@&{‘%%{182?%@ QUELD, §BT Wil leél5%91dt %lﬁ edges biased away

conveyor system Since carrier suppor
fravafeach ather, twhiless dee alnreotirgé nanine ing aays d disptdce meyt difanenlscus fluid

as the carrier enters the meniscus 200.

[34] Figure 7 shows a cross section view of carrier 150 along line N-N in Figure 4,
with the vertical dimension exaggerated for clarity. In one embodiment, carrier 150
includes an external covering having a top sheet 202 and a bottom sheet 204 formed from
a thermoplastic material such as polyvinylidene fluoride. Sheets of polyvinylidene
fluoride suitable for use in carrier 150 are available under the trade name “Kynar” from
Arkeme, Inc. of Philadelphia, Pennsylvania. Materials other than polyvinylidene fluoride
are also contemplated. Such materials should be mechanically and chemically stable or

inert when exposed to harsh chemical environments. In addition, it is desirable for the



only about 2-3 mllineters thick, it is inportant that
it be thin, flat, and rigid, so as to mnim ze
wa eoosiogRb9 def | ection, i.e., deflection perpendPCUS200T/G25467
the surface of carrier 150. I? may al so be desirable
that the carrier be resistant to corrosive chem cals

extesral matery tto ke cenfigiakle da p sgsisadchydaepheopinityftp @it incmaigtaining the

inte T SRRSO G0 PG o PRy SR B Sises. 3 vdrophobic
cairfer Cik edefted OVl dre3Sina beeg fﬁ'&de@é@@nﬁdmmigﬁ%ﬂaﬁﬁlhc%eﬂ B desired.
one enbodi nent, carrier 150 is held in tension with

Materials sheh a5 elyvinididene Suprds cars bel paepeyed bymbedittg ot helishing to

TR T T e e
to@ﬂmwsﬂ‘%ﬂknovﬁﬁt’ﬂehﬁbpliﬁfb wéldfiigeRtafiqwstdr B dhle@ilés. RS thickness

so that when it carries the weight of a wafer or other :
of gheyden ane boitpmy sheetse?f¥?, A0¢ may beiadjustad thebalandeothef lifonaycle and

al s ossible to do both, i.e., it is
ﬂa%rg,gssf’ grtnsntﬁpgv?r&g ng;I i ght arch for |rrproved

[35] ataweser 150G iAdiewhilhRréd sifuchk 20OIsRbWE if FRneaR! | Iwe layered
in tension to further reduce vertical deflection. [3

SUPStYLR 16 ferrgqxbﬁrsmaa e@mmseue cO8021aand greximpregeater layers 224 226. In

Y T A W NN AT —

or Ftb@s)/lrﬂbb‘a |b¥ prévided. Sﬁ&ﬁﬁserﬂlﬁcﬁiuﬂ@ﬁts icBhPosifel66rea® 2includes molded
trapezoi d shape for providing both a shape that can be

calrhoacﬁberu mln@mdommm$ﬂQe etgr,aMithe A eepdky goatrian, Aboye, and below

coffbfed ol by e S B SRS B (oo
caﬂfonrlﬁié'r% bbg/ Eérﬂb&%n@sn‘llh enéedd btheGRbIAES cbﬁﬁom&g 232, multiple
200. ure shows a cross section view of

layesy of @.rbo_[gﬁbqﬂrgm@orpcp n@nlxpsmmsheq:cmgunay lzqe elwplo[yed h&he unidirectional

P raERR] COBRrHdP oL B0 TR 84 e T nditly BPeagjeutary o
thd fofi By ﬁﬁh@@dg%@ a8k, 2972 (Pi@ﬁlrea4)b°$ﬁ1%e$3ﬁ'86n-?@ér FMBRAd epoxy is

froma thernoplastic material such ol yvi nyl i dene
wiflelyorviailable Snemtsmofegp@ﬂesi\fpnyl i Qthee rmatemﬁrls deviggia highestrength to

use in carrier re.ava nder r ade
et % b FmReseEin B ot Pt TG R SF0S. Beoween
coPPRSIEY/ VAR | fers\Uehidabs aﬂH Béttorh SRR tsPRI2Y YO0 d ﬁ?éfeof araénld fabric

fluoride are al so contenpl ated. Such material s shoul
226e Mhdrfabm& re adelyhavailalle | opmanerblaly dor useeint lapkipates. Aramid

R L (A R —
Farsrglea; {cgilqhﬁlag’fgcﬁn fafhn@dRsek bekk IR ROAL&P§ HighQt@hgthi dhd modulus of
elasticity, providing except10nal stiffness to the carrier structure. Other materials may be
suitable in place of aramid fabrics. Such a material should be sufficiently rigid enough to
provide support of the substrate while being transferred between one or two opposing
proximity heads. Some fabrics, such as aramid fabrics, may be pre-tensioned so that it
does not substantially flex or sag with the cutout. For example, such pretensioning may
be analogous to stretching fabric across a drumhead. Materials, such as SiC, may not be

as well suited to being pretensioned in this manner. This reinforcement layer should, in



integrity of meniscus 200 (Figures 2 - 3C). That is,
in some processes, a hydrophobic carrier is desired
wob@smesRs9 n ot her processes, a nore hydrophil i BCTES2Z00B025467
is desired. Materials such aslbol yvinylidene fluoride
can be prepared by abrading or polishing to tune the
onleyembqrhmbnt; ialsp haveachtssicalechbnhmtibility Waith Apdroged tflworide, and other
sheets, 202, 204 can be seal ed together using known
COrRSVASPSEICRIS: wel di ng techni ques or by adhesives. The
[36] iR enoditiént! Pis A8 (Bﬁlgtdh@ sﬁB@ﬁtnz Fiflire 67 WedlBYIE into fill
adjusted to balance the I'ifé cycle an at ness
mategali 224verh sonef embodiiment, 150s 1P35re Gaadei ef pdyvinglidene fluoride or

includes. a | a tryucture 220 shown i.n Figure 8.
polindfefeigione) (REET o 0ot biith dorpoRn desapodRicsialomay also be
IBrhivBh ed | ayers 224, 226. In addition,
coé%ﬁqlﬁg?fﬁaftggﬁﬂglp%%ggz'Mi ch may be formed from

[3fbb| yini anel erdbortbmiehyy ovafelecqpoed €50 arayrtedprodoesd b stacking a layer of
rovided. | n .qne, enbodi nent, .co sjte core 222 .
poliyyARylifieae MPHs SheRtBgn? AAVB O ARITHA JPlraky AceAMBRASI I @ore comprising .

unf-dbrectiofal BarBOn %B%%iﬁfﬁfdé%l )aéyoﬁt,’ QUGthel gg@ﬁ!)f’ﬂaﬁl%?d%ﬁictaﬁd another

core 222 IS one or nore ers of unidirectiona
laysr efipopyvagyiieed fl(priép sleg)ing.aFoomdre percisemhaye Gomins bf ehe edges
24. Instead of the | ded, conposite caore 222 L
O a4 Gl ibhenel e Fonds? IEWeS fod) BoRiRsQfpelyvinylidene
Sheetd T j 1Chi ti .
MIERRE rhilod SRl o ER e Lore WTriil ol ) 18 e cpibogiment, magners
(nbt shewm) evet emislidded pethickedededges 11 §5,t16 7tfheudeakith anthghetidhéonveyor.

mf%%ﬁf’eé }egéépdérg% [il%ngllgqrﬂ%a Qd}geg\%g %%}%gcl%% gorrr]lbwecki) epriece (not shown)
hak] 'Jn'fﬁfeﬂgeﬁ&g ?egﬁ%'?% @hclgshfglo%te‘ﬁg&% SrddY) g‘lg?og%ﬁqsﬁg fabric layers

strength to ratio may als e consi
228| doere22iambopretérite The eiaidal aigd pépexynay Be forees of polyvinylidene
R e et S oo BB S S v and
mdfbds o f&hﬁ%\{h‘?&g}ﬂ?@%&%eﬁ%ﬂﬁ 66k tf}ﬁﬁpfa%d. use in

I am abr

am nat es. cs are also wdely available in
[3B} e-Rropsusgmayaterd dempplicd taithd epeaid wit sedgesy of et earrisr to ensure

Fabrics fo d fromaram d, fiber benefit fromthe .
copfipgpent szg ﬁg@ﬁﬁ%nd?hor&namh%}meag B¢ Rapssure platgs are formed with

i i ' i f s .t he '
B PR YAy 101198 R s g i o
wigh andlighf afvhitoscredfeian achvdt earfier thahflattchshendetitife wiaé if garrying a

ri gid enough_to provjde support of the substrate while
Wil rfgf EAHFS PUICF SipPB DTS TEARICHMaY e ffmIsgdpioghe pressure plates.

[39] Inone embodiment, while pressure is still applied, the stack may be subjected to a
thermal curing cycle to sinter or bind filler material 228, minimize residual stress and
ensure flatness. In one embodiment, the thermal cycle includes heating the structure to
the melting temperature of the polyvinylidene fluoride, i.e., approximately 340°F
(171°C). As is generally known, depending on the particular oven used, calibration
curves may be established between the oven and part temperatures for consistency in the
result. After the curing cycle, the carrier may be machined to final dimensions, and then

the surface modified to a specific roughness required for desired hydrophobicity. In



proximty heads. Sonme fabrics, such as aram d fabrics,
may be pre-tensioned so that it does not substantially
wo b@g/0gi255ag Wi th the cutout. For exanple, sSucPCT/US2007/025467
pr et ensi oni ng may be analogouk to stretching fabric
across a drunmhead. Materials, such as SiC, may not be -
angtheyembodimens dhe stapleiswbiacteden @i thersehl icyicling to mdunegesidual stress,

anf el e B me B8 2o P BT Py inp B RO gEn
[40] udhi SR, endsHiMERES HirkOr 20T ¢ife @1 6)T1afeaxhalde[13§]p1£5e p}nﬁ to thermal

enbodi ment, pins 152 (only one shown in Figure 6
cyeking: @l sHowntio Fighte Hat th aianaﬁwturm camier em@udcsrrhght-wexght high

S Bgé}ée?rﬁiz ?@f‘}%&gﬁod&lgg QP {na%%sg?er{t?aa%hecnon which is critical to

th€ Gt Ol pfREésSt AMMe wﬁar isa£1§o Ryh1R! e Qsthft &%&&mhaﬁ@%d and
for form ng pins 152. [37] hi one enbodi nment, “waf er

coo@mm%,tronlﬁqmrmberb@em@gi oorstitusntss bppriedwags, eankiayxalenaif removed from

I ne_f| or eet ala rof aram
P SPHE, ABR RV idiPe B e i s doBilapites used to
en@éﬁsb&'ﬁb fhieRefe é(ﬁl’lﬁl{sﬁfe %ﬁ'gctﬁﬁ%])bw RPALD ﬁ{odlfﬁ")éﬁf)n Qgpa%[éi@? flning the
bric and anot her |ayer of polyvinylidene fluorid

hyslrmaélpbwgy o ghe mﬂt@qé rfercds'mgspmﬁmﬁaocem Age diybtif @oestgmslon of the

PR B me AL a0 Plnce T20i Lo, hnding an

vibatisP ifaping oTencedrhe \ﬁﬁgn%éﬁfsp(ﬁ{lﬁ@hﬁ’d l:leé(rﬁﬁé vJ&'ferQ ne
enbodi nent,” magnets (not shown) are enbedded in

[41hi dkgaredd esdgws al 86wcha7 300rillugmtingt 4n axemaplast composite molding

Pr%%?%g orég&,rplga o%éggragrgtgg ﬁgﬁogﬂg\% kq%lg@ghgldgq?procefural steps are
not RE&SS LAY bBFoinRR Hrtﬁe SR itfcafe S sonf S108&aHEa gﬁ i be made

or conposite fabric layers 224, 1f core 222 i1s n
COpclewmlw wilth engrahathet. éﬁg@rmedu&berga;s dsendloatné #ystart block 302 and

prﬁccﬁ é\” n N %}e(glr 344&%(%%1%%@%@5%%% I%?I%{g |rlsea 1€ Sfil) %ugmélﬁa residual
stre&d Jiﬂ%nf-@a{tnés@r W%oﬁﬁ‘laﬁ%@?’qgls%’&ﬁ§ a Jvféércal]@ezrlﬁ{j)ﬂ i?drﬁ @he design.

cont enpl at ed. Pressure may then be applie
Theoctwsgndnat ince:qbgwe aflightarcdeasrdescriied aboge scethabnﬁdanehmwblght ofa
atn ss  hi Ifgne enbodi nent, the pressure plates

Waj-nreorf%]? Walt‘h‘ %% es to nol d thi ckened edges 155,

43P 7. 1n hB0OMN tepRERME Ap RS BlcShel Al
[ F hth)‘p gl%gﬁ t3o crtgatpg an Slll‘ Eéﬁed C%Iﬁl‘ﬁl é@ﬁgé%%@&gt%gﬂte ayers is

apphdisr Thiseofecdiwnahay e x:ymbgled withf eperat{din 3@tr Sepnoembodiment, the
ougepg]ge g %{e orgled %'t gglﬁvﬁnﬁa ene %ufolglglge vg/hllcﬁth%s tahr%e {ngstgl%i)grature at
about 340°F (171°C). Depending on the oven used, calibration curves may be established
between the oven and part temperatures. |

[43] In operation 308, pressure is applied on the top and all edges of the carrier to
ensure confinement. The pressure may be applied concurrently with thermal cycling.

[44] In operation 310, the carrier is machined to final dimensions. Optionally, in
operation 312, the surface conditions may be modified to the roughness required for the

desired hydrophobicity. The method of making then ends as indicated by done block 314.



[39] hi one enbodi nent, while pressure is stil
applied, the stack nay be subjected to a therma
wa@ eoosgs26ycl e to sinter or bind filler nateri aPCRR82007/025467
mnim ze residual stress and &hsure fl atness hi one
enbodi nent, the thermal cycle includes heating the
[451 r uslthousht te foregom tinveptior pe bednudescobed imesome detail for purposes

otg% h@ﬁ{@dgﬁgﬁg{léf Vﬂgﬁ%mar%ﬁtgﬁg%ﬁ%h § etn}egle{ agcf' Pnid(f}catlons may
bePPedckiced aitiii eiheUsRpe SRUADBhERIRICHBNES nn&d?@mé ly, ftgtr: present

establ i shed between the oven and part tenperatur
erglndsinente oy to e considessag illugtative anldenoc msmrglvteymi(bthetiheention is
arrier may b hi ned t fin nsi o .then
nf o e el o B ety b e s Ba B GRAGR] Pathn fececope and
eqﬂlg}‘a]&h@ss(l)fftﬁgaﬁb&a&pag{[)héﬂ ty. Inanother errbodl ment t he
stack is subjected to a thermal cycling to reduce
residual stress, and separately heated to the nelting
poi nt of polyvinylidene fluoride. [40] In one
enbodi nent, pins 152 (Figure 4, 6) are nolded in place
prior to thermal cycling as shown in Figure 7. The
manuf actured carrier provides |ight-weight, high
strength, and stiffness to the carrier that mnimzes
vertical deflection which is critical to the wet clean
process. The carrier is also highly resistant to
hydr of l uoric acid and contam nation from ot her
cl eani ng constituents, byproducts, and materia
renmoved fromthe substrate. The pol yvinylidene
fluoride and aram d fabric conposites used to
encapsul ate the core conposite structure allow surface
nodi ficati on capable of tuning the hydrophobicity of
the material for drying performance. The hybrid
construction of the conposite carrier provides added
advant ages of damage tol erance during handling and
vi brati on danping of the carrier when transporting and
cl eaning wafers. [41] Figure 9 shows a flowchart 300
illustrating an exenplary conposite nol di ng process
for manufacturing carrier 150. It should be noted that
t hese procedural steps are not necessarily perforned
in the order indicated and sone procedural steps may
be made concurrently with one another. The procedure
begins as indicated by start bl ock 302 and proceeds to
operation 304 wherein a thermal curing cycle is
applied to mnimze residual stress and non-fl atness.
By "non-flatness"” it is neant a vertical deviation
fromthe design. The design may incorporate a slight -
arch as descri bed above so that under the weight of a



waf er or other substrate it flattens. [42] In
operation 306, a tenperature up to the nelting
wao eopesbure of the outer layers is applied. TRECEUS2007/025467
operation may be conbined w t & operation 304. hi one
enbodi nent, the outer |layers are forned by
Whet iy ¢iaimed éene f1 uoride, which has a nmelting
tenperature at about 340F (171 0C). Depending on the
oven used, calibration cud&é&ﬂﬂﬂﬁ be establi shed
bet ween the oven and part tenperatures. [43] In
operation 308, pressure is applied on the top and all
edges of th [ . nfinement. The .
resture mogrid fok Shond SO SR vhOG TR preriRagd by passing the
cagyiér thitigh [adddnidons Exraiedityan eadionetpr6xiaafyHed, thé carrier comprising:
machi ned to final dinmensions. Optionally, in operation
312, a tfrenes hayiag canc gpeNiRg Gizsd nfay Teceivinglid Fetrats ank a plurality of

- r e Of, 4t desi.r. hydr.o bicity. .The ..
SRR s For R a0 ke G SYREO8 shel I sighay
laggké tHathThe Shtishategsuch fieat fa(gfaP @RIstobdtRy@Nthi @bstAage ARPMe opening; the

escribed in sone detail for purposes of clarity of

frarnel ePPEAINE BFOMPOSHE ¢retfetonsheatcand a brftone ghachiand a layer of aramid

200535 GRS 88 BB S5 Al orom

shesthMprRBtaodfierthatbgalconsi dered as illustrative and
not restrictive, and the invention is not to be
limted to the details given herein, but may be
nodi fied wthin th cope.and _equi val ents of. t he . .
appehied ihswBelAEe T At EOMb g R et fal of aramia fabrc

betabéd B boRbmSUBRQANH itRYcAnSdsls tordt € when being
processed by passing the carrier through a nmeniscus

formed by at | east one proximty head, the carrier

Fecetvi ng ae BBk AR L dPE SRS RRP ndr & Sligliden sp s when the
fri@E i§ URB&T the Nead BE c%ﬁﬁ% raaduBstedte,ihe frdife SMSRinGidlly tfh@ens out for
openi ng being slightly Targer than the substrate such

mirhgpel ¥ertjed displasementiromarplatte substrate and the
openi ng; the franme conprising a conposite core, a top
sheet, and a bottom sheet, and a |ayer of aram d

fabrac befrneefrrich&fcRiims hewheraindtht HOn{RERO SbicCconries a molded
wherein the top sheet and the bottom sheet conprise a

caplen feqr campesitenatepial Myengoaiy epiody moftrix| ai m 1, further
conprising a second layer of aramd fabric

5. The carrier of claim 1, wherein the composite core comprises at least one

layer of uni-directional pre-impregnated carbon fiber material.

6. The carrier of claim 5, wherein the unidirectional pre-impregnated carbon
fiber material is disposed such that carbon fibers are oriented perpendicular to left and

right edges of the carrier.

7. The carrier of claim 1, wherein the top sheet and bottom sheet are formed

of polyvinylidene fluoride.



bet ween the bottom sheet and the conposite core. 3.

The carrier of claim1, wherein the frame has a slight
W@e@h/08259 hat when the frane is under the | oadP@f/US2007/025467

carrying a substrate, the frakkt substantially flattens

out for mnimal vertical displacenent froma plane. 4.

The carrier of claim1, wherein the conposite core

conpgi ses nol.ded.car bqn fi ber conpos;j Jmateri al :

v e o fe G AT T whiach tha AriiBid Bpric s prayigprognated with
e rein the conposite core conprises at |east one

| ayer of uni-directional pre-inpregnated carbon fiber

material. 6. The carrier of claim5, wherein the

uni dérect' onal re-inpregnat ed,cgiragon fibher terl

|
i's di'spostlf SHERT (At 4kl pSHerTin P ferigh %&f_tge carrier are
thREERENDIpT oA intcPeals&:f tedldlidal Shbiigdges of the carrier.

7. The carrier of claim1, erel’'n the top sheet and
bott om sheet are fornmed of polyvinylidene fluoride. 8.

The rrigr of claiml, erein the aramd fabric is
pre-ﬁﬁ‘pre@ﬁ%t"éﬂ“% ‘?frr?"’é%;\{;. w ?rernqgi%a?wegffua CrcPPRRises a filler

mA¥fRR5ImEE on MikrfoBXstiC P8&TeOfhat esifiRFd & bidH&d during a thermal
thi 8 Ihrty.

ckened to provi I ncfeased nmechani cal sta
cytlng betmear durerg mhmdhetome of thedeeriei n t he carri er
further conprises a filler material fornmed from
t her nopl astic powder that is sintered or binded during

a thgy nal Tgé’ Qél_lirqigg of tRfth "ERYhetdih ithd s%&ﬁg}?ﬁg ldfeef?glfne& %m one of

carrier. 11. e carrier of claim1l elnt
pdyypyidenpiflneride er palyetbaethedetamee of pol yvi nyl i dene

fluoride or polyetheretherketone. 12. A nmethod of

manufacturing a carrier for supporting a substrate

processed | rj : . [
P eES oy b B | il R PN B8 procesed
byf passingytie conposhrbegh ramenséusafaarcddsy hi prexintioy édieady the method
top.sheet, a bottomsheet, a layer of aramd fabric
COFHTWREN the top sheet and the carbon fiber core and a

seCOoRPnifly£tomposite frame of a carbon fiber core, a top sheet, a bottom sheet, a
layer of aramid fabric between the top sheet and the carbon fiber core and a second layer
of aramid fabric between the bottom sheet and the carbon fiber core, the top sheet and the
bottom sheet being formed from a polymer material, the frame having an opening sized
for receiving a substrate, the frame also having a plurality of support pins extending into
the opening for supporting the substrate within the opening, the opening being slightly
larger fhan the substrate such that a gap exists between the substrate and the opening.

13.  The method of claim 12, wherein the frame is formed with a slight arch so
that when the frame is under the load of carrying a substrate, the frame substantially

flattens out for minimal vertical displacement from a plane.

14.  The method of claim 12, wherein the carbon fiber core has an epoxy

matrix.



of aramd fabric between the bottom sheet and the

carbon fiber core, the top sheet and the bottom sheet
wheings$26y med froma polymer material, the fraP€I/Hs200NR5467

an opening sized for receivind a substrate, the frane

al so having a plurality of support pins extending into

the opening for supporting the substrate within the

ing, ' i Lightly | t han .t
Dbl 3 o B efFEd PP sah o, iefdih e BBAR e 3 5uer farmed by
adlivl; feh®t 0RB R af uﬂigdir&tlenaquaﬁa%@gn&é@wbé@ fib¥@hRHA] above and

the frame is formed with a slight "arch so that when
belpwe the ealeori Bbaregrs: t he | oad of carrying a substrate,

the frame substantially flattens out for m ninal

vertical displacenent froma plane. 14. The nethod of

cl ai 18.12, THO&e@idd diElain@ BORhéreReEarbsH Bb&8DfARe BRII¥ctional pre-
matri x. 1S 15. The nethod of claim 14, wherein the

impaegyotedfdaten filser fuateried rard enionéall eypendakiutay th deft andright edges of the
cariv e i ARbyEhties e fh e & dRisG o arei o5 corger.

The nmethod of claim 15, wherein carbon fibers of the

uni di rectional preinpregnated carbon fiber materi al

are bfi enThe methed edlicdaimad 2t whereint thentbpr slgdet apdglestond sheet are
the . carrier, . .the Jeft and right edges extending in a
fo&??%gfl?(gwll}yl“ﬁ‘?nﬁ\flﬁongf" the carrier. 17. The nethod of

claim 12, wherein the top sheet and bottom sheet are

formed of pol yvinylidene fluoride. 18. The net hod of
cl ai W.12, Thhenethod phelamald, dvlicaini the i asampide fabmpr is gwedimgregnated
jth e}poxy. 19. The method of claim 12, further
WEBBMYsi ng ol ding the carbon fiber with thickened
| eft and right edges to provide increased nechani cal
stability, the left and right edges extending in a
di r et®.i onThé metheodadf cidfimt He fiorthrer icemprigifg nidldingehd catbord fiber with

cl ai , erein the carrier further conprises .
kPR ez TERY e an e P eRel HeRRh Tl and righ
edgds SktBEAAEth LAiritlbAeA nAVEI JT9hécdhigr mal cycling

treatment during nmanufacture of the carrier.

20.  The method of claim 12, wherein the carrier further comprises a filler
material formed from thermoplastic powder that is sintered or binded during a thermal

cycling treatment during manufacture of the carrier.

21.  The method of claim 12, wherein the support pins are formed from one of

polyvinylidene fluoride or polyetheretherketone.

22. A method of making a carrier for use in preparing a substrate, comprising:

forming body comprising a core material having a first side and a second side, the
core material having a layer of thermoplastic formed over both the first side and second
side of the core material;

forming an opening in the body, the opening being sized to receive the substrate;



21. The nethod of claim 12, wherein the support pins

are fornmed fromone of polyvinylidene fluoride or
wQolopesi2e et her ket one. 22. A nmet hod of maki ng BCT/ERI0E025467

for use in preparing a substrd¢e, conprising: formng

body conprising a core material having a first side

and sppdgogrdtieimdal, curing cywie torthieebodyt thaninimgjza resaguenl sasses and

t.her nopl.asti c,forned.ov both the first side and
reg‘é%‘?fﬂpé?ta%sscﬁm’iaﬁ@“ s ? Yal ; forning an opening
in the gﬁgxﬁ preb@irOBe&Y ngﬁr@&e%ae&gw of‘%@{h‘éﬁn&gﬁﬁic layers to
a y oay

substrate;applying a thermal curing cletot
eItsuranomﬁnementroé”:th&jbmly, std esses and reduce non-fl at ness

characterjstjc ft body; applying a.pressure
a tof@ %@}P\ﬂ&éﬁ Borly t@d%gg e Gapracr aRacrt Hermashindag being g fgurgdto define
[ g the body
dﬁ)&%glgfﬁ? ﬁf;ﬂBtEﬁ ca E%?cgﬁu&pﬁ ﬁ%xﬁ‘em ngﬂgéé?énrgbgonfl gur ed

to define dinensions of the opening and outer size

par a ter of the c rrier. 23, The nmethod of making a
car r2r f ORe megd Py Jreiag @ﬁgﬂaﬁrsf%%%erlatpée@gmg@cwétaatp s recited

g{gﬁm rther includes,
mgkg%%%%hﬁgg’? l?elcrﬂEplac't)l}r?ltfﬁ|n ns e?llthe Fayer of

t her stmpingsspeafic pdrtionhk ef thetlayed of thenmbplagica carrier for

use in preparing a substrate as recited in claim 22,

shaping parts of the body to define the edges of the

bodys4 25. gleie ™ .

prepa gt Do i nd B Calitr ol Bl epedlpe bt as recited
intdhemt 21k shaping parisnaf the body tosiefine tHeeadpes aftthe bodhat is up

to a nmelting point of the thernoplastic |layers of the

first side and the second side. 26. The nethod of

meki a f

aci Tad i e Pliod f milShe RS hinbrabi hBsfife as recited
insclaifra2?, wherginnthe shaymat beringayyle ofes tahemperhas tthz{t 11; up to a melting

bt ai desire drophobjcity.
pc?mt gf] tﬂe %ermoplastgc layers oP the q{rst stlc}/e and the second side.

26.  The method of making a carrier for use in preparing a substrate as recited
in claim 22, further comprising:
modifying a surface roughness of the layer of thermoplastic to obtain a desired

hydrophobicity.



