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Lau Cheng, deceased and Arnol d Kbol odenko BACKGROUND [1] In the

sem conducty »lhd.feabrication industry, it is necessary-#&:6d:%3,/nd dry a
substrate arter a fabrication operation has been perfornmed that |eaves
unwant ed resi dues on the surfaces of the substrate. Exanples of such a
fabrication operati ! { Fa n etch back
(WEB)) and chem cal mm]@gg@b‘ﬁ?%ﬂgﬁ?%ﬁﬁfg %ﬁ%bst rate is
placed in a holder that REReINEIUWOTEAN {APavagErmst a polishing
surface. The polishing surface uses a slurry ich consists of chemcals
and abrasive materials. Unfortunately, the CVP process tends to | eave an
accunul ation of slurry particles andyvdesngues on the substrate surface. |f
| eft on the substrate, the unwaWieglLneShahgadeceamtdri al and particles may
cause defects. In sonme cases, such defemtis may cause devices on the
substrate to becone inoperabl e. CleasidBholddenkubstrate after a fabrication
operation renoves unwant ed residues and particul ates and prevent such
defects fromoccurring. [2] After a substrate has been wet cleaned, the
substrate nust be dried effectively to prevent water or cleaning fluid,
(hereinafter, "fluid") remants fBACKGROINDesi dues on the substrate. |f
the cleaning fluid on the substrate surface is allowed to evaporate, as
usual |y haplgéhs Intiemsetriopidacter ¢lop Mbricaisindndestoy itdonecgsdanatet deapraadidoyis| y
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formati on of, droplets on the substrat ce..ln an att t to acconplish
b e one oHteu, BEENE (e PEREcrigh RErk DRy ois B BoU F S bl s R ag

spi n-dryi ngCMIPA In OMIVAIARGAR is Blaed .o Wder &fat ?mgﬁa Slib¥érate sirBeh RpAMe s
utilize sonme formof a noving |iquid/gas interface on a substrate surface,
which, if probisipg yuniasentldierolishing sunface uses aiplyiy gvhigh epnsigssafchemicaisrahdce
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slurry particies and residues on the substrate surface. If left on the substrate, the

ace,

unwanted residual material and particles 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 liguid/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



WO 2008/ 085259PCT/ 1JS2007/ 025467 2 nmoving liquid/gas interface breaks down,
as often happens with all of the aforenentioned drying nethods, droplets

form and evapap@hdsedd occurs resulting in contam nants bgiy 2[,(97{,1:254@.;1 t he
substrate surface. [3] Current substrate carriers do not have a desired

conmbi nation of attributes for conveying a substrate during cleaning and
ot her pr ocesmjimli@iida‘ga intstfhcd Yradks dben f a3rofeh hapedd wilh @plogtte afdtehBiopbdst rate

surface ca he av%ggss |ew f the foregoing, there is a need for
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reduci ng t g thd &@lidwaeraed. marks fromdried fluid droplets. SUMVARY [ 4]
Broadl y speaki n%é the present invention fills these needs by providing a
carrier st 8t uf-Srapidsubsiraie anfersndkinay havene dﬁwedsmmpiunatlongofaatvmums fdur i ng

processi Ng B¥vedi %Lgbﬁhgt?a&cea;mr%c&éaﬁl ggang%mé Stb%E:sm 551(3']'3% rS]lfhﬁl dt?l tgﬁ EWB% ways,

appreci ated that "the present " nvention can
i ncl udi ng af da)pﬁﬂ’ﬁocregs suhstra&qmmfaact cml becaweidstieny vizwdefhe oreguing thit hog.
Several iny escrl bed bel ow.

ts of i nvent are
[6] In one eré) otﬁllrn@gnqtve eéﬁlpglsésrtmgﬁ F"EPE ﬁ‘@g? grat QW%%&H@“&CWWB‘Q% when
bei ng procesmenig e i@iRod ek CRGH dEEd fIfidArspletd Meni scus fornmed by at
| east one proximty head is provided. The carrier includes a frame having

an opening sized for receiving a substrate and a plurality of support pins
for supporting the substrate within the opening, the opening being slightly
| arger than the substrate such thatSEMMRARYI sts between the substrate and
the opening. The franme conprises a conposite core, a top sheet, a bottom
sheet, a layer of aram d fabric between the top sheet and the core and a

pecond Lo g6otpakal) b BEAMTOMS IR I R TS5 g e
structure and method of making same for supporting a wafer during processing by a
substrate-processing meniscus.

[05] It should be appreciated that the present invention can be implemented in
numerous ways, including as a process, an apparatus, a system, a device, or a method.
Several inventive embodiments of the present invention are described below.

[06] In one embodiment, a carrier structure for supporting a substrate when being
processed by passing the carrier through a meniscus formed by at least one proximity
head is provided. The carrier includes a frame having an opening sized for receiving a
substrate and a plurality of support pins for supporting the substrate within the opening,
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



[7] I'n another enbodi nent, a nmethod of manufacturing a carrier is provided.
The nmethod includes formng a conposite frame having a carbon fiber core, a
top sheet, \a, hRttRMm,sheet, a layer of aramd fabric betlvl@ﬁ{]]gzh( f,40p sheet
and the core ano{ a second | ayer of arama3ad fabric between the bottom sheet
and the core. The top sheet and the bottom are each formed from a pol yner
mat eri al . Thepeeinp aakzefl uot hexeivinge b dbgrafcormd pepvidM a plurality of support pins

2008/ 085259PCT/.US2007/ 025467 .3 an openj.ng sized faor receiving a substrate
2nd provi APREITRITR HEPenBE 1 BT E I S BeA Bty oo 18pERTHGE | or
suppor ti ng id femsdbsghtigtierged than thel §idstee RioAGhatTHEaPHRNM Betwicsn TR WBraed i ght 1y
| ar ger than éhe suhstrate such that a gap exists between the substrate and
t he openi ngnd the opening yet anot her enbodi nent, a nethod of making a carrier
for use in prepaf {AGnathS REbddRhen:] §_n&m\4'da‘%ﬁakiﬁfg1§c%w§9 vsO&l gx@gai:{ggg m ng
body conprising a core material having a first side and a second side,

f orm ng ansepanicry previdade berdpethadphglidey farmingrbody compiisigg eyerenerithe body
to mnimze_r.esi .. St r non-f.l at nes har act eri stics of
the' body, - SEdTE A ik 48 858008 Mol BENRE o Rolnf 1B Baia 20 e

t her nopl astimng ayele stot theensdy etoc afifiimi@menidual stbaehamly, ranc: Mafiatieng t he

body to defjne the carrier. The core material has a |ayer of thernoplastic
for med oveFMBSBEHINRROF ihF o 118 SRANECLBIALIIES RN B(OR AUTtcs e8] G4aca st ke The

openi ng i s tifkaBsladtiR 15;R6ab Bsurd8onTMBHbALRI ehe HEAG, ABGHAINNY thé bSBNDIdgLd to
define di nensions of the opening and outer size paraneters of ‘the carrier.

[8] The adWsregisss The comgangseriad bafta laperen thesmonlpstic fharasiyenpphthenfirst sidem t he
fol !l owi N ded &lobfflsile i RbleUatefidtk e loerifills el 0B llvE By B AGE OFRANY | NG
drawi ngs, i1llustrating by way of exanpléet principles o e I nvention.
BRI EF DESCRIapih@y iCrorTighcDRAN NG imerfs@ins Shtheppesegtnd ontersidequarandtdrs b
readily ung%rcst%od by the follow ng detail ed description in conjunction
with the a oﬁgéﬁ'yi ng drawi ngs, and |like reference nunerals designate |ike

struct ur al [@8]en®hé sdvantages of the present invention will become apparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by

way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[09]) The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, and like reference numerals
designate like structural elements.

[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,
f12] 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 inplenentation of a
proxi mty head apparatus. [11] Figure 1B is a plan view of the exenplary

| npl enent atj Qs in Figure 1A [12] Figure 2 shows,@,s&6060Bki¢
r epr esent aﬂ’on 00 upper proximty head. 4[13] Figures 3A g% Br% and 3D
Illustrate a substrate exiting a neniscus generated by upper and | ower

proxinmty Heaps.Figlrd 4]shbvgby qvad cTleeiEplEY phayview dPeadiRh® haviRk anteMbQMiLf a
wafer carrier. [15] Figure 5 shows a perspective cross-section view of the
waf er carr isz\?%f Figure 4. WD 2008/ 085259PCT/ US2007/ 025467 4

[17] Figure 7 shows by way of example, a cross section view of carrier along line N-N
in Figure 4, with the vertical dimension exaggerated for clarity.

{18]  Figure 8 shows in detail the layered structure of the carrier cross section of Figure
7.

[19] Figure 9 shows a flowchart illustrating an exemplary composite molding process

for manufacturing the carriers of Figures 4-8.

DETAILED DESCRIPTION

[20] In the following descrption, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. However, it will be apparent
to one skilled in the art that the present invention may be practiced without some of these
specific details. In other instances, known process operations and implementation details
have not been described in detail in order to avoid unnecessarily obscuring the invention.
The term, “meniscus,” as used herein, refers to a volume of liquid bounded and contained
in part by surface tension of the liquid. The meniscus is also controllable and can be
moved over a surface in the contained shape. In specific embodiments, the meniscus is
maintained by the delivery of fluids to a surface while 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



[16] Figure 6 shows by way of exanple a plan view of a carrier having a
rectangul ar shape. [17] Figure 7 shows by way of exanple, a cross section

view of cakfd gsdsopg line NN in Figure 4, with the vegdd calg-@hapnsi on
exaggerated for clarity. [18] Figure 8 shows in detail the layered

structure of the carrier cross section of Figure 7. [19] Figure 9 shows a
fl owchart ididroger oft thaguatraexEipl aranotenpasidle the hethidgusp2ICce SHghthr larger

manuf act uri he.carriers of Fi es 4-8. TAI LED CRI PTI [20] In
the foll owtﬁ% %s?meb?io‘imew DI §‘b"2’c$?tisé"8‘éet°é§F%%‘§8°%r€Fr %r(teﬁ"iaﬁ or der
to provide least hinfaoeigdpes Btesus AR dhd\GreainfdriiR e BF B2&0bstialty fttih @BntaddoWBVEE , 1t
w |l be apparent to one skilled in the art that the present invention my

be practi cEBFNCERAR: Sbihe Hpstatidseaaptse the anenechs issformed betieen pprsr andes,
known pr OCQ%cpggﬁiiﬁ{iiy%%@gl@, ho®| eRERLAL hipeBehnfidRvdraye VIO 1 PSR %ﬁﬁg“ bed

in detail in order to avoid unnecessarily "‘6bscuring the invention.

term "menicsample; whsreythe cearréarel 3, holdf end ttanspmrty sheisebsohtel inqaisdbdomiatied and
cont ai ned i.n.. ) nsion.of the liquid. .The ni sc is also
ot Eol'T ol Rl o @HE BEG el BlePlti Gl bbb i ok R b e o %)
speci fic erb2idi wantes,150heaynbnicanueged By BRiappaitne torinauiihe caeiki V&I w alové | Ui ds
to a surfacbe whi |l e zll?rso r%m)vi ng the fluids so tHat t he nmenj scus renni ns

cont r ol | abl®&™%E0 AP ShrRpgtethe iperand; lowpsPokimly eads b0, 3Rtip by dizectign of

preci si on faaivdisR! Thersnyeher AipaMals, SrSéxamld haly RERA fraBian i1 ispey faced
with a controller a conputing system which may be networked. [21] Figure
|A is a perfdgiedByelotlel bmay e squligired o repgiveiheraaier A0 ehd gopreyxhmict y head

apparat us 439 ba0lsd 1P S Dok i BARAP WY ok BRERN AL Orhd) FoAlhnvbew 11

this exanple, substrate 160 is positlone thin a carrier
conpri ses &oftrelled bliaviaigr, screedtives, bdpdmiengnagnzidcdnomllerectd. vi ng substrat e

160. In this,€ex | e he carrier. 15 asses .between.u r,pr.oximty head
110 and IO\ngr] p?’gg?en?rpélocﬁ%gn’iig)sfr]{eﬁﬁg lsd%pgf:lfegoor’i’ (@F’eéﬁsﬁ\ﬁ/t Ei)éiés)% 19%i%he
enmbodi ment ,onacr®i 9igd ef proaithitg hyadeaad, 120 aqe .removedi Whar cdrolr D50 havtoma 1S
used. A neni SCHE 200 is therefore fornmed between a surface of the proximty

head 110, ARPREHRFAEER PARR COBPOStA &1de PE SIPUHPRY hepds d40 120y fesergSPtmangent t he
carrier 15 } j ast as
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110, 120, back to the first location, where a next substrate is deposited, and the process is
repeated. The carrier 150 may also be moved through multiple proximity head stations or
other processing stations.

[24]  Carrier 150 includes a plurality of support pins 152 (shown in Figure 4), each
having substrate support and centering features (not shown), to ensure a uniform carrier-
substrate gap 158 between substrate 160 and carrier 150. The gap 158 is controlled so
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 carricr
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 8, e.g., 15°, and
together forming a centrally-located point, and corresponding trailing edges each at an

angle O 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



5 dianeter of the substrate 160. In another exanple, the neniscus 200 is
slightly larger than the dianeter of the substrate 160, such that surface
edges of the, sRkhdsede 150 (e.g., at |east surface edges sufounsng,t he
circunference of the substrate) are in contact with the neniscus 200. In
the illustrated exanple, the neniscus is fornmed between upper and | ower
proximty hﬂga@i&&qaaralré%gr&h,avﬁe%iﬂ&aamgas@ traififgl cdde@WRS at af kg1t 8@r &h8n def i ne
one exanple, where the carrier 150 holds and transports the substrate in a
subst ant i al8t ARG Folle Siregfianetft EVEL the 63B6ERPT B¢ RED argle it Gei oasPBeldr t han

hori zont al vﬁ&ﬁtl&?léaﬂiﬁ%ﬁrdt{a%%)ge@@ésrtif%e&é{gsdﬁ@m@e conveyed by an apparat us
for cau3|n%écarr|er 150 to nove between and through the upper and | ower

proxi mty Hezlds Itgouldponitad tthes, White it therexempler shownli8Figifhd , dlonneyiralg
appar at us, I . i.nclude 11 ..sh in.Equre. 1B. Track 111
may be con f%%? gﬁ&{% p?oxx ehSF Se}qga% %le :‘giqgiéx%e]cttgn 8¥\erow>;gé 9 .aéslp pf%s(bbigl ong

recei r and convey carri
track 111. folihe sobstratei toirtradincmtiohdre whikeehepioxoiityt lkade &10,i120, fasdocannde

controlled by a notor, screw drjves, belt drives, magnetic contraollers,
crer " O1 o5 upHer e SR Ramedah SPGB 0N o B8 (hePTormid 1Ry 150
at a first fuagahicad) toieatnds taf subs@até B3 ft\pakienBewhdDihe I2OinR) hesRNPVed
when carrier 150 arrives at a second |ocation on an opposite side of

proxi mty REdHY1That is,2be subsirate irnof smuiied torieeriiepied dodaamtalynbw egh insteaski i t y

heads 110, ul2Q:iRly QYeted 3RSk ted Xandh %l@.d proximty heads 110, 120, back to
the first location, where a next substrtate is deposited, and the process is

repeat ed. TB@ cdw cemgin EE®odmyensl socontoliaviEd, trabughy el & geleen] gruopaserioty head

stations or_other processing stations. 4 rrier 150.includes a
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support andofemlegsr bugh,f @atrolsabe ROEmaN @M )rrict OSE RSN fRowl6f fleIdEo upper
carri er-subsérate gap 15? bet ween substrate 160 and carrier 150. The gap
158 i's cont®Pd/vEd PEFTHAReadnd 1 deils dtis Tuide stthpgsupphstsirem dprdlitics o clean
carrier tobhg Wafoaf conigkrack to the carrier. In one enbodinent, carrier
150 has sl ozed edges at the | eading side 154 and traili ng1 side 156 to
prevent abrddpt &rary2shaws a srhemalicirepressntationiof apper|prefuindgy disad il imdichis 0

enters and i - i . | ri i i W th
Poo | ad nd sn i GOk Er G i ne R AP ) LR ARt heB MeRleBE &' 0
e.g., 15, ophdalitpgéicheral hozalesnbltathemgh velidtya liquidtie dugpdied that dnechscaediespondi ng
central 1y o8an B8 iR b Tl aple’ b AR 6 A b0 Piher R0 (g o

di spl acenekodets, BRAM, BE Hfisd dugttie B AbRAIRPESIRLEN pSHE N ASHply a Wouum at
2008/ 085259PCT/ US2007/ 025467 6 trapezoid or parallelogram wherein |eading

and trail i APEMFES chmengeusatDOanraumnests I appiete lighd Treymeniseis 248 and
0 " U il AT, B Sy NG IR (1 Mok
embodiments, nozzles 112 may be provided that surround or partially surrounds vacuum
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 liguid/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.



[25] It should be noted that, while in the exanple shown in Figure 1, the
substrate noves through proximty heads 110, 120 in the direction of arrow
166, it is.g8hSRsMRssi ble for the substrate to remain statiQnary.y e the
proximty headssﬁélgga, 120, pass over and under the substrate, pr)o%\%qded t he
substrate noves with respect to the proximty heads. Furthernore, the
orientation[28f tHigursuBAL thedugha®C iifluspasesutleheeo phsnprimough byd hewds | S

arbitrary. That i the supstrate is not required.to b riented.,

hor i zont al | FePIRe 38%4%?(@%&% ot lereaproyiah badel 0@32@_r incthesecigireany
angl e. [ 26dubkttut€ @66 ahd cRAROAEORBA Movidg GONhE R Qith I3Pecti GlpelMBYd RRvR
general purpose or specific purgose conput er system whose functionality is

det er m ned Bgxinyyiheads 11Quid0s Atdag peiplshowain Biguie 3 gHbstwlest 0restendyahbat - of
carrier 15 1 ia&d I i1 R0 110,
120. The f?ﬁ?}gfsﬁr%%ﬁ r%ég%%ﬁ%qq%gh rérﬁ(a ?}gg?ﬁ%l es Agﬁ Y@nﬁéeo% lr@]étgyr;f&ggg rom
cont ai ner s. 160 ¢ pn Fipgosie deshdwserascss Ré0mni deadepy edper23dt ofomenficus [R66ris
proximty head 110 hich 1S m rraor. image of 1o roximty head. 120
(Figure 1) ."’Péfaf’élh’ﬁ$ S HE ﬁé%eg%‘ oF, 1 RE g”%pl dt 3’?‘%’% B piciesh iy WH‘8§‘£>1=es 116
t hrough whigubsteatd 16Qinill be cEoul ardwhiladarfi@rITe IFEROGE U6tsi0Qf midachd 200, d may
be dei oni zed water, a _cleaning solution, or other liquid designed to
process, clRe&S ofGatrier 1aQ mayRet ingoatagyith meniseps 209.yaliGpuhapqt isipls e $his 14
apply a vacypgreat a perineter of neniscus 200. Vacuum ports 114 aspirate
liquid fromnmeni scus 200 and surrounding fluid, such as air or other gas
suppl i ed byl2RbzZn&egure 3B, menigcap 260 i+ tearbidiahing fom subeizaté ¢60 toicarmingyl She At

provi ded t FLOLhE i.al. SV port suppl y
<opr opyl - arzR G fee 78S 1t Bhe SR A06° iR UBORBAS b §3Emay

t wo- phase dasstightijuihetked inicchss Tvtion dme lselsstrdt2 68N Hof dxaingles siipirated60 hay 8€r om
aid in maintaini a coherent 1jquid/gas .interface at .the_surface of

reni scus 208 NbR G B e SR e AR S RISk r BEpuranas
operation 0@ freRIoRO bAlCEhriRt 19l arRASA drfodnhof FRESuRALBHaES Ia@ed?egat ed
Art section above. In_particular, U S. Patent Applications 10/ 561, 839,

10/ 330, 843, cagifd 130/ Inbiens73 G the penissus hae gompletelydensitioned off of sybissate dp@it | ng
to proximtyshead stryeture and operation. WO 2008/ 085259PCT/ US2007/ 025467
7 [28] Figures 3,& tﬁ?ough 3Cillustrate a substrate 160 passing through
and exi ti nd3@kniBpus4 200vienenatfedathyle apparvien df WalsecarperdsDniWaferveats 110,
120. In th Figures,. substrate .160_and carrier. 150 e.nmoving. to, the left
with respectOrbdEay Mah i R aRaP e b T ey RERIE inkd wa0or R Rigtp Shy
shown in Figafelemdfoe Sippsitddainta A0R1SX3reids] 53] in bieenidditéit Ofdghpin®mzsgas 200
such t hat Ieadi%]? edge 162 and trajling edge 164 of substrate 160 |lie on
opposi t e siFISEdIYF [resHPRAENRE D0tATEnYithia APEHEE dage Gasperol-thwny slsasndeds ¢ s
appr oachi ng, kb iyl binfogrlge) sb64rofrosidRet RLE 460 with: BARhE AsippRhed Hpat
typically, gi)subl:rswglr ate 160. wil Iro%rg 1cip]r%cul ar and %i | e cargicte;ar‘.pwo i s shown
out si de of oemplscupickaEr epdeffestasfol & sebor anrm uBd tordgpoliba waleg onthénctarer tl O

meni scus 200, _al t ViSi Laure. 9].1n FEigyre 3B,
meni scus 201 rlese%ésg#%??iq%oﬁ? %’%F ﬂ)% !éa&bliis]?'}lg? Eh‘%é% a(t)e{‘:téxrldr fne?Ot‘ihfg.Lisitan hi s
poi nt, traithémglidedgeledBdthi the iwmdird® tenttecwusle?0th tHen enkiieiyoo dharBaidlingarri er
150 may be slightly thicker i ross sectio han supstr at 60. Fqr
exanp &, S SBUPREILITSE A B EURin0SHEs Are I eROBPERUES (e BHoREF may
be about 1.emu¥linidht,ake whithSraydse IR PéiH Tnd@ ekl 4kt 1 08y PBEQ dEREL [k 150,
a certain amount of neniscus |iquid is displaced by carrier 150. In Figure
3C, the nerhersanhties gappeadeby atniekesiof icod stfeepr 0bp rebisarmate whikh easel ont o
carrier 15Q, L QU shows by way of exanple a plan view of wafer
carrier 15 .Otc\R%$§3 %%ggrﬁingﬁ&ffao is generally flat with an opening 151 sized
for receivi[hy a Ceaferl5Dorisopmodss thinfenébhalgenfl 85, NAyallyer twppoid’'eadefornd
plurality of . pins. 152. .In.one enbodi nent, B four._pins 152 .ar rovi ded for
ubpor 1 g HEEfEEs v GG creon b Bl TR e uisd sBr Bfsas e
plurality of notches 153 for providing access to a wafer handling

equi pnent. For exanple, a picker or end effector of a robot armused to
deposit a wafer within carrier 150 or retrieve a wafer fromcarrier 150 can
i nclude fingers that extend in notches 153 and then slide underneath the
wafer so that the wafer can then be lifted, or the handling equi pnrent nmay
grip the wafer fromthe edges at the | ocation of notches 153. In another
enbodi nent, the wafer may be lifted fromunderneath carrier 150 by a first
devi ce (not shown) and then renoved by a picker or end effector of a robot
arm in which case notches 153 are not needed.



[31] Carrier 150 al so includes thickened edges 155, 157 along the carrier's
|l eft and right edges to provide increased nechanical stability. Thickened
portions 1 2(;5§,385§@n be WO 2008/ 085259PCT/ US2007/ 02541%,&2§@,§}954gpr e
clearly in e perspective cross-sectionsview shown in Figure I'n one
enbodi nent, thlckened edges 155, 157 may be used for clanping or securing

to a conveyeén appaicRhys if MY pelpestye chdds-Sdtabhalieve RBOGH R Migurt 5. Clenad edges
contai n enbe g fFeld rragnets for securing carrier 150 to a conveyor system

[32] Since ot 1 skenfdpeiees 13 wht emaysby psedalos cdamping g Heguringniost us
whi ch may %n@égby aﬁfi’i?&ﬂls 2nct fHokwnh.MBtne bl &Jfbod'irheritstmm&%é %@éest E\ﬁ‘nttaxﬁt be

thin, flat, and rigid, so as to mnimze vertical deflection, 1.
defl ection w&eé@ﬁidnmptarfortsecmm cgmiief hrtogfcopeayer wstes0. |t nay aI so be

desirabl e that hem |n wet
waf er pr océsﬁi ng suc e} ?ﬁo %ﬁayﬁ%%ﬂa@e@%&tﬁ; %ﬁ%%/d?gﬁ n %F'ﬁggrﬁ h%Ch ﬁlggl on) In
one enbodi mmit abauhe- 3cmrlhmeters thickbgut irkpdtant tat itdteaths, flai, akd e»g&gpb aatto t he

t hi ckened porti.ons t hi ckened_edges 155, 157. .In e odi t
carrier 150"PEMAEY ‘Ei%lf’agg?% Pt W%Pﬂeqt'gﬂ)ergﬁ?ihﬁjradﬁ? ‘*‘8&5&5%‘3%?@*%?5@&6 away
from each qhdiedlsdbe debieabBOMNENO EarABIRITA St kOcIrBIVE JBEM IS uSAIih MRE wifer
rigidity and reduce vertical deflection. I'n another enbodinment, carrier 150

i s creat ed RPIEFIRE ich @ﬁthyéfro@H"fsCoa‘t‘%éhydW% flupridesslytion) ¢ ﬁ@omp@h@d@fznta waf er
or other SL{QéEarrﬁérEis al',s&utfl |5%$11‘?xﬂ§teﬁ%wlt cheﬁﬂ D ithPhi H &Y Hoh s falf g]tﬁlglgenP ane

It is also possible to do bot [ IS possible'to provi
arch for i rﬁﬁg@vb"d flp’at dreose lmh@dlmlemtadarvw 1 &0 &Il@cbd fratensian m1ﬁ1gieftm1domht| er in
tension to f b§n e vertical

v
carrier 18(5""1I Aving %eargec?w%arloglr e%fgsc%%egr?b#he Coﬁ’vgy%laé’p?r%& %Bllﬂae?jgf’até%d in
tensi on, t hereby rrgaﬂlycanldge&tﬁﬂ’et\leﬁa:lai deffeegat. i nnanoﬁser reatbotiniee dareyilsossy,
ot her shapes are pos atra oi d e for providing both a
shape t hat CEeé‘F?dB’é‘H’p? étﬁgha@h é‘ﬁ%\gﬁ‘?ﬁ‘ %éﬁ‘f Wﬁ'ﬁg vealef T e sypstrpitedt it h
left and rimbtnseAges RindsaHeRdBon f‘rB@%@ﬁlﬁKb ofi; ed1s0 fmglbfe Bldoltdeh, $aMR if i N
m nimzing rapi d displacement of neniscus fluid as the carrier enters the

meni scus 2@0ssiblg supropidggrséigtt aseto{ns impreyessBataess npdng leddevhils alseampingaining o
aong 1 ine i i if tealib iolrurifbilrbalcBSeBhilaefigdiofl] mens! on exaggerat ed f or

clarity. In one e I ment, carrier i nc es an external covering
havi ng a tcEiiﬁ}s h@gurifzﬁ)zh(amla earbort t&ﬁ)rhashwg@treﬂﬁzngtﬂa)rdwgn h'rommxatabreeﬁonb@h@sti c

material su ol.yv efluorJ eet s, of l.i dene fl uoride
suitabl e fd) ace % S% tW"Sff “iig & e%\?é ‘-iegﬁf ¥y rfaSePleFW@y rpé%’émﬁg’rr@th ®kynar "
fromAr kemhaﬂeﬁl@tre pssiBhy, Isaaehmltﬁpezlaeﬂmw: YanbravidWiat sth al shagd BRE cAdBd

pol yvi nylidene fluoride are al so contenplated. Such materials should be

mechani cal IRACEhER EREAR cafheyrasygscedigiction drer Witel¢ficand gishd edepshigss avmeni cal
envi r onmentsgyy, LRnak Wik at kife date 8% hRRhBidaQhpili R&placement of meniscus 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



WO 2008/ 085259PCT/ US2007/ 025467 9 external material to be configurable to
a desired hydrophobicity to aid in maintaining the integrity of neniscus
200 (Figuregpdemsessde That is, in sonme processes, a hydsophobif.canier is
desi red whereas “n ot her processes, a no¥e hydrophilic car??%r ﬁs desi red.
Mat erial s such as pol yvinylidene fluoride can be prepared by abradi ng or
pol i shi ng taxtaralenatdraal hylly opfighhlck tya tiesirad dediopladidigmelaid ﬂiemlﬁtﬁdurtgqh& om
sheets 202,. 204 can be se .t oget h usj known t her no |.di ng
ochn: ques BFERy Sanaliie2 Wikttt Crs Bl is Ho P Bor durcohoit s 302,
204 may be oadiddslk eltsitd hab@Ac e biter prde@ssey G eord thyliophilie @AY degipgNt s Of
carrier 150. l Carrier, 150, al so |ncludes a |l ayered structure 220 shown

in Figure SMMWQ SuSfeperPlEYipYldens Buorider GnrRsdPEPASPH BY @biEei arepcdishiag 202, and
pre-inpregngiede h?di@ﬁ&b?c%ﬂhto 4 86sirch rbv@fj dh%,' 48 1b0§01§1'shée?sr 2(?%@4 Lal e%%ﬁed whi ch

may be formed from pol yvinylidene tluoride powder or ro e provi ded.
I n one enbddi;qfrlmﬁtusmgdiﬁp‘ﬁs|th@mepiaﬁlcmdmm¢ﬂmsesml hyeaﬁhcsavdsorﬂ‘ﬁel tbekness

rei nforced . t ROXY, rlx eIo osite
core 222 i So?ﬁﬁ%? rglrr?rdntrxgtt SIéérg'ksS %qzat?gigdna ecetl uSt d mAggarr"?ﬁatE&r]l'g? 8&0 ¢ 6? preg)
carbon fi bef‘ranepme;{memm(ﬁaftcerrﬁﬁnso | nst ead of the nol ded corrp05| te core 222,
mul tiple | rs 0 |nf rce co site sheetin

enpl oyed. %ﬁgj 3(?5 gﬂ cl?‘ﬂf{:eéa? @ﬁﬁ?@@%ﬁﬁ%‘é’?t"éf i eT'E‘)"r laé‘ﬁﬁ%d with
the fibers sﬁiﬁ&tﬁl&dh ﬁﬁnﬁﬁfﬁb@rﬂﬁib@rﬂb@ﬁtb)éorte@zﬁhﬁmdlﬁé AmpRghdidORlere99£9085%, 157
(Figure 4). Suitable carbon-fiber reinfor ced epoxy s widely available in

pre- i npr egridfiEanfachilier neteist 238 pdichanay tefommrg from pglbr\f@w@ﬂgﬂnom@ pedght

rati o may [ r r

et veen. compactt o Paty eI Ede/E B 3rielingE ARop Fire B 1 ALESHMEYY ¢ .
| ayer of an:a!r’wd ﬁ@brrie'mf@%i cm:acmtd, éabrw:ﬂs aar@owdahtyixavmbbablaed below
commerci al | § i€ ?2? nat es. (ﬁ c%afre al V\%ﬁﬂ avai |l abl e
in pre-inpr 6’82&‘8&0{ W f”ﬁe 8i 5% ?rs AP Efehgnpr?%% E?E}Ted
from aram @afvoh gibebegl icomposimahe Ixﬁsltéhﬁhf&hdﬂn@hle&bb@ﬁ&ﬁt'@ oBFC 70 el tipge OF

el asticity, providi ngg}gxceptl onal stjffness to the carrier structure. O her

material s~ MRXFSE cathep SBpreintorps %%Poairtc shegtinegmpnby praBloyes chheginifiregtiong]
shoul d be g m:ﬁ;%@mehycompgglé 1RRPHO B dr@edPW B1Y SR HPRRE i Tr[%}:‘ﬁd% gg tAt e

whi | e being transferred betweern one or two opposing proxi
fabrics, sulthlefisandrright @dgeabliS5cs37 tagurbd). pﬁeﬁa@msarbmﬂbgcremlﬁated ¢podlpes not

substanti al“;iéfelgla%“a% i evﬂnh[:!eg#mglg{ir i éimoubthelgor{late)fa B av1 Slljh?]érsfr gghn§l oni ng

may be anal ogous t0 st et Chi C across a urmead: %uch as
Si C, may nmelgm raio mey hlssbe t@dldemdbmphage pf eirmﬁﬁmeéinfdﬂcddm pBxyTEB&@Een Thi s
rei nf or cenent oul d 08/ 08525 [ US20Q7/ 025467 . 10 one
enmbodi nent COQP% ﬁ qﬁ){?&ﬁ?é ndé P ?ﬁﬁ/\ﬁ% Wf/ﬁrad@@ﬁo ¥awiq faic and

ot her corr QskVensRRNTSAtSare Widbly dviildhhe cANROAAN®Thr u MSladhBAtd OMAMmANe
shown in Figure 6) is enbedded into fill material 224. In one enbodi nent,

pi ns 152 af@brighaw abo ygelyavaiipbleds pee-imnuesnpigd fam wish gidferant memdnkpatismss
(PEEK) - O fighrids! Gkt 6 "8 TP B bie BomBE BbbA Rig el And ol 6P at ed

for form ng pins
elasticity, providing exceptional 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



[37] In one enbodi nent, wafer carrier 150 may be produced by stacking a

| ayer of polyvinylidene fluoride sheeting, a |ayer of aramd fabric, a
conposi te Gak usMER Si ng uni -directional carbon fiber geiN.05%86:8P0XY,
anot her | ayer of aram d fabric and anot her | ayer of polyvinylidene fluoride
sheeting. For nore precise shape form ng of the edges and coners, including
t hi ckened ethgesntbdiment5asq Raguclesidl comppodiier wih hpelogsi Mybiiglenad fdumeer i de
may be spread around the core of aram d |ayers. |In one enbodi nent, magnets
(not shown)CHPEVeMFBHERlY i n t hi ckened edges 155, 157 for use with a

magnet i ¢ COBYEY Gk ond BmBSAERE! pBRNSIiIEMPbae SHHWHKET85LrE 89 BSeriMead LR by a
nol ded pi ece (not _shown) having an interl ocking feature such as a slot to
engage cor enaignelof24cofperg ewbpdpent Dingy brsazomady pf pelyeinglident flueoitle present .
The nol ded ' or, 4P W \VINE e [

i njection ﬁ@%@&%@%ﬁ?ﬁﬁs'aégﬁ% H%ﬁtﬁ‘%ﬁ{no:ﬂr?g .re%gﬁrgrmé%ﬁ@gﬁg ag; ‘%? g?i al s
and net hodsohtsmptaggdfionfprinigghmniédd. edges 155, 157 are al so cont enpl at ed.

[ 38] Press : then.be applied to.t to nd al l es .of the carrier
to ensure géﬁf mr{r’gﬁtemgﬁ%"*eﬁgt%a E"srs‘fa”ll?{hlgﬁemé’ng%af‘%ﬂﬁetd,eggﬁtédﬁ?%ggﬁﬁeé bl at es
are forned plyvingidersheside gheming, 4 hiyekenesmRidgBsc, lo&mpbhile cdrd caggiitihgn,
pressure plates nay .be forpged with a slight arch to create an arched

carrier t hd’c‘“‘gir%t“t“%ﬂsca{ma et Frnfprsad) Ry HIoRer yenofwipapd fabpc arslanegher ot her
shape-f or mipg: beabyiBSIABY tREHIOHEBE. NEQ hite I'n one
enbodi nent , El’f/l\:}irwi I g lg?egéure i snsti | ag,ppl i ed, tpﬁée&?fsg@% %al“ghﬁz’fé%%?%?% ed to
a thermal coficpgesyschding thickened edges BiShdL 57 (Flgures a b ppovader 20 Bolyvinplideng e
resi dual st I I > di .. the thermal cycle
el udes hespre HR SEIPHAE ol 165 Fure bF i EORE BN brbSgpeph gined

pol yvi nyl i desteshbweloare cebeddeé in thavpphcbadpest ISy 1 F4BFudeWilH3) magsetic sogener al |y
known, depending on the partjcular qven used, calibration curves may be
est abl i shed"5&P %ﬁ“‘%’ﬂ%nﬁgteﬁhiﬁg %:fggest %rﬁptg’f’%?dug%§ mngE@%FéP@nWW“?\ t he
resul t. Af tHaving A iteHdcREBg G4 sudth® aGRdtiid BpaBBYord 2 TBCIpRsd abfid Rgdrs

di nensions, and then the surface nodified to a specific roughness required

for desired?Aydrdsrébichot preseri Thpmolsisd cégmpeypary befuord oS sagvinglideanot her
enbodi nent o j : - ' e residual
tress,  and ase B RieubpoBhaEh itk Bd Rk OBl L FOHGR; oES
fluoride. matipidsifer formeing idwnedkedges pIHSS182 alshicontemplateds) are nol ded in

pl ace prior,4,0 thermal cyeling as,.s i,n Figupe . 7. T manuf act ur ed
carrier pr (;g’/é}degpref%lslgﬁtm%éﬁatﬁtb,g %P Igi?"ldq%s)o}tl\qr?lgn%? ﬁf“gg‘{ﬁf dggs ?$ﬁ83°§“166%? T8 rri er
that mi ni mcaefnevent asdlfladebd. edhiong shibcelimd, Gkifresale platel hee \Weined! wam
process. The carrier ‘Jné’ﬂ al so, hj ghl resistant .to hydrofluoric acid and
cont ani nat i"§¥FS¥P &hoithBickenedsiefiy ! st dRiadftidon, pygsFsa plates, manbe feamed i al
renoved frop ReLgusdy &t Geard A8 RAY \Chiil HOE MRl dsUglib e a8k 8 @%ng gbric
conposites used to encapsul ate the core conposite structure allo urface
nodi fi cat i oraferaSiispersefotien ghang-fornmingiediuens meyibeiferynedfintoles pregserei pdtes. or

dryi ng per f-4:ma0 : id..co G} | of. Qsite carrier

provi des aé(gj)%ld gxggréen%‘rgoggx ot’ ‘gigir:reﬂ[ggstsp%llge%tgﬂ@gilééjglﬁen%g%g%ﬁ ?ensﬁglgﬁtﬁdgci bration
danpi ng of thdmmakauririgeryclshtersitteramsipad tfillog nardiak RER mingnivafatdual sttdd hndi gur e

9 shows a flowhart 3Q0 illustrating an ex | ary conposjte noldin rocess
For et G ARk on e HBobRon] e il o PR er e dae BroeBa g o
steps are ngy nﬁwﬁ@&&ﬁﬁdré‘mﬂebfQﬁg%l}vﬁh}?ihéleprﬂq%dé, Nk, C @btk idfaek]s OIfer

pr ocedur al st%gs may be made concurrent|ly with one another. The procedure
begi ns as i(hthi tat etf Byswemily koyak dgmadian prpibe gusipslar o vep atsed, i astibratan

wherein a tcn%may%%gtggisﬁx&baw%& @QB%&%&&%&%E&%‘P srfgﬁéo%yﬂen@t hGRe and

non-flatness. By "non-flatness” 1t Is nmeant” a vertica eviatio romthe
desi gn. Theesu¥sifdter thwycuring oy@artbe eargershiyghet maghitedas fidelsdimieichsalatierso t hat

under the \@ﬁe' gu%acg fmdadif\{\é%f %r aosgaec? xch %ug ue%% tr&%xtix%dltlor fdtlas?rteg ehrslfairoplmbicity. In



[42] In operation 306, a tenperature up to the nelting tenperature of the
outer layers is applied. This operation nmay be conbined with operation 304.

I n one enbeg sBhssdohe outer layers are fornmed by pol yvidwyd-genesds uori de,
which has a nelting tenperature at aboutti1340F (171C). Depending on the oven

used, calibration curves may be established between the oven and part
t enper at ur esothef éB8odimerapibe ataclois s30Bcted res tharmalicgclagpbirethco restdugl dbeps, and

al | edges of .the rrier,to ensure confinenent. T ressure may be applied
concur r ent I?dﬁfqaﬁaggﬁé?% to ?/ec’inFlﬁ‘B.g pO‘PQQfJ]pofyH‘ Eiﬂ?f&[}f%ﬁ‘dglo, the carrier is
nmachi ned t g46j nah odé embedimist, pERtISONBIghe 4,16) PRLRICH QR phte pribh® Hkrhiace
conditions may be nodified to the roughness required for t ﬁe desired

hydr ophobi CYE§RE FheEdvet Hokigste dmkTifgmeppciand carier imenicest behttwrighonigh| ock
314. WO 2Q Bo%a IR YVR 0R ChQRP ABY mifimi %5%&'::51%59&{05}1@#&9{56&91:5go

I nventi on has been described in sone det alﬁ for purposes of clarity of
under st andithgy wet tclaaf | Hrodsss. apldwr eamtiert in safsockighlyi resictasintpe bydrofiuarivdadid @ad i ons

Ry e, PTaSHRSAT A U, b, BEARR, s h0E CRRERIGE, R PheaflSRE A P
restrictivehe antbtiatee iTheepslyeinylidenadfluokide bad| bminiedatire thepehtaivsed gbven
ggrpglngé dbgfea{;]%%l_zlgt% ii}pgolré Icgrgpggitg rsltlz‘a?(:t&r[a] giiosug g&?acg%jodaelc%{igr? Leg)glglse o?];untinhgethe
hydrophobicity of the material for drying performance. The hybrid construction of the
composite carrier provides added advantages of damage tolerance during handling and
vibration damping of the carrier when transporting and cleaning wafers.
[41] Figure 9 shows a flowchart 300 illustrating an exemplary composite molding
process for manufacturing carrier 150. It should be noted that these procedural steps are
not necessarily performed in the order indicated and some procedural steps may be made
concurrently with one another. The procedure begins as indicated by start block 302 and
proceeds to operation 304 wherein a thermal curing cycle is applied to minimize residual
stress and non-flatness. By “non-flatness” it is meant a vertical deviation from the design.
The design may incorporate a slight arch as described above so that under the weight of a
wafer or other substrate it flattens.
[42] Inoperation 306, a temperature up to the melting temperature of the outer layers is
applied. This operation may be combined with operation 304. In one embodiment, the
outer layers are formed by polyvinylidene fluoride, which has a melting temperature at
about 340°F (171°C). Depending on the oven used, calibration curves may be established
between the oven and part temperatures. |
f43] 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,



CLAIMS A carrier for supporting a substrate the carrier conprising: a
frame having a top surface, a bottom surface and six sides, wherein a first
si de and ays&sRbekssdode are parallel to each other and hﬁyﬁugﬁ@ﬁﬁgmgd edges,
third and fourth sides and fifth and sixizh sides are respectively defined
between the first side and the second side, wherein third, fourth, fifth
and sixth stpsfmﬁmu@mgheﬂngmam1ﬁwmnbmhaakﬁeﬁdkauhﬁﬁnﬂhﬁﬁﬁhﬁbﬁr@&bbﬂ@d from

the first si second si the fr ne hayi ening sized for
recei ving & fd&f?ﬁ&?é‘t"@m&‘ﬂ ng, it q?ge HIPareRt § Sfeﬁthﬁgﬂﬁ?F?“ WH@‘?‘F?}fonéﬂﬁpforti ng
the subst raieep)/ﬂciufﬁdn“ﬁthﬂl aResidpd, oft iR eRRNHAD cRehflg AbdBdhhly, lar %?Jseéthan
the substrate such that gap_exi sts_between the substrate and the openi ng,
the plural |et“}b°6‘fm?ﬂtﬁ1§eé%3]ﬁl"@‘if“ieéedt wdllpgtepee aptinad resmelivagridithe invieatiapieni ng
in a parallgk t(ﬂ'bb G RE 10 thel &hds! N Fenl Rrdil Ok %yad}dmpcﬂhécp WltﬁH\ntfh@%gcg)eQandt he
frame; frame conprising a conposite’core, op's fining

the top surdquivelentrnd the dpperdedrisineset deflnlng t he bottonlsurface and a

| ayer of aramid fabric between the top sheet and the conposite core,
wherein the top sheet and the bottom sheet conprise a polyner material wth

a defined hydrophobicity. 2. The carrier of claim1, further
conprising a second |ayer of aramid fabric between the bottom sheet and the
conposite core. 3. The carrier of claim1, wherein the franme has a

slight arch so that when the frane is under the |load of carrying a
substrate, the frame substantially flattens out for mniml verti cal
di spl acenent froma plane. 14



4. The carrier of claim1, wherein the conposite core conprises a nol ded

carbon fiber conposite material havingi;an epoxy matrix. 5. The
carrier of claim1, wherein the conposite core conprises at |east one |ayer
of uni-directional pre-inpregnated carbon fiber material. 6. The

carrier of claim5, wherein the uni diusgasi onal pre-inpregnated carbon fiber
material is disposed such that carbon fibers are oriented perpendicular to
|l eft and right edges of the carrier. 7. The carrier of claim1l
wherein the top sheet and bottom sheet are formed of polyvinylidene

fl UOI‘i de ﬁ:&?ne?%r shﬁ{or[ﬂ‘fg %lgéiﬁ%%c]‘thc%&edogl&%l@%gar am d fabrl ¢ I S

pre- |npregnated W epoxy e carrier aiml, wherein the
carrier further conprises a filler material formed from thernoplastic
powder that i ¢ feinmkavad otoplsbritheda dattem gurdack ed skl sidepcivharginta @@t sidntnddair i ng
manuf act ure of the carrier. 10. The carrier of claim1l1, wherein the
support ﬁbﬁmdakb3ﬁ0wwd¢lﬂr6wh@ﬂ@r@mibwbyMbhyhid&metﬁhmemiﬁmnbmkwsamjﬁﬂh

pol yet her et herketone, or rigid nmaterials. 11. A carrier for

suppor t i rgd aixgudidts et respettinelcdafmed betwoemthe Sisngide and the secohd aide, Wwigeydin thid,
thickness that is greater than 0.8 mmand up to about 1.5 mm the frame
havi ng a fowh, §itthhat exthaidesticanyled i ackomncdesicKdisilsiedrecIEde@ind o thstirssi de
and a second side are parallel to each other and have thi ckened edges,

t hird andidkouteResindeislc.andfifimé hdvigah dexihf sistdiRs reatiRing@SEBSiley 8l defi ned
between the first side and the second side, wherein third, fourth, fifth

a plurality of support pins for supporting the substrate within the opening, the opening
being slightly larger than the substrate such that a gap exists between the substrate and the
opening, the plurality of pins coupled to the frame and extending into the opening in a parailel

orientation relative to the top and bottom surfaces of the frame;

the frame comprising a composite core, a top sheet defining the top surface, and a bottom
sheet defining the bottom surface, and a layer of aramid fabric between the top sheet and the
composite core, wherein the top sheet and the bottom sheet comprise a polymer material with a

defined hydrophobicity.

2. The carrier of claim 1, further comprising a second layer of aramid fabric between

the bottom sheet and the composite core.

3. The carrier of claim 1, wherein the frame has 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.



15 and sixth sides are angled up to about 30 degrees away from a

per pendi cul ar direction defined fromthe first side or the second side, the
frame having an opening sized for receiving the substrate; and f our
support pins for supporting the substrate within the opening, the opening
being slightly larger than the substrate such that a gap exists between the
substrate and the opening, the four support pins coupled to the franme in

t he openi ng and extending partially into the opening in a parall el

orientation rgl atitve chidiet ecihiaP1 aREkrOR RO RERE cOhplife of HABRI carbon  t he
frame conprising a conposite core, a top sheet defining the top surface,

and a bofieedshant mdefik mao,ggm@p(g?t,ﬁa@msurface and a layer of aramd
fabric between the top sheet and the conposite core, wherein the top sheet

and the botton1sh%%t conprise a polynmer material with a defined

hydr ophobi ci t, e Cmuﬁé%f &l Eh%lﬁ @ MPEHHEART SIBIISE S (3P dver ¢fhe
conposite core and the |layer of ararnid fabric over the top and bottom
surfacesméﬁﬂaﬁﬁﬂﬁﬁﬁa8$§%Wﬁ§dcmbm‘ﬂmﬁf?m“¢he carrier of claim111, further
conprising a second | ayer of aram d fabric between the bottom sheet and the

conposite come.  The carridof AN §aNKdr@h 1Qf urhdifcHdnkl pre V‘m?h%inﬁ‘te& Renhi apg has a
slight arch so that when the frame is under the |oad carrying a

subst r at BateddN@s dikFRREY mﬂ@&m&sﬁlb@i ﬁ%ra‘ Jn@foh&néd péaﬁentifamammpeﬂ%d Yight dagéd of
di spl acenent from a pl ane. . The carrier of claim1l, wherein the

conposi t1g. QK& conpri ses a nol ded carbon

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

polyvinylidene fluoride.
8. The carrier of claim 1, wherein the aramid fabric is pre-impregnated with epoxy.
9. The carrier of claim 1, 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.

10.  The carmrier of claim I, wherein the support pins are formed from one of

polyvinylidene fluoride or polyetheretherketone, or rigid materials.
11. A carrier for supporting a substrate, the carrier comprising:

a frame having a thickness that is greater than 0.8 mm and up to about 1.5 mm, the frame
having a top surface, a bottom surface and six sides, wherein a first side and a second side are
parallel to each other and have thickened edges, third and fourth sides and fifth and sixth sides

are respectively defined between the first side and the second side, wherein third, fourth, fifth



fiber conposite material having an epoxy matrix. 16 15. The carrier
of claim 11, wherein the conposite corg conprises at |east one |ayer of
uni -di rectional pre-inpregnated carbon fiber material. 16. The
carrier of claim1l, wherein the four pins are defined fromone of
pol yvi nyl i dene fluoride or pol yetheretherketone, or a rigid material .

and sixth sides are angled up to about 30 degrees away from a perpendicular direction defined

from the first side or the second side, the frame having an opening sized for receiving the

substrate; and

four support pins for supporting the substrate within the opening, the opening being
slightly larger than the substrate such that a gap exists between the substrate and the opening, the
four support pins coupled to the frame in the opening and extending partially into the opening in

a paralle] orientation relative to the top and bottom surfaces of the frame;

the frame comprising a composite core, a top sheet defining the top surface, and a bottom
sheet defining the bottom surface, and a layer of aramid fabric between the top sheet and the
composite core, wherein the top sheet and the bottom sheet comprise a polymer material with a

defined hydrophobicity,

wherein the top and bottom sheets encapsulate the composite core and the layer of aramid

fabric over the top and botiom surfaces and in the opening.

12. The carrier of claim 11, further comprising a second layer of aramid fabric
between the bottom sheet and the composite core.

13.  The carrier of claim 11, wherein the frame has 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 carrier of claim 11, wherein the composite core comprises a molded carbon

fiber composite material having an epoxy matrix.
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I5. The carrier of claim 11, wherein the composite core comprises at least one layer

of uni-directional pre-impregnated carbon fiber material.

16. The carrier of claim 11, wherein the four pins are defined from one of

polyvinylidene fluoride or polyetheretherketone, or a rigid material.



