WO 03/ 034473 PCT/ US02/ 30268 SUBSTRATE SUPPORT This application relates to
United States Patent Application No. 09/963, 020 (Attorney Docket No.
6181/ AKT/BG)03/034473 ed Sept ember 24, 2001, which is hereby iPararspps@sed by
5- reference inits entirety. Technical Field Enbodi nents of the invention
relate to a substrate support. 10 Bacggrggﬂg Art Thin filmtransistors
have been made heretofore on F%%"T&I 3 strates or plates for use in
noni tors, flahipanelppidicsphays, rebheds cekbs, updrsdnalstiditgist alpaassitst ant s
(PDA), cel | 15 phones, and the |ike. The transjstors arJe_ g&qﬁf&é sequenti al
deposi tlpt?ﬁléf:aﬁé?]iloﬁg f PPARO3 A U diAtg OZREY pRBGSSE| MPecofl® dped and
undoped s SirllaCofewedndRs: Skl i Q01N tihiide, Bdnkhebyl lmdr@omewrrwhanber s.
One nethod of deposition for thin films for transistors is chenical vapor
deposi t TG SFEVER. 120 EVFR S *8 *¥onpar at i vel y high tenperature process
requiring that substrates withstand tenperatures on the order of 300
degrees Celsius to, 400 degrees Cel sius, with higher tenperature processes
exceedi Egchmdcgd Field co| sjus envi si oned. CVD film processing has found
wi despread UsgHbAiRSntHe SRNUFRC Ungefiddt agriated ebr C4i tSumtisithst r at es.
However, since glass is a dielectric material that is very brittle and is
subj ect &@W&@gl ng, warping or cracking when heated to high tenperatures,
carejgrust taken be to avoid thermal stress and resulting damage during
heating and 30 cooling. Systens exist currently to preheat substrates
prior t@acghoxesndi Agtand to conduct post-processing heat treatment

operations. Gonyerthanal Heatifd GhaTbeinhauacehbheEoPHE Xn large

glass substrates or plates for use in monitors, flat panel

displays, solar cells, personal digital assistants (PDA), cell
15 phones, and the like. The transistors are made by sequential
deposition of wvarious films including amorphous silicon, both
doped and undoped silicoﬁ oxides, silicon nitride, and the
like in wvacuum chambers. One method of deposition for thin
films for transistors is chemical vapor deposition (CVD).
20 CVD is a comparatively high temperature process requiring

that substrates withstand temperatures on the order of 300

degrees Celsius to 400 degrees Celsius, with higher
temperature processes exceeding 500 degrees Celsius
envisioned. CVvD film processing has found widespread use in

25 the manufacture of integrated circuits on substrates.
However, since glass 1is a dielectric material that is very
brittle and is subject to sagging, warping or cracking when
heated to high temperatures, care must taken be to avoid
thermal stress and resulting damage during heating and

30 cooling.

Systems exist currently to preheat substrates prior to
processing and Ato conduct post-processing heat treatment
operations. Conventional heating chambers have either one or

more heated shelves for heating one or a plurality of



nore heated shelves for heating one or a plurality of WO 03/034473

PCT/ US02/ 30268 substrates. 3 ass is typically supported above a shelf on
spacers twoioaps4ave heat uniformty and throughput. To m RCEIUSe2/8068 S,
conventi onal spacers are typically formed from easily nachined netals,

such as st.ai.nl ss ste al um num. 5 Iumn mnitri and I|

However , %%?ﬁ-\? Ponal 8%%%%9%5 %@)}cﬁﬁf 8# BF T sgg amage %thhe(a‘L sugg}t ace of
t he gl a5§paqm$5| leloy mpsu{zél n}geatn |u|mﬁ1ébf:mi:ty onsad n trhlft@ughas’s sur flace. For
exampl e, _, anneal i n roduce, | ow t enper at ure pal yS| iC n fi reqwres
heat i ng IPHE'“E‘&ESFP%F goﬁiﬁ%%tflqa‘?g 88%?%@% T STRECAHY AT 1 Thuse
about 4 axeiafy tﬂnadimiecexmaasmn isich 20 Qm:sru]rﬁsr ateecel Thelﬁﬂmmma,l
expangion, results, |n& g@ Slllg(ﬁ cross_the q;}l%cers on which the

gl ass’ | s2EHUHEAY B3 EGEPR ARG At 88??7%]@ T TSP nPFTTN i on

bet ween hhe grass amﬁeswageraam&w theepushavd ¢ tﬂw&_ﬁaS@r apehernlyer acks,
and ot her 15 deformations_in substrat exa substrates are often

cl eaved TRTW TG Pl e"BEREPSE LM ﬁﬁytg?egg 2 oty CsecratF@ﬁ 5t Frer def ect

instead g@finadiang aodesbade! D6Rt tdiberbeider boilys liec@r filnersigbttdat es
defective. In sone cases, it is believed that portle(?Lns of the spacer 20 in

contact WAHIGhEHG sAOSTrFtreet 20PEh 20T 18HsEEaSely 1BEnd" 1 tFR gl ass.

Wien1¢ hesgudondsowd e |rih es £ bikainl 8phdeesnoin kheoeakh eubsedstd on remain
on the spacer, increasing the potentjal of damage _tq, subsequent substrates

during PROCENETIY. FRAAFIPE SRSV Iesttudivef FadoiBoasteite i 25

cont am ng% AN $A1 fhacheahet realidients CHapefcedDE@OMES , hédEing esidlue from
t he bond between a substrate and a spacer may act as a catal yst for

subsequef®okii® ddle resilitdRe BEt AR tIREeSHaddre §4@S6t RBY Shd<trSites, or

further gegrade.a SPASEI EMPPEEisSUTdAGR Bkt he ckbfRb] Magd toenspacer. 30
Therefore, there is a need for a support that reduces or elimnates

subsﬂ?at@eﬁﬁﬁﬁﬁiéqﬁﬁrPﬁgSBPéEé%%ﬁ%m; or example, substrates are often

cleaved into multiple panels and may break along a scratch or
other defect instead of along a desired location, rendering
one or more substrates defective.
In some cases, it is believed that portions of the spacer
20 in contact with the glass may react with and temporarily bond
to the glass. When these bonds are later broken, residues of
the earlier reaction remain on the spacer, increasing the
potential of damage to subsequent substrates during
processing. In addition, the residue may become a source of
25 contamination within a heat treatment chamber. Moreover, the
residue from the bond between a substrate and a spacer may act
as a catalyst for subsequent chemical reactions between the
spacer and other substrates, or further degrade a spacer
support surface or the lifetime of the spacer.
30 Therefore, there is a need for a support that reduces or

eliminates substrate damage during processing.



2 WD 03/034473 PCT/ US02/ 30268 Disclosure of Invention In one aspect of the
i nvention, an apparatus for supporting a substrate is provided. In one
enbodi nerwp oat344appar at us for supporting a substrate incl emdearsa2/izest
portion 5 and second portion. The second portion conprises a socket that
retains b Iols. ;[hefbﬂll nit§.o dapted to support a substrate thereon while
m nim zi em cal reactions between the substrate and
the ball. |nIanobher esbedt nent, e apparatisnf orasuppopaiaigsa Y
substrate is provided that includes a c er _body hay]j at .| east one
support HERSE-B8usi esdh?‘%&ag 0.1501%1:%\?1%0%?2 baAF $ ea%\émélﬁél%g%d %?11 t he
support appymierusTHerbalibsosting o atwdidtyratadapteddes suPpost pdweighass

substrate jn a spaced-apart | ati on to the.support nmenber. In her
enbodi met ,S?%@P‘gﬁ%‘brp%ﬂ’ét us%‘? FEEPIR ipﬁrﬁég{li g Ehanber § dht ]ﬁ%totad | ock
chanber schathererdam@ga opaTONt anThat iken 1ofid hedsphstir ate issppodesiar ed
during thermal changes in the substrate. Brief Descriptjon of Draw ngs 20
So that TR tF&TRerHET SRA; c"I’PJt%I‘Fe BHOVE-FEE t cftéé’fluraég%) Orad?/a%r%lacga\gs, and
obj ect s faddionpr BEBRter IRNUBBtRE e ddi@ithedbadDd can be understood in
detail, a nore particular de crirﬁ)tion of the invePtion, br%ﬁfl sunmmari zed
above, may beétha@Pd§Peh efBPEATESHY t B BTt s*Therd6P hhieh &r e

i1 ust r adashdrate?S st heoeppeadedadr ankD@des |4 dlsartigerheoatnt athvioweser , t hat
t he appended drawings illustrate onL% typi cal enbodi nents of thlils

i nvent i ofP3fTd W% SUREFES BFBPRGE CPBPHES cHiTered 15 14 MPHt 3 Sscope,

for the gidvenddRiMy atd tsuppoethaeempgdal | yhef batts varenbeoth avitys. 30
Figure 1 is a sectional view of one enbodi nent of ,a heati ng chanbcer havi ng
a pl ur al343Pt6H sEPpSTICRREhet e aftfaSspagthrate in a  spacéd-apar

relation to the support member. In other embodiments, the
15 apparatus is useful in heating chambers and load lock chambers
where damage or contamination of the substrate is undesired

during thermal changes in the substrate.

Brief Description of Drawings

20 So that the manner in which the above-recited features,
advantages, and objects of the present invention are attained
and can be understood in detail, a more particular description
of the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in

25 the appended drawings.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.

30 Figure 1 1s a sectional view of one embodiment of a
heating chamber having a plurality of support members and

spacers.

\



3 WD 03/034473 PCT/ US02/ 30268 Figure 2 is a plan view of one enbodi nent of
a shelf /support nenber having a plurality of spacers disposed thereon
Figure 3 we0a/03i4de vi ew of one enbodi nent of a 5 conventiPCRAISOTpRGET .
Figure 4A is a sectional view of one enbodi ment of a spacer of the

invention. Figure 4B is.a sectiqnal uiew of anof her rent -of _a spacer
of the invenhggﬁ.rel FilgﬁjreaS |lsana sv\égf%i o%gl 31?%W %ﬁéﬁgﬁggo |frrer611t of pa
bal | t aken fakapgosechenibet i heviag5aofplkirgdiey4ALf Fmuoeers6Alispogedect i onal
vi ew of %not her enbodi nent of a spacer of the invention. Figure 6B is a
secti onal"S/i*@W of another enbodi ment of a 15 spacer of the invention.

Fi gure 6C i sragaeetidnals view sifdeanotiker effbodhaentmiofdianergpacér ef the

i nvention. Figure is a sectional view of another enbodi nent of a spacer
of tRe iTRETHI-0A"220°Gdre 8 is a sectional view of another embodi nent of
a spacer of ribarenvantisona Megutendli syiawsedt i @l evbedirdntt hef spacer of
Figure 8 taken _along, secti,on line 9--9 of Figure 8. Figure 10Ais a

sect i onaPARSEWOS LR BIBGdCHent of a 25 load | ock chanber of a support
menber havi ngigupkbutsl i ya ofectsipRear sridivs pasedother eambodEinguite ocX0B is a
sectional view of anofher enbodinent of a |oad | ock chanber of a support
menber BRASS &LpFlF 4TSI spacer s di sposed thereon. 30 Detail ed

Descioi ption afiguke Breéesr edotdiedi RERES of one embodiment of a ball
taken along section line 5--5 of Figure 4A.

Figure 6A is a sectional view of another embodiment of a
spacer of the invention.

Figure 6B is a sectional view of another embodiment of a

15 spacer of the invention.

Figure 6C is a sectional view of another embodiment of a
spacer of the invention.

Figure 7 is a sectional view of another embodiment of a
spacer of the invention.

20 Figure 8 is a sectional view of another embodiment of a
spacer of the invention.

Figure 9 is a sectional view of the spacer of Figure 8
taken along section line 9--9 of Figure 8.

Figure 10A is a sectional view of one embodiment of a

25 load lock chamber of a support member having a plurality of
spacers disposed thereon.

Figure 10B is a sectional view of another embodiment of a
load lock chamber of a support member having a plurality of
spacers disposed thereon.

30

Detailed Description of the Preferred Embodiments

The invention generally relates to a spacer for
supporting substrates that is advantageously suited to reduce

substrate damage. Although the spacer is particularly useful

4



The invention generally relates to a spacer for supporting substrates that
i s advantageously suited to reduce substrate damage. Al though the spacer
i s particebashbgssaseful 4 WO 03/ 034473 PCT/ US02/ 30268 i npPcCharsbas@esvher e
t he substrate undergoes a change in tenperature, the spacer is suitable

for use.in o cha ers ere e of substrate SIA hi i's
desi r ed*"Fi St‘?mL_eL Ry rat\(,a\/[sll1 a S’I%\'zég‘sggg stV ?er%gfsdl spose ﬁé(ngt h?ﬁ
repr esemteﬁ’pey&ttlne@,t i tige (ﬁmmber 1$0ssup@ble eforonuse plruretdhery chafnbspacer S 30

50. Theﬁlgl eatin anber % essca g: flsette 0 .novably supported within
the cha¥b&r® 16 %/ aet“‘s%é‘rfts & SCASSEPHRI ob® (Gigrtles sidewal |s 12, 14,
a bottom wal Fidérend :atlulsltdaftés a'h@latmtsuhgtﬁrhaebez di)spdﬂEldu&béShanSI dewal |
15. 10 port 96, shovvn%1 hant n Fl ure 2, g aposed [ heL.tsi dewal |
15 a ja@erﬁeptr(‘?sgnﬁﬁtéﬁ%ess %%ﬁsﬁ?‘st ot O?M}t)polr e fPPt@d YR-a%4it val ve
94 thr Obghswbebsghasswubﬁter alee3 133 chanbbe 10 ahsdlridead o rcasskhee
processing s m i nto aeg out. of the casset i&BQO W t hi tgtl,le h t| ng

chanmber 2$0™° % t SRR S LoV EF LR 1 §|rd PY 139 Cfitted

W th suichabbketbeat i dgngidiskes Bﬂdev?aﬂ]fs)l’lzc;oﬂw okl bogrdmavallengenatiuae of the
cassette 90. The heat| n coils 22 ma be a resistive _heater and/or a

condui t #8r 1&i'r cuFag;| P@ ‘é”f?eacfha nstéer %%Psudéers 1% gt W ot t ofh wal | 16

is fiott edrwi tée 20 ddht and phahkedh pjzpeslaarandz%dléesee@tll\hel yhef or
circulation of tenperature controlled flujd and/ or a channel 27.for

rout i ng Sw P& orl She3acgitoitPs 20PT92°5H M BYREt ofitlet 88°TYY alfower

source (Qteg8hQWE). a THE: # NfeLRieOr 0t i@ ghi daveh| §1dsk shbsatbbtted with a
25 pl urallté of support nenbers_28. In the enbodi nent depicted |n Fi gure
F

1, the $@ppbet tﬁéﬁ‘ﬁé%r% fHom {hEr PEPFESELRALTIT R 1SHe) \?@Q fHFcRtare
di sposeqdnhetuggbrtdheq)iksid 2shdheatieg SHRRBEE 1ENbers 28 make good

thernmal contact with the walls )

15 Returning to Figure 1, the sidewalls 12 and 14 are fitted
with suitable heating coils 20, 22 for controlling the
temperature of the cassette 90. The heating coils 20, 22 may
be a resistive heater and/or a conduit for circulating a heat
transfer gas or liquid. The bottom wall 16 is fitted with

20 inlet and outlet pipes 24 and 26, respectively, for
circulation of temperature controlled f£luid and/or a channel
27 for routing wires for heating coils 20, 22 which are
connected to a power source (not shown).

The interior of the sidewalls 12, 14 are fitted with a

25 plurality of support members 28. In the embodiment depicted
in Figure 1, the support members 28 are thermally conductive
shelves which are disposed between the walls 12, 14. The
support members 28 make good thermal contact with the walls
12, 14 to allow rapid and uniform control of the temperature

30 of the support members 28 and glass substrate 32 disposed
thereon by the coils 20, 22. Examples of materials that may
be used for the support members 28 include, but are not

limited to, aluminum, copper, stainless steel, clad copper and



12, 14 to allow rapid and uniformcontrol of the tenperature 30 of the
support nenbers 28 and gl ass substrate 32 di sposed thereon by the coils
20, 22. Bxeamwples7df nmaterials that may be used for the sepparso2/sesders 28
i nclude, but are not I|imted to, alum num copper, stainless steel, clad

copper : 03/ SO 0 the |j:ke. t eppat ivel t he
heat i ngaét:}gel I gl% Zzg%%gg%%édggg i%%%ttﬁﬁélgsuépdplg%t Zﬁr%nbg?sh%g %s
i |1 ustr aerdepddedriigutbe2surpretomembers ol er spacers 30 are suitably

arranged on the SUBRALL. IRMETe AR LD SURRYS bt BEr SoRPLE MELELAL ddie gl ass

substrate 32. One or noreée inner spacers are di sposed on the support
menber 28d¢ ssUpEont arrhegedner po? tumpaft embgkag8 sabstpraet 3de | n t he

enbodj depi ctedi n..Fi gure 2, acgrs 3 re_di ed. opposi ng
ol des ofP PRIl F iber S sHBEEEs PP 3RL" 15 0l ok BPRT tihyhe
subst r atepB2nshi @ ave dpsmeresl St arlee shiusposednénhear R oOfte heumsgpacers 30 to

support center portion of th | a substr.ate 32. her configurations
may be %%erlr?ft%reepﬁrg P zoe%. eﬁﬁ‘%t u?’;f—iﬁa t%ulﬁtgrl?%ee 1,%'{ he s%éce‘%se 30, 50
serve t oemkkilisngmrodiept heed | as Fisulrst Rat ebr8@ swdduns BheacasdespesBD so t hat

there is_a gap 44 between the support nbers, 28 d,the gl as ubstrates
32, The Yap RACPrBYeRtacH: Phc TRONT RO S THEPE Lol reHBRrE 285 o t he

gl as® substimattes: 3X tid Jlagsghuibsstaess3andhtiackwd hepadass Fubsta at es 32
or result.,in 20 cont agi ngt gﬁ bei n(g traﬂfferred fromthe Sugport nmenbers 28
to the GrEFECUPNPELET35MC FRIASCHULST rat VPPN hi i HRe PRAE Bt te 90
are heatefl ithdi r gtasy yubsadaesi @ .and Qéser cabditiuat fatshemnathdre by

di rect cantact betﬁeen tge ass substrates 32 and the support menbers 28.
Addi ti on®t 1SR ViSivelFb V?%g the glass substrates 32 and the support
menbers 28 meaviré@aghead i pggatet hie gkass spsdvsat 88, 33 d r egrbet eabove

15 support the glass substrates 32 within the cassette 90 so that
there is a gap 44 between the support members 28 and the glass
substrates 32. The gap 44 prevents direct contact of the
support members 28 to the glass substrates 32, which might
stress and crack the glass substrates 32 or result in

20 contaminates being transferred from the support members 28 to
the glass substrates 32. Glass substrates 32 within the
cassette 90 are heated indirectly by radiation and gas
conduction rather than by direct contact between the glass
substrates 32 and the support members 28. Additionally,

25 interleaving the glass substrates 32 and the support members
28 provides heating of the glass substrates 32 from both above
and below, thus providing more rapid and uniform heating of
the glass substrates 32.

Figure 3 is a side view of one embodiment of the outer

30 spacer 30. The outer spacer 30 is typically comprised of
stainless steel and is cylindrical in form. The outer spacer
30 has a first end 90 and a second end 92. The first end 90
is disposed on the support member 28. The second end 92

supports the glass substrate 32 in a spaced-apart relation to

6



and bel ow, thus providing nore rapid and uni form heating of the glass

substrates 32. Figure 3 is a side view of one enbodi nent of the outer 30
spacer 30wOTh®34aot er spacer 30 is typically conprised of PsraiSnt/aess st eel
and is cylindrical in form The outer spacer 30 has a first end 90 and a

second efHe 9Z%suptte-df | ishbend 280 1 sy spaged on the sLpPNd weabesy 28. The
second end 92 _supports the glass substrate 32 in a spaced-apart relation

to 6 WOFORIeRUA7 LRSS0/ 36968° he RaAR t94renifde 28coriecrdg?2 of the

second engy 921 datpia¢akbyy Q@@Q@gea d adilds Ora&NaNT @6 YinikligeSecnnd end 92
may alternatively conprise a full radius to mnimze the contact area with

t he subsfPaEzct @Hﬁagﬁ’rléh4kh?ss®s§é’@ﬂii%nal vi ew of one enbodi nent of the

i nners spacer B Ll $PaAGCL30; SBY omév@nékl aneeﬁs &hgé&ftedof stgilarly as
well. Material used to formthe inner spacer e selected for ease

of fabri ¢BRFOSRAREY P lsomPuterbeRAIRENES, mla«ywoﬁés@lsaﬂ&h@a weefigpee@r 50 is
typi cal | ;40 £,ay i gatgeh f r amstabl %éédetSe'forinO\efhga&HBQrSgggéer : QSJ\'EL( ¥

ni ckel alloys or other suitable material. The I nner spacer general |
i ncl udes™@Y fi P8t PBIEFERA 56fcrancagssecdnd fpdrtiiconisr. The fmstsmtl on 56

typi cal | Y@ nentay! | DL GalstS, osme%hgg aég hset} HE&IifS may be
u socket 6 tha

15 utilized. The second portion 57 incl retdains a
bal | 1662 féiatiqrtiess f:mxﬂastamltda;samtesalppomvs d:ehﬂoorgl gisseIs,ubstondIes, 32. I n

one errbodléﬁce(g o1t Q)e fi rstt orti | an %8 IIow center 72 adapted to
recei ve A moUNtIngYsi 158 o) HHR fIP%Yﬁr the support menber 28. The
pin 58 positimns idier speres PEE eferxalpon ihtSudePrLEtsat pver seppss t menber

28 i nsi de SS ttet90 e %@%agg of usi ngﬁé he m)thl ng gl n 58
i nst ead Bt n%Lﬁﬁciq{ﬁietg% Rfer’ sp &58i PREHT Y otft gypreally ha

cylindrical cross section although other geometries may be

15 utilized. The second portion 57 includes a socket 64 that

retains a ball 62 that makes contact with and supports the
glass substrates 32.

In one embodiment, the first portion 56 has a hollow

center 72 adapted to receive a mounting pin 58 projecting from

20 the support member 28. The pin 58 positions the inner spacer

50 upon 1its representative support member 28 inside the

cassette 90. One advantage of using the mounting pin 58

instead of mounting the inner spacer 50 directly onto the

support member 28 is that material selection criteria for the

25 inner spacer 50 and the support member 28 may differ. By

using the pin 58, the inner spacer 50 may expand and contract

separately from the expansion and contraction of the adjacent

support member 28. The inner spacers 50 may alternatively be

attached to the support member 28 wusing other methods or

30 devices. For example, adhering, press f:itting, welding,

riveting, screwing and the like, may be used to attach the

inner spacers 50 to a support member 28. It is to be

appreciated that other methods of attaching or fixing



support nenber 28 is that material selection criteria for the 25 inner
spacer 50 and the support nenber 28 may differ. By using the pin 58, the
i nner spaweoro3®suanny expand and contract separately from Phg/uskpanss on and
contraction of the adjacent support nenber 28. The inner spacers 50 nmay

alternatiyely be attached to the suppor r 28 using o t hods or
30 devi ¢ PdéB?ngia |§£ea8 %??na?aiégéﬁg%i 4T£%f %&ﬁ%ﬂ#ﬁ;mé%??%egsng,
screw ngarandlkbeconkenplmedhe used to attach the inner spacers 50 to a

support nmenber 28. It _is to,be ppr.eci.at ed t hat ot her t haod attachi ng
or fixing 77 6§F6§ﬂ4?§rgé%?uéngéo BR56ai TS 5g?t?éé%%a§g spacers
50 to thenpuppest thenan12&2 amrel aliro weieenyddat eth Jie seiowhicheporti on 57
of the inner spacer 50 neral ly ri ses t bal | 62 and the_sacket 64.
In ore eMfodi ,64515%§ug88k8tE@EQ?HEP%ﬂ%E g&b%?Tp%ﬁ%ﬁEﬁfié%“gggprising a
curved sdirfrace 68 having a radiws “RR.. The eurved surfawe @B odf thee Dball

support 66 provides a single_contact point th the bal] t hat -has a
radi us "#eLllt FAPPPELSRAI PEPVEEZH F e Siﬁgngéﬁ? Pﬂl?%eW%H%§§1né’ Tdepi ct ed

in Figurg 4MAataRa8Uuh efadiald ivam +hOt 86 Gimallherbeahin stpparddiGé s~ 1 hreaded
and engages an inner _portion 84 of the socket 64 that forns %{t of a
cylindrical I8 §BRafrPe3ineit ASPACAPAGT He-PH19 4§Z.a?h8u§?ﬁéaé% 182 has a

genefal | 35 t gpergd, pavagedppbrot ker wissaHrenaed end &hdaRals ahetigines the bal |
62 wthin the socket 64. Typically, a small 15 cleargnce ifa¥ ovi ded
bet ween RHERR 86D fardicefPFett S2alhelv LPHBS PBFTE 62513 FY Sfid/ or nore

| at er al | y; dMfih N gbh@os0ekehini A tifdaiveky. thaeepdaSfaBndsitdewal | 82 may
be configured to allowthe ball_62 to roll ,across the ball sup ort surface

66 as t¢RNSTERIYT WP TEIoVELRIHEr BBV ATRESHESE JurEeaB) SnHh8Y 2093 er al
novenent . of, sthe Bl 82 el ahirv@nt @nbheoeRrEt €64 SUPPHLEa1BH al |omitihe

substrate 32 roll across the ball 62 w thout

15 clearance is provided between the ball 62 and end 80 to allow
the ball 62 to rotate and/or more laterally within the socket.
Alternatively, the end 80 and sidewall 82 may be configured to
allow the ball 62 to roll across the ball support surface 66
as the substrate 32 moves thereover (see Figure 4B). The

20 lateral movement of the ball 62 relative to the center support
30 allow the substrate 32 roll across the ball 62 without
scratching. Additionally, the conical surface of the ball
support surface 66 centers the ball 62 within the socket 64
when the substrate 32 is removed and returns the center

25 support 30 to a configuration ready for the next substrate.
In other words, the conical ball support surface 66 re-centers
the ball 62 once the substrate is removed. In other
embodiments, the ball support 66 may comprise other surface
geometries for contacting and retaining the ball 62.

30 Figure 5 is a sectional view of one embodiment of the
ball 62 taken along section line 5--5 of Figure 4A. The ball
62 is generally comprised of either metallic or non-metallic
materials. The ball 62 may additionally provide £friction

reduction and/or inhibit chemical reactions between the ball

8



scratching. Additionally, the conical surface of the ball support surface
66 centers the ball 62 within the socket 64 when the substrate 32 is
renoved awo 3Os44rhs the center 25 support 30 to a confi guratiusn2/seesly f or
the next substrate. |In other words, the conical ball support surface 66

re-centers the ball_ 62 once the substrate i.s noved. | th :

embodi méAt €% h‘éheoaglra§%p58$?t%%t‘?m Eborrpr[r%f%gagﬁﬁér %sjll?r fkga}:lél %‘(rao%rset ries for

cont act iddgpanded edBiNimgalherbakbtab2a113y , Fiogarez5 sspphiext isdAdboni ew of

one enbodi nent of the ball aken al ong secti og | 5--5I of jegure 4A.
C ? als n o

,62
The bal Pitg2des %en%?%?lfysb%ﬁﬁ?#%e&lo&fm%? nBfaftte or non-netallic

mat er i alegpoditfeld) |c1e2 vy addhbionaslnyFaaeoideshr o€t 4 onicreduchesn and/ or
inhibit chem cal reactions between the ball 8 WD 03/034473 PCT/ US02/ 30268
62 add t9FesyratleBubstrate 32. Typically, the ball 62 is conprised of a

nmetal or metght fbhOMy, qUahkZ, bsapphéz emssi | beoncoatédj deplrtedt heprsuit abl e
non-metallic materials. | n one enbodi Hgn , e ball 62 has.a nglf ace

t
fini sh clegtrPeebishirchedits 8r SRsotfe YEJBtiL7 nal | §°Tt FFPRIF 657R

may be
coat ed, JJRtied. 18Fer e @ChiPpeiiesheduirtibiantoahifighdsay afo HrovEde axanpl e,

the coating layer 70 may have a sufficjent_ thickness tg gioggde g barrier
| ayer t RArTREUEBESEr ithAFor BECREeFTERET Hal PR Ehdt D PRe gPAs& 8ubstrate

32. {phe sirduped o rdgidtenchetymen thee glassegultication3deanderhenbal | 62
substantially prevents damage to the gl ass substrate ’itycaused Eg r ubbi ng,
vi brat | orasst hathfdiragepatdi GRI ofhot Ret! c ot a%‘[‘b“‘ﬂ?tl\ﬁééﬁr heP gl vas:
substratg,32.a0d the Halds 6psthateossi andaay efy OpBaNg 15vasididioanal 1y or
alternativel'y provide reduced chem cal reactions between naterials

conpri sithermad bakpaggiamd tAE GFBRS, SUNAGTat e diSer £4PES
enbodi b%’trQ‘ch%ngéﬁiiO%e ofaBPager 50TRAY 2R teaat ethyddi far pyt o
or

.reduce ftriction and/ ,

15 additionally or alternatively provide reduced chemical
reactions between materials comprising the ball 62 and the
glass substrate 32. In alternate embodiments, other portions
of spacer 50 may be coated similarly to reduce friction and/or
chemical reaction therebetween.

20 The coating layer 70 capable of reducing or eliminating
friction between the ball 62 and the glass substrate 32 may be
deposited by means of chemical vapor deposition (CVD)
nitration processes, physical vapor deposition (PVD)
sputtering processes, spraying, plating or other processes. In

25 one embodiment, the coating layer 70 has a thickness of at
least about 3 microns. In another embodiment, the coating
layer 70 is formed to a thickness from between about 3 microns
to about 20 microns. In another example, the ball 62 as
described above may be placed in a reaction chamber and

30 exposed to an atmosphere comprising ammonia, and/or nitrogen,
and/or hydrogen, and/or other reducing gasses to form a
nitration coating layer upon the exposed surfaces of the ball
62. 1In another embodiment, the coating layer 70 is formed by

a sputtering process such as PVD to form a nitrated surface on
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chem cal reaction therebetween. 20 The coating |ayer 70 capabl e of reducing
or elimnating friction between the ball 62 and the glass substrate 32 may
be deposwDadobp7ireans of chem cal vapor deposition (CVD) PCRIUSOASG26$

processes, physi cal vapor deposition (PVD) sputteri ng processes, spraying,

pl ating qr ot processes 2 e e [ er 70 has
a thi ckiés egt Squgg? SEOUE %aﬁ?grggg‘ggg COIH%JEJF':&@% %%lélrr%n @ét he
coating tﬂt&yﬁm?ﬂltmd‘mr med to a thickness from bet Ween about 3 microns to

about 20 mcr anot her, e he ba 2 as lescrl i bed ove may
be placed in "™ 83’6?‘?‘%% %‘P\%‘?ﬁg ala%&%&%?%?e@f lﬁo% rmspahere gglrrprl si ng
amoni a,owrddd Gurtinteé ogenbalanGQOr h}tdriegbellamm othat helne r @thuexinagegasses to
forma nitratio atln ye ed surfaces the. hall 62.
I'n arot tFéWbOQ?ﬂSBPﬁeﬁ?SC¥ 3{’?}55 gyécfl 2FGr 188 -6y qa%’puttlearl ng
process rgiGtaas BVmeathoearaaaet aat edwmréacmansth Qaé/\D:lﬁ)éS/ @314_:@3‘&1

PCT/ USOZ/ 30268 the outer rface_of t and erprl se
exanpl e, PGSt Afumhs tl?ar]cﬂe The %FF‘&IE% JCV 3%1 elﬁé(F§| I @ provi des

a sSnoot g puber psdeéasadt orbal lexBpibt Hys énaidtew@dlﬁbmngh@raldtereﬁrate 5
enmbodi nrents descri bed above _of the surface coati, ng 111?%% ;(8 nt ain a
h' of

snoot h SWREHRES af | BEREOWR Dodinissd phethst okl fe #5al |l 62.

Al t eronatd v ypeltlaeeaoahaﬂglﬂl@dﬁrsﬂaﬂzeﬁmwobehawﬁgssedurf@ce ea(@a‘mlr@ by
el ectropol i shi ng or other _nethods ro d‘% fini SE of thg: coating
| ayer 70aYqr {79 #85aF SReh AR red thi]lé'tt r? %ﬁa FSEEET RELYSR & Sur f ace

coati ng glayersutfitdaser shedghereedWohl thedueaekhgpbtiet | l5@n abﬁtwaan t he
gl ass substrate 32 su ported on_the inner spacer 50 an

enbodi meTARE  SHRITIEPEES or VAL L e PSP P& P IEETHREL EFRRi B uc‘? e%lﬁefr?ﬁ‘?& bet ween

cont am nad s (Wnkhibeti:8en babht 821 i Prwihanl ¥ @l a%8 13%2i sptysed diker eon.

Optlonallf/ t he coating |ayer 70 . )
ass 32 disposed thereon. Optionally, the coating layer 70

may be applied to the outer spacer 30.
It is to be appreciated that an inner spacer 50
fabricated in accordance with aspects of the present invention
is suited for heat treatment operations conducted above 250
20 degrees Celsius. Other heat treatment operations may also be
performed using the inner spacer 50 of the present invention,
such as the heat treatment processes used in the fabrication
of low temperature polysilicon. It is believed that spacers 50
fabricated in accordance with the present invention are suited
25 for heat treatment operations conducted above about 450
degrees Celsius, up to and including 600 degrees Celsius,
depending upon the application and glass material properties.
Tt is further Dbelieved that spacers 50 fabricated in
accordance with the present invention will reduce the
30 incidence of friction occurring as the glass substrate 32
moves over the inner spacers 50. Further, it is believed that
the surface coating layer 70 described above may provide an
additional protective layer that both reduces the likelihood

of friction damage between the ball 62 and the glass substrate
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may be applied to the outer spacer 30. It is to be appreciated that an

i nner spacer 50 fabricated in accordance with aspects of the present

i nventi orwo0i03/034473 ed for heat treatnment operations conductPred/tsbysee®50 20
degrees Celsius. Qther heat treatnent operations may also be perforned

using tﬁ? anel Sspa%%rrt InWPlt!in R QéeQEtiHé/eQ% NparSYEP a3y lhecheat

treat nme PocEsSES IS e e fa rrcatron ow t enper at tre
pol ysi | peeﬁenttreactb[ejn dettreehaeispacersnB@niraainsi cat exptiod savéshéance with

the pre n e sults f heat treatnment operations conducted
above a%SEﬁ 52 %tg'f S|]?Jsgcragcﬁ ?’% “and i ncl udi ng 600 degrees Cel sius,

depend| ng upEnnbcb&tenempsl |<1fatttlm1 amtey| asscaermt 20 i baver bpert phewn Bnpdjs

furt bel i eve at Spacers 50 f.abri cat ed |n ac C e present
i nve 8ﬁsﬁnri”i’e$ & ha® 33 i eraehice” SR cttfgonggégﬁélrf\sﬁl\sgstazga%%e gl ass

subst r aaamaae. mahes Eﬁc\}fﬁfilﬁlhﬂtﬂa ndescsqb]a@@r abb0e Eﬂlftua’erate t ans ibakkeved t hat

the surface co | ayer. 70 descr bed., i onal
pr ot ect PYE°Fly {) %a? %edlttﬁ Tr BYHRES t‘fell%l]?el kceqnvﬁoo%lgna qfﬁ‘%?ﬁ@%‘gggﬁa e

bet ween 3phaababé 6§e@n&brt kepgbassos utisd rpdre phddy WeE o&wms@@tasozl 30268
32 to be supported e also acting .as a barrier ye nt

react i on2bet ween ®i Fﬂe&’ caﬁPaﬁ?haatrﬁg Brehet s Wtﬁif oEa ?1 62 ugé t he

gl ag9 substeate 382 maknpdi oAl By Obet henf tnereds paicer a0 dravigidmdéradhown and
5 descri bed_abgove as a cent gr support to reduce substrate damage. The
enbodi méRt $P8esRPEhetPA56Fe Pt ustrate an inner spacer 50 as a center

support whi | gneoaveitd OﬂﬁhheﬂUts@hc&EQCeﬁ’(S h30entyedie daedribedsmz[i}nhrt of the

peri phery of glass substrate 32. is . to, be a reci ated that sone or all
DF "t he. G el §ou pATELCu BT RGBT sal 1y 1 KoY IR AN ar
i denti c@lenel0 hBg: 1 NG tRRAEEr SoP0catibhe t:hkeyl m;rtealaaacegsescéﬂs hawe been

described with
15 fabricated from other, different materials, and may use
alternative materials for coating layers 70 other than those
described above.
Figure 6A depicts another embodiment of an inner spacer
150. The inner spacer 150 is configured similar to the inner
26 spacer 50 except the inner spacer 150 supports the ball 62 on
a conical surface 152. The conical surface 152 generally
centers the ball 62 within the inner spacer 150 while allowing
the ball 62 to rotate subs’t;antially freely.
Figure 6B depicts another embodiment of an inner spacer
25 600 wherein a ball support surface 612 of the spacer 600 is
incorporated into the support members 28. The Dball 62 is
seated on each ball support surface 612 and maintains the
substrate 32 and the support member 28 in a spaced-apart
relation. The ball support surface 612 may be £flat, conical,
30 spherical or other geometry that allows the ball 62 to move
laterally and/or rotate within the spacer 600.
Figure 6C depicts another embodiment of an inner spacer
650 wherein closer spacing between the substrate 32 and the

support member is desired, £for example, to enhance thermal
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regard to particular materials, it is to be appreciated that other heat
treatnent applications nmay utilize spacers 50 15 fabricated from ot her,

di ff erentwoaB@s44ad s, and nay use alternative materials f@cTasaysne | ayers
70 other than those described above. Figure 6A depicts another enbodi nent

of an inner spacer 150.. The inner ,spac 150 Ls.confli imJlar to the
i nner ?8“@‘}5%1&9?1’;9[0 ext ettt HEERGTT Ss“ﬁ?@&? %QB %ﬁpﬁgrctgggigﬁeﬂ%g}:%é& on a
coni cal ggpgpbace nkader THis cani cal seprhacehaib2abenes alal ydiseaier s60fe bal | 62
within the inner spacer. 150 while allown he | .62 to_ ro0

subst anPPAVES:  rdEl yPaF g|§2e @’éd?ﬁ?@f’gag‘ﬁf‘hﬁ 2%005?% =Tt tag%g‘f'nner
spacer <25;890-ahssidena thal lsubeppaté S fmd et Zswfpdrite nsgpdeer 2600 i s

incorporated into the support nmembers 28. The ball 62 i.s seated_on each
bal | 3 supp6r Paddr BRPBOBE 2SHREP TR A4 FYY t A® Pﬁ%tbst?‘?ﬂ]ecag'z rPg’etrﬁgagupport

nenber 28 idtnarSRReAdtAPathatr alabiventhIheabal b2suppardves urdtace16%2 may be
flat, conical, 30 spherical or other lfqeometr that allows the ball 62 to

move | #0€YaF| FORAER oFL Ftat B TRRTEY hr & pt KB FGHE 8B d8pi ct s

anot her .ephedigRate ofo ahd ROBELERBEET2 . 650 relat 8 ng ctneereEasiynhebet ween
the substrate 32 and the support nenber is desired, for e>3%arrplbe1 to
enhance opkapral 1y 1 Bigoogsfo3ua 7 pEHIEER2! 3088 COURUMRY | VTS, PR bal |

suppert sspbaces802adess ¢oecessetei Buthere WiPRAR! sUBPOEE Réndar 28dept h t hat
allows a distance 604 between the ball 62 and support nmenber 28 to just

al | ow ®FexrahcéhBetrddn 62nef i st a3 29a e orh & PSu BT e M5EPS38. 5 The

bal | suppgort fa68:002 e okl alaaieophsrly sRhRideala ®Tuefiiey geonetry
that allows the ball 62 to nove laterally and/or rotate within the spacer
650 to feviddt wimst Giongome odt HEH Barfgg Ny he TSGbdti&t #185. A% et ai ni ng
ring 606 may,be, i QRkk@nahl¥udhSPeseEnt Mo 1S demrlels GQB LR g dske bal |

15 for a substrate transfer mechanism (not shown) between the
substrate 32 and the support member 28 to facilitate substrate
transfer.

Figure 7 depicts another embodiment of an inner spacer
250, The inner spacer 250 is configured similar to the inner

20 spacers 50 and 150 except the inner spacer 250 supports the
ball 62 on a plurality of internally disposed support balls
252, The support balls 252 are generally disposed in
individual depressions 254 in the ball support surface 66.
Alternatively, the depressions 254 may comprise a single ring

25 or groove that retains multiple support balls 252. The support
balls 252 generally centers the ball 62 within the inner
spacer 250 while allowing the ball 62 to rotate substantially
freely as the substrate moves thereover.

wWhile the invention has been described for use with glass

30 substrates 32, other embodiments of the inner spacers of the
present invention may be used to reduce friction damage and/or
chemical reaction between the inner spacers and different
substrate materials. While the invention has been described as

used in the heating system 10 described above, other heat
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10 support surface 602 to the surface of the support nenber 28 to prevent
the ball 62 fromdislodging fromthe support nenber 28. The support nenber
28 addi t iwpaBlgu4rhcl udes a plurality of lift pins 610 (omeTafSombize is

shown). The lift pins 610 may be actuated through conventional devices to

al | ow acces fo substrate r c i ot en the
subst ra?%eef}ngae%& t%}%&suppora%ﬁrm%%é@g%get (I)nggagg i 'ﬁ%e@suggggé@gé l%lt‘%ltr&z,iwralsf er.
Fi gure Tamlepiattus armmoi hethenbedesent ofinsmnthorer spmcerbe 250radtiecddnner

spacer 230, Sen%%%gﬁsguér?é’ SLIEdAL G 9t {99 LDEY. e2%f58ﬁ8ﬁ£8r59n Nk 40 except
t he i nner spacer supports the balT™ 6 ong plruralrty of 1ntéernally
di sposedcsuppdodibaht sof 252 pFheestppordenthainl $s2&8Rkryeedyeneral |y di sposed

in iSndi yi du%liggl% rgssd.eg)qsct%SA'a i ter%e etljrﬁbloldi?nggi? Orotf .Sall‘!lr fﬂ%ﬁ?erees'%er
Al ternativel y,”"the depressions may conprirse a singlé ring or groove
that ret3MNs Thd timplee swopert 368l lis 252fiFheed upparliar bad | she?5hmgeneral |y

centers the ball_ 62 wi.thi i nner acer 250 whil e owi ng the ball 62
Com ot i o Are, MR 28R, 'HE%hr TBRC Thed? Dbt Fo PHILANE PR P
i nvent i othéhababeew2descr ebedy f @f useopdrtth ghHSS 330. subBha aba3l3z2 ot her
enbodi nents of .the inner_spacers,of th present inventi be used to
reduce f?‘?rbeﬁa&r}ydj‘r?ﬁgé—‘ alﬁ%&ours %heﬁpéal%h'?e&bl???ﬁt bg?ﬁinggﬁe e spacers
and i f f@renttersdbst rat esumiertd aad1sVBEL eatdeydniarentiiyodibassdkein descri bed
as used in the heatin ste descri bed _above, other heat WO

03/ 0344 P CTFOBBST 50288 ToEF e Hon - oyt ore dnc Chio, SUReE Be (oG,

Met hods @sithraappanhatua ohdite pr egeidh iV eakhosr NByab et agin cefl R”

i ndependent |y and irrespective, of the type of chanber in ich the
enbod neht ot ¢ ABSpr FSERE | FYEH oftl: S T Porkd S CBORF bure 8 28pi 9% anot her

enbodi Nnefdnealaly i 4NRFrsS PEEer bad90.62Theo | RBEALS PEEEE1F5Qiridy ogOonfidwgur ed
Sirﬁffar {ékéggifyngggoss the ball support surface 366 as the substrate
32 moves thereover.

Figure 9 depicts a sectional view of the inner spacer 350
taken along section line 9--9 of Figure 8 illustrating one
embodiment of an array of support balls 352 comprising sixteen

20 (16) support balls 352. Embodiments having arrays comprising
different amounts of support balls 352 are envisioned.

Figure 10A depicts a sectional view of one embodiment of
a load lock chamber 1000 and at 1least one inner spacer 50
disposed therein. The load lock chamber 1000 generally

25 includes a chamber body 1002 having two glass transfer ports
1004 (only one is shown in Figure 10a). Fach glass transfer
port 1004 is selectively sealed by a sglit valve 1008 (shown in
phantom) . The load lock chamber 1000 is disposed between a
first atmosphere and a wvacuum atmosphere, contained, for

30 example, in chambers (not shown) coupled respectively to the
transfer ports 1004, and is utilized to permit transfer of the
glass substrate 32 into and out of the vacuum atmosphere

through adjacent transfer ports 1004 without loss of vacuum,.
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spacers 50, 150 and 250 except the inner spacer 350 supports the ball 62
on array of support balls 352. The ball 62 generally has a radius R and

t he suppow0O oB@b4433 352 have a 10 dianeter d. The support ba&ICrassbdzes e
general |y disposed on a ball support surface 366. The ball support surface

366 generally ha radju ' ich.is .greater .than e su : + d.
The larger r u§i8$b?%e£8§¥I1§ ppo??é%%gFgggy3§§C%§g%gréflg%%§T§§w t he
bal | 62pb8tr 0ba ethir@efy wandhoprapyerd Sviidiier alHey chambes bhéybaf02 support

surface 366 as the subsirate 32 es thereoyer. Fi pi a

sect i onBRYviR&y SRIRHESS ner‘%ﬁﬁé@g3230 t?ﬁ?eﬁhgw%ﬁb gé%?igﬁﬁﬁingég--g of

Fi gure $nkhlast rat ivageoneizsenbedi netisial athar paysefirsuppditinbathg 352
conprising sixteen 20 (16) support balls, 352. Enmbodi.nents haying.arrays
conp?i sFhg™Par f Petent? HFSV%FH§Gp58?§lT%ﬂQ%§ gg%mﬁfgegXVigg%n% E Fi gure

| 0A depigt $1ai8eEnicerahg View ehatber enbodi prrtug tliee | vadt | bek2 chanber 1000
and at | east one inner spacer 50 difgosed therein. T oad, l.ock_chanber

: |
1000 geReParfly PBreyd) udesfalt®anbttlbody 1@6?1%%§$nd:%hogﬁfg§gﬁ??ansfer

ports 1004-(A§! Yrine dnsmshewn1omo Fi gursnchOAFilEeedh glmss denamsidy port
1004 is selectively sealed by a slit valve 1008 &%men in_ phantom. The
| oad | oeiaéhakberfamDGEamEl g Epbs ddibeat ReBRTSLF i JEhBSPhere and a vacuum

at mggphere, gontakpeds f®us 30 ext@dge; dikplzagbens threotchamben) bodupl ed
respectively to the transfer ports 1004O and s utilized %% pﬁr?%;
transfefl08R epe colasisafuFsthomed B2aFAt 60RA PP HIURARE PAATIm At Rospher e

t hrough c@,ﬁig%antt& r ghsf8evROEES <1884 viddwut less @fsssaciumods WO
03/ 034473 PCT/ USQ02/ 30268 The chanber body 1002 additionallgﬁincludes a

punpi ng CEBLLoLned thr GYPRORAI ¢h PESSuFBPHFIHIS he Bndiftfer ©boly*£002 may

be regulated,sOphi onaldy 1cbbe ehanbsscdody HR2naRyg i ude: dowent 1012
for raising the pressure wthin the
15 plate 1016 and a second substrate (not shown) supported on one

or more spacers 30 and at least one spacer 50 extending from
the upper plate 1018. The cassette 1006 may be raised or
lowered to align any one of the substrates supported on the
cassette 1006 with the ports 1004.

20 The chamber body 1002 may also include a cooling plate
1022, The cooling plate 1022 has a plurality of holes that
allow the spacers 30, 50 extending from the lower plate 1016
to pass therethrough. As the cassette 1006 is lowered, the
substrate 32 seated on the spacers 30, 50 is moved closer to

25 the cooling plate 1022. A heat transfer fluid circulating
through the cooling plate 1022 removes heat transferred from
the substrate 32 to the cooling plate 1022 thereby reducing
the temperature of the substrate 32. Thus, the spacer 50
allows the substrate 32 to expand or contract within the load

30 lock 1000 without marring or otherwise damaging the substrate.
One load lock chamber which may be adapted to benefit from the
invention is described in United States Patent No. 09/464,362,
filed December 15, 1999 (attorney docket no. 3790), which is

hereby incorporated by reference in its entirety.
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5 chanber body 1002 from vacuum conditions. Typically, the air or fluid
entering the chanber 1000 through the vent 1012 is passed through a filter
1014 to rwoiogioz@7i he particles entering the chanber 1000PC3Ursh2/8G2b8 ers are
general ly avail abl e fromCanfil-USA, Inc., R verdale, New Jersey. 10 A

cassette 100%)%‘2 'é’elﬁ'cﬁgoéegeé&c;ﬁ% q,l*i@q,bggg Qggyhexloggo@aglleg_grrprl ses a

| oner plate pper plate 1018 coupled to an el evator shaft
1020. The¢ eadsetdt elor@oehambe:com@@mreij ao Lesgjoranes imnest s®aps¥r afe 32 on

one of URLEoSRACEIS G and Al | adsh CRE-RPAGRLRY eXigndiquhdreomythe | ower

15 pl at and A& second substrate (not shown) supported on one or nore
spacer s 131&1addsah lckasibennbodpat®d?2 Staekte ndiago ¥assm tudns fgp@ersat e 1018.

The te 10 be raised, or fo ol fhe
subs glyt 88 owrclza%lgs?eﬁ%&){%og V\ntha%L%e p%%%’sssorll%&s 20 The

chanber Mdy110@21§a§/ebécsnveﬂlyl aelel@d dmold g ipl aeéve 10008 (Hh@waoadhi ng pl at e

1022 has_a alit e .sp endi ng from
t he Iowélrhaﬁ‘iE *101 tjboa%ass here rouwr%totaAslsst ﬂée\i%é%ssggt tb %Q‘f%%% igs

| oner ed,fitrlie sauhsépiadre 32ndead edfa@:mumheasm@sxd'resréo cé@tatnebvedor] oser to
25 the cooli pl.ate_1022. A heat ransfer f 1, Oeot ugh the
cool i ng eﬁﬁa&Pngﬁ CERBOSES n&RY ™ t ARG er 7R Jfrom e?\%g%ﬁ?r &0 e%l to the
cooliong ﬂ&laaltseei:ogart@ex:edw eedua‘.sngtllimed em)e:eactnmtetmnssm sfbgheat e 32.

Thus, the spacer, 50 all t.he substr te, 32, ta xpand, or .conkr t Wi t hin
the | oad'365) O%Lﬁoﬁtd@ﬁe\m%zhoufh%rfﬂg nSPﬂErvhnge él(r%ag?utc ?E ® Jbstrat e.

One | oad/dRek ehRasbsherdiiromgy bejadapt e@ratrmfteenebrtsflb@ntv&'ue:hqurtventi on
is described in United States Patent No. 09/464,362, filed Decenber 15,
1999 (ati®n8y YBEREE- no. 3790), which is hereby incorporated by reference

inits entirat bl%lM%ﬂ%&&rB%éUS@Z/aﬁG@ackFl gure s degilcinrs a
SeCtIISOnatlheVI g\lllva%e?n%orgffr %Jr.T(i)jZOdlon support members 1160 (only one
substrate 32 igs shown in Figure 10B for clarity). The support
members 1160 may be coupled to the chamber body 1102 or
disposed within a movable cassette 1162. In the embodiment
depicted in Figure 10B, a movable cassette 1162 includes at
20 1least one spacer 30 and at least one spacers 50 coupled to
twelve (12) vertically stacked support members 1160. Thus, as
the substrate 32 expands or: contracts, the substrate 32 can
move over the spacer 50 without marring or otherwise damaging
the substrate. One load lock chamber which may be adapted to
25 ©benefit from the invention is available from AKT, a division

of Applied Materials, of Santa Clara, California.

While the foregoing is directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic

30 scope thereof, and the scope thereof is determined by the

claims that follow.
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of a load | ock chanber 1100 and at |east one inner spacer 50 disposed
therein. The | oad | ock chanber 1100 generally includes a chanber body 1102
havi ng t wogBass7iransfer ports 5 1104 (only one i s shownPCh/usSozsmes 10B) .
Each glass transfer port 1104 is selectively sealed by a slit valve 1108
(shown hﬂﬁ phant q%ﬁaThe | oad | ock chanber 1100 is di sposed between a

first af'iBspher& &P h Facuum at nosphere, contained, for exanple, in
chanbers (not shown) coupled respectively to the 10 transfer ports 1104,

and is utilized to permt transfer o SS, S LBaashgwn in
phant om* - |nt%P%ﬁEF?§% {grtﬁﬂ§p°5g%%%n1a%HESt%gg% ?ﬁ%%d%%ﬁ&%:acgnt ransfer
ports 13@41ebkbBoghe bosstféuyanm@mmtAmpmhealcbyprédsmmsﬂmaﬂé@NQErare each

suppgrted within 15 the chanber body 1102 on support nenbers 1160 (only
one “subStP&EE™3%'is shown in Figure 10B for clarity). The support nmenbers
1160 may be gObe@dhhelh@EaChﬂﬁ@@Fp@DﬂNﬂﬂLﬂﬂiOE seltspbged tdionhi fhe novabl e
cassette 1162. In, the enbo%onent cted ént |gureO£%B vabl e

casset t &1¥862PPRE} QRyASaRte t?eﬁ%ﬁe SsPac eas one spacers

50 coupl ed tg sbvrbved{skdsedetihi anélgemrar@ﬁtsuppemﬁ lnmmbwsa b880. Thus,
as the substrate 32 expands ork contracts, the substrate 32 can nove over
the spad&PPSEtWPIREMES M@ ng or ot herwi se damaging the substrate. One

| oadgl ock changgnlm@bggtaﬁmytuigp@apaednt@héSbbemeéhppdrtnnuﬁﬁaCEniantion is
avail abl e from AKT, a divisign g Agglled Nht Is gf SanQ) a ara,
Cali f or P8 WRFKEEt hetPDr &ditngaFerl eC?%d‘i odlments:p the™ present

i nventi Qppet-Bee andrdan t her enbodi ments of the invention nmay be devi sed
wi t hout departing fromthe basic 30 scope thereof, and the scope thereof is
determ ned by the clains that follow 15 WO 03/034473 PCT/ US02/ 30268 What
is clained i §he apparatus of claim 1, wherein the ball is coated,

15 plated or electropolished.

3. The apparatus of claim 1, wherein the ball is coated or
plated with chromium, an aluminum alloy, silicon nitride, or
tungsten nitride.

20

4. The apparatus of c¢laim 1, wherein the ball support

surface has a radius greater than a radius of the ball.

5. The apparatus of c¢laim 1, wherein the ball support

25 surface is conical.

6. The apparatus of claim 1, wherein the ball support
surface further comprises:
at least one depression or groove; and
30 a plurality of ball support balls disposed in the

depression or groove that support the ball.

7. The apparatus of claim 1 further comprising:
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1. Apparatus for supporting a substrate in a chanber having at |east one
substrate support nenber coupled to the chanber, 5 conprising: a body

havi ng a Worosi34ae3 ti on and a second portion, the first pectiusa/atepted to
interface with the support nenber; a socket disposed in the second portion

and havi ng aab%ifurém@mé%%ﬁacgapw 107 Pabl g Rt allyedispeged on the

bal |l support surface In the socket, the ball adapted to contact and
support kllsswroatesthérepmnd? theheakbbpar atus of claim 1, wherein the ball
is coated, 15 plated or electropolished. 3. The apparatus of claim1,
wherein the ball is coated or plated wwth chromum an alum num all oy,
silicon &itrifgdwaretust Gogstwponiting de. g EE™ subsérappareupyisingt ai m 1,

wherej n the hal o surface has a radius greater than a radius of the
baIIé’S. Theghﬁ%gﬁgggsﬁ% y’claiml, wherein the ball support 25 surface is
coni cal . 6. Hie lassdr anegs subpet i merbervweugiledt e Ishkl chappor tbodur f ace
further égyprises: at | east one depression or groove; and 30 a plurality of
bal | support balls disposed in the depression or groove that support the
ball. 7. The caygpavat usref bellas mdispasedepncdrier i sipmprt T&Enyer03/Wa4473

PCT/ US02/ 30268 __.a pl.urali of, ball_ su rt_.bal l.s dj spas tween the bal
support %%%Sac]éo%%%l% e %%%t.edsgo Sﬁlfrpz;%? gs tfh§r %luaﬁ%lor%%ﬁgcqgggl ggls%
subsi at spasainapasitngelabien dvather stiocky, t atenlbeaist one support nenber

coupl ed to the chanber body;

9. The apparatus of claim 8 further comprising:
a spacer having a first portion and a second portion, the
first portion disposed on the support member and the second
15 portion having a socket that rotatably retains the ball

therein.

10. The apparatus of claim 9, wherein the socket £further
comprises:

20 a ball support disposed inside a cylindrical sidewall.

11. The apparatus of claim 10, wherein the ball support
further comprises:
a curved surface having a single contact point with the

25 Dball.

12. The apparatus of c¢laim 10, wherein the ball support
further comprises:
a conical surface contacting the ball.
30
13. The apparatus of c¢laim 10, wherein the ball support

centers the ball within the socket.

17



and one or nore balls disposed on the support nenber, the balls rotatably
adapted to support the glass substrate in a 10 spaced-apart relation to

t he suppowD ogmsdaes . 9. The apparatus of claim8 further cecprisst/snss a
spacer having a first portion and a second portion, the first portion

di sposed; %)n the. akbgo%%tt gerg@er ﬂgﬁ?hé he‘m§eerce d 5b%‘irt58?uga%i199?@e socket

that rotatably re ereln. ea ara arm9,
wher ei n ttreglsoeketof lsﬂcrUIhero l:mmma sessmodtkeal | support di sposed inside a
cylindrical sidewall. 11. The apparatus of claim 10, wherein the ball
support further conprises: a curved surface having a single contact point
wth thel525 Tiad Iappb&at'lu'laeoﬁpqn]aadat Bsfofthda:aidmﬂg&iaAMQrei n the ball support
further corrprlse 5 n| ca% sur f ce contactln I"(Lie ?allt 30 .13, rThe
apparatus of @l ar(’ by f&l etei AtHe l§luppor Teent8r s e SBEPY Wi t hi n

t he socketmbdy, \M&cﬂﬁ/ﬁi&%%ﬁpfﬁl’/ﬂdsa%a@ﬁé&l@ spHeerappar at us of claim 8§,
wherein the ball has a surface roughness of 4 mcro-inches or snoother.
15. The apparatus of claim9 further conprising: 5 a plurality of nounting
pi ns coupbed Tite t Aspstes tof nERHer 15¢achepetincahpl €drkd sorebmects ve
spacer. par at.us of cl ai m15€ %\gerelntheflrs ortion is hollow

6,. Th
and rece%@lejso"é'?arfaaggsetceévﬁﬁrﬁo]r1ea0°‘ft EhBORBLIR i Hy MO8 I Pl appar at us

of clldim 8, wherein at |east one of the
17. The apparatus of claim 8, wherein at least one of the
balls is positioned to support a center portion of the

substrate.

15 18. The apparatus of claim 8, wherein some of the balls
support a perimeter portion of the substrate and at least one
of the balls is positioned to support a center portion of the

substrate.

20 19. The apparatus of claim 8, wherein a plurality of spacers
having fixed top surfaces support a perimeter portion of the
substrate and at least one of the balls is positioned to

support a center portion of the substrate.

25 20. The apparatus of claim 8, wherein the balls are coated,

plated or electropolished.
21. The apparatus of claim 8, wherein the balls are coated or
plated chromium, an aluminum alloy, silicon nitride, or

30 tungsten nitride.

22. The apparatus of claim 8, wherein each support member

further comprises:
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balls is positioned to support a center portion of the substrate. 15 18.
The apparatus of claim8, wherein sone of the balls support a perineter
porti on oWotohe3sabstrate and at | east one of the balls i ®Cpasorsaned to
support a center portion of the substrate. 20 19. The apparatus of claim

8, wherein a Pl grakiiyPf o8PBEEIL S supg¥tHIphi x€d i 8PoSel f BEERaSUPPRET a
perineter portion of the substrate and at | east one of the balls is

posi t i on8EPRAFE TGt aadcERe dhaldorti on of the substrate. 25 20. The
apparatus of claim8, wherein the balls are coated, plated or

el ectropolished. 21. The apparatus of claim$8, wherein the balls are coated
or pl at éd- cRRATARLSaAO8| SHPRRIAIADI Byglass | L8P tivietel deomeirisiz@ t ungst en
nitrigde. 22. JhaapRa abyg,;of claim 8, wherein each support nember further
conprises: 18 WD 03/ 034473 PCT/ US02/ 30268 a plurality of ball support
bal | s di spose¥ biafde RnEhe8UPRUPp FerbaEnBerp ke tcheéhbakhamio®: basiyar at us f or

SuppOrting a Gldssr SHRSL! alA1sCOMRELSEAdon Rrdk CHAUDSL: DdioeAl Lgast cne
support nenber coupled to the chanber oé&; one G nore balls di sposed on
t he suppbilsrerpertablie adrptesd it atwinortaddp edlass sepportatieheilass

substral goddbd o3hACed18RALL (£l QhobO-L iferiiiROLLgmenber; and 10 a

spacer having a first portion and a second portion, the first portion
di spd8ed on themagsForevieaber fhrat Hewtdevondd posedon mavihgna sweket that

rot at abl yifof abnse e Ballosdd ISl fhe 15uAdrdNEeRRRAT Bl4S0L SLabm 23
wherein the socket further conprises:
portion having a socket that rotatably retains the ball

therein.

15 24. The apparatus of claim 23, wherein the socket further
comprises:
a ball support surface disposed inside a cylindrical

sidewall.

20 25. The apparatus of claim 24, wherein the ball support
surface further comprises:
a curved surface having a single contact point with the
ball.

25 26. The apparatus of claim 24, wherein the ball support
surface further comprises:

a conical surface contacting the ball.

27. The apparatus of claim 24, wherein the ball support

30 surface centers the ball within the socket.

28. The apparatus of claim 23, wherein the ball has a surface

roughness of 4 micro-inches or smoother.
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a ball support surface disposed inside a cylindrical sidewall. 20 25. The
apparatus of claim24, wherein the ball support surface further conprises:
a curved worBagg7havi ng a single contact point with the Iparluso2m226. The

apparatus of claim 24, wherein the ball support surface further conprises:

a coni cabgsurface, santacki B9 Lhepakl ru2dhed %@@gﬁg&@s of claim 24,

wherein the ball support 30 surface centers within the socket.
28. The apparat is-vgBlékdi neR23 moakird nptime bedypkrd &osuraceurpoughness of

4 1 cro- hpghes. QiacHIBALNEG.o 100 WD 034034473 PTUN0R/ 30268 2. The

apparatus of claim 23 turther conprising: a plu Ity of nounting pins
coupled to the support nenber, each pin coupled to a respective spacer. 5

30. The gpparldiS,ofs,Cliafdn 29, cMGr 8ign t&nﬁl%rﬁa!iﬁ“th%”f&%%@ gértﬂ%'%" and
receives at least @ portion of the nmounting pin. 31. e apparatus of claim
23, wher éphleiw dmhgtecenwesf at hkeadbakl porsiposif iWredovotsuppuit. a cent er
portion of the 10 substrate. 32. The apparatus of claim 23, wherein the
plurality of spacers include a first group having a non-rotating surface
supporti Ag. a Per i apparatper tédncfint BB s ubsinedire athdleasecomd 45 ghoup

having bgly SL!'L%Dor%i 39;8nE8NLE! RY % 0 of the..subsirale, 33 [he
S . t
apparatus o cl'al m" ?, ﬁﬁ%reln t he % %?s are coateed,5 % %ied%or t
el ectlPopebbstieat.e 20 34. The apparatus of claim 23, wherein the balls are
coated or plated chromium an alum numalloy, silicon nitride, or
32. The apparatus of claim 23, wherein the plurality of
spacers include a first group having a non-rotating surface
supporting a perimeter portion of the substrate and a second

15 group having balls supporting a center portion of the

substrate.

33. The apparatus of claim 23, wherein the balls are coated,
plated or electropolished.

20
34. The apparatus of claim 23, wherein the balls are coated
or plated chromium, an aluminum alloy, silicon nitride, or

tungsten nitride.

25 35. The apparatus of claim 23, wherein the chamber body is a

thermal treatment chamber.

36. The apparatus of claim 23, wherein the chamber body
further comprises:
30 a first substrate transfer port disposed on a first
sidewall; and
a second substrate transfer port disposed on a second

sidewall.

20



tungsten nitride. 25 35. The apparatus of claim 23, wherein the chanber
body is a thermal treatnment chanber. 36. The apparatus of claim 23,
wher ei n twe osloaaer body further conprises: 30 a first swoFtusar/a26s ansfer
port disposed on a first sidewall; and a second substrate transfer port

di sposed3on amsecepgaratdewald . -20iM0283/ 034473 ,PCTHESO 30268 3%, The
appar at us of cIa|n1 3, wherein the chanber body further conprises: a first
substratéufﬁﬁﬁ%ﬂémmﬁéﬁﬁsdlsposed on a first sidewall; and a second
substrate traawsfﬁ&seoréugéwdt%@fe%ecgegt idewald 38 aThe: appar at us
of claim23 further conprising: a plurality of ball support baIIs di sposed
bet ween &idewdlli1i@support surface of the support nmenber and the ball. 39.

The appar at us, Ofs.eEBﬁHms%%’st%@ée't@aﬁQ§ p%brng%pogéaero@ﬁ ly gg&@ﬁave to

the support nenber . Apparatus for supporting a glass substrate
conprising: sidawsdtl.ate heating chanber having at | east one sidewall; a
plurality of support nenbers coupled to the sidewall; at |east one spacer

di sposed on each support nenber, the spacer having a first portion and a
second péBti die tampafriatys of20choimt i28n fdf tipes exbrmr itshegsupport nenber and

the second p apéﬂ%alﬁ@{/' o ga%i)cﬁgép'cix%n%aﬁlga{i{@ QL& a}?ét%e@hsgoﬁgf'l' n the

socket and a support the gl ass subs e Ih a space art
r el atlf onstppette swifjsrer pEnthbesupEt member and the ball.

39. The apparatus of claim 23, wherein the ball moves

laterally relative to the support member.

15 40. Apparatus for supporting a glass substrate, comprising:
a substrate heating chamber having at least one sidewall;
a plurality of support members coupled to the sidewall;
at least one spacer disposed on each support member, the
spacer having a first portion and a second portion, the first
20 portion disposed on the support member and the second portion
having a socket; and
a ball rotatably disposed in the socket and adapted to
support the glass substrate in a spaced-apart relation to the

support member.

25
41. The apparatus of claim 40, wherein the substrate heating
chamber is an annealing chamber.
42. The apparatus of claim 40 further comprising:

30 a plurality of ball support balls disposed between a ball

support surface of the socket and the ball.

43, The apparatus of claim 40, wherein the ball moves

laterally and/or rotates relative to the socket.
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41. The apparatus of claim 40, wherein the substrate heating chanber is an
anneal i ng chanber. 42. The apparatus of claim40 further conprising: 30 a
pl ur al i t ywofo3joada73 support bal |l s di sposed between a ball Pappmor/3ees f ace of
t he socket and the ball. 43. The apparatus of clain140 wherein the bal
noves ;% %@bg a@d/o roggte%tgglatlve to the sog 1§%n¥¥%03/034473
PCT/ US02 vV ]Fa? T or gupp% 5 SFg "s %sEf rarer conpri sing:
a | oad | ock cahandwﬂ hlaukng:hamblersmasmhgt raatéutﬁansﬁbstrqﬂmttﬂmﬂaed in a
first side .and sgcond subs#rate transL %ﬁﬁt di s sed |q%at§econd

si dewal |%° J1 S¥R8F%on s uppot 1 SrenBSeflf %os r‘lsetcl‘? chﬁ%se 8%t | east
one SpaCﬁfard!ﬁé{iO@edtOdﬂléﬂﬂ@sédJﬁleat seesersiddwallispacer having a first

portion and a secon ortlon the f] rst ortion di ed.on the support
menbe? and t K& 2888 dOPor FIRHPT thaS JS%’COI??F 18nh§§05}éa“53aﬁ ‘I rotatably

di sposed in tde Jmtetowobp%%m @dsb@se@upmthet Bapgbais Smatkxst,r e i n a
spaced-apart relation tqg.,the support nber . _The,appar.atus, of claim44
further g%arﬁﬁﬁ aYgro18 &i5Phr RPY Ibfa 1% Ssel.ﬁ?ﬁ%r POEEFP’S dFpoSEF et ween a
bal |  suppadions Wifsaeeeaf ohhehsogkeboranthdnierbankl. +46. sEhenappariaidds of
claim44, V\herel n the ball noves laterally and/or rotates relative to the

socket. #¥79w a socket; and

10 a ball rotatably disposed in the socket and adapted to
support the glass substrate in a spaced-apart relation to the
support member.
45. The apparatus of claim 44 further comprising:

15 a plurality of ball support balls disposed between a ball
support surface of the socket and the ball.
46. The apparatus of claim 44, wherein the ball moves
laterally and/or rotates relative to the socket.

20
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