11 MAY 2006 SUBSTRATE SUPPORT This application relates to United States

Pat ent Application No. 09/963,020 (Attorney Docket No. 6181/ AKT/BG, filed
Sept enber 24, 2001, which is hereby incorporated by 5 referendeMAY R0Gm
entirety. Technical Field Enbodinents of the invention relate to a substrate
support. 10 Background Art Thin filmtransistors have been nade heretofore
on large glass substrates or pl é{fﬁ,' nonitors, flat panel

di spl ays, solar cells personal 3?%??%%{%59 stogq%ts (PDA), cell 15 phones, and
the like. The thamsi sdmslsi ctd ommderddgtesqueant i alinigebosstabas of Peaehpus
films includin nor phous si i co bot doped. and .undoped silicon_oxi des,
silicon niﬁ%lﬁgf‘%&ﬁa e Olsgi/lgégi' ﬁz@a@?f{}?ﬁ?}?g’ngaéjr“g‘.eto%\g’ 'mﬁ%wgaggmi tion
for thin fildms Sepréfiersi SUOr 2003 ,chedti@al i¥apasreposhtbHRofdPdd) . b0 CVD
is a conparatively high tenperature process requiring that substrates

wi t hst and %5eFePSEuresibh PHelitder of 300 degrees Celsius to 400 degrees
«Cel sius, with higher tenperature processes exceedi ng 500 degrees Cel sius
envi sioned. CVD film processing has found w despread use in 25 the

manuf act urkechricaleBialdd circuits on substrates. However, since glass is a
dielectric materials. is ver br. .and | ject to ' war pi ng
or cracking \/\h%\‘bghéﬁ?ﬁ%ﬂ 00% g‘%‘et e%&%ﬁ?ﬁ%s,f%aﬁg)w%s%t t%ak%gigglégg%e avoi d

t her mal stswppsrand resul ti ng damage during heating and 30 cooling. Systens
exi st 1%urrently to preheat substrates prior to processing and to conduct
post - processi ng heat treatnment operations. Conventional heating chanbers
have eit heqackgeoand Art

Thin film transistors have been made heretofore on 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 chamhers. One method of deposition for thin
films for transistors is chemical vapor deposition {CVD).

20 CVD is a comparatively high temperature processzs requiring

that substrates withstand temperatures on the order of 300

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

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

30 cooling.

Systems exist currently to preheat substrates prior to
processing and to conduct post-processing heat treatment
a 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 1 11 MAY 2006
substrates. G ass is typically supported above a shelf on spacers to

i mprove heat uniformity and throughput. To mnimze costs, cbhYerY 2¥Ral
spacers are typically formed from easily machined netals, such as stainless
steel, alumnum 5 alumnumnitride, and the |ike. However, conventi onal

spacers RLGURL.OL of herylse Jarnge Li, SuLkace: of Lhevdl ass.nppesLbl v

resulting Tn inpérfections 1n ass ‘sur exanple, "@nnealing-to
produce | epatenperad urionmobwsi llicean fohl foredey r esnd hedtdoghone . substoate to
about 550 _degrees Celsius, whi g_'h caﬂ 10 cause about 4 of theE1 I

expansi on AR BB 0° AT SULSTF AR O e SPRCT Rl 26k pafisi B e SAFES APRe gl ass
sliding aeaessyt hachipedertetalahi ghich hasgl sssiriesuppoeted duhinaguhgat i ng
and c?ol ing.,The resulting friction between the glass and spacers has been
shown Po GAHEENWR R, @uide dideot hEPWIS e f CRTHERT ie%ln SBEESE R at es.

For exanphgy st ab@sebfsOfdBRgeChravedrio Jiildridl L anelssand: oy
break along a scratch or other defect instead of along a desired | ocation,

r ender i ng resndtHrg Nt elmppriqatieonsdénethe velagsh sufacGasedor expapbel | eved
that porti j i : : reae ith and
P a%%%%i&ué h& mce 2 ’%eﬁBBEé‘Eﬁr%‘oéé}u}éﬁ iU A5 F 4 r (:):Egﬁ?}eg“

tenporarily to ass. en’these S are later resi dues
of the earbting relaet sabstens ntorehdd SP&celegriessr €adisngst hehipgbht eati al  of

damage,t o _subsequent substrat durin [ Ocessing. addi tion, the residue
oy iomsiHBg CERt 7UBE' L Fheran G R ORER LR 100 o BBt ERES e
Mor eover , ThBethéasaluexgbsodm drherdand sbahwete aladbsilaBdngndcacspaciee my

act as a catal yst for sybseque cheni cal rea%t ns between the s @\cer and

n i.0
ot her subSPPaE¥s, “Br e?h%legﬁ'aﬁﬁ 455 PAERPT LEG FOF T ¥l PR R
lifetime ebolhey spagerredQ dhey ef0raiohhekewkenatneedi1bes anguppeetrs hat

reduces or eljimnates substrate damage during processjng.
has been shown to cause ~ scratcheés, cracks, and other
15 deformations in substrates. For 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 yeaction 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 subseguent 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 reducesg or

eliminates substrate damage during processing.



2 11 MAY 2006 Disclosure of Invention In one aspect of the invention, an
apparatus for supporting a substrate is provided. In one enbodi nent, an
apparatus for supporting a substrate includes a first portion 51 Ml 266ond

portion. The second portion conprises a socket that retains a ball. The

ball is adapted to support a substrate thereon while mnimzing friction

and/ or che 'cai react. ons bgt ween the substrate and the ball. In another
1S ogu ntion

enbodi nentr—a%—&p-p%ﬁuey-geef—ﬁwpporti ng a 10 substrate is provided that
i ncl udes a chanhier diady dsdctg af |ceast iateniSUPPOr tadTediafaeni@l edot-her et o.

One or nore balls, are disposed on the sy rt nenber. The balls are
rotatably SSRRPtERS R sﬁﬁggpfatf%el@l z%tsov&ﬁggt rate i AR8 OEdrgRLy t 21

relation tgppdyentsiP it PRt inkNaohBEtLahodi fBnides Eher b aRRANAabYS s
useful in heating chanbers and | oad | ock chanbers where, damage or
cont anihat & SECPRE BEBSiPAte iHRINHBSPRRBIPORRAITHgCORRY hEES cRarsketn t he

substrate. (B4 el Pasaei pfi gR10f Dr awiengsa 20 39 thadnd %nnsﬁgﬁ&tymgch the

above-recited features, advantages, and objects of the present Invention
are att ai neebstratecabhdreamdensioothinangeind | frachbre padyprulcdrendesdri ption

erbod: ment S FHE 85 Tehreh S At B A ended dr aw ngs. 1T
is to be noted,Ithowevtier t atbotihmenppercedadpavangs fiokl ustwadetiond yat ypi cal
erbod Pt Sl LMo 00 o LhsCel o sungl Loph copel e
ef fecti ve kerdhadi srent suppdl tFingiber]l dempdedechednaad. vi eneobrorerentradiigent of
a heating, chagber naving &P Aty piuprontmeTheLs 3nd . 3h3ceis: 3
adapted to support the glass substrate in a spaced-apart
.relation to the support member. In other embodiments, the
15 apparatus is useful in heating chambers and locad 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 1is a sectional view of one embodiment of a

heating chamber having a plurality of support members and

spacers.

|l



11 MAY 2006 Figure 2 is a plan view of one enbodi nent of a shelf/support
menber having a plurality of spacers disposed thereon Figure 3 is a 'side

vi ew of one enbodi nent of a 5 conventional spacer. Figure 4A11 MAY 3% i onal
vi ew of one enbodi nent of a spacer of the invention. Figure 4Bis a
sectional view of another enbodi nent of a spacer of the invention. 10

Figure 5 is a sgghional view Hf ng enpedi mept ghea Babbaiheken & ony
section line 5--5 of Figure 4A. Figure 6A is _a sectional view of another
enbodi nenfhelf ssurgniderngibehehfvivest RPoPl Uity 68 | spaceett F6AaPssd ew of
anot her ephadigent of a 15 spacer of the invention. Figure 6Cis a
sectional view of another enbodi nent of a spacer of the invention. Figure 7
is a sectional Figuw of3 arict her eviistsdi vésw ofbfa ospacembofiimert i rvlnta on. 20
Fi gures 8 ES 9@&€¥34§¥“§pa¥E§MIOf anot her enbodi nent of a spacer of the

i nventl on. %lgure isTa sectional view of the spacer of Figure 8 taken

al ong section ¥imerd-48 4k R geeetBon#l guiewl @% icna sebbdomaht viogw Hf one
enbodi nent _of a 25.1oad | ock chanber of a support nenber having a plurality
of space?@aﬂ?gﬁaiéﬁmiHBV@BH?O?IB is ' view another Lemenbodiment s Igllire

1VD a secti onahi@wefapfisa d aagtdieekichasebrotinatseppesbodaidar @y ng a
plurality of spacers disposed thereon. 30 Detail ed Description of the

Pr ef er r edSER®HAi Geit® TRESHRY@Rti on generally relates to a spacer for

10 Figure 5 is a sectional view 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 ocf a

spacer of the invention.

20 Figqure 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 102 is a sectional view of one embodiment of a
25 load lock chamber of a support member having a plurality of

spacers disposed thereon.

3 — R T -Tal D el A = I vy L Tt —
Figure 10B is a sec of anotner emobodiment of g

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



supporting substrates that is advantageously suited to reduce substrate
damage. Although the spacer is particularly useful 4 11 MAY 2006 in chanbers
where the substrate undergoes a change in tenperature, the spHddAYi 2006
suitable for use in other chanbers where avoi dance of substrate scratching
is desired. Figure 1 illustrates a glass substrate 32 disposed within 5 a
representative heating chanber, 10 su rted on |urality .of spacers 30,
50. The h¥ati Hrtber” ein&Pﬁde?ugggggg%tt%Pé%ﬁ%qﬁﬁvaﬁlycgﬁﬁﬁgrtéa within
t he chanbesmgddddure ,shafd Racedhes gasssitle QF corPrirsaescisddewdbers2, 14, a
bottomwall 16 and a |id_18. The heating chanmber 10 .i ncludes a sidewall 15.
A 10 por t"B%F® SEATTepRANTYMRTHRYS GGFBT SRR sposedirhdthe  sidewal | 15

,adj acent to apIREESS NG15¥et&Rd NOtgisheWibksrafdt i£daMddban $hichiyal ve 94
through which glass substrates 32 can be transferred fromthe processing
syst em i M orepreRRtITive fieagasgetchamhor wilfhistrphetfdabing chawisddtyo. 15
-Ret urni n 0..F £ 3y e shde Lsnd?2 L4 By e fd W 1R suitable
heat i ng g%#lssd:%FZZ f'or%gontror{?i%ngn%hgﬂ&tenperaflugrdel 0 qst Ke C%:aassgﬁe{%t&e 90.
The heat i 7 meoigksl 2 Guppried widdia tdsi shapbehed dry enditorfta S¢ondGhe f or
circulati a ral qg? l.Lquid. . The || Ls fitted
with 20 iéﬁ%ﬁ%tgﬁﬂ%ghkpg$§%$%%s igéﬁ&gzg?‘r%%be%Eﬁ%éa%ﬁ &9 a?i%%ﬁl%tion of
t enper at utrel codt r olhed Hdatiidgantleobea dlanmellud2g faorsirdmstalrlg M .r esaf or

heat i coils , 22, which_ar connected_to a pawer .source_(not own). The
ot eror T ndCs; qRErt o o SHorPL APy | BSWS h 24 S5SBPSTAI Afy BRSsubpor
menbers 2&ddwaltihel ®nbagdaceit depiact@tbecdssihgguyetbm t iestSuppemt) megbers 28
are thermally conductive, shel ves which are disposed between the walls 12,
14. The @L&%&rt‘*’ r‘fgll’z's" %8 gbo h%%‘é?%”ﬁ“éﬁht SWSHPSEREL Al P4 12, 14
to al |l ow gapivd anvhrisHroem €08 I Ohe Obrddiasdieperattume i3000knkhgusugport

menbers 28 and gl ass substrate 32 di sgpsed
the casgette 90 within the heating chamber 10.

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 dinlet and outlet pipes 24 and 26, respectively, for
circulation of temperature contreolled fluid and/or a channel
27 for rzrouting wires for heating colils 20, 22 which are
connected to a power source {not shown).

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

25 oplurality 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 suppert members 28 ‘include, but are not

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



thereon by the coils 20, 22. Exanples of materials that nmay be used for the
support nenbers 28 include, but are not I|imted to, alum num_ _copper
stainless steel, clad copper and 5 11 MAY 2006 the |ike. AIteﬂﬁé@ggép@§ t he
heating coils 20, 22 may be enbedded in the support nenbers 28. As
illustrated in Figure 2, one or nore outer spacers 30 are suitably arranged

on the supger tiimenber A28et0aURNGF! the h2apehyMeiAnsofadheogl ags, spdstrate
32. One or nore inner spacers 50 are disposed on the support nenber 28 to

support EReeddedripdihe SNPBPTE HRePess ibstrate 32. In the enbodi nent

depicted in Figure Z,s4/4iRQ 10a¢eL%r302ar endi sposede BNLEPPLSLAG Sifies of
the support nenber 28 to support the 10 perineter of the glass substrate 32

whi | e twoaspaget saBly arwrangiesp 0%e dFhenRP®ost mRwbepaddr so30uppostppert a

CTLs PR U O g B SO g RGP

alternati rning to gure 1, the spacers
15 suppor spadmrsgl 88s agabstispbesd 32nwithiel subdpertassetee B soo t bappotthere i s

a gap 44 petween the support nbers 28 and th |.ass bstrates 32. The
gap 44 prevents T eﬁo%&ﬁflacg?of @%ﬁe gsaﬁfpsporstu‘%r#%gfas ; “to the g%?%s
subst r at esmi3&3i mdti i€ depightted shrEsgusad cridoled pagleass 39ubstr ai €508 or

result in 20 contam nates being transferred from.t he support nmenbers 28 to
the gl ass®SuBsPPsied $1deg E%ﬁsf?ﬁp8§t3?@ﬁﬁﬂﬁrQQhE° S Y are

heat eth i ngle Beddar byt ragk iy antbgastLFMUHi RN thad hegaddian dy gid ect
contact between the glass substrates 32 and the sugport menbers 28.
Addi t i onaftispose | wsce & gt KRaGRASs8ubSt FYPBSTY B2 aRENERE BaHpR

menbers 28 piVi deashealina atet Ng2 gl aspriubst Eal LS dAdiW bakh ahove and
bel ow, thus providing nore rapid and uniform heating of the glass

subst r at ezl FxnFigield 3tidizaedi de vi ew of one enbodi nent of the outer
Returning to Figure 1, the spacers 30, 50 serve to

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. aAdditionally,

25 dinterleaving the glass substrates 32 and the support members
28 provides heating of the glass substrates 32 from both above

.4 n R S e

T z - — - L= | =1 - 2 Lo [od
L Wwild l oo lealllly oL

and below, thus providing

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 %0 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



30 spacer 30. The outer spacer 30 is typically conprised 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 mertdA Y2806 1,0
second end 92 supports the glass substrate 32 in a spaced-apart relation to
6 11 MAY 2006 the support menber 28. The edge of the second end 92

typi cally thel udgpa-d agembsenr aghanf erhd4 edblee secotlitk erdcd2d nayd 92

alternatively. conprise . a full radius to minimze the _contact are ith the
SUbstrat o P ALe FETIGE SolProHal O BUFBICHr e ot 1RAACTE e S2 nner
spacer 50.m&Mt 1 tePaeRl v30y Myor@itisenad | ule ceadiigured smiAitssdy tas well.

Material used to formthe_inner spacer 50 my be selected for ease of
fabricati ofPRRFY PG tBnbBE| FiEtitte@%ow costs. The inner spacer 50 is

typicaldy 10 fahirdgat edh f{omiSkakpl 8881 S8k, ok oWnealh®nashest. ofCONEL(r),

ni ckel alloys or other suitable material. The inner spacer 50 generally
includes alnnentspasay &F -56 Cuspl sPaeord Fert cekisraliyidre | ewtfisgredon 56

typically (B 1QY  dDdrd oAl 1£1Q59 5E¢kkan (3l tf*&%%%&h%‘é}%&egte%'ﬁ%@éke% pmay be

15 utilized. e second portion 57 1ncludes a so retains a bal

62 that nakes coat ageledtdd anfbrsupgrare s athe fgfirdientdgbst raties i82. simeone

enbodi nent firnst portio h l.ow r =2 apt.e feceive
a nountinégg%%¥ r%%%jeg§Vnéﬁ¥§%ﬁlagwgtﬁghggpps %gﬁgngér g%.g%ﬁgl%@%YSS
posi tins tde-idned spager s dIReR | dsedleprasentatbye sUpeO[t T0BNheD, 28
inside the , cassette 90. One advantage of using the nounting pin 58 instead
of nDuntirEfQHﬁ§iQ%%QVSSBEC%Fh?%)ﬁﬁlFég@Fym%E?¥F§ support nenber 28 is that

material sel ectiyn jehet-eEbactPrsd hedaingernspages 20 and thet3uRPekt
menber 28 may differ. By u5|ng the pin 58, the inner spacer 50 may expand
and cont r &1 FeEcand Poresart he exndilsht- RAL 6O e - L@ lyOhaghe

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 its representative support member 28 dinside the

cassette 890. Cne 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

support member 28. The inner spacers 50 may alternatively be
attached to the support member 28 using other methods or
30 devices. For example, adhering, press f&tting, 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



adj acent support nenber 28. The inner spacers 50 nmay alternatively be
attached to the support nenber 28 using other nmethods or 30 devices. For
exanpl e, adhering, press fitting, welding, riveting, screw nglla¥aYi3086|i ke,
may be used to attach the inner spacers 50 to a support nenber 28. It is to
be appreciated that other nethods of attaching or fixing 7 11 MAY 2006

enbodi mentgpdifdier 9 88S tARAGEESSs OQphBetd 165 F UPPOthe TBIBEHr €8 me@bEr 22 $0
contenpl ated. The second portion 57 of the inner spacer 50 generally
conpri ses2¥hea bl |cHE L a8 -socket 64. I n one enbodiment, 5 the socket 64

includes a baldnSupRELHA6 o‘i@ﬂ@ﬁ' SHNG£2 1y Vach W £36€0 685 haykng &1 1adi Us
"R'. The curved surface 68 of the ball support 66 provides a single contact

poi nt wi t Romgiel 4526 | the2behat Shasngl ridwi gpcket that Irs sneal |eerﬂooﬂhnaﬁnit he
radi uss ﬁ?elgoéﬁgteggogggﬁﬁhegegl eLe !; LBUT 86 4Bom 1Qi’ﬁ§tap8u 10 88

of the b suppor t readed an ngages an 1 nn 1on 84 of the
socket 64sthidcd ofshpaing of wdyds i call‘hesnc:dem/alil s&Zfaoe fetaf ntlng t he

ball 62. T si_dewal | has a enera re swaged. t herwi.se
f or med en}aah@O THEC} ?al %m‘f:h%e at 1568 éll F‘ U hePSHE e’f"lgﬁ. %S’P%:Afafl y, a
smal | 15 & etaandmd & pa@dugdedrbetheen s hemamalei: 6Raanthench st oral.l ow the

ball 62 to rotate and/ re laterally within the socket. Alternatively,
the end 80 and I&lt(}b‘w‘/veﬁ“?b%g‘o g@péﬁﬁ‘?‘%g’d} FFGe A oft RYEEEI PO rol |

acr osg t hgg bak| taeppeat Sb‘ﬁ}f}ﬁ@:@t 666 as theesubat kake dddgueesat heseover (see
Figure 4B) . The 20 lateral novenent of the ball 62 relative_to_the center
support BIFEIFLWPE het stbet Farkes264 offrtactraes 1R baPf 82 SHtERSTHCal

scrat chi ngigatddint ighatdy . rdtha 600 ¢ak sHifage. of rhheshablalsuppaids sirface
66 centers the ball 62 within the socket 64 when the substrate 32 is

renoved a¥RP&%EHdhs tERErE@nt EWagsds (PpoPELSOWERE a Togmedgueadi 8A ridwdy for
the next sihstiatéhe ball 62 within the socket 64. Typically, a small

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 B2 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. 2Additionally, 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 1is removed.

+
&}

embodiments, the ball support 66 may comprise other surface
geometries for contacting and retaining the ball 62.

30 Figure 5 1is 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



In other words, the conical ball support surface 66 re-centers the ball 62
once the substrate is renoved. |.”. other enbodinents, the ball support 66
may conprise other surface geonetries for contacting and retaillhiVY 2006 bal |
62. 30 Figure 5 is a sectional view of one enbodi nent of the ball 62 taken
al ong section line 5--5 of Figure 4A. The ball 62 is generally conprised of

either metgllic.or.non-netalli.c terjals., The ball 62 .ma ditjonally
provi de fri%t?Bn PEIEESh TG 'enh%jg‘i t H@fﬁzﬁﬁy’r efrE‘Fi é?‘f’g‘qbe%%é% t he

bal | 8 11 J¥AYrdGRE 62 anfleth® @ asstslubstbgt eqirtdyEadlive,t Re1babh 62 is
conprised of g nmetal or_netal allaqy, quartz, sapphire, silicon_nitride or
ot her sui tBTE FonFreCdPerc Tt et sTOPHSRe L L EneRfi TertS t he Bal PP%2 has a

surface fidsEiaknt, "tEEORAICES hds O ssBREberin{dd idna Indcdhenbabd 62 may
be coated, plate or electropolished with a coating |ayer 70. For exanple,

d
t he céati%ﬁ“ﬁ’?&be’ie may have a sufficient thickness to provide a barrier
Jayer that redugeschii£d]onshetwean the ball 62, and, Q.4 he glagg, substrate
32. The reduceg)%frioc;ti%)trll between the gl ass substrate 32 ar%%at he ball 62
subst ant i alldegtyopedhshed duihle & ocodelng abryesubst r at @2 eansmete bytheibbi ng,
vi brati on, papsi.Qp, ot her t t substrate
32 and ChEBATT 063" Fhe LoRtl nooTSySr U0ty s SAarTEeRal Ty Ser e ¥
al t er nat i velryiproviaderr edwdedrehamscafriateant betwebst wien beltlerézal gnd
conpri;si ng.the and .t he,, gl as su rat ._Jn alfernate
enbodilrﬁeng:s}},e oc‘f%%!rEJ p%'r%-t’l onste o?z’spacﬁhesope%ly dg %%:é ée:bprgi %1%‘5%@ %%e reduce
friction aldser swhamata B2actidonthaeebét idensudbtdheiazbayt i pgelrayes 70

capabl e of_ reducing, pr elim nat.i friction between.the ball.,62 and the

e sunceraes 53 rRE Fhet b har o8 kA RS Ry SiBF s 1 on

(CVvD) thermal expansion, or other contact between the glass
substrate 32 and the ball 62. The coating layer 70 may

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 fxiction and/or
chemical reaction therebestween.

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, phvsical vapor deposition {PVD)
sputtering processes, spraying, plating or other processes. In

25 one embodiment, the cecating layer 70 has a thickness of at
least about 3 microns. In another embediment, the coating
layver 70 is formed to a thickness ifrom between about 3 microns
to about 20 micromns. In ancther 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
2. In another embodiment, the coating layer 70 is formed by

a sputtering process such as PVD to form a nitrated surface on



nitration processes, physical vapor deposition (PVD) sputtering processes,
sprayi ng, plating or other processes. In 25 one enbodi nent, the coatng

| ayer 70 has a thickness of at |east about 3 microns. In anotlh&AY 200
enbodi ment, the coating layer 70 is formed to a thickness from between
about 3 mcrons to about 20 mcrons. In another exanple, the ball 62 as

descri bedighovg Ry herpkaced ivhed HAaCIH0NNARR-138d, 3¢eXRasgEH1EO an
at nosphere conpri sing anmoni a, and/or nitrogen, and/or hydrogen, and/or

ot her redtétagig@ssesriqeforma nitration coating |ayer upon the exposed

surfaces of thenballyr82 LOena)helyerbadidmntninle ca3thag Layepor |s
formed by a sputter?ng progzss sucﬁyas PVD to F&}%?g nitrggeé %ﬁ%ﬁace on 9
11 MAY 2008tehe svgfaresupf beélofthe Tfalils a2ldetedonprisede fadteexabnpl e,

titanigmnpnjiri e rface.c i.hg layer 7 ner al | rovi des_a.snooth
out er gur g%gdgﬁe%%$Id§§9r$§e?58§éyfe€gdqﬁ%néﬁ%ﬁ?%ﬁtéﬁ%ﬁéﬁﬁ) %%%oé?nents
descri bedmabaveinf at BRosthf acefaoat baglkayer agOsnmmbbhabn &henoaetihiabnlface at
| east as spooth as the qrigin finish of.the ball 62. Aterpatively, the
coati ng Ig&@?sgoO%négengﬁ85c§ised%HFSFH§§5 Ye b?h%lﬁ%??ﬁﬁ%lg§%?ﬂgbér ot her
met hods, hayi ¥ oyeoddasdd Ni $8r Ofexizhp1e0adi NGLéEESpoiQ.shlitngl Sord 0o@thse
believed that inner spacers 50, haang a_surface coating |ayer 70 described
n

above, wiTPtRedficet? HEHTIVE itDF BéfwEBnOf hehe giofdsisuderest Y32 Ltippdrted on

the ipmeraspaceelbOvatehd isose Sphadis e, s naviihly al sereacal teapabgvely
reduce chem cal reactions between contam nants within the ball 62 and/or

the 15 gl 88¥eB274 prsddahebeys: Witiorafrse thre toating befererothemy be

applied toyfbe QUbSEr£Paceh 30ppbktbd bR REARRPLRY alRddhajy ahdhnes spacer
50 fabricated in accordance mth aspects of the present invention 1Is

suited foromeaemppdanemit. opelht RéAS eynadérstatbecly 266dn0e derrésalel si us.
O her hea{'eéé@%rﬁe%e%ﬁt&Mar?clss%iQ%in the ball 62 and/or the

15 glass 32 disposed thereon. Optionally, the coating laver 70
may ke applied to the outer spacer 30.

It 4is 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 properiies,

I+ is further believed 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

10



performed using the inner spacer 50 of the present invention, such as the
heat 'treatnmént processes used in the fabrication of |ow tenperature
polysilicon. It is believed that spacers 50 fabricated in accbrMaYc2006it h
the present invention are suited 25 for heat treatnent operations conducted
above about 450 degrees Celsius, up to and including 600 degrees Celsius,

dependi ng 39pan, the appbdAald, 0N aNd YAsS ELSl) Al L OPEELIES 1addy i o Urt her

bel i eved that spacers 50 fabricated in accordance with the present
i nvent i onpwieVentedasetite Betwers deitderofcdnticgtinentscenr mehglaswihbinl ass

substrate g% g?vggdogﬁgréﬂ%% gﬂggtﬁgggggf 50. Further, it is betleved t hat

t he surface coating | aye descri ove may prOV|de an additional
protectlve IayEmb@@mmemmEtnfedheesnnbe hphebrhé@dhaﬂbfbeanlshnwhumqﬁ
betmeeg % § nd the gl ass sqpstrate 10,11 MAY 2006 ti 32 to
,supported e\ﬁﬁﬁ“ | sB Da‘f:‘atl A5 a8 BATF er PRYEF (0 AR P Eff%he bet ween
“ei t her Coﬂbﬁﬁgéanmeoremﬂﬁic’ah&n\ﬁ/et Riezcriidkl Gbhodad ilesghaze subsinade 32.

Enbodi nent s of tE i nner acer 50 h been shown .and_. 5 descri bed above as
a conter SBRESFLoD0PF CULRS EhSIPRPEC HANLGeCOMIRRtnBAd REAEE GBRCTTDed

above il ggt mayep@nusédefor %@@@%&tSQfaaha SR BTerSURBOLY a¥ki kapseryent i onal
outer spacers 30 may be_used for %ort of the perlphery of gl ass
substrate3232. 1% i3 0 be %BF@EF%F% that seme 6r & off t‘h‘ée oBE T 10

spacelg BQP%grgpéboa@Lrl YpReohaNiy OHECE o8k M A OF ih BNt | 68l 1 gbReibey | nner
spacers 50. Wile the inner spacers 50 have been described wwth regard to

partlculaﬁ0n§h@r1%ﬂ%F snacesst %be appreci ated that ot her heat treatnent

appl i cations ;i 1hze SHRCET S30618 aDI hEALed, oML e |

materials, and may use alternative materials for coating layers 70 other
t han thosgeggggctpb@grgb@whar materials, it is to be appreciated that

other heat treatment applications may utilize spacers 50
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 inmer
20 spacer 50 except the inner spacer 150 supports the ball 62 on
a conical gurface 152. The conical surface 152 generally
centers the ball 62 within the inner spacer 150 while allowing
the bhall 62 to rotate subst: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 ball 62 is
seated on each ball support surface 6§12 and maintaline 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

11



Fi gure 6A depicts another enbodi ment of an inner spacer 150. The inner
spacer 150 is configured simlar to the inner 20 spacer 50 except the inner
spacer 150 supports the ball 62 on a conical surface 152. The HoMiAXal006
surface 152 generally <centers the ball 62 within the inner spacer 150 while
allowing the ball 62 to rotate substantially freely. Figure 6B depicts

anot her e I ent. a ijgpﬂ vg&r ! 0 surface
612 of th%éorg%%éc%lrm%% isrh I ncor pora e% %%%Q:t%he su%p%rfe@né;gré)eed?s 81.['ﬁel'he bal |
62 is seatgobn e@cbebald8 suppoxt degrthaceh#il? sadddweni at dlissanee 6SUbstrate

32 and the support . me r-28.in_a.spaced-apart . relation. The ball. support
sur f ace gﬂ%t %}1 béhlel a?‘%%o%izca??d 3§u§)ﬁ’ﬁ’5$i RFRSE o?hertoge(;r?ﬁttr yaijn%"f al | ows
the bal | &Red iy emethviiear ahley sabgteateoBat ent the nstippospagenné&d028 Fi gure
6C depi cts anot her enbodi nent of an_inner spacer 650 wherein closer. spacing
bet ween tHee shibst r SEEPRE FiiFtare UppBRY henberti scaBIFREd, SPBEYE&hpl e, to

enhance tder BhetlgtdndAY, 2008t candugti hby baA1ball sUpRerd sHEEAERVP02 i
recessed in the support nmenber 28 to a depth that allows a distance 604

bet ween t3ed ] | TERR g dviStEFor iR 28610 Fuskrayven serebeime Het ween
the substdate tt'&etﬁHPBQilf)étF@t@efz 28.5 @elagnétﬁ 'r§H§F@6E mayf fiace 602

may be flat, conical, spherical or other geonetry at allows the ball 62
to nove |arlraidlly addspesedt aite Wi t IFiidewhdl spler @B®iogpr ékentbaldr at chi ng

8|rot i gtr(],glelrsng%g séé% f‘lta%%ag g?éé%}ﬁe g%%r céb%egltol%ln gq‘ Iht%ﬂg nggfg%gelg%%rpor tsou rface
602 to thereswrftacehefbehe Rpgeot rErleddg28gt dropr extent supmodal herfiderf r om
Gt odal gy 1 Oy upRer L MEIDCL, s Ther sHApOLicTERGer 28, 80 Lipnel |
pi ns 610 gmylbet apinat et t hvaaghfcahient iienahot@yi. c@het Aisltd oA c&ELs
may be actuated through conventional devices to allow access
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 65.
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.
While 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 dJdifferent
substrate materials. While the invention has been described as

used in the heating system 10 described above, other heat
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15 for a substrate transfer mechani sm (not shown) between the substrate 32
and the support nenber 28 to facilitate substrate transfer. Figure 7

depi cts another enbodi ment of an inner spacer 250, The inner Yp¥aXr20060 | s
configured simlar to the inner 20 spacers 50 and 150 except the inner
spacer 250 supports the baII 62 on a plurality of internally di sposed

support bal Th uppgr 2 are general | din

i ndi vi dual% 8e5mgs§| ons. Z'f' i i f}he&%a:iﬁ?ezfs%uppoyt g%urfacéjy%hse@%oger naI%l vely,

t he depresppapatdsbd mEy Cpri peeaest nghavénﬂ:gon?S abygr deve bhattieddi ns
mul tiple support _balls 252.. The_support 252 enerally centers the
ol | 62" Wit HERCRAESF I ard dEePeoR0 ot i [faREng L R BHFY £5 V5 bt ate
,subst ant i ahkyembbeBhenias it kBeSpbst &t elriRes ohhes egxsToydthi | e the invention
has been described for use,with glass 30 _substrates 32, other enbodi nents

of theinner sPagere Bf dteﬁéctﬁréél@ﬁ?ern%lﬁp%ﬁe%yosea@séﬂ%rr%@ﬁf&%r
friction dagagenandhaer spgpbsabsheast LeAs piMeesirhe /N SRACHKSand
‘different substrate nmaterials. while the invention has been described as
used in t Feafensi A sy eid028BsexreE BhovENeE hepatriat319 SUPIYT 006
Lreatment vqysterm agsl ehanbers, My Reghized. Whbhodssand  apearghys @f the
present invention may be practiced ependently and irrespective of the
type of clganbe«all}n s ch rtalﬁeUénﬁUdla:E-httm shepprieskal 1§ ndedt iheve o2

enpl oygd t nt__of nper e 350. The
i nner @pac%Jlg |s cgﬁ% gu%@%ggl %15? e |gr?%§rrgml a@grggg%? %@ and 250
except thbalhnmumamersﬁﬁﬁa@mpﬁdﬁt s t'lﬁr& babul6251mpcmtr ayuaffasepmaa balls
352. The baIIlIrgﬁPégﬁneral Iay has 1 S ang t he_.su rt ball Se 2 have a
10 di anet &r°G S gorthald & 3§] are aeﬁe?a'f?r %ﬁargos 3 BH L A

support swurféace 38fe Thegbéal Iraslippordf sthkadsl366sugenet alshy fhae a3deadi us R
which i's 8£§g£§{lthaTlé‘pse %'I!x@ Ok];alF.gL 62 to rotate freely and/or move
15 laterally across 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 102 depicts a sectiocnal view of one embodiment of
a load lock chamber 1000 and at least one inner spacer 50
disposed therein. The 1load lock chamber 1000 generally

25 includes a chamber body 1002 having two glass transfer ports
1004 {only one is shown in Figure 10a&). Each glass transfer
port 1004 is selectively gealed by a sliit valive 1008 (shown in
phantom) . The load lock chamber 1000 is dispesed between a
first atmosphere and a vacuum atmosphere, contained, for

30 example, in chambers (not shown) coupled respectively to the
transfer poxts 1004, and is utilized to permit transfer of the

glass substrate 32 into and out of the wvacuum atmosphere

through adjacent transfer ports 1004 without loss of vacuum.
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+ d. The larger radius of the ball support surface 366 generally allows the
ball 62 to rotate freely and/or nove 15 laterally across the ball support
surface 366 as the substrate 32 noves thereover. Figure 9 depilddAYR006
sectional view of the inner spacer 350 taken along section |ine 9--9 of

Figure 8 illustrating one enbodinent of an array of support balls 352
conprising six n %52 (L6) LRPO al . odi hayi .r ays
conprising di T&ﬁgren am%un s ~of Egagpérd?lggﬁnggQquggﬂ‘g%\% go%glg.gal{ﬁgure

10A depi ctoexra 46401 ahabuyh ewhidh grreessnbhedivignhtinottheacheatbelobkdghafbzr 1000
and at | east one inner cer RO, .di sed,therein, The | gad quﬁj; chanber
1000 gene%ngiyl y %5 rieﬁ%lllﬁgg "a cﬁ%ﬁ%grrlg%y I’éﬁz aﬂlﬁ t%gﬁl alss r st er
ports 10Qé4c(laaky ®nerdn: shovmn iforFi gateiddAhcFaphegl@ss twiangmer theort
1004 is selectively.se a slit valve .,1Q08 (shown . in hapt om) . The

| oad | ckCEﬁﬁlﬁ?ﬁErLfééo?bgng%%s‘é%c‘Bﬁ% v%ﬁ‘rﬁilé;lofl?r st TXPFFE?E)P’I@F etgﬁg%‘érvacuum
at nospher @r GoRtiai N@theritg IRexHEARr I1MoChamenugh( Rele Shavn) 1 ¢02pked

respectively to the transfer ports 1004, and is utilized to permt transfer
of the gPassedubshrer@ 32 i ftldtand 6884 of t@ hen g atfiss pPeréictaf ough

adj acent 'ehﬁ@?&ﬁg PeRL S &Bd thedb, | 0SSgREn Vagmys13 Jhh M¥X2006, Jhe
chanber body 1002 additionally includes a punping port 1010t hrough which

pressure wvehiabldefrdmfsmtibod§a 1002 . nRiveedpdgul HeedJe®y onal |y, the
hamb body 100 i . 12. i 8l h ith
chambgs body %Oéﬁg%té&é nehoKle; 8 ¥ephpId: 31@8&5&%/%} ggll—‘%y‘,éhfﬁ{qgégiu%gd%‘r f: L‘i q

t he 5 chanber from vacuum condi t1 ons.
entering Lhé2chadbermpOifes iy dugtert g arentl 01612nds anpapped prheabeghl0ad8filter

a0t o) EBLEER e R8T hgso enpsincy e chapler OORL Suchlf g ore
cassette t606igsreddvabl ywupsposed Enrshe subhabnbetebddy orl002eand: coopzi ses a
| over p'aESa%Q%g f%“%ﬁﬁ1égj %ESE'%ES %8%§er 50 extending from the lower
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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coupled to an el evator shaft 1020. The cassette 1006 is configured to
support a fi'rst substrate 32 on one or nore spacers 30 and at |east one
spacer 50 extending fromthe |ower 15 plate 1016 and a second SuM\tY 206 ( not
shown) supported on one or nore spacers 30 and at | east one spacer 50
extending from the upper plate 1018. The cassette 1006 nay be raised or

| onered to align_an f .the su es supported on the . et t.e 1006
with the ports %‘brﬂfé.( gtg‘f'ﬁ?e lgﬁg e%)é%%%n%oéffe%affaﬁgg%%%lmo aﬁ%eono i ng
plate 1032.aTheadodkickgchhaber 1020 hasl aapl Leadtd toneofireiresspshatr =0l | ow t he
spacers 3Q, 50 extending fromgjihe Lower plate 1016 to S therethrough. As
t he casseg%%p‘i iqu“efr ed, ThHe léj\l%ﬁstggé‘]é é@gﬁedlgﬁgt h%e%?aac]grys 30, 50
i's noved gheBeded Oa28hbiiBer Obbdyngl DI Atiea QAP . twd heRdsd ransisferf lnoets
circulatin through the,cooling plate 1022 renoves heat. transferred from

the s stiLgQ‘é 8911y PRB EBoFMMHY pHat B tHorebyEd U idTF s SHer at ure

of the subst¢ al®yB2s TJB&%ctEt}@lﬁﬁp@é%?lre&Q:y 3l Iawe Lhevsubsid afdods 3¢ expand
or contract within the |oad 30 1ock 1000 wi thout marring or otherw se

danagi ng Phantabst r afbe lopé fleall roekberadbeP whi ctispayeBe bajupead at o

benefit f h i Lon_ i esgL| i | St a t
09/ 464, 36%?%%%&5& d%%%%eraﬂi‘%,%lggéb?gl?t Oé‘tnrtéff (;%%l?ét %?tg%%? Cﬁmqﬁrch is
her eby i nexammlieat et bghpabersenowt ehiawtlemiuyrdef respettiy12006 FKhgure 10B

depi c j ie fi a el anhadi I er 1100
and a%osl %%%%ﬂnegtni%nor?grs \gégéérgﬁ%m%i spogggﬁfﬁér Blghgtrh%aa[q%ga%%(& %c anber
1100 generkidsy siuhstvdes a2chatben biodypidf2omhavingot wondglass ¢fandfker ports

5 1104 (only. one s shown in Figure 10B). Each glass transf port 1104 is
ceiecti versradharas R d k- bh e RERHe PR B oL R | ock
chanber 116Kk icef dizzppased between a first atnosphere and a vacuum

at nosphere, cqntajned,. for _ex le, in anbers ot _shown) _coupl ed
respectively ;S'Jnléra ity of sﬂab@trates f? are ea g,supported wilthin

15 the chamber body 1102 on support members 1160 (only one
substrate 32 is 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 least one spacer 30 and at least one spacers 50 coupled to
twelve {(12) vertically stacked support members 1160. Thus, as
the substrate 32 expands ozx' 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 divisien
of Applied Materials, of Santa Clara, California.

While the foregoing i1s 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.



10 transfer ports 1104, and is utilized to permt transfer of the glass
substrate 32 (shown in phanton) into and out of the vacuum atnosphere

t hrough adj acent transfer ports 1104 without |oss of vacuum 1IAMAY26i ty of
substrates 32 are each supported within 15 the chanber body 1102 on support
menbers 1160 (only one substrate 32 is shown in Figure 10B for clarity).
The support nenbers 1160 nay be coupled to the chanber body 1102 or

di sposed within a novabl e cassette 1162. In the enbodi nent depicted in

Fi gure 10B, a novable cassette 1162 includes at 20 | east one spacer 30 and
at | east onmtspacersink@ éeupled to twelve (12) vertically stacked support
menbers 1160. Thus, as the substrate 32 expands or. contracts, the
substrate 32 can nove over the spacer 50 without marring or otherw se
damagi ng 1.he sybpstrate. fdneuppadtingke chawbeatahirchr minamber adayptred ato 25
benefit fromthe inventipon is available f AKT di vi si lied
Nhterials,h%?ESa%?%. u%?gfa%%lﬁPgPﬁfg.Tvm%?g1tﬂﬁggggeg%?n69¥% g%?@%%éd to
enbodi nentempiritimeg: present invention, other and further enbodi ments of the

i nvention may he vi_se £ £ hout ridng Jhr t he h scqpe (thereof ,
and the scope t é%%bf§igag%%£r%1ﬁgggﬁyééﬂéé cgg?ng F%g? ?o??gm% IStll MAY
2006 What figstl apneibh gdagtedpparatastdier wWippbhe i prersubstreitie in a

chanmber having at ;lgast pne-Substrate,suppoit wRabele coupled-tigntheg
chanber, conprising: a spacer having a first portion and a second portion,

the firsthdyérgi anbadhpt et isvréprracendhit Sidraaddppdrh frehPBred f79)east
one socket, sposed in the second portion and having a ball support surface

and a sidewall with a forned end; and a ball rotatably di sposed on the bal
suppor t surface difdl rotatably disposed on the ball support surface and

retained in the s=socket by the sidewall, the ball adapted to

contact and support a substrate thereon.

2, The apparatus of claim 1, wherein the ball is coated,

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.

4, The apparatus of claim 1, wherein the ball support surface

has a radius greater than a radius of the ball.

5. The apparatus of claim 1, wherein the ball support surface

is conical.

6. The apparatus of claim 1, wherein the ball support surface
further comprises:

at least one depression or groove te support the ball.

7. The apparatus of any of the preceding claims, comprising:
a chamber body;
at least one support member coupled tc the chamber body;

and
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retained in the socket by the sidewall, the ball adapted to contact and
support a substrate thereon. 2. The apparatus of claim1l, wherein the bal
is coated, plated or electropolished. 3. The apparatus of cl &l MAY 20er ei n

the ball is coated or plated with chromium an alum num alloy, silicon
nitride, or tungsten nitride. 4. The apparatus of claim1l, wherein the bal
support surface has a radius greater than a radius of the ball. 5. The

apparatus of claim1l, wherein the ball support surface is conical. 6. The
apparatus of claim1, wherein the ball support surface further conprises:
at | east one depressi sarerbytoovE sressdpportiet Berbett .membeThe thppaaiditus of

any of ther(ﬂfa%%%gbngd A8 o gQ}%}E’cﬁitSitﬂg:gl%sc%@@@in bOdY ;ordtnok-east tgRe
support nenber coupled to the chanber body; and 16 11 MAY 2006 one or nore

bal | s di sp¥E@EsSorruHRersuFpot tPafeiber 1%t e BarFed-apgiht a5y tadapted ©h6
support thg,glassmuhenei n one or nore of the spaces support a substrate in
a spaced-apart relation to the support nenber. 8. The apparatus of claim?7
further conprising: a spacer having a first portion and a second portion,

the firstgportien gbsposed «ancthen suppethe FRIriangdgt he second portion
having a socket that rotatably retains the ball therein. 9. The apparatus of
claim8, mherei?l?Qﬁ§%§o@?¥ﬂn$u?tﬁéFStcEﬁﬁﬁ39§e§Fdaab&FFOEHpBBFFI%ﬂHf%%?e

di sposed i nsidde pomlonndiigalsedsidewahd . sifpordihemappear atidd afhec| @édung,

wher ei n trﬁ%é%%%h ﬁéﬁqﬁgwé ngﬁggrthéiogggé€§§i§ retains the ball therein.

9. The apparatus of c¢laim 8, wherein the socket further

comprises:

a ball support surface dispcsed inside a cylindrical

sidewall.

10. The apparatus of claim 9, wherein the ball support further
comprises:
a curved surface having a single contact point with the

ball.

11. The apparatus of claim 9, wherein the ball support further
comprises:

a conical surface contacting the ball.

1z2. The apparatus cf claim 9, wherein the ball support surface

and formed end center the ball within the socket.

i3. The apparatus of claim 7 or 8, wherein the ball has a

surface roughness of 4 micro-inches or smoother.

14. The apparatus of claim 8 further comprising:
a plurality of mounting pins coupled to the support member,

each pin coupled to a respective spacer.



a curved surface having a single contact point with the ball.
apparatus of claim9, wherein the ball support further conpr

surface contacting the ball. 12. The apparatus of claim9, wh

11. The

i Ses: oni ca
L SAY 1008°pa) |

support surface and fornmed end center the ball within the socket. 13. The
apparatus of claim7 or 8, wherein the ball has a surface roughness of 4

m cro-inches or snoother. 14. The apparatus of claim8 further conprising: a
plurality of mounting pins coupled to the support nenber, each pin coupled
to a respective spacer. 17 11 MAY 2006 15. The apparatus of claim 14,

wherei n thes firste parddmatuss othotladw ard r@oeieies @te | Bastt apgoricnonsof t he

mount i ng Fﬂ'}10%63n3T¥%égﬂ% Eaéysléggtcégéggégéﬁ'o%’tﬁ%“%éﬂd%iﬂ& £

support nenbers i's positioned to sup

st one of the

i a center portion of the substrate.

17. The apparatus of claim 7, wherein some of the support nenbers support a
perimeter portign of, the. subst rafsrand gt gl eg8lre 0N 0f LBE SHOPOL LtHéE”bers
e

is positioned to support a center portion of the substrate.

appar at us ®frodirai RETeRthereinesa tpPurdl i W%P%Bp@o‘?%nt%ﬁﬁé%%é‘ﬁ g*ef i xed
top surfacgg,syRpert a perinmeter portion of the substrate and at |east one
of the support nenbers is positioned to support a center portion of the

substrate. 19. The apparatus of claim 7, wherein the chanber

body further

conprises:; A fifid spbstdale branghen portwedspesedodn asfivid sspgtowal |
and a second substrate transfer port disposed on a second sidewall. 20. The

appar at us BFRATE FEPCHh&r ERAIPRES DA tnov el |BfefPpirate and at least

one of the support members 1is positioned to support

portion of the substrate.

a center

18. The apparatus of claim 7, wherein a plurality of support

members having fixed top surfaces support a perimeter portion of

the substrate and at least one of the suppcrt wmembers 1is

positioned to support a center portion of the substrate.

19, The apparatus of claim 7, wherein the chamber body further

comprises:
a first substrate transfer port disposed on
sidewall; and

a second substrate transfer port disposed on

a first

a second

sidewall.

20. The apparatus cf claim 7, wherein the ball moves laterally
relative to the support member.

21, 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 con each support member, the

spacer having a first portion and a seccnd portion,

the first

portion disposed on the support member and the second portion

having a socket and a sidewall with a formed end for

the ball within the socket; and

18

retaining



relative to the support nmenber. 21. Apparatus for supporting a gl ass
substrate, conprising: a substrate heating chanber having at | east one
sidewal | ; a plurality of support nmenbers coupled to the sidedaMAY300§ a5t
one spacer di sposed on each support nenber, the spacer having a first
portion and a second portion, the first portion disposed on the support
menber and the second portion having a socket and a sidewall with a forned
end for retaining the ball within the socket; and 18 11 MAY 2006 a bal
rotatably disposed in the socket and retained in the socket by the forned
end and adapt edateasuppdretabhe ¢lspssedsibstiraterdetaasparechigsdr inr ghati on

to the suppgricdrenber.y22:,thes appar alld Qb Gl m 21, spherei noihesubstrate
heati ng chanber 1S an annealing chanber. 23. The apparatus of claim 21,

wher ei n t hevpatiatepdBsa | Wasted-rparandlor i pot el ddier eVaR?Ne "eHPERe socket. 24.
Apparatus for supporting a glass substrate, conprising: a |load | ock chanber
having a first substrate transfer port disposed in a first sidewall and

second subs®rat Eh¢r aRBFEAYortt edFostd i WSl sTHRERERFE &F2fF BBt one

support nephgfodi SROsEAAkd1naqChadiy;. at | east one spacer disposed on the
support nenber, the spacer having a first portion and a second portion, the

first portion disposed on the support nenber and the second portion having
a socket; amd arhaldpgzatiabby disposed inetdier soekehlantbadanlz@drkDly
support the glass substrate . in a sp ced-aga%t relation to the support
Tein
9

menber . 252°THE SS5HAFEE UG i¢Faf 2F S the ball moves laterally

and/or rotates relative to the socket. 1
24. Apparatus for supporting a glass substrate, comprising:

a load lock chamber having a first substrate transfer port
digpoged in a first sidewall and second substrate transfer port
digposed in a second sidewall;

at least one support member disposed in the chamber;

at least one spacer disposed on the support member, the
spacer having a first porticn and a second portion, the first
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 relaticn to the

support member.

25. The apparatus of c¢laim 24, wherein the ball moves laterally

and/or rotates relative to the socket.



