; TUe3eWI'Lh6, T7; 1 0 JUN 2003 WD 00/ 36635 PCT/ EP99/ 09446 GAS DRI VEN ﬁ%ATI NG
SUSCEPTOR FOR RAPI D THERVAL PROCESSI NG (RTP) SYSTEM FlI ELD OF THE | N T
The, present invention relates to a system apparatus, and nethod for nore
uni formy WwWe0/36g35bj ects in a Rapid Thermal Processing ( RTIR)T/BBSesd6 Mor e
specifically, the present invention discloses a convenient, inexpensive way
to rotate sem conductor wafers treated in such system BACKGROUND OF THE

I NVENTION - - The major problem faced by the field of RTP has been the
uniformity of Gl DRJ (ENMTA'SING&%SEEB%O&F@RSRAP&H&ERMMM RTP
systens. RTP systens general 1 at | east one wall
transparent to radiation frf.%y%gﬁ\ésg@cgﬁqﬁg&ﬁﬁ@a such as | anps. The

‘obj ect to be processed is placed in the chanber and irradiated with

radi ation fromthe radiation source so that the object is heated. The
chanmber with the transparent s wall is not strictly necessary in the
.system provided that the systemcontrols_ the atnosphere in which the

obj ect is placed during proce@EfLPgQFTH@WTWI d then be placed in
proximty to the object wthout the intervening wi ndow. Mich progress has
been made in using batteries of lanps with individual control of each |anp
to i ncreapiee prebéifvdnYionrelaldSto d dydiein) appargiug, agd alethod forawe vaiformilpe
uniformty of the resulting material is not sufficient for present and
future deheating objests imaeRapig'uFb@wl Progessingy(RIB) pystane Merespasifigally oheri ty of
result in suchﬁ‘{e%ﬁeng.i E’éto r ot at.e t.he substratf under t.he | anps. Many
prior artPE}HY 90 S155805¢F 3, SANVPURIGIEXPIFYE REY {4OLle 3UEOIICIO never |
these many,Rysh&FSd 4eaRhAmused only one bank of |anps on one side of the
sem conductor wafer: The other side of the wafer could then be used for
S=F i ous shafts which penetrated through the chanber walls to mechanically
=sfate the wafer with respect to the lanps. The prior art is deficient in
ESmtsthe systens are expe GRGRAYND QFﬁ INNE Nwo 00/ 36635 2 PCT/ E
==D/$9446 difficult to seal. The prior art systens al so all ow contam nants
== tbbed fromthe relatively noving parts to contaminate the chanber. The
=& or ar t Thy/slaforireblemnfatedtsy s Gigldwif RTPIRis bserpthe higtvintitywf heatirdpeof the de of
= wafer since the shaft, the rotating base holding the wafer, and the
fittings seaeieerduojortwafgrs|tepated itheRaht systemsoR 2P sysigranheanemledeved t he chanber

bl ock or gtherwise interfere with light fr.omthe nk on_the.sa si de of
the waf or Shadieh ety a1t ot Fallrhetpuchlp sefRip 5 AAes R BRI or 1
no | onger jahfis§ Phebb R0 Yelpréveiel (¥ ihéei$h BRAGRMABS A $8aHiREd WhE rifliitidy | nci pl e
often have the entire cross section of one end of the reactor chanber open
duri ng t hfromeheradiatioh sovgcemoabatshe objérit & leatedt Theothamberhwigh thedrangsreis| | shed

ause the,_ various fer holders, guard rjngs, .and gas distrj bution
tes, wWAREES n%%ngtrﬁmcﬁﬁseaﬂwv ftnga‘w Broviderllit sy PFORENSERE ¢ hi cker than

=== Hafer s Bed ' : asily and
=y cRmebteeh MhictEne BbieUGREed dlrfhe et IRE 1A BRI BLERS Y !
== ¥xanpplacechineprogimmity Fhibe bbjacttwitduriha ifiterveningwisdown duwhero@sisgaed wi t h

Ese ancjllary pieces in nmnd., US Patent 5,580,830 teaches the inportance
B=t he galeon madeinusing:batcaene! lampsyith individpg) comteol 9§ sachilgmp tyiRceeate gas f1 ow

and contrQl.-i rifi in.the pr.oces hanber . | ance. of neasuring
t he terrpe%?iltf Jﬁr;;%yyo %ilﬁzu%pgﬁn%%flﬁxéo%%%eg ﬁ%'?%ermgﬂggg%f@% 6§§%gect r al
response prfatdridll W¥ioti siffidierd forpréseitand 6 debfithds AomRhéduad appar atus for
i nproved tenperature control is taught in U S Patent 5,841, 110.

One way to increase the uniformity of result in such systems is to rotate the substrate

under the lamps. Many prior art systems have been published to effect this rotation.
However, these many systems generally used only one bank of lamps on one side of the
semiconductor wafer: The other side of the wafer could then be used for various shafts
which penetrated through the chamber walls to mechanically rotate the wafer with

respect to the lamps. The prior art is deficient in that the systems are expensive and



The wafer to be heated in a conventional RTP systemtypically rests pf JaN 2003
plurality pi ns which hold the wafer accurately parallel to the
refl ector \(}V&P%ggéégt he system Prior art systems have rest ed®¢HEPRAPHE on
an instrunmented susceptor, typically & uniformsilicon wafer. Patent
application 081537,409, now U S. Patent 5,841,110 teaches the inportance
susceptor plates separated fromthe wafer. Rapid thermal processing of

11 -1V sergARAAYS 5l STRAR P bt sPRERs %0 AHGS %éﬁt%h'x'mﬁﬁs Rhved o feon. One
reason for this is that the sufface has a relatively high vapor pressure

of, for exelativey movin@paltﬂl‘tlo%ﬁﬁtﬁm!ﬂﬂtﬂﬁé Ske6ler STIRCAT GiResySRdkanneebe ¢ ( As)

depl ot ed. omecuifBmaks PR & Pl AP g VelaTsuics oG B RIRE BFon
ep ete € 1t 1 THCr T € A } n
08/ 631, 2651103%19@%:% L, '3?(& tﬁtﬁﬁ%ﬁ?&?ﬁ% 3 Hﬁ&lvt ST Oae @fﬁ?¥e§§9cﬁ"t@t us for

over com ng pro I 'SI'ng t e enussivity o htly
doped, relthé thhber 'b!wktdi‘ BRRFWRsk frferféé Rithght feml thy bhkesn the shme si/iel%fcﬁ‘r wi t ha'
pul se of light is disclosed in application 08!G32,364, now U. S. Patent

5, 727, 017 .th\wafenfab theedbiafi, andethe fesulting lightPmpingiegron thecafe issedongercopendi ng
al | owed appl.ication 08/895,655, filed Jul. 17, 1997, by Aschner et al. A
nmet hod, ad&gkgpus, and system for RTP an object S disclosed I n copendi ng
application 081953,590, filed Cct. 17, 1997, by Lerch et al. A nethod of
RTP of a substrate where a small anount of a reactive gas is used to
control the etching of oxi des RELAHSD ARPAICATGIONS di scl osed i n copendi ng
application 08/ 886, 215, by Nenyei et al, filed July 1, 1997. A nethod of
RTP of a substrate where evaporation of the silicon is controlled is

di scl osed r e I Jan.
29, 1998. EQE&?,? ’(‘?5@?“’ éﬁi’%ﬁﬁ 09&‘ %&?enégknv#y ré%’ss‘?&rﬁnaérfe& FE@ |°<!§§%d in
appl i cati %&t&%}ﬁﬁﬁeﬂ ?%Nchf)ﬂeﬂldﬁﬁg oRESC ThiRtcoAdtruchibd hdskéner et al .
filed on 10/29/97 and 11 [ 24797 respectively. The above identified
applicati m@baslzedetwsmgmél@b vagioup wafes Bolgwéeguard unes,pnégamdxsmbu@m platesand ar e

her eb ted RY di
Lo this | rORRERAYE SEREHp eS8 A Torieker o LRV RRE) B8 aced on
a rotati n%l%*ﬁ&ﬁxﬂbﬁﬁcéﬂhhﬁhhé éha&me} %&;ﬁdstfbefeaslw cpﬂcxdy Bhdriged WR¥RMeat i ng

of the susceptor fromradiation fromthe hot objec
process is changed or when different wafer sizes, for example, are used. The reaction

r-'!-

chamber dimensions are designed with these ancillary pieces in mind. US Patent
5,580,830 teaches the importance of the gas flow and the use of an aperture in the door
to regulate gas flow and control impurities in the process chamber.

The importance of measuring the temperature of the wafer using a pyrometer of very
broad spectral response is taught in U. S. Patent 5,628, 564.

A method and apparatus for improved temperature control is taught in U.S. Patent
5,841,110.

The wafer to be heated in a conventional RTP system typically rests on a plurality of
quartz pins which hold the wafer accurately parallel to the reflector walls of the system.
Prior art systems have rested the wafer on an instrumented susceptor, typically a
uniform silicon wafer. Patent application 08/537,409, now U.S. Patent 5,841,110
teaches the importance susceptor plates separated from the wafer. Rapid thermal
processing of III-IV semiconductors has not been as successful as RTP of silicon. One

reason for this is that the surface has a relatively high vapor pressure of, for example,



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a prior art RTP proceddi s\ 2003
system 1 0 JUN 2003 WO 001 36635 4 PCT/ EP99/ 09446 Fig. 2 shows a rotating
base or sU¥O&PBES 210 hol ding a wafer 110. Fig. 3 shows an PATVRPO%EM#G e
enbodi nent of the invention. Fig. 4 3shows a cross section of the nost
preferred enbodi nent of the invention. Fig. 5 shows an alternative

enbodi nent of the invention. Fig. 6 shows an alternative enbodi nent of the

i nvention, F| expanded. vi nced. versi on of the nost
pref err ed &} cq(cjis‘sz{glstpgw% fbﬁéal;ﬁﬁ{/neﬁe bq\f? (G‘V#V?“Sss) %gisug%e fggon g’ﬁﬁo% show
detail ed d&%‘f&i ¢IfAS E'ﬁ?:liﬁ@iﬁat&ia@ﬁﬁilft?%f?é?@%’téﬁ@BbpligaubHGSMBYQBS' féw DETAI LED
DESCRI PTI OF THE | NVENTI ON Fi g. 1 shows a prior art RTP processi ng

system AJ.SeRatetrfRB, 555. swpipéies 4 iBthod and hppargbs futoverobsngthicmeslent. i s
supported in a quartz P chanper uartz support pins 160 (only one .
shown) . A gisshed od HEg ¥ ?@Sﬂ%ﬂ%@é@s@% i&géﬂgﬁlfygewswapera@m ‘éi%fi(e’bn from

“oor 180 3 PEAD REHE mi it NER R, Gyl i Uigatie? i Beb G RERE 0L Srper

to be seal@dUaBdPatenpisgiddd7gas 125 to be introduced into the chanmber. Two
banks of radiation sources 130 and 140 are shown on either side of the

waf er 110An mflatablnseal for s RIP systreris diselosas in wepensdingallowedappligation the art is
used to t l,a n 40 d to control the gas flow

controll gﬁ;’)@%géss ﬁged&fgﬁ%’l@g g’hg %ng?t Eper ature nmeasuring system denoted
here as aa YRR hifaratBs and SRst@A for R TPMIGfedi$s ABcloBES ih Bpéndigl ch does not

react with the wafer, or it" may be a reaCtive gas such as oxygen or
ni t rogen amhcattmméﬁé%s 5801 filed Iet.ntdt €997aby berchletakeni conduct or wafer to form

a layer of on the i conductor wafer, or the gas flow may be a gas which
may conta'%ﬁrw:;h%ﬂiq ARG ﬁ%ﬁ%&ﬁﬁa WhTecaSriallamannt of  reachivs eetiS et ace of t he
object b out
consumi n?@%&pﬁ’gggzﬁlﬁ‘g%f??b‘{%g Bﬂgee?%lt(ﬁ%ﬂg%tgpgf&% eéggg]jIl g‘%&u{ﬂ%aaﬁs %%&)gas fl ow
reacts tag/88612k6, bﬁmhyamhlbﬁleﬂljufyalqewl he process is called rapid thermnal

- chem cal vapor deposition (RT-CVD). An electrical current may be run
t hrough thénethorbef @f@whsmtethreowp@aﬂxptmﬁhemceopmllgi BCT/ CP99I 09446

disclosed in copending application 09/015,441, by Marcus et al. filed Jan. 29, 1998.
Methods of rotating the wafer in an RTP system are disclosed in applications
08/960,150 and 08/977,019 by Blersch et al. and Aschner et al. filed on 10/29/97 and
11/24/97 respectively.

The above identified applications are assigned to the assignee of the present invention

and are hereby incorporated herein by reference.

SUMMARY OF THE INVENTION
According to this invention, the object to be processed in an RTP system is placed on a
rotating susceptor which is protected from warping due to uneven heating of the
susceptor from radiation from the hot object.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a prior art RTP processing system.



RTP systemto produce ions which are reactive with or at the surface,1 Q4N 2003
to-inpart extra energy to the surface by bonbarding the surface with
energetic i WRIOBEEI§ "2 shows a rotating base or susceptor 21BChebmiongisa
waf er 110. Such a rotating base driven by a gas flow has been described in
great detail in application 08/977,019 by Aschner et al. filed on 11/24/97.
The base 210 is supported by air bearings 220. A gas flow 230 i npingi ng on

the rotating base causes the base to rotate about axis 240. A neans for
cent eri ng Hifie2 shews praating hase os suscapion2kihelding ayyader ke devi ce described in

e
applicati 08,977,019 is used for. heatlj.ng water 110 to hi gh tenperatures
and rel at ?@51 €S*r°8¥?ga‘{ %ﬁgﬁ:}tl\?eh%nmé@g&rog&eg%mngxgpbn fromthe hot wafer 110
is partialpiy, ARRRIPLErRY sédiRnANL Wit phefirfedBpidddhetURiAnRintigh her materi al
transparent to the radiation fromthe'l anps 140 and may cause war pi ng of
t he base skigt hshowshan alternatie smbmbiment of the ibesdioneeded to ride on the air

beari ngs 220, and the rotation st op., The Q,resent i nvention details
appar at us HAdd shawoasalignaivs empo @EW“?HW&PYF@‘.‘O%e such net hod of

preventi ngg: ' ' [+Sanfi L L | ayer 2SO0 is
shown depg%lg’??;:%{ogﬁg %e ar td g\%?%(gfe eﬂ&f&}é\ﬁ}y\éﬁp&ﬂ}héﬁg&ﬁﬁ%&g@ a reflective
| ayer whi cémb®fimest &f thBénventioar ed radi ation fromthe wafer, but transmts
the visible and near infrared radiation fromthe |anps 140. Such a

refl ecti veFigsiek, §FaBand $0x ghow detailediviravsinfdle mostanelgrred embodimeartyofitke non
uniformy aggried to counteract the non-uniformty of the infrared

radi ati on WEH®Phe waf er i npi ngi ng on the base. The layer 2SO0 nay al so be
an absorbi ng | ayer which absorbs radiation in a pattern to counteract the
non uniformradiation fromthe wafer 110. Another preferred enbodi nent of
the invention is to doRETARENRRSCRIPEON OF THE INYENTION wi t h at ons or

nol ecul es which absorb radiation fromthe wafer, so that a radial gradient
in concentration of the nolecules or atons, preferably increasing fromthe
inner tot 40 Op obrSi ' T i.ng wll
result in g‘ rrgrgfé&,i'usﬁlgi5 %‘?’%9‘33‘3?; aPltot‘h' gsrsrg‘gr% tt%]}'eAS%rg*QpPg‘y% t fE:er 122;)2‘3%8, if the
base i s nogbjectitd be th)celsserdasl sappotitetdtn o fyartz R Thehateher €20 bjﬂgﬁm.su%}tﬁt ?iﬁs t he
nore uni formradi al tenperature distribution of the base 210, buckling of

the waf er Hift(onkeonsashown). franpedwieg)] 7045 gseddo dessemsedes effeets phyadiation &epodi ment
to prevent pthggl gfa Wiy T A LTkl 950 A3 (S EEnatdbid: AR b Ha80G 260" DI N

the base 2 rate I's’Interpose ween wa d~base 210
whi ch absojiksivy afityodf tBE waf&n lohedVahear cldsé, AodsRhedRmiter oW sealbdandgd 1 0
JUN 2003 WD 00/ 36635 6 PCT/ EP99/ 09446 radi ation from heating the base 210.

The pl at e pooessgapd 25 ¢o hbintraduded into e shamber.sbhwe hankstof sadintian isogycesalilat i on
fromthe | a 40 will be.transm it ed Lle the |lon vel engt h

radi ati on Wrzgfﬁq’lﬂ %‘P’Bwnﬂ ewﬁ? Oi)ti‘e ﬁiﬂge\é\ﬂ)é!dé‘ coIpRutsy ngreoré)i J al so be
coated wt f i : rRLA f ure
G ot r i put | el RarERhoUR iR nARERNAL Honfl Hhe kiR 130 Bl 110 End EIRALSE 11D
dope the qthergaz flolhvecmtrilet h&5, phaieord 20, and the ampemture neatueing kgsterhp get a
radial gradient_in concentration of the nol ecg?l es or atons which absorb

radi ation A¢RAtEd IeTe @a R @Y TOmeter Mading sasflovemay g 2p it gatavhighiaes net ©epd out er
portions of . e i i 0. . Wnj adi al
t enper at ur g"%?@? ?}Iagetr’o?la%&g -"E&g‘c‘gg‘?g@%ﬁ\%‘khﬁ gﬁgghg tg %:tg° O?Vﬁ}cg r}%%%‘&}rﬁ formy
i rradi at edti®ahitepal o the geriitbhictéragiferto fdiea lager dfonheé Senibbidatidy hairal
tenperature distribution of the plate 310, buckling of the wafer is

pr event ed. ot gas dewt way bt agasvhicumay enisied slison gomppmdwhieh iepsts etbe sanme

as the diapeter of the wafer 110. Fig. shows Cros ectjon. of the nost
o ef o r ed DRIGUPHEARE S0 paert Rediemortesc O PR o By st s BNt e
invention hdgRul édBuiithE iy HaRMRAPREMIE fYabdI6r tBe bbjeeRMinE heddld flofhe ring
supports a plate 420 which 1s supported at a plurdlity of points 430. The

pl ate 420 ireactitoornhavayey oa tid surfdcefthe prbcess ¢ eatled mpid thétndl e chanieplovapof onl y
one shown) ., Now, |l ate 420 is heated by radiatiqon fromwafer 110, it
may expand dﬁmaww%fﬂ-cﬁﬁb At elggfeigal Pyent i s 158 tioueh e aipaspier i

relatively little radiation fromwafer 110 wll not be under so nuch stress
to warp and cause problens riding on air bearings 220. While projections
440 are shown attached to plate 410, such projections could equally well be
attached to base 410 to support plate 420 fromthe bottom Once again, a
centering post or detent arrangenent which forces the base 410 and plate
420 to rotate about axis 240 is not shown. Fig. 4 also shows a nethod of
determ ning the angul ar position of base 410. A |light beam 450 shines

t hrough the base 410 and is detected by a detector 460. Features 470 are

pl aced on base 410 which change the |ight beam and thus may be detected by

o, . ~ N —— Y o, o o . r _ a




An al ternative enbodinent of the invention is shown in fig. 6. A basel8U0N 2003
has- a series of cuts 640 fornmed in the plate to ensure that stress will not
be transm tWEAUB¢3% t he i nner part 620 to the outer part 63@CTirey@d¥ant age
of the enbodi nents described in Figs.52, 5 and 6 is that the distortion of
the rotatable substrate is extrenely reduced, since the inner part of the
rotating systemis nechanically decoupled fromthe outer part, but the

outer part_jis the essenfial part of the rotation ans regardjng the
funct i onaIRJ{'ésbﬁe‘Pﬁ‘épéﬁ‘i“cﬁé i"f‘hj%h.arﬁécaﬁwee‘é’g*‘f’,ra‘tt BSBESTi3RG SRR ces of the

outer par t&t{aeéﬁ&‘g? t%(%é’sxﬂ?éc%!bk%m‘b?rdﬁ%%@ﬂﬁa%%ﬁthoéncxfggﬁ%i%& bearings, even

if the dianeter he rotating syste arge or |1 e tenperature of

t he waf er Eigd2 sisvey a fraatisg biseloh susteptad 110moldings waser\1€0.\Subh @ fotafh@basé shows
an expanded vi ew of an enhanced version of the nost preferred enbodi nent of

t he i nventdroven by 4 gasdiow hias beengiesaribed omgrpgi<letpdldin applicatiqm@8/9 .08 byer gas to
: b i 220, t j 3, . ef f i ,

U0 cont er Asctor e ol HEE R ERT s Bt 2SS uBRBRANE Senthg TAP A 48 o EE S
respect togdNe30kdpmeliblon ﬁ’iﬁoﬁﬁﬁ% bésk RawsBglthi I babetotdftetbofid SR04 Ar | de on

the air bearings and are rotated by gas blown froman external tube (not
shown) . A mesnsdfor odnterng thediase? e notssha @i i7 fig. 2r'Whettbewdgvisehdeséribedrin r ol t he

SN R T R TR
hol d [ ' f . [ 708
o'ds a Tl &éké@%ﬁ@%lﬁ gﬂé‘%a ‘Hﬂ%&ﬁ%«ﬂ&ﬁﬂ fitin fkChof Whfef 4 %% fs(']ﬁlggillgﬁlgﬁﬁ% 1

and ring se 0 not rotate, but are . The
ri ng segneby thebhfe whithid mateaf puatzoraiiey mardial frawpugntas tie, radiatios bl d t he
rotating base 410 fromradiation reflected and radi ated fromthe wafer 110
and especi tellgmpy W anbmgy savse Warping ofithe basesso thatdherfla surfaces glithe dase ng, 714,
715, and 712 i s.shown d m nt s. i 10qand_711. and. t he
guard ri ng{leele‘i,m ;}‘%S?H gﬂed& 5&%?5%&%& ?‘re 6%7;19{3%%}#%%5 tép '191(‘)}%"3 pé%sgfltl'flg%{glé’ﬂs, and
for ease OfethRPirpafii®ind MmeMdes @FERAL suck WAFSIKE Ond e ihod bhﬁéeeﬁtm_ggs
could be made from single pieces of material. The guard ring, 714, 715, and

712 is pr eflmogsiop amddrarpingnis shawrciorfig. nwhare a layer 23bis shewpdepositethénorcoat ed
to make sure that th ard rji is stahle.and the.reflectjvity and

absorpt i onpﬁﬁg%?éﬂﬁs?ﬁ%&y%iﬁ ayc%%ﬁgewvfﬁa“r ﬂg?chfﬁtieqﬁot“ﬁlf‘}fé‘?ﬁ;ans 708
s engagedragﬁ%iég% WP fer Ah irinshils tid RsiBlethd Hidr Reked Qa%iatﬁgﬂgﬁfdl

segnents 71 are supported on the hollow cylindrica aped pins
708A of t hianiysl ld0nSucheandleétie lajmsaytedinifiosn ionerctht babeian slmvim) er ftahdydw pi ns
708A, and project thr oulgh the ring egmsnt_sf 7lgb%nd _%1 to support the

guard ri nghQRghiermyy applied torcouniericting nopHpiicrayretitheinirared radighign s pl aced

opt onat |y vt ishelfigl Wi of AT Mtayet s ihy B0 Hedn ML O TR RRATEN TR
ring to al higssrbd fabiidtionah aghttenie®baintaionthshionfunifesn ratidtiod fioattheadsfer 110 into

the systemand lowered it so that wafer 110 is coplanar with guard ring
segment s 7110.ahweptirerprefapred embodisneat okthe inventinds o dams theguartaglass ofjthar t z pi ns
709 has the a ntage that turbule f the hot gas .above the wafer is

mi ni ni zed. %&?6%3 @_ﬁ?ﬁmﬁfdordﬂ&&c ?fo%%_gégbﬁﬂtberad\?ﬁg O{S‘ftﬁ? W_ééﬁﬁ_gt%%laef erred
embodi ment ré?fialt%gé‘diéﬂ\&ﬁ Roh&6htratith HPthe hisWcdles oPatbis CltefBrably iRcrehdisy 47
received a tooth 932 on plate 420 so that ring 410 nay drive plate 420.

Al so shown tlzer imnertte theaoutier pettiods oftbe has¢ 200, isprdvidedeXher dopingiwill résult iNa2003 WO
001 36635 9 PCT/ EP99/ 09446 t ooth 825 i.ch gives, t. onputer a.calibration
ol nt 1 7 o SRIEOn BTG BRRIA R iedoh 2T ibine BEPeTHien WHESTIN | ca
detection E 1 I Fq?rg i i Lat | t he

« present in\rﬁgﬁ??tgﬂ%dﬁgﬁggg?%@%‘e |'g|1;j;1d€?€#h|et eeggg(\)/fg{a{agfa%ﬁ grsa?&let is

t her ef or e tdistlibButiondsfithé dast 2 ¥0abycklihg bf the ivafer and e bage isipeevampénded cl ai ns,
the invention may be practiced otherwi se then_as specifjcally described.

-1 0 ,1 U NEigoBshows an alternative embodiment to prevent the infra red radiation from the wafer
110 heating and warping the base 210. A plate 310 is interposed between wafer 110 and

base 210 which absorbs radiation from the wafer 110 and prevents the infra red



WA claim 1. An apparatus having a rotating system (410, 420, 510, 52100, JUSM@[}[B
Supported %air bearings (220) for supporting an object (110) being
processed MW/3%35 d Thernal Processing (RTP) System) sai d PET/EPPHE4E St em
conprising: - an outer part (410, 51§, 630), forming bearing surfaces for
the air bearings (220), and - an inner part (420, 520) 620), the inner part
(420, 520, 620) being ne chanically decoupled fromthe outer part (410,

510, 630), @afaﬁ&bﬁofrme%hhg%msé%gdr.gﬁb ?ﬁg{%td;ﬁgxréﬁfaﬁﬁism%e é@dpﬂn& Wtha art is

not transterred to said outer revent’i ng war pi ng of e outer
part due the heainguadibomfroaathe fagnpaf140 vdll ibe mansmpitet!, While adilaideen from t he

obj ect (110) being processed. is 2. The agBar atus of claim1l1l) wherein the
rot ati ng wgelengil rdmyionfm thegvaferild 0 vall e apsorbed. Jihsplagg 31 orpiagiglssgbea f | owi ng

fluid h ' 410,.420 10 2 610). ol f
cl o m 1. SRS ¢ RACRNEPT IR DTS ey Eiin Phlol B bmptiatlis dieipiosPBERED) 2 O
sl ot (6401afet] 0lafd Tede 20 6.10 furfifer §dMtidk 8 HAKE thY §La glads of (REpRRPHI (AL US Of

1
claim1l, erein the inner part conprises a plate (420§aand t he outer part
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Fig. 4 shows a cross section of the most preferred embodiment of the invention. The
rotating base 410 of the invention is a ring which is supported by the air bearings 220.
The ring supports a plate 420 which is supported at a plurality of points 430. The plate
420 is shown having a plurality of projections 440 for support (only one shown). Now,
when plate 420 is heated by radiation from wafer 110, it may expand within the ring of
base 410, and base 410 which receives relatively little radiation from wafer 110 will not
be under so much stress to warp and cause problems riding on air bearings 220. While
projections 440 are shown attached to plate 410, such projections could equally well be
attached to base 410 to support plate 420 from the bottom. Once again, a centering post
or detent arrangement which forces the base 410 and plate 420 to rotate about axis 240
is not shown.
Fig. 4 also shows a method of determining the angular position of base 410. A light
beam 450 shines through the base 410 and is detected by a detector 460. Features 470
are placed on base 410 which change the light beam and thus may be detected by
detector 460, The preferred features are sandblasted features, which scatter the light
beam 450 but do not otherwise interfere with the radiation from the lamps 140. The
most preferred features are the teeth of application 08/977,019 which have been

sandblasted to interrupt light from a laser. As a convenience, there are 360 teeth
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8. The app‘a‘yat s of claim7, wherein the outer part of the rotating system
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t he angul ar position of the rotating system (410) 420, 510, 520) 610) is
determ ned by nmagnetic neans. 10. A nethod of rapid thermal processing
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such as the projections 440, the pin holding means for holding pins 160, the detent in

base 410, the extra tooth of plate 410 are arranged in a suitable way to balance the
whole apparatus.

An alternative embodiment of the invention is shown in fig. 5. A base 510 in the form
of a ring is joined to a plate 520 by a plurality of rods 530. The rods 530 are sufficiently
elastic to ensure that little stress is placed on base 510 when plate 520 is heated by
radiation from the wafer.

An alternative embodiment of the invention is shown in fig. 6. A base 610 has a series
of cuts 640 formed in the plate to ensure that stress will not be transmitted from the
inner part 620 to the outer part 630.

The advantage of the embodiments described in Figs. 2, 5, and 6 is that the distortion of
the rotatable substrate is extremely reduced, since the inner part of the rotating system is
mechanically decoupled from the outer part, but the outer part is the essential part of the
rotation means regarding the functionality of the air bearings. As a result, the bearing
surfaces of the outer parts remain very parallel to the surfaces of the air bearings, even if
the diameter of the rotating system is large or if the temperature of the wafer and inner
parts of the rotation means is very high.

Fig. 7 shows an expanded view of an enhanced version of the most preferred
embodiment of the invention. A lower quartz plate 701 has gas lines 702 to deliver gas

to gas bearings 220. A center bearing 703, preferably made of sapphire, serves to center
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held by plate 701. The ring segments 710 and 711 are preferably made from quartz, and
shield the rotating base 410 from radiation reflected and radiated from the wafer 110
and especially from the guard ring, 714, 715, and 712. The guard ring, 714, 715, and
712 is shown made from segments. The ring 710 and 711 and the guard ring, 714, 715,
and 712 are made from segments for cost reasons, and for ease of replacement if one
segment is broken. However, these rings could be made from single pieces of material.
The guard ring, 714, 715, and 712 is preferably made from silicon, and the silicon is
preferably coated to make sure that the guard ring is stable and the reflectivity and
absorption characteristics do not change with time.
The holding means 708 is engaged with the quartz plate 701 via pins 704 and 709. The
ring segments 710 and 711 are supported on the hollow cylindrical shaped pins 708A of
the holding means 708. Pins 713 are inserted into the hollow pins 708A, and project
through the ring segments 710 and 711 to support the guard ring segments 712, 714, and
715. One segment 712 is shown displaced from the plane of the other segments 714 and
715 to show that a segment may optionally be placed out of the plane (either higher or
lower) of the guard ring to allow withdrawal of a robot arm which has introduced wafer
110 into the system and lowered it so that wafer 110 is coplanar with guard ring
segments 714 and 715.
An additional quartz plate 716 resting on quartz pins 709 has the advantage that
turbulence of the hot gas above the wafer is minimized.
Figs. 8A-E and 9A-G show detailed views of the most preferred embodiment of the
invention. In particular, a notch 822 in ring 410 received a tooth 932 on plate 420 so that

ring 410 may drive plate 420. Also shown are the sandblasted teeth 450, and an extra
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Obviously, many modifications and variations of the present invention are possible in
light of the above teachings. It is therefore to be understood that, within the scope of the
appended claims, the invention may be practiced otherwise then as specifically

described.
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An apparatus having a rotating system (410, 420, 510, 520, 610) supported

by air bearings (220) for supporting an object (110) being processed in a

Rapid Thermal Processing (RTP) System, sald rotating system comprising:

- an outer part (410, 510, 630), forming bearing surfaces for the air bearings
(220), and

- aninner part (420, 520, 620), the inner part (420, 520, 620) being me-
chanically decoupled from the outer part (410, 510, 630) of the rotating
system such that stress of said inner part is not transferred to said outer
part, thereby preventing warping of the outer part due to non-uniform

heating of the inner part by radlation from the object (110) being proc-
essed.

10

15 2 The apparatus of claim 1, wherein the rotating system (410, 420, 510, 520,

610) is rotated by impinging a flowing fluid on the rotating system (410, 420,
510, 520, 610).

The apparatus of claim 1, whereln the inner and outer parts (620, 630) are
20 formed by a slot (640) cut In a base (610) of the rotating system .

The apparatus of claim 1, wherain the inner part comprises a plate (420) and
the outer part comprises a base (410) separate from the plate (420), the plate

(420) being supported by the base (410) at a plurality of points (430) and the
25 plate (420) supporting the object (110).

5. The apparatus of claim 4, wherein the plate (420) is engaged with the base
(410) so that orlentation of the plate (420) with respect to the base (410) Is
constant as the base (410) rotates.
30
6. The apparatus of claim 1, wherein the inner part comprises a plate (420, 520)
and the outer part comprises a base (410, 510), the plate (420, 520) being
Joined to the base (410, 510) at a plurality of points by joining means (440,
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8. The apparatus of claim 7, wherein the outer part of the rotating system (410,

510, 610) is formed from quartz, the quartz having optical markings (470} imn-

pressed by sandblasting.
10

The apparatus of claim 1, whereln the angular position of the rotating system
(410, 420, 510, 520, 610) is determined by magnetic means.

10. A method of rapid thermal processing (RTP) of an object (110), comprising:

15 - supporting the object on a rotating systemn (410, 420, 510, 520, 610) sup-
ported by air bearings (220), said rotating comprising an outer part (410,
510, 630), forming bearing surfaces for the air bearings (220), and an in-
ner part (420, 520, 620);

- processing the object (110) with radiation from radiation sources (130) of
an RTP systemn while rotating the object (110) on the rotating system; and

- keeping the bearing surfaces of the outer part (410, 510, 630) very parallel
to the surfaces of the air bearings (220) by mechanically decoupling the
inner part (420, 520, 620) from the outer part (410, 510, 630) such that
stress of said inner part is not transferred to said outer part, to thereby

25 prevent warping of the outer part (410, 510, 630) due to non-uniform

heating of the inner part (420, 520, 620) by radiation from the object (110)
being processed.

20

11.  The method of claim 10, wherein the rotating system (410, 420, 510, 520,
30 610) is rotated by impinging a flowing fluid thereon.



