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The field of the present invention relates in general to sem condyd gL 2003
processing. Mre particularly, the fiel d ion relates to
systens and net hods for chemi cal vapor de M"@]ﬂ“ﬂtﬁg ) and t her nal
processing, such as epitaxial deposition. d A variety of

sem conduct or processes enquire uniformt herrraFO"?? ocessing at high
t.enperature An exanple of ouch a process is called chem cal vapor

deposition (CVD) in which a |syseinsaindMéibiéda FopEpftixib t he vapor phase a
deposited onto a sem conductor substrate havi ng been placed on a susceptor

within s reactor. The susc hea her by induction or high

intensity light radiation Bﬂ,’al | y between about
g00 to 1250C. Gases era than passed through the reactor and

process occurs by chem cal gea o] Ml o ase, bu"ﬂimmw ﬂlﬂlm”“r
adj acent to the surface of CHESHYSErAC- AR aeTTON results nd
deposition of the deed product onto the substrate (hue form of thr S type

of processi fig i dl.cal PFighd etthe Inveptlon Whi ch a single crystal |ayer of
atur o As as. exanpl Gu8 AR SEfhe 5L rfion sies F sfieal 1 RSB Dot f or med
nat ur e as exanp per f or ne
in the fabri Cat']ﬁﬂceﬁﬁn Mﬂbﬁﬂéﬂhﬁ}dﬂﬁlﬁ&l@ﬁﬂmﬁﬁiﬁﬁhﬁ&cﬁﬁd@ﬁsﬁﬂﬁdpr ocess a
| ayer of doped si nto a, silicon wafer m

e cr sta li,con,.is osi.t ed
ardor to have etmﬁg?)"é H\W‘E‘QEP‘E\ ’é@‘%&g)r &%@Wé@gtmw ram whi ch
transistors sad idpail ddgosides may be formed. Epitaxy offers a convenient
met hod for control ling the t111011, concentration and profile 4f the doping
| ayer. An | ort nt neter that nust be controlled during as epitaxial
deposrtron S M@ uniformty of the substrate. Non-uniforruides

in 16 J UL 2003 tmwsmcommwmmmmMa process of

pl astic deforrratron caII | i i built-up by
nl 1 owt n$ por doad™3 ﬁ?’ﬂ@?‘ V)gn '°§£t“§ff‘v'e°%?’8 ﬁ raglans. Slip
actors in a crysmim Mm(cvmmcﬁdluyﬁsmmmﬁdmmmoﬂ y~~C

~I TCCti OnB, C~1~91t lS on a~rtian f th te bo d| spl aced
rellativt to and® "E%r?ﬁ‘ﬁh‘ % @R% tent paattacc
~ag~ ~B ~ 50~ bﬂi forﬁl&ﬁin&hﬁﬁtd?eﬁm*ﬁﬁmﬂhthﬁﬁhﬁmh ith&rwb ctidubﬁowdm ch tjhe
aubetratc is sup ~ni sm by whi'ch the strate, is_bested, snd
the tino- terrpexs Wfqh& i"h'l@ri;kgg °p':‘1 priteen abgiyt 5&} al nted

defect ere nost mfttzeat’cf @awdrahcﬂmedgwgbih:&cémw&@eﬁuﬁuﬁomear as
sort lines. ~cat~ snéghat e a. re uIt f a nan uniform
thermal envl r oan®# \Wt‘hﬂ‘t "P‘ié‘t‘ P X 8&&“&'{"3 asi ee Sawi ng
within a CVD raﬁm:mfth&mm mmmmmmwmwmmaucu on end
coavcct | azgoas vval r i 0 | ~owevtr, radiative heat transfer may
aup i

well ba | theWB "whh rc~ard to 'trnnPa~atiure unifor~mty A
subet xat e adj acent tmm&m:amtbfpm\thﬁn@kdalhdiﬁl usysinshickinigh- of _dr er mal

gi ~adi ents in bot i sl iadied dir 0 e.the gradi ents
hnvic a |arge a~ ﬂé%"'\géﬁ?tﬁ 5“’#5‘@ “%Tﬁﬁ%'iﬁéfa% '(ﬂ/o objocts is
s fl rrcct/iDon o:;_thayhunhhm %%Wﬁt slicoh(% hdpﬂbqulf uﬁz&nﬂ'hﬁﬁ%:wu&w pO\Nﬁr 20 la
mmy ~ ePitsxi n.,rLvs | i Si t e such as

t u~aget m| ~gcn |H?£°§mﬁ$£&ﬁ's ks Wﬂg{;ﬂt f’glr WPFFER col d wal |
fee. Sinoc 1she Lummydwmmmmmeapmhwummﬁ haat ad
rapi dly. However IS r S carol . the, tea rc.of the

srani candtt ct ~or h%‘ff&‘t’?é?ﬁ'%?%‘&‘ﬂf’& Wmﬁggﬁ* Sonme 35
rca~etora use afkﬂdotﬂadmmgﬁﬂfeﬂj gﬁéﬁvaﬂ'&daﬁﬁﬂﬁﬁhﬂt@m&%{ﬁptorbto
tmpo~ttare tmfonni ubat <at vr pr.qce n e substrate
to be grocaaeed 8" M'&iﬁ“ﬁ?@h‘&"a"ﬁ?’“gﬁj ?‘&@H{Q‘ i cptor) and
bncauae of the aUSCCpmfimﬁmtﬂnﬁW&anﬁﬂmeQ&\m}ddﬁnﬁwcﬁﬁﬁﬁpﬁ heat

| ateral ly to mai nfain ttanpetat~ uniformty and even_out non-Los
deposition ia the temperature uniformity of the substrate. Non-umiformities in




30 across the substrate. '!~e suscep~co=is typically w der rhea the
substrate which Mows it to conpensate for radiative heat |oss at the edge
of* the substrate. 2 16 J UL 2003 Alternatively, the susceptar mayg gl 2003
heated by 1tF induction. Thin xncthod takes scivantr~ge of the fact shot on
oscillating electric eurrcat paying through a co~nduotor pieced adjacent to
t he susceptor pradeica emoscillating na~natic field around the coaductor)
which iu turn induces an oscill ati ng cuaeat in the suaccptor pelf. Siaco

t he susceptor has en a ~Bﬁ,eaub pdtic defolrfiitionaglled t: ctri cot
turrant cause3eTRFERIEE, t@fﬁH i

eat up It ahottlpl 6e teﬂthat t b~
cu~r e~t mducqﬁwﬁ%mﬁgﬂﬁqﬁtms PMPPVE’WP %, &oaa the
conductor. The rrletioa~hi NGyt ov@eitdint ba i nvarea
square of fl ué“ﬂ‘i‘%'ﬁa‘hﬁ'@"“fﬁB"% @%‘f%aﬁ‘ conIgta atioa of the coil pucotlle

i s shown i udS saﬁdsleng MMHMTE:ME@P i YNDE cgl I
aegtatnt and the ruaoe fsﬁ fHef NAl @5iRmbil @duss hOwn i n
figure 1) 5 TheOHGGN“"PH dlh%ﬁ "W corrpenssta far the radiotive

host |ost thategf ﬁra&%ﬁl '-"Fﬁjé%ﬁ-ﬁ’cpt or is at
processi ng tanperatwn)” and thus o] %1 EQF to the
suscept or: thanbvbﬂﬂ“lz‘!m‘ﬁ)'f‘ v?m:hﬂws ou éﬁ’ an ed that the coil

tconSgt uat| on eﬂm&\,{mf,‘tﬂmb ml:md,mnd profileefthe | SdStwﬁrOCteﬁSI na
er npaat uxe" nsY no no | &4 ofds en the
reactor is bei qgtﬂﬁa‘t!é‘ﬁmé'r t?Fléﬁsaff %B"Fmg%gﬁglﬁowg‘%eﬁﬂd di scl oses s
uyat ai {C:bdum .?,papd, shdrtfés10d t hat nt| I | zGS a high firqueucy

i nducdoa Coi ett Appl i G~ on 2 120 ~~ S ri~for an

i nducti on hcehng colhennsl %EH‘FP ppara tas that allows the

di st at ua bet V\BW ‘l"ﬁgh‘--‘&t mmhnmmmﬂomo be

adj us#ed by rn y “ao pI urality of boI S S o t ~espeM va
tuans of the |mmv5@mtor.ésamatfumg§r v""gﬁﬁﬁ'!{‘roved appt ucst ua and
tncthod for ngé,, a8 fakion "Hwevei0 mﬂiiuﬁmmuwdbbe~tubc ate.
Preferably, oué:ﬂ ys’t’em and rret hod woul d Vi c{x B’H awﬁshate
processi ngs t enmhd mest Bugsivtapt with R‘Qt? ats 1n substrate) end
the tesultitig g Wwﬁ%ﬁ%ﬁv&ﬂmm&ﬁBtddwﬂyMQﬂMe reduced or

ec

a ~l no~i ~tcd. ts of the pres nye "ng'!"g a C/D
reactaor far cmrmbp %Wﬁ%é rre mreduce t hc>mad
gredime in th ﬁ“ &Q&&memmmhjmptmma ate baing

ng thcnmal

dr posi ~cd. | Le gradlants iy a shes S|Ip One type
of apitaxial rethetwyrteoDeraresciash ERPERILT &V@%ﬁ’hﬁﬁ poati otud ttdjaceat
to a sili Qﬁn car bi dq, GORH PYTaARPitbEal aspositgaysteris, hidhtistepaity Aemepacur r ent

t

tluottgh e C00 ac~ ata pndt uxe ao OI’CI il at Riflfwithiflad emend each
ecgi neat, whi chsvchasmungstaorheinssa Jappa éﬁcﬁcgymggscapt or. Electrical

ener gg/ tn?]sodgt(e ol%'t&ﬁﬂ;,p&,th iggg;aﬁfﬁ;ﬂu%_vﬁmhwWQ#éMm%er rranl) f
e~rgy oro eat | ng e auscept,or 3 a qg;\}é YffhePunbar o
support: | ode, ehdhml‘&lme ‘gm&m?he 0 %% y be get at

dl 8' es~ant hei gla: m?éﬁ% 1sw&mnmlmpdmhm-o$¢m%egaz~t e fim
the 10- suaceptor. avr atIoneI aet ds of wf @tuore

uni form ty2sn amwpﬁeh"&fhﬁ'ﬂ'i dﬁ‘(" it @* ar tchthat t hey
are eloscr to th&&gq&q‘%ﬁm@ &fﬁewmmmzo ®r edges then
st tbc. center in order to conp ns for the“I Qg&g%gﬁ heat | eas
firmthe edges. :ﬂbm{e@&m&“’ 8 EL §i routed daring heating
and processing t mmuﬂmnmm\pm coil. , A
problrmw th convandonel methods o ~Si agmﬁ ar : figgmty is that
coi Ususcept os saburﬁwlwmmhﬁy‘ﬁ’g@ ‘;% e optI mum t anpar aur e
tmiforaaity, mmmmmwm prnR . e

i s hot optlég for he tran~ deatt partions the b&g& exanpl e, the
boat ruxap- up andlleyesit totampensaig & 9’6!"4‘#&”8 ?&?%&%ﬁﬁ@%ﬂ egnaeata at the
suaccptor'a edg~ea cane tla= edges to o~rheat dtuing raonping. Since the
cail/susceptor srperation profile is not easily ro-conHgurod, especially
durtug pntg) sppaiacttu and nethods for inproving t~ap~ea~e ua~idormi~r in
the su' crptor dtuing tha vrss'ient portlogs of the process are needed)
acavm ag the 25 col |/ susceptor srperndon proEla is fixcd. According to ono
aspect of the praa~t | avendon there is porovidrd a tiiarnmai p:oceasia,g
systara for processing a sem coaductnr stibetrate, conptiait>%$: a

p~r o~asai ng chaaaba; a gas source for providing gases to the proceesiag
chanber to forma 30 desired deposit on the substrate; an inducw

posi tioned wi thin the chanber;




4 16 J UL 2003 a susceptos positiat~sd wthiu the cl~uba ad)acent to the
I nductor for supporting the snbatrate) wherein the inductor provides

el xh~omegoctic rn~ergy to the sueceptor, _ an elevatiotsal |iR n~a?b]%[%ﬁﬁ
varying tho distance of separation 5 betw-sea the inductor and the
snssccptor during heat ranp-up and cool -down of the aubatrste; gnd a top
thdmal ahiold for insulating the top surface ogthe s~wceptar inn the

Fegi one where subtent as ant absrat. A.ccardirsg to another aspect otthe

pm-nt invention ther |s ded 14 nnet hn

ar mi conduct or eul i at X%M g %ggygf%ﬂg@gﬂmng t he
sugxtrate adj ﬁcqygméaamamﬁgi e:meﬁcumduﬁbmﬂhhuaeaﬁqu;amg)ll frB gm i’ils o
i nductor tn the ausceptor to hea 0 sus~cdpt oa : tl g thlt
thQ C 15 var ynaghiemeh ?@M@@W’Sg{s ?lﬁr?“@ﬂ? pé‘ﬁ*‘f‘f' or and the
suacopl or durinwacmmwmrmmtmwmm tho~nal Iy
shielding the top surface of the us‘ggpgélgr in tlﬁgtrgigl oné ere substtatos

are abtnt; fod crasetin theguss £8,2p An

expect of t80 paysgRiliatinyAétialoRicaaGRE e siReras héabdp. Rihou@ tei Ny and
| owering the suscopt~or while it is rotating within tbo rnctos: 8ecaiase

the magnetic fi mmml@"ﬁﬁ Qﬁé&ﬁef“m‘ﬁfu’ﬂ@mﬂ'@hch coi |

segncut, raisingglhe Wﬂp}ﬁ ﬁsTH’ s @i ch are
closer to the suscept or§ to a ree thaﬁ t ha c0|t§e ho conber (which
arc further 25 dhaipvtmosmuunefthedistapearr). As ti cw-equer~, the over~ueating

of the susggptor cdg #ﬂﬂ: %ﬁﬁﬂ ﬁm may be

m tigated. q@lthout t%é’pﬁmtlo Dﬁ]{@e?ﬁig opto ﬁ}u’*ﬂe edge of the sasceptor
may bo ~l~ed to mtmmusMMucgﬂ\wmmrmh:n one

enbodi mait of t q} 2 %gm t erunuoQ
tho do~red di sta%“@@b%ﬁ%he coml anc}9 eet%g%%%yégg %bnt ai a
uniformity at d.ﬁmmmmmmmmmmmmmmd closer to the
Corth g+ ot nokBFeGl §Bn b B el Y Ral, B GRIE 3T0 PP O
may benbno\égd armmmgﬁ@mpemmmthlﬁouMemdod i‘nth
sone enbodi ma~t ~ addi ! nﬁgp IQMIE ion o e
suscaptor it tha?"ﬁﬁ'é” e Efﬁﬁﬁ%é“ﬁ%%} n\?elﬁ?wg Servi g‘em’r'pg{Ence it is
Eas}er for asa~tmﬂmm&mﬁebmhmyrmnhmtbﬁﬁm&dmmuﬁpnhdhhg 5 ][es\(/:tor
y fiat raising | restnt invention provides fo

ul ator shiel du tﬁ’é?ﬁﬁ%@/"%ér 9?3%%,‘%3#% tI LC aueceptor to conpeaaada
for those regions of WBerthlﬁaﬂmrlGﬁdhda:mHyyhimdnbbnepbdmmﬂsbr at es.

or apor L ond 1o Eiaa SRR G SuR SRMRERATRE. UK ppesl RitigHARD, 20 1 ©

aubstrstes tLem&%&@hﬂnmﬂ@hﬂuﬂhﬂtﬂmmﬂmwmmﬂdeptor poelt eb
tenperat are unt ofPiareppspfst dighg o dlfhuid erfdf 8 It R b
i nventi oa provi desbstate supgait toi beadjusted by rotably actuating a plurality of bolts secured

to respective tuns of the induction cail,

pL What is desired is an improved apparatus and method for CVD and/ox

epitaxial processing of a semiconductor substrate. Preferably, such a system

and method would provide a uniform substrate processing tempersture such that

tempersture gradients in the substrate, and the resulting problems with defects

such as crystallographic alip, are reduced or eliminated.

30 SUMMARY OF THE INVENTION
Aspects of the present invention provide a CVD reactor for epitaxial

processing, the reactor configured to reduce thermal gradients in the substrates

3



15 shielding in. the viaiaity of the suscc~ptor cdgos, both around sand
ut ~dwncut h the tdgea. Tb~csa shields avay be rrfentd to ss the ian §®9ﬂm3
ouft er suscepnr edge radiation s~hieldc attd the bottom i nner and ot

ci rnummfiumace radiation shields, neepeedvely, Since fhcetc shields reduce
heat | oos fromthe edge) the coil segaaentt heating the ed8ec azay be
spaced futtbcr away fromthe ettscaptor than 20 tl oty w-aul d have been

ot hezvvi se, thus providing a nore ttniforra scper~inn praliie. Auothrx

t of th | tl
Yaca-i n_co-nver JP S GEE 5Gs By Bpd frpedted? Ref i 77"

vacd in co~nverv i e~et “su' caprtor BWs °f or
terapxratatre vammfdridiminishsxislip. t@lehmetdnpiwudmmmmmmmﬂcoaxed by diss~

coil ~5 segnez<t to e éﬁ EQEI@E @& h the
su~eptor to flu %HF?‘%@%‘@ ?%Eﬁtﬁ%é”g'u a por t ed.
_Coav~entional sWn@MWM&ﬂmmﬂmesd&ﬁﬁgS to 0.9

pr ovi do. forS a o e el ich dipiel Wit o Bin bt FBErRIR I T 0% 5 3.1
aua). lis ono asmeemooEléchiRaluagnissiatbdwitingit diduced learrgn Saxofveradt hi c4ovess
was i naeascd frgQ 0.1.2.n 2,86 to 30,48 JUL 2003

Tl zeso and ot heﬂn%g'ﬁﬁé gﬁ?‘&@%ﬁ"d‘f‘%é @é%‘f’l’?‘aﬁtﬂ on will
becoznc nore appambétofgypbi sads, &chddiﬁ‘emﬁbm&dfﬂiemﬂtﬁ:bhialﬂ oW ng

detail ed descriptjon unetj a h the s d dra ~t i rmvhi ~ch:
Figure 1 ix a d é& &H’Bﬂ’%ﬁﬁ‘& el ary

em|30di ment j@f Ejh&c&itasb ﬁ:uvnmﬁumumd &uwmﬂmcﬁmbmmmmﬁfanhl nduct or
col a positioned beneath a .susccpdo cro~ndi a ne s t he
present inventi FICCRPLARTEM égﬂ@alghﬁ} ﬁp?g'l 'ﬁ‘ﬁ‘dgﬁ' ﬁgﬁ%ﬁ‘ghel ght as a
tbaction of 10 mﬁwmwwmmmmm:admm:ﬁme 2; Figurt
4A is a crass-sectional fdreWrI B tb ﬁi @b&ﬁ? se axatlan

—

bet ween an i aduPgpPeny lcis
appnprlate for W&p&&ﬁs&ohchmﬂdw &dsingmmﬁﬁmﬁepr ocess;

Figures 4H 19 8 crobs-sectaaaal hoal ing the dtstencC of 1 S
separati on 1§ ct WAsnpezpuz M@P'd W%’ég%ﬁeptor) V\here the St pnnat | Ca
profile is appnpti et & frakledh Mthicorvandcnali methila bf sddrisintemferaiiine. 00! - dawn
prntione of a progess; Figursts 5 is a sjde t| a of d evat i onal
lift mechani sm tHiformityis S‘é“i?é‘éﬂ?"‘?ﬂt" r3Fpaciiion pro %Eﬁoigmﬁ@%ﬂ?g ﬁ%vsnt i on;
Figure 6 is $ alw~m {a/hi hdstipttr m@g@ cal 2Q

pyr amet ars that used ?q%— evt the d| st ce of g’?paratla~ bet wocn
t he i nduct or an ﬁ?‘&“‘i Hﬁd’f‘&g ent partigne of example nangam-nt
of 150 nm g m %@m @Lﬁ&edmasmwnemqi@mwssﬂmammcaﬂtWD of sl

atrvtronme~ $ subttratr rl as, Wl | as exenpl,ary, heat shiel ding
that may be ~5 %9&%‘)" 'ﬂ?‘“&)l—é% 8C era

axanpl aty beet mmmmmﬁhmymwmydm nprove tho

gﬁﬁal ggizeggty of the su hegg‘gtye 9A || h~ tttatea %v\o!ei‘hg?;?;y heat
enbodi nent X of  t duseeptor aamgwmahtpbmma'@ﬁj Ss@ghingtheof tberanal
pr 1 o eétsvftwt%tew@w.@mww FpEREE i, 7
invention there ik provided a thexmal processing system for proccs.-.ing a
semiconductor subatrate, comprising:
a processing chamber;
a gas source for providing gases to the processing chamber to form a
30 desired deposit on the substrate;
an inductor positioned within the chamber;



16 (1UZ 2003 Figtuc 10A is a echeangtic draw ng depicting txt aperature
uniformty izt the rvxial direction of a thin suet=ccptor; F ~g<ue 1 CHis
s scheauatic drawi ng depittiug tenperatuoAe inmifc~mty itt the axi®b JUL 2003
diroctiou of a thicJc anscepto~. 5 The foll ow ng describes exenpl ary

enbodi nents of the ptz,~rnr inve~ioa Deacriptioas of spodfic dcapts are
provi ded ee exanples. Various nodificsizona to the prefaiod enbodi nent wlll
be tardily apparent mthose alcilled in the axt, and tl>e generic

pri oCi plaa dctiaed rei i : I i nd
applications wthout ﬁ%ﬁ“@%ﬁ@“@@&%%%@?%&w@ﬁai , the
prasettt inventi osppsrtingtheisnistratciovhetein the industonprayides clettonaginiidienagy shown)
but is to be acco%ggd the dest scope eortsistent with the principles and
featttrei disclos Flg rc 1 is a side cross-section of a CVD

reactor, geanx~lly i ndnﬁdumnlmmmmfmwmmmanmmmdrﬁoy enbodi nent

of the presort i nventiQ C r,eaot.l ar of S |s adapt ed
far epit~dol depo Wlﬁrlﬂ‘gﬁ‘%#@ 5‘?‘{ y aced
reduced oont a~nat#hesatistate;@ddse, a aride vari ety of ot her pr ocessor

m-ay. al so be carried otit _usi ts. of the preset aventlo Ztcfcrrlrg
to figtnn 1, a ball j&% %Wﬂ%@%ﬁgigm g&’\"&‘&"{éﬁ 102 with
scal i ng mecbsni enpegidgs wier aubatidtésaire sbsennepuor 104 supporting au65trat es 105
rotates about the center eptia 106 of the reactor asghehﬁce tgr.104 is
heat ed by i nduct or H’H&"’B e Feseb v ‘coil 1 Q7
i s separatedofi onmahmamw-ﬁﬂn&nwm covprising(hD stapidioth) Wi th the
ball jar enclostne 101 ruct, on \F/‘ﬁl une for the re~uctor. A 25 cooling
medi um t may be punped ROSiHg ﬁﬂﬁ FubsEt pdipasntdp p SWEPhe coi | Scoru ova~rting,
t3asct ate iattodnced jhi\cEvap Wgy%hﬁnl&ﬁcdo@ﬁ&lﬁﬂsﬁbﬁﬂﬁﬂeh@e cetrter
axis 106 of the razor. The gas mrctur~e may conprise =tactivc gases,

dopoai tiott arlas““‘iﬁ?m"‘ 1er gases) inert gases, depart gasp:, and outer
typos of -pees. O COghbting Inicthe EHRRMEL TENt S. gas may be i ~oduced

through tubes 30 or.shower héada whi ch pass througmthe top or fides of the
bel | jar. BdSes ent eriYiyiRg M&e&wﬂmﬁw Bt a pat hway

roughly I ndi cat edmhyq,ag mﬂ& ngdomwommon ctureata

Exenpl ary di nensi'ons Ht, JU 2003 and in,~ 1 arc about
38) 32) and 33 inches ! 8‘!‘2‘3§‘° QR suEfage of thegusceptordn é'? Qns WhereT

exenpl ary react4~§ubW@; dcanonoI 'td by coaGm ler 11%. Cont m I er 118
has canoectiona to the bnt on of the x~tactor to regulate gas flow5 1
a9. Connoctioa 124 may® ‘¥°(’5°€H“ Pﬁ@“ét‘w'i anai |i R mecbaai ~n and

provide, rotagtion to tm-ﬁuawme«ame@mvmﬁd PRVideL Omedhanidnd Sorlralaliig By Used to

read ' iafarmtioa fi,omtecxpast Ieasmg c~, su h as optlcal
pyromet ers) fxa~z W@ﬁl’ﬁ‘&”’ g’gﬂa
rr~pcct3vely. A |hﬁ§ﬁﬁbﬁ!ﬁhﬁﬂuﬁ‘ﬁoﬁ£ﬁn¥ﬁﬁﬁﬁﬂﬂdﬁﬁﬁﬂi&ﬂﬂmﬂbwo through

connections 134) 136 ndl or .1 the e con may alto be ustd to
Itljoct gores and £ Fyscepts T"BW “F’s&q é’g‘“ﬁ&?% eergdia ot ed

t hrough connect i ogusdéplor) md@wﬂ%@ezwcﬁkhﬁe&m ohithge fe@el od prasarue
is the rQactar. Thecatﬁfllcr aIso be uaa é the fl aw ofthe
cool i ng nt odPtt m EYP I‘?"’F‘E‘%ﬂ S\H ?’ E“ MSEERE Nt f | gwr e

di ffarant act of emthadumduma&m durif reftiprupAhey He niiti gabelD Withof thinepar at i on
fromtbo euscoptor to,aonggeneate f&F E gﬁrat ar at agpgﬁmﬁ{fgheat | oss tbrnt
occurx at the edgé‘é"‘?ﬂ °2§“ © JECEPtrInY # any given

coi |l coafigu~re-~i mpﬁmmmﬂwmm&wmﬂtﬁe&m&h%MWﬂﬁi glt

t ot npaad4ue por bi oa_ of coee,, and this confi guratl on is not aCCGA38li 1y
opti nauOl for thepﬁ?ﬁ%ﬁ%&ﬂbﬂﬂéﬁlﬁ‘gﬂf ‘P}“bw Cheat ranp_ 20
up or cool - dsen. |batweeRthecah ankd e BisSepid? @ohﬁhe&tumnmmtm dual coil
aog~ntnts in a caattor automa]tcal |y ac~jtvted daring processing
using support ait (6@ P‘Fb“"c?g' ﬁ%%%ﬂ"%ﬂﬂ%ﬁ@@ﬂ%%w‘

enbodi aaeat a si I nPéaRRNERE the RNGnY SiSp *}&,%{,Jﬁgg geCesd. Of
cour se, the rmuntl ng pI ate supporting the svvda co e nov up and down
as well. 'fbesc enbodi mta of .the present inv~tion lunre is coannon t'he

abiilty to sect the disbence of sep~tlon between the ir<ditctar and the
auaceptor receiving aaa~gy tlu~cBmm Thus t'he pa~cnt invaatioa p~tovides an
apparatus and nead fat aptinsis~g tonp~nttue uaifocxiitieo in Goth the
transi ent and steady-state portianr of a process. 3a Figunr 2 is a plea
virw of a susc~eptor with a coil beneath the ct~aceptor. Far sax of
illushation the coil heiow the susccptor and the pos'stion of the wafers on
top of the susccptor are shown sinultaneously in 8guro 2, although it 9 ?
6 JUL 2003



will be readily understood that the susceptor physically aGperatres tlu
coil fromthe wafers, and that the susccptor is riot actually trsnapaxat It
shoul d be noted that the coil could be abov0. or aura w thin the susggpt 4003
The exenplary susccptor i~ this figure is d~3~d to simultenouualy process
esgbteea 1 SO nm 5 subst~s. The coil stakes about 10 tonms in going fromits
iraucrnoat turn 210 to ifs outcrtnost turn 212. The width of the coi
dcnotaod by nuneral 214 and the 1 U tons of the coil arc such that |t~e

coil nmale abom??’dﬂiﬁ 8@"% ﬁﬁggg ilRg gﬁ%@s Tin coil ~
sttppoct ed by abou B‘Stﬁ@%%j 0 gﬁ?(‘a’cstu s@{a&?g?e_ etll perlg Ic 1 aiatctvals
al ong the con' sedobdayntperibd insomesmbediments.sAn edisionalsdvantags pravided byom of t he
coil era denot e&m ghk%%g ; ?1]%55@“&%9"%?9°5‘2’2"M‘“ ge 2. Tho

supports nmay be a~juatel c I stance separation bet'vvecn the
segt nnt of the sudelitinesitr foy mzjntensaee pomonnelia removy the sysceptar from thauacept or . The

mul tipl e nynber j coi! xupports neans that distinct 1 ~
scgnerts o theregowrﬁglﬁ%ﬁ%ﬂtnei nt si aed by di ~er~at heights,. sad thereforo

coi | oon$gurst| oa~: Anethier aspedtiobthe presatinvemioh prpsides for nswlatorsiicldd e. . An
axe~lary soil s ort. _hea~ht or fst 6ai gllt" coridfigsaadou i s sbowmnin
sgv-re 3. Stud i@f’w;a mﬂg’w@%@mﬁ‘fﬁ%ﬁ%t e coil
segnen ar athe SEceptormet thisminily idtla Sieates. ous o acttul suppor
20 dcpiated in fig;ao 4A ~ stud 4 4b The . hei p~ts of t.he ?og enmaat a~t pports
Eggu? nu;rbe[”s] 1598 E‘“Fﬂ“ﬁ'@ﬂ@"&?“&_ ?% !'é(lr ond B"’H‘é’?’ﬁ?ﬂl %Egut ;dgl i ncpes
.| N7 n) . 10ThuagiffeictetbetRRA T deivitd)* 00 (T il The AR therhmiVes Radi e o
t he suscaptar (stud, berra 1 SOZ?grée g}ﬁ;gﬁé@d to &b?ou 1.1 tqQq 1 ~ inebes
(27.94 to 30. 4BEARV Of &t e $usceptox pp 158 FYRpRrt m-t g plate 420
iu figure 4A) 2ghigldislg the X j the dynifoditgofithé 0 10 wlll be

cloaa to the susccgtor. 'The heights supporting the i nuermmst studs 35-50
aro tnisal to v bi ghar tbeun thoaa of 1s-30, brtt not quite es high as

1-10 beeeusa this regioier @ipeitiof thepreiet Rivastion phivides e addii@alkeat pi el cs up
FPomo AA ¥ no. Hiseg b Be weisi af e piscenis dfben beharand el Bleretth ey 03 1 5 |

i gno . ng » t i's
cl_olser to tg_e su@gemxmﬁhmmrwﬁuhum?ﬁmawiﬁgmt&mﬁm 'fge
Colls areajustegl n . qQ | t eratur.e pr | wthinat Sprea
across the susc ﬂ@ﬂ%ﬁﬁ*ﬁ%ﬂ%%@ﬁ“%@"ﬂ 152003 by an
opt i$f:al _ pyrf)met %p&gﬂﬁdlﬁ%ﬁ%ﬂﬂ@helﬁhﬁdm%aﬂﬁrﬁ?@:l%dyﬂﬂﬁ_c&m al cp:cl _
pro O le olttal ne neasurtag t cglt | | r lativ]t uni ormty
and adj usdi ng tFﬁF"’@Bﬁ’%‘W& W&SM&&&MY%W *‘B‘f‘?f?ﬁé""écr oss the
endr ~ subs2g at e Ry e@uldibiabe beeh yithenwide, thusipreiding b imopsundllorm kephéutitn | r ~s. Tl ~e

dopeut 5-gases a:.e,very seasftive to clmges In subedrate tcuapcrattac ttud
thus grovidr anP¥&®l1ent mesas of fine tuning the coil for apti>ntun

t enper at ure tm f or r uAhtherfaisgpar sfthepiesantdnvibtidn prévides fdra thicker saegtir of t he

p:c nvatii on%_ i nbméﬂlﬁ%gﬁggﬁﬁ%pw Y, 1S | ro%lsd gurl n?_ t portions
of a procetis by ~ %’éb‘it"éﬂ‘%?f ea tire

Fa~duel or sad t hnperange piriationat e katiorh Bf the susteptor, Cufided Bpdiscrbte cbid i ~urc 4A)
a suseaptogs- 410 1is shown in.a poddon closelw apaeed to an Indttctor) is
this cage i nmﬁ‘n‘%‘m?“a%&ﬁ%“%@“ﬁﬂ%‘g‘%ﬁfmﬂ ¥Bnet ur e)

st eady- sbt be. porstufis oniwhich thoiubsrheds sfgrsoppsted. Convidtional pasteption, the di st ance
of separation bei.aveea ed of the e S A1 d il se nt 414 is
s~ooal | cr than ﬁ%'ﬁgﬂ/mﬁﬁw@ﬁ@%ﬁwwﬁ&g%@»m segt aeat 41
B. ?he pa-~ti oa cimbtbimentsaf ¢iipbesent Savehtinpeovids for f shscepibethickivae irthé et e
process. Frfor to thi tyitsti vcver,, 1S the ansi ent |~t ranp-up.
Yn this aspoct o‘?“?ﬂfess ﬁ?ﬁéﬁ%ﬁ%ﬁ@ét%&&ﬁm?&{’ﬁmﬁl datred as
ahrowu in B80gtt tiavehtion,find suisceptor thickhess oapinticased from 0i9( 18 1D thees (28da0 Of a
process da-couplfos 0il 20 se~nae~ts 434 and 43Z | ocarad ad3acent to the
edges of the aaacé‘ﬁc%?‘ ‘nom so then cofl segi~ts 434 and 436 Located near
the taiddla. Ae the ausceptar is noved away fromtho coil, the power
coupled to the suscaptor is reduced. The coil sagtx~ts closest to the
cuscrptor couple the nort c~a~r auto tho auec~tor, and the drop-off’
greases non lh~orly with distance. Thus, as the su:;ceptor is 25 novod

awal r) the d~rp-off In power t~n~is Iavr@est for the closer (edge) coils.
The result is that the small dit~encts un positions anong thr diffa~cnt
coils have lens inpact as the susceptor is noved away, Wiw t b~ swcxpt ~oar
is close) the dice is dis~ncaa s~maag the coil segm very by a relatively
| arge anount in tans of percentage and the diffct”snca in powrr coupled is

30 sigui~cant. At Ingcr diaonccs) the power transtrr tiomthe coil
sc~tuents is nono eiml~ar. 11



16 J Ul 2003 'Ihc fact that edge scgiuents coupk energy into tha su9ccptor
at a differmmt rate than. m ddl e segnents do, with changea in

i aduct or | sasoept or sapnration di stance, cones about because xnagne(ﬁof%dﬂm
|l i nes ~uroundiag the . coil xparats fall off non linesrEy with distanct.
Sinac edge ~ 5 closes to the s~usceptor, magn'c flux linrx intercepted by
f1u susceptor arc denser, end thus noving the susceptar away as a greatrr
elect with regard to the gettetatiaa of heat W|th| n tha suacrptor. Mvlag
the suscaptor relative tGyg tions of the
process, when the induct dreers ‘ W%t at e portion,

i nproves trnpcnture m:&mmeyfem&ﬂndmp&:MMhmmuscnph n;y

be ncteaured by %ptl cal r oes er.s t.h t Ll SUe su

i nstrunents. Rasiabi %’&Pﬁﬁe“aﬁ‘ﬂ’ "ﬁ?@'&% rt%gﬂ ? ant f or

det anpaa~i ng mmsﬁmmmmﬁmmwfﬁmmor For repetitive)
predi ct abl e_processe ci OSSI bl e ad~uat tbo distance
for set per?ods of t?’rﬂ“ ‘f%“’ﬁ@f IopTior Agc Eé&)“?%?lﬁﬁ'r t heses
measuring tba ttmmnmmp&aﬂmsnw transi Gat period. An cxenplnry

process for the ttengjnt _gortion, of ,as ittudsl process may involve the
foll owi ng: ~nrnng wi fiﬂ“?ﬁ %H‘Q’él—’)’ﬁ’(’&f‘% & M‘Bﬂ”ﬁ‘tﬂaﬁcc 438 shown, in
figurt 4B; vYai %!ﬂﬁ%&i&ﬁinv&ﬁnh{mh an 20 equili brat ed
tenperature of 70 gr adua Iy re uc the distance in fnt incraaants,

such as by only abouf‘@‘i‘ﬂ ofppertheightas afiaetionwlinges can cause

pnbl eros wiygh t%ﬂ%g%ﬁ,@hﬂ%@@émtﬂwg{ hag andl or the ItF g~ator
cou~rol system ‘wuti %_g for flue susceptor to roach Ana equilibrated

tenperature of 800G  ip Repopsscetionak drawsin Wﬁﬂﬁ%ﬂ""@ 2 inches 25
(5.08>run); waitq abammwmrmm? fheeknitoR pRdfics

h. enpet attue of 1050C;, and they reduci g the di stsncc by a&’fﬁtrther 0.2

i nchat (5.08 nm)SFPspriatsfonstendy ausppostions a8 BROcd8 | acat ad ~at t he

closel y spaced pOS'W&ﬂr&bﬁW\&&ﬁs&dﬁ%ﬂMmﬁhﬁMﬁiW@& of tile
mcchrniemusod to raise ~d | ower the euscept~ 30 I's shown in figure S,

wher e suscépt or ssprration betwsen-vinducior and afysgsptar, Where the srpanatiop profilesiscnbl vy 545.
The sut ceptor 504,.,4» itk RP e RAlsidRY, hdat eﬁﬁﬁﬁmﬂc‘é&;&nmﬁmm.él 16J
se

U L 2003 pedest al 312 sad is rai | owered Dy suseeptor [ift plate
525. The peti est at e igyread s esidegooss-gection gf an) sleyat mechpgismithat ¢ 525 | s

driven up. sad dgybeliied if 36 adpeét MhSpiscntRivatiinTO1 | on &oai s motor (not
shown) is transmtted to tire Lead screwthrough a rot i‘wfecdthrough Q@30.

The ali~anmrnt of thefm&@?“l"wﬁfﬂ"&k@w epfictlhe use of
li naar beskhng( Shyrgiiicters hdndy BRQALA th ScFuishife Bhidibe 8f Rparfon/tRfvich @ tO i tS
lift guilt beatllgg(s) second rotary feedtbrottg~ 550 is usxd to provide
rotation to tha *the dritvc for, tha rotation niachsnisru

is not Oan) through Qxﬁﬁéﬁhﬁ%lﬂﬁﬁﬁ%&irﬂﬁﬁﬁuﬁé&lsdﬁnﬁ%%nﬁn' Il1s an uspat

of tha praaat inventjon In which the susceptor lift is controlled by a
control | er whi cheneBRYFuCepigr thedrayriag shown the; MMWM ar. 1n an
exenpl ary enbodi ilitiate may SBEHBEY, e\ ax'cRERHINY Hbdl siQBnG M&Qywe auecr pt or
inits upper nost position. 'fhc susccptor is then |awec~ed until the cents
t enpaat ut e Fas nﬁ%&iﬂr‘éé‘ yyroneter 510, 15 ino~es to

aubat~tially match tmwmtmccm&mpmmmammmywﬂﬁm as
measured by optical pyroneter 620. Figure 7 illu~tes aoabodint~mof the

present inventi oW%%‘WWWHWV@W’HMW& eazperat ure
tmformty. The aCCWﬂ*lQ&UMWMW&&t&IWH@bGMW%EO nm

snbatrates. O co substrates coul d be, 20 arranged s a single row)

sl ang as annul us® Bﬁﬁﬁ"!’ﬁwmm%q‘tﬁ &FGMW%‘M‘% pattern does
not allow fyr the | argigire 38 M fofm Pilabygdigiousi y
procestsed with the doubl e tnxem of ure 7) V\:hl ch achi eva a higbrer

t hroughput . 1a f Aiggetion RE]@FS usato’éﬂxe\m:mlmthm out er

annul us for everde&mqﬁﬁHQW{ate |s the inner ornolus. This enmhodi nunt 25
may of course be usal along, 'in conbination with the novable susceptor, or
wi th other aspects of tlxe pnmscnt invention. Althottgb this technique

i ncreases the throughput of tire reactor, it may lead to a now tenpe~ue non
uai fomity in that tha substrattr wll seke a greater varlaty of thernal
eavironrncnis in directions parallel to the plant of the 30 susccptor. For
rxenpl c, substrate 946 providrs sone insulation t~O substrate 7x0 el onE
di:~on 723; at least mare iasularion than the |ack of a Substrate provides
along directions 711 and 744. ~t should be noted that even along 13



16 J UL 2003 dirociia~ 7z2 and (44, both of which |lead to pockets between
$ub~ea) tlxe thermal a~vironnaent is not the same. The pocket is the 744
dirrxtioa i9 , and thus provides greatrr insulation far substrate antJlgprmj
the larger pocket along direxdoa 722. Faccatplary enbodineais of the

present iavendoa provide 5 incrr~rd tonal ttalformity in directl.ons
parallel to the top suaceptor ~rFace using thermal shields. The thermal
shields may hgvc a vaticty of shapes) awing in part to the fact that bray

[The stiscaptar. A TRREH sl AR08 BpPa b auil TGt 200 O

regi stered to fﬂ:axmtdmemmfmlthmngmets on the auaceptor. The varl adon

the number of - pooket SR 108 B fdfhlatt sy SRLAR B Raigutiy 8! 1UF) O A
provide far eacﬁeaniabdmcnmuﬂauhldtmpmmh that each edge of the substrata
is exposed to auhsUy the none thcmal ' esrvironntnt; that the thernal

cavi r ot ~at gs subst ao~aUy t hr e yaafp B DEYCRIPY substrates bei ng
processed; “and that the th~l e tPpendent of position on tho
suscaptor. A ropreseﬁaﬁﬂhwingésh&eﬂmMaﬁmedﬂzmmn n 5guro 7 ins
shields 750. 752, 5d roduced i I 8C as

shi el ds 8x0, 825“'e &wmpﬁ ﬁg&"ﬁ'\% TENLHE P mﬂ&%bﬂe com
carbide ar sili mm&um WMM;W%M ~a6out
0.02 to ZOOObQIPﬂ“{les (1. 5§4n ﬂ |nlth!cl!€$ i’g II§er€,ﬁral eof t hunmb
is tl~t the abd Yi &plg'ﬁ as; he
thicla-a ototheawmmwmm:mmmmawml rections)
parallel to the to sur &fOf t he auscg&?% %I 0.b fl uenced by

shi ol ds posi ti OI"FE’&E ;Pp‘“gg%? éﬂﬁ el d 910 shown
is 8gtua 9A Thew:b&wmbﬂwwmwmmmpemmmm suaeept or)
ox shield 410 may, he spl.it nb@“&ﬁ\gfo vcrticaa. portions 920 end 930 m

thermal | y.insul Frinciplppand feptyre 4 hegein.g iy o edges of suscrpnr 940,

pnvi diag en i n~aed JdpguRQ iPh sidSerbistibition of DEVDIEdE) ef@nliyorlicatibate boon
pnvid,cd with s single_shield having am eqw al ent thl cl me of 920 and 930

conbi ned. ¥he SHP@;I‘G"?’?@P%%‘&WF‘WEHW‘FS‘E the pregamt r 30 silic~nn
car bi de coved ~repeahy mwmffmﬂmmmwmml n vesdcal

di nrctions, paral ~| axi s, of the susccp=r be itnprovcd as wel |
nceording to fi r&mj‘ﬁﬁégﬂhﬂi qﬁ“ﬁﬂ”ﬂ“‘ﬂ%ﬁ%ﬁ?ﬁnﬂfﬁg‘"ﬁég‘g i nventi on.
This may ba | ongamicy hf&ttié: mﬁuﬁtﬁ&m&d&dWMdM it¥esd ds (bottom
radial ri.rcunferen shqvvn u nv aera 50 uro 9A. The
result of addi nd“f‘ﬁ&%‘b @W‘tcl Qﬂ'bf'di‘?”e&"ﬁ'ﬁl"?’adl al

di racdon (p@ral l10h will sbdlifg hi2Bhanidina10Q, a&ﬁf&mﬁmﬁmeﬁoﬂpm as 5 curvo
960 in figure 9B. Addl naIIy npor at uy rmty,.1n the axial

di zxction (nea~ r?B‘I”“PG‘ GE?S’L'&F gﬂé" ‘{‘? BYCPiS daBi | 1 g
L~1C thi 4 ~Cds quuu@abimm@mvmmwwam@mommﬁw

Tenpexdt <ue non unifortnftfea in tin i,al rectjqn as curves
10l 0 in figure @Wl’ég B‘?"&"Q@-ﬂ&ﬁht‘é&‘_ﬁg discrete
nature of the i NgNGhrQhclofid mewmaasmagdxmn%wm&eﬁsuscept or they
heat. Hy tha tine the heat | ots betas, | ranafcaed thwug= Mhe susccpt ox

¥

thicl nesa 280 fr%W@WWEMMM@W‘%m mt he

t ernpaat ure uni f Qfefebin A BEMBedSRRH il SMENEId9 Tthted ¢ (¢! @aaat ng the
susceptor thic~neta for 1020 in fi ure 0 A (which_rra he about 0.9

i nches 15 t22. $6Cemey pxig 106 9fthe f&?ﬁ%?’gﬂ'ﬂ ORI ey | COPRSS 8 §%8nt | OH

(wbi cL may be abmﬁﬁm&aﬁ%@:&&m@&,ﬁm&uﬁmw@mmrafI ue

unffornaity enmootbs out further to _curve 1070 shown in ure 10H ThIS
reducra tenper at #8€5 F3HEoUSHin pihen smbgds j §a358 ey He intey

suscept or t3ap SUgy e Medhedd whith/pass 'tﬂatﬁ?@ﬂl&s%@ﬁcbﬂlﬁf Oéhle@ 1090 hu

figutn 20 10B. Canvenaoual suscoptor thie.lonesaoa sore in the sense 0.5 to

0.9 inches (12. 7'4‘9"@2118?4“-‘ Sy ftometheb @munmmwmmmpﬁm i nvention
provide for a suge&i PI (12.7 to
38.1 mm. In one aspect 0 cﬁ pr'f'?tisa‘!al{J |nvent| on, ﬁﬁg susccpt Ofb?hl cknsgs
was increa~od fromO0.9 to 1.2 inches (22.86 to 30.48 atnm). - . 25 The.

desi gn of the thiclraoss of the suaceptar8is dlso |dfluencad by the
fraqueacy at wrieh the RF gaaorator is opexab~d: as frequunty of opacatioQ
is de~ca' od, tho paretration dopth of anargy into the suscopt~or is d) and
thus,, the thiclaasas of the s~ceptor aanst 6e in~sed. Furtheranore, the
design a notivated by the foal that it is nore soot effective to operate
the RF gena~ator 30 at taw fi~equenci es) whose | aw fiequencies refar to ~5
_to 30 KHz, as opposed to ol der syaterns oper ating at 180 and wen 35Q to 450

- - —




15 =~ s a a ~ zoos stability of the systemis inproved a9 well) since the
sugccptor may only be supported at its central ragions. of anursc, tP@JU[Z%S
vari ous enbodi menn of the present invention my be used alonr and in

conbi nation. In othac weeds) in sone situations it nmay be 5 apprapriste to
use a thicker ansceptor in conjunction wthtlze bafvvng thermal shialds. In
ot har situations, vwyja~g the aeparatiott distance between the inductor
arrdd the suxcaptar, along with shielding anund the suseeptar's outar edge)

using a thi nnera@tmqsa?ﬁ%a abe-ibBit 38, 2004403 ifidhes (9652, B12 8RB BIs X Mfyat M ty. It

wi |l be apprxlated by se aldlled I1s the art that user of coma espactt of
the 10 ptr~at ispectiVella, such as austcptor rd~c sbfedding, may ellevianme

the degree to which gl Phabtdr Bifiglaq ﬂmﬁﬁﬁh(fd NoftdiePfACt | ced) such sa

arelttive tnovrment ofthe alisceptar 1S an axla irection reletiva to the
i nduct or. Wi | eCemtroller H\Bdhas;canpertiprado the bottare ofihe raciontn araulato gas flawed wi t h

reference to pa .Q?ﬁh ‘ ﬁgﬁg] rten BiLvrelMA hﬂ% 5!¥Jﬂpﬂﬂ59nt to these
aldltcd inst(:)he gdrdt a%ETE t e@%@%@%ﬁ prgg%ﬁpﬂi nvontlran i s not
limted to the provide ctatibndonthe sispepior.s Cormestions 126andd @8 may beysed to sead eudGd t o
cover nunerous. . |~ ' QP? ,&Fw a%ﬁ irl: are
I ncl uded wi thi ng#‘ﬂ%hs@;@énW?o n°¥‘?%‘ﬁ‘§f“n§ﬁ"ﬁ’ %%%3 1. A
t her mal pr ocessthagersgrsind outer ddge ofsheomersptor, meypectivelyd Alerdstivelyy substrate, 5
the system conmpzri 3i pg: w.h er. Smadn e f revi.ding gaso9 to
tho practssiag E?H’&%ﬁ'?’%‘ﬁ"?f?‘ﬂ%%ﬂ@&gg"e%‘s. gr?’?#é%%?#'ate; an
i nduct or pusiti taecomdctions ndyalsc bawied trinjedr/gases and oljyat gax flows iThe gasud Wit hi n
t he ahatn6a edje to.the J ~Qt fi or 1.i t he sttbatrate,
wbaei n the iadtf%%?%%@gﬁ%@?%%%%w?%%ﬁ%m £ l‘auscept or; sa
el evaG onal | i f thingeaheddsived fressure ar the reector dhel cattmilcrandytdsobe meedad i on bct ween
t he i ndurcor and th thscentor during heat nnpsup and cool -down of 15
tho substrat a; “%‘ﬁ%%""fﬂ@i’r&"ﬂﬁ# ﬁg?wﬁ‘wgtittg the top se~face of
t he ausctptor in theltisdgbwn in thiat © configare diffsrmit scgincnbsof thelisduodn pncassi ng of
clean 1, rein., d.nductor is.as 20 i.nduction soil. 3. The thortmn
processi ng eystf?ﬁgﬁ'wﬁﬂf“fﬂfhﬁ%‘%m%&mf&wwﬁg?% eeted to
t6ve cl cv~rti ongleater driovmeot hantlcsthatatcure nftheedgedoftthe suaahtorir I slicall el evat i onal
lift mechanf nmto i | arger di stan of .separation t~een the
| ttductor and {Th%mgﬁ‘g‘&gtp't“gﬁ&?ﬁfﬂ%ﬁ%éﬁ%ﬁ%—cﬁ%‘ﬁ%é{&ﬁXM t han,
durinng the at satteyhigh @inpesaturepnriion of 2 procchs, snd) this cohfiguridonrisioad] psoccssi ng
systemof clsitu 3 er gl ontral Ler is tanfrgured,to jncrenentally
decrease the di mﬁ@&g@@fa{%%ﬁ‘WWf‘W”%“%wm?
20 up or cool-down. In game embodiments the height of the individual coil
segments in a reactor may be automstically adjusted during processing using
support studs to be discussed shartly, but in an exemplary embodiment a
! gimpler approach involves moving the susceptor instead. Of course, the
mounting plate supporting the studs could be moved up sud down as well.
25 These embodiments of the present invention have in cozxmon the ability to
affect the distance of separation between the inductor and the susceptor
receiving energy therefrom. Thus the present invention provides an apparatus
end method for optimizing temperature uniformities in both the transient and
steady-state portions of a process.
30 Figure 2 is a plan view of a susceptor with a coil beneath the susceptor.
For ease of illustration the coil below the susceptar and the position of the

wafcrs on top of the susceptor are shown simultancously in figure 2, although it

9



I~ 16 JU 2003 prod~erini~ud anotnta during the heat ranmp-up is rcaponea
to flu tenperafiur of the subs~ate atcadi ag predeterm ned thr~bvo| lﬁhﬁ?ﬂ
t hat a~al pnte~ing systemof claiml1l, wherein tlx easceptor is 5 si I ic s
carbide coated graphite. 6. The tbG net processing system of claimb5,
wherein the susceptar has a thick |less than about 1.5 inches (3 $.1 nm. t
0" 7. The thermal proooxsiug ayata of claimb, wheardn the suaceptor has a
thiclcneas of brtweam 0.9 and 1.5 inches (?2.86 and 8.1 mr). B. The thamml

p=-oe~i ng SySteW&Mthmmmyncmmmer otating
flue susceptar Th msal c Ssia stemqf .cla ~t har
coarp~ina s thm‘hgl @ﬁ’hé?‘g Et‘ bﬁg@“%%%‘céwﬂﬁw ‘$6e t hei mal
proce~f ng Systemaoﬁ:es&mmasmxwﬁmwsmwm TheRfenbfdy Bl Wi el d at

t he iucer odge of the 3uscoptaor. 1. The thennel pepcesafng system of
claim1; featheMSEERREIR g’i"réﬁ%é&‘ ?ff@?dl MP"’FW& ‘g"-’i”o
thermal |y shi el ivagamb, %@@&Pﬁa&ﬁaﬁd%@ld?ﬂﬁﬁ'i@ ropresxi ny

Dl o o R
systemof claim1. feather confuieia 25 Shl eld tbe~t is split
into i nner and #itssuteymest iem Rl ohhe; °f@?°ﬁ4ﬂmwm& fanddgges of the

sttaceptor. 13. 1 iy b ool GRS i Rl Bl abbr T phascs nded calRUPT 1 ST 1O 2

thennai shield at e bottomof the outer portion o e susceptor. 30 18
16 JUL 2003 1~. thPHéOMMF oodsi ng sygkem of claim13) wherein tbre

ls)ﬁut ;[:IO(rJIr: ﬁlgctﬁﬂzl bot t em ~.gsa a Whguscept 5 I@Wﬁ%ﬁg agflolc)ésel t ~g
syet sra of I%hummﬂ!dmﬂleMnbﬂﬁb-lhgﬂalQﬂthmmmmm he bottom of
Claim i whor o Qo ot RGR Aeneigy SIS A S, BIGRIRRE0 VAL PRL T
procesang syst emmkmmmmmmimmmhe&mlufmhuﬂwnprl ses a
ot ace—rg nyat o P aparpa pEALI Bl bah p BY RiSMeu i it ped W8 P T L ol g
rcgi starcd to fisusceptoro The tnitiple-numbedafindjusable todl supports means that distinet
15 segments of the cqil may be maintained by different heights, and therefore coil
configuretions such is that shown in figure 1 are possible.
An exemplary coil support height or “stud beight” configuration is
ghown in figure 3. Stud height refers to the distance between, for exsmple, coil
scgment 422 and mounting plate 420 in figure 4A, with the actual support
20 depicted in figure 4A as stud 424, The heights of the outermost supports (stud
numbers 1-10 in figure 3) are set 10 a stud height of about 1.5 inches (38, 1mm).
Those studs supporting coil segments adjacent to the middle of the suzceptor
(stud numbers 15-30) are adjusted to about 1.1 to 1.2 inches (27.94 to
30.48mm). Thesc heights are in refevence to a mounting plate 420 in figure 4A,
25 and thus coil segments supported by studs 1 to 10 will be closer to the
susceptor. The heights supporting the innermast studs 35-50 are raised to
valuos higher than those of 15-30, but not quite as high as 1-10 beeause this
region of the susceptor, although an edge, picks up some heat fram coil
segments on the other side of support stem 408 in figura 4A. Referring to figure
30 4A, this means that coil scgment 404 ig closer to the guzceptor than gegment
418, but not as close is 414. The coils are adjusted to obtain & temperature
profile within a£5°C spread across the susceptor at deposition temperatures as
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suaceptor. 20 19. A nmethod of praecseing a aem cani ductor substrate) the
nmet hod conprising the steps of; positioning the substrate adjacent .t
suaceptor, inductively coupling energy tfioman Laductor to the sué&gﬂﬁhzms
to heat the suaceptar; . 25 injecting a gas into t6c cl~nbar; vnyhrg the

di stance of sepention batw-era the iadttctar rod the riuccptor during heat
rsrnp-up and cool dawn ofthc substrate; ihe~mally sbuelding the tap since of
the susccptor in the regions whcrr substrates are abxnt; sad 30 depoudng a

l.ayer of aoits~| i@giﬁ ok gw arQinddvi 20, wherein
t he inductoz is%&g}c‘?f’gﬁn& 0Ol %éooﬂnf Ul %83 22. Th.gﬂrret hod of
clsiin 20, fi ut fies coibppofileds okgaindd by meseyping therepitaxial Abm waistdtyt or. 5 23. T 6a
rnCthad of claim.20). b s §¥‘f€;ﬂ vV, | ok el aidag s
| grgar di staacamgggs%'ga;'riaﬁ%%g?m n éo | ngogf ar sgéﬂ?ﬁe Euaaept or during
heat rang-up anthexotie sutstute pren within tyrically o variagion bé:2%6 ardessd¥he doratitc pnreas3ng
Pttiod. 10 24. The . | #]EEQ = :h@ﬁ:ﬁﬁﬂuﬁ{x | ug
conpri ses i creﬁﬂﬁfgﬁﬁwgaﬂé}“ggﬁsﬂﬁg I'a s%%tié 0 eopa;j‘tc %‘ﬁ&{)%/ﬂ
prodot ~i aad ent ekdelléms mitans of fine funing theenid iy optimume tqugpewbre keity.enper aAt m of
tbc substrate axcead%%]hgf{ﬁ@m aed tmﬁhg%%@ The net hod of
claim2D) ft~th,er c ~ “ﬁ%p'mﬁ $ D&lﬁg t he edges of
tE'eelsg'sﬁep:ﬁre' ec?lvhied: of tlhe tce tigr' o% e gﬁerrradilﬁ g?gg'e‘r?’oz hgl leé e
shi i ng ges su i S i ddi ng ges
of the suscepnr b!@'&ﬁ“ﬂ&“m&&w% 8?“5‘3‘ Pl e é‘?."mpﬁet hod of
claim 25, g§ har @ g dpexisilcND Bactof) Th Slein¥ 4A]4 Sisébipdy 41018 siad@dB 2 Of t he _
etuceptor coro~risca tiuxnal I% shie] ding t: kve edges,. of iE,he,s scapt or using
s shield that i $odongloselyspas Wé‘PL%Jr\‘G‘%Eﬂ %ﬂﬂ%&ﬁ%&? Syt 55 o8 The
net hod of cl ai My AkringiBE MigkteldpRrafibee Rokly-stafCiicMiahlof af Bligddal frgecsdtIa t Op snfaca
r

of the susceptor 'corrgbi ses using _a shield ttstng |§“spe~ces bct vvean 30
sub~c packets. s positipnyihg distanes of spparetien betwoep gdggrof thegpscoptor 413 and i ¢ he st ep

of thermally shiogﬁﬂdgﬂﬂnﬂmiatmu&ttﬁfnﬁsum:baﬁﬂ@mmeeﬁmmkwmﬁ using a
shield registered to fii iota_ matching pockets on tho aascap~or. ,
15 segment 418. The position of the susceptor in figure 4A is for the y-state

process.
Prior to this situstion, however, is the transient heat ramp-up. In this
aspect of the invention, the susceptor may be positioned as shown in figure 4B,
Raniging the susceptor for a transient portian of  process de-couples coil
20 segments 430 and 432 located adjacent to the edges of the susceptor more z0
then coil segments 434 and 436 located near the middle, As the susceptor is
moved away from the coil, the power coupled to the susceptor is reduced. The
coil segments closest to the susceptor conple the mont encrgy into the susceptor,
snd the drop-off increases non-lincaxly with distance. Thus, as the susceptor is
25 moved away, the drop-off in power transfer is largest for tha closer (edge) coils.
The result is that the small differences in positions amang the different
cails have less impact as the susceptor is moved away, When the susceptor is
close, the difference in distances among the coil segments vary by a relatively
large amount in terms of percentage and the difference in power coupled is
30 significant. At larger distances, the power transfer from the coil segments is
more similar,
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5 30. ' The nethod of cl~cn Z0, wherein the nsceptor is silicon carbide
coated gtc. 31. The nethod of claim 20, fluther cod the abcp of ve~qgriag
the dirtance of scpaeation betv~roau the inttuctor and the stucept org aft a0
poma~i ng 10 nrda. 32. The method of c3aim 20, whorcin the step that varies
the di stmcc of scparstton betwasa the inductor and the susccptor ua

acconpl i shed by nctrving the susceptnr. 15 33. The nethod o cl aim 20,
wherein. the step that varies the dist:nacc of aeparatiod betv~en the

i.aducOor and t ho auaTkpfactithat sdgeccgaiy cougle enekpy intdjthembdep@r stae hei ght  of
coil scuds. ZO 34. The ruetb of cl ai({p%g‘,e V\,hc~tegna t he sl that vari es
t he di stance of Srempenss dop, With chenges ip indyctor For is

ggcogﬁl i shedhbé s@%am?ﬂﬁug%pmﬁgbmWWﬁemﬁkdegdm at baChf’i'
: e twethnd of claim ~rth~ cainpr.is;ag_the r~tep of adjusting tl4e
?5 di stance of QMEMMW&E@MTSMH&Q@@&& ot during
grocessi ~. 86. tiGerth iHeItkcttord hna®ic M vk inidepfed B theMtlsdepror &b ep Of

thermal |y shielding the edges of the susceptor usigg a hottomradial
ahicld. 37. The m.mmmemmguwmm&m&em@m%% t hi cl a~ss

TAE A AYL. A 1 . Ay Bt f o in s GREkpiof Mofind i pbgrer v omh - S g o
{ } }xsnhb] WR] doduicton for srespsisat partigusof thapoesess cvtish dhet indistor isroufipored
Ul cral] cal] cay %M&&@L&m Mﬁﬁlﬂmﬁlﬂ ca] cRa] cal] ca
10 The temperature of the susceptar may be measured by optical
pyrometers or other temperature measuring instruments, Monitoring
temperatures of the susceptor is important for determining when to adjust the
position of the gusceptor. For mpeﬁtivc. predictable proceases, however, it may -
be possible to adjust the distance for set periods of time, according 1o cextain
15 recipes, rather than measuring the temperature at cach step of the transient
period.
An cxemplary process for the transient portion of an epitaxial process
may involve the following: starting with the susceptor at & separation distance
438 shown in figure 4B; waiting for the rotating suseeptor to reach an
20 equilibrated temperature of 700°C; gradunaily reducing the distance in fine
increments, such as by only about 0.2 inches (5.08 mm), since rupid changes
can cause problems with the susceptor’s silicon carbide coating and/or the RF
generator control system; waiting for the susceptor to reach an equilibrated
temperature of §040°C; reducing the distance again by about 0.2 inches
25 (5.08mum); waiting for the susceptor to reach an equilibrated temperature of
1050°C; and then reducing the distance by a further 0.2 incheg (5.08 mm). At
this point the rotating susceptor is located at the clogely spaced position shown
in figore 4A.
A cross-tection of the mechanism used to raise and lower the susceptar
30 is shown in figure 5, where susceptor 501 is shown in relationship to the RF coil
assewbly 505, The susceptor 501 is supparted by a pedestal 510, which rests in
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: directions 722 and 744, both of which lead to pockets between substrates, the
thermal environment is not the same. The pocket in the 744 direction ig smaller,
and thus provides greater insulation for substrate 720 than the lerger packet
along divection 722. Exemplary embodiments of the pregent invention provide
5 increased thermal uniformity in directions parailel to the rop susceptor surface
using thermal ghields. The thermal shiclds may have a varicty of shapes, owing
in part to the fact that they may rest in the areas between the substrate pockets
on the top surface of the susceptor. Alternatively, the thermal shields can also
be registered to it into matching pocketx on the susceptor. The variation in the
10 shape of the shiclds will be dependent on substrate dinmeter and the number of
pockety in the susceptor.
The purposs of the shiclds is to provide for cach substrate a situation
such that each edge of the substrate is exposed to stibstantially the same thermal *
environment; that the thermal environment is substantially the same for all the
15 substrates being processed; and that the thermal environment is independent of
position on tho susceptor. A representative selection of shiclds is shown in
figure 7 as shields 750, 752, and 754, and are repraduced in figures 8A, 8B, and
8C as shiclds 810, 820, and 830, regpectively, The shields may be silicon
carbide or silicon carbide coated graphite, and may range from about 0.02 to
20 0.06 inches (1.524 mam) in thickness. A general rile of thaomb is thet the shield
thickness should be substantially the game ag the thickness of the substrate.
Temperature uniformity in Iateral directions, parallel to the top surface
of the susceptor, may also be influenced by shiclds ponitioned at the edges of
the susceptor, such as shield 910 shown in figure 9A. There may be multiple
25 shiclds atthe adge of the susceptar, or shield 910 may be split into two vertical
portions 920 and 930 to thermally insulate the inner az well ag outer edges of
susceptor 940, providing an increased degree of insulation than otherwise would
have been provided with a single shield having an equivalent thickness of 920
and 930 combined. The shicld materials may comprise silicon carbide, or
30 silicon carbide coated graphite.

Temperature uniformity of the susceptor in vertical directions, parallel to
the axis of the susceptor, may be improved as well according to further aspects
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Addihonully. temperatire uniformity in the axial direction (normal to
the susceptor) may be improved by incrensing the thickness of the susceptor, as
ghown in figures 10A end 10B. Temperature non-uniformities in the axial
direction are shown as curves 1010 in figure 10A; thege nonumiformities are

10 duoto the discrete nature of the inductor coil segments and the sections of the
susceptor they heat. By the time the heat hag been wransferred through the
susceptor thickness 1020 from lower surfiace 1030 to upper surface 1040, the
temperature uniformity may have been somewhat evened out. By increasing the
susceptor thickness from 1020 in figwre 10 A (Which may be about 0.9 inches

15 (22.86 mm)) to that depicted by numeral 1060 in figure 10B (which may he

. about 1.2 inches (30.48 mm)) the susceptor temperature uniformity smooths out
further to curve 1070 shown in figure 10B.

This reduces temperature non-uniformities in directions paraliei to the
susceptor top surface from profile 1080 in figure 10A to profile 1090 in figurs

20 10B. Conventional susceptor thicknesses are in the nﬁge 0.5 to 0.9 inches (12.7
to 22,86 mm), and embodiments of the present invention provide for a susceptor
thickneas in the range 0.5 to 1.5 inchey (12.7 to 38.1 mm). In one aspect of the
present invention, the susceptor thickness was increased from 0.9 to 1.2 inches
(22.86 to 30.48 mm).

25 The design of the thickness of the suseeptor is also influenced by the
frequency at which the RF gencrator is operated: as frequency of operetion is
decreased, the penetration depth of energy into the susceptor is increased, ad
thus, the thickness of the suzceptor must be increased. I-‘\mhamnte, the design
is motivated by the fact that it is more cost cffective to operate the RF generator

30 at low frequencies, where low frequencies refer to 25 to 30 KHz, as opposed to
older systems operating at 180 and even 350 to 450 KHz, The mechanical
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supported at its cent:e] regions.
Of course, the various embodiments of tha present invention may he
used alone and in combination. In other words, in some situations it may be
5 appropriate ta use a thicker susceptor in conjunction with the batwing thermal
shields. In other situations, varying the separation distance between the
inductor and the susceptor, along with shielding arotnd the musceptor’s outer
edge, using a thinner susceptor, might provide the best thermal uniformity. It
will be appreciated by those skilled in the art that use of some aspects of the
10 present invention, such as susceptor edge shiclding, may alleviate the degree to
which other aspects of the invention are practiced, such as a relative movement
of the gusceptor in an axial direction relative to the inductor.
While this invention has been described and illustrated with reference to
particular embodiments, it will be readily apparent to those aldlled in the art that
15 the scope of the present invention is not limited to the disclosed ernbodiments
but, on the contrary, is intended to cover numerous other modifications and
equivalent arrangements which are included within the scape of the following
clairns.

16



10 " 6109 ()-s- F10%m& () - SF/ G H | wKK} [ <bC

10! Yf 109& ()- @ Yf 109& ()- @O%& ()-!" YL109& ()-f!yY10%

& ()-ff10%& ()-KLONYO O O) O O7OzodY: 10!L' f mlO%& ()-F 10 10 16 JUL 2003
10" : 109& ()-!4 Y@LO09%& ()-f! Y@LOY%& ()-f! Y@LOUCCE () -f 700 PAQY QUTRa?dY:
10! 1 1098JU& () -f @O% ()-1 109 ()-!s@O0%=& ()-Y ,109%& ()-zY

109& () - z TR7STTU{ VWWAU3dY:

10! +*310%&' ()-!*310%& ()-! Y10%&' () - @&YlO%& ()-@&YL0% ()-@Y1I0W*& () - @V
XXXKXKXY~\ ;10! +1 1 109%w& () - ' F S109%&' () '()- 10 10 10

:109& () -! Q@ 310%0& ()-YZ[R\ G P] wxo~\ : !
F10%&: ()-1:109& ()-!1:10%& ()-!110%& ()- !'1109%& ()- !jl10%& ()-
PI19"_"?aa}[9~\: 10!+!'L-109%& ()-;'9-10%z& ()-;
f,109%& ()-!'1"!109%& ()-II F109%&' ()- y 109%&' () - aaaaaabcHd~\:

10! +11 10%c& ()- yI e 109 ()- '10%& ()- 9' L10%r& () 10 10

A thermal processing system for processing a semiconductor substrate,

5 the system comprising:
- & processing chamber,
a gas source for providing geses to the processing chamber to form a
desired deposit on the substrate;
an inductor positioned within the chamber;

10 a susceptor positioned within the chamber adjacent to the inductor for
supporting the substrate, wherein the inductor provides clectromagpetic energy
to the susceptor;

an elevational lift mechanism for varying the distance of separation
between the inductor and the susceptor during heat ramp-up and cool-down of

15 the substrate; and

a top thermal shield for msuluhng the top surface of the susceptor in the
regions where substrates are absent.

2. The thermal procesting system of claim 1, wherein the inductor is an
20 induction coil,

3. The thermal processing system of claim 1, further comprising a
controller connected to the clevational lift mechanism and configured to instruct
the clevational lift me:hanilm to meintain a larger distance af separation

25 between the fnductor and the susceptar during the heat ramp-up and cool-down
than during the steady-siate pracessing period.

30 4, The thermal processing system of claim 3, wherein the contyoller is
configured to incrementally decrease the distance of separation by
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thiclness less than ahout 1.5 inches (38.1 mm).

10 7. The thermal processing system of olaim 6, wherein the susceptor hasa
thickness of between 0.9 and 1.5 inches (22.86 and 38.1 mm).

8. The thermal processing system of claim 1 further comprising a

mechenism for rotating the susceptor.

15
9. The thermal processeing system of claim 1, fuxther comprising a thexmal -
shield at the outer edge of the susceptor.
10.  The thermal processing system of claim 1, further compriging an inner
thermal shield at the inner edge of the susceptor.

20

11,  The thermal processing system of claim 1; further comprising an inner
and an outer thermal shield for thermally shielding the edges of the susceptor.

12.  The thermal procesging system of claim 1, further comprising a thermal -
25 shield that is split into inner and outer vertical portions for thermally shiclding
the edges of the susceptor.

13.  The thexrmal processing system of claim 1, fiurther comprising a theamal
shicld at the bottom of the outer portion of the susceptor.
30
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14,  The thermal processing system of claim 13, wherein the bottom thermal
shield comprizges a bottom radial shield for thermaily shiclding the bottom edges
of the susceptor. -

15.  The thermal proceasing system of claim }, further compriging a thermal
shield at the bottom of the inner postion of the susceptor.

16.  The thermal processing system of claim 1, wherein the substrate support
is the susceptor.

17.  The thenmnal procescing system of claim 1, wherein the top thermal
shield comptises a shield resting in spaces between substrate pockets.

18.  The thermal processing system of claim 1, wherein the top thermal
shicld comprises a shicld registered to fit into matching pockets on the
susceptor.

19, A method of processing a semiconductor substrate, the method
compriging the steps of:

poasitioning the substrate adjacent to a susceptor;

inductively coupling encrgy from an inductor to the susceptor to heat the
susceptor;

injecting a gas into the chamber;

varying the distance of separstion between the inductor and the
susceptor during heat ramp-up and cool-down of the substrate;

thermally shielding the top surface of the suseeptor in the regions where
substrates are absent; and

depositing a layer of matexial on the substrate.

2.  The method of claim 20, wherein the inductor is en induction coil,

19
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22.  The method of ¢laim 20, further comprising the step of rotating the
susceptor.

5 23.  The method of claim 20, wherein the step of varying comprises
maimaining a larger distance of separation batween the inductar and the
susceptor during heat ramp-up and cool-down periods than during the steady-
state processing period. ‘

10 24.  The mothod of claim 20, wherein the step of verying campriscs
incrementally decreasing the distance of separation by predetermined amounts
during the heat ramp-up in response to the temperature of the substrate
exceeding predetermined thresholds.

15 25.  The method of claim 20, further comprising the step of thermally
shielding the edges of the susceptor, |

26. The methnd of claim 25, whernin the step of thermally shiclding the
edges of the susceptor comprises thermally shiclding the edges of the susceptor
20 using an inner and an outer shield.

27.  The method of claim 25, wherein the stap of thermally shiclding the

edges of the susceptor conprises thermally shielding the edges of the susceptor
using a shield that iz split into inner and cuter vertical portions.

28,  The method of claim 20, wherein the step of thermally shielding the top

surface of the susceptor corprises using a shield resting in spaces between
30 substrato pockets.
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31.  The method of claim 20, further comprizing the step of varying the
distance of separation between the inductor and the snsceptor after processing
10 ends. ’

32.  The mecthod of claim 20, wherein the step that varics the distance of
separation between the inductor and the susceptor is accomplizhed by moving
the susceptar.

15
33.  The method of claim 20, whesein the step that varies the distance of
separation between the inductor mmd the susceptor is accomplished by adjusting
the height of coil studs.

20 34. The method of claim 20, wherein the step that varies the distance of
separation betwaen the inductor and the susceptor is acsomplished by moving a
mounting plate to which the inductor is attached.

35.  The method of claim 20, further comprising the step of adjusting the
25 distance of scparation between the inductor and the susceptor during processing.

36.  The method of claim 20, finther comprising the step of thermally
shielding the edges of the susceptor using a bottom radial shield.

37.  The mcthod of claim 20, wherein the susceptor has a thickness of
30 between 0,9 and 1.5 inches.
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