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Pat ent Application No. 60/505,833 filed Septenber 24,
2003, the disclosure of which is hereby incorporated
by reference in its entirety, and is related to PCT
application Serial No. PCT/US03/21575 entitled Ther nal

Processi ng System and Confi gurabl e Vertical Chanber,
whi ch cl ai ns pri oTHERMAL PROCESSINGISOIIEM at ent

application Serial /428, 526, the
di scl osures of all N&%aﬁqgﬁgar£§h ggﬁiﬁgcorporated by
reference in their entirety. TECHNI CAL FI ELD The
present |nvent|on relates enerall to systens and
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gr awptpordted by refeyenpefin thairentitaly, and et chi ng or renoval

of material fromthe substrate. These processes often

call for the wafer to be heated to a tenperature as

hi JRCHYBGALEIEAP as | ow a s 300 C before and during

the process, and that one or nore fluids, such as a
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is 1 ntroduced |nto the process c er. A conventi ona

t hermal processi ng appar at us typlcally consi sts of a
VOIBNUKGIEEOVNDPCEeSS chanber positioned in or surrounded
by a furnace. Substrates t o be thermally processed
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treating, annealing, d1ffus1on or driving of dopant material, deposition or growth of

layers of material, and etching or removal of material from the substrate. These
processes often call for the wafer to be heated to a temperature as high as1300°C and
as low as 300°C before and during the process, and that one or more fluids, such as a
process gas or reactant, be delivered to the wafer. Moreover, these processes typically
require that the wafer be maintained at a uniform temperature throughout the process,
despite -variations in the temperature of the process gas or the rate at which it is

introduced into the process chamber.
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the thermal mass of the process chamber and/or furnace in conventional thermal

processing apparatuses, which must be heated or cooled prior to effectively heating ox

cooling the wafer.

A common approach to minimizing or offsetting this limitation on throughput

of conventional thermal processing apparatus has been to increase the number of
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intensity lamps to selectively heat a single wafer or small number of wafers within a

30 small, transparent, usually quartz, process chamber. RTP systems minimize or
eliminate the thermal mass effects of the process chamber, and since the lamps have
very low thermal mass, the wafer can be heated and cooled rapidly by instantly

turning the lamps on or off.
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on and off, unless phase angle control is used which produces electrical noise.

Repeatability of performance is also usually a drawback of lamp-based systems, since
each lamp tends to perform differently as it ages. Replacing lamps can also be costly

and time consuming, especially when one considers that a given lamp system may
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According to another aspect of the invention, the bottom wall of the process

chamber includes a movable pedestal having at least one heating element therein, and
30  the movable pedestal is adapted to be lowered and raised to enable the carrier with the

substrates to be inserted into and removed from the process chamber. In one
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. These and various other features and advantages of the present invention will
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be apparent upon reading of the following detailed description in conjunction with the

30  accompanying drawings and the appended claims provided below, where:
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invention; FIG 7 is a perspective view of an

5 entip ertsmalgrrocgssingappapus town dn By 1an actuator

accordlnggto pr esent |nvent|on FIG 8.is
cr oss- s&8 b alcras-eagtienal weyof 8 perionf 3 therraslpapoessings apparatus

Pr aGemgid n?ed@amre%y &M\fﬁeﬁgalash%wa&c%fdlge@m eMBEBmAt of the
enbodi rent of the present invention is a

cr aseseridetanbeil vi ew of a process chamber having a
pedestal heater and a nagnetjcal | oupled waf er

r ot at i ok1GyAisardizgagnaicd szfrétlcaﬁrpfé srelficatgr aqdﬁbermal shield
10 pr %‘T%ﬂ? 3 :ﬂ:\f@xﬁﬁlg?(pan dltGdiniedt & tﬁéﬂés%ntsl‘ﬁ%dtlgﬂal view of a

her mal processSi ng apparatus having a cross-fl ow
' nj ect OpI§ys §s%1§é%&%9tﬁcnlﬂﬁ§raﬁ5h 8PSk BRherfof tt}féﬁhermal shield

present 1 nventi on; I'S a cross-sectional de view

of havipspettpp teyer oftmeéertah @it high @@@@gwnga@p@w mero?f material
Fl %Ithlaphlﬁﬂpe\ﬂeﬂg' tngdoI'dn%;l'ﬁ pfi eﬂt lvegd orifices in

relation"to t I ner aust slots in relation
to the ykeg S Qgﬁgfa ﬁlllnﬁﬂc 'ilﬁlsﬁ‘e[hoﬁ'm%{bﬁ%n&mﬁ’édl&&ﬁ of the thermal
present invention, Is a plan view of a portion
15 of shishd haﬁmgma:loolmg@b@msl mgorélpaa:rmmt ip¥enfip, t aken
along the Iline A-A of FIG 10 showi ng gas flow from

orificedIGf7 s prpmpactienticd of sacmbadimanh pb e tthrmalcyhizld aad an
mfa%gla@%&gap?g{lﬂg%%memﬁt according to an

enbodi ment present Invention; FIG is a plan
vi ew of [
U4 o O POE A0 Bk b by 07 E 3510 ARRBNA! M
gashatingw Shmtt@mmptdﬁngd@ gn @;ﬂbcdnmnit pthe Prepelt veiodndar y
I njector across a wafer and to an exhaust port

20accor di @Gt Disarreeskreectiennb vigvrad mpr@psstqh@mb@ré)g'@ﬁg a pedestal heater
' nV %ﬁta' e@aﬁﬁr c gle!d Svafer %’c’?ﬁbn P&Wn %f:co@dlﬁ? Ec{(érpeﬁntﬁﬁuﬁ&ﬁ of the

oceSS|n apparatus o en al ong

thqnﬁmm@nﬁmnmuf FIG 10 show ng gas flow fromorifices
of a primary and a secondary injector across a wafer
and to afGekhisustrogseedional yisvdping thernal @rocessing apparatus having a

cross-flow injector system according to an embodiment of the present invention;

25 FIG. 11 is a cross-sectional side view of a portion of the thermal processing
apparatus of FIG. 10 showing positions of injector orifices in relation to the liner and
of exhaust slots in relation to the wafers according to an embodiment of the present

invention,;

FIG. 12 is a plan view of a portion of the thermal processing apparatﬁs of FIG.
30 10 taken along the line A-A of FIG. 10 showing gas flow from orifices of a primary



anot her enbodi nent of the present invention; FIG is a
pl an view of a portion of the thermal processing

wappana2es of FI G taken along the |ine A-A of PEI/GS2000031484
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showi ng gas flow fromorifices of a primary and a

S eand dasecondajye dijetoradtia3s 3 wafembml toamd ekleusnpe hgbdting to an
port ag.cor&ign L to still ,another enbodi nent of the

pr SEBQEmey QREenHpYentipn; 5 oy oss- sectional view of a

t her mal 0GesSSi a at us hayi an alternative

Upe £ 1 owFIG 9t BPIAL yierhe ZEERR AT g THeal prosfting Aedratysyof FIG.
t helopalRseMdngithy Bt AQDof FIGG10 dbowisy @asTloRSBomesiicel af a primary
vi ew_of a tﬁer_mal processi ng appar at ys havi ng an

al 128 AEFaRdary dRRCPT A0S A EEE Spd &34 kUt EBT(ACREFding tqrpnother

enbationRitht &fthd fi6seRf 85@Abn;| Nvention; FIG 18 is
fl owchart showi ng an enbodi nent of a process for

t her mal hwa.nmqg@ﬁﬁh Rigwlofdbfidn of thwdeBhsl pRsceifld AspatausT FIG.
enmbodi ment of the present invention whereby each wafer

of 1OHakepaaleng toy lingate of F16- 40 shariing gasdlovnitemsr onfieen ahe eamary
to a'ilaea g&%@l'ufaﬁﬂ irﬁ&[@edrcﬁ;sy b &vaf@dNghdbGn d&dhahst é&rﬁWﬁg to yet
show ng anot lier “enbodi nent of a process for thermally

pr caebsl enepodinteat efthepreseaf iaventioicor di ng to an

enbodi ment of the present invention whereby each wafer

of the BH.cH it plaaivisisofiagoionekihy therdalpricpesing gprgeaused FIG.
t 0 foheelSRinGhk HRIREA 8 K 10 Bl %ifﬁw@fr ifices of a pri

cr oss-sect(% gﬁdgﬁ View g# a t%eroma]ilg2 rsocess?nﬁgorépcggfa?ggma_ry
i noinddi segordaryr gestol |aguess B rveafer zamd de dinrgghaust poe according to still
e ' - tion.FIG 21 is an
eg?dg?éﬁgf%qog{/rvnegpgfatﬁéﬁggeﬁlp éc?)lvﬁvggt epped liner show ng a

| ongi t ug byl gj.n [ ' t O :
enbodi g 15 fisEsBeTE R 5 b pdcifdh Spparatus having an
ex taltemativey hpflowf injector ciysterh| appording pioeah leinhedingmbwifnthe apresent
pl %@n'-&y of exhaust slots in the liner according to

one enbodi nent of the present invention, FIG 23 is a

si de vi f~ Sk g I-Y i

crbodh mn e FReSectiliole}la dBnBORRLGHE Bplrhil g on
pl altemnping dfwraflow dsjsctél sputetn apgerding tacmoerlznddment ofhthe eesent
en‘q?geinﬂgnt of the present invention. FIG 25 is a

partia I%’op plan view of a cross-flow liner in

accor d.arll‘f@. \& g] ﬂggglfagrg%g}iiﬁ% efbodi EniPSP ?gg)ﬁs% Vf/or thermally

i nventi on: lew Oor a Cro
| i meocesdingha datbol lofwalers exbiding ts rowimbgdigast of the present invention

whereby each wafer of the batch of wafers is quickly and uniformly heated to the

desired temperature; and

FIG. 19 is flowchart showing another embodiment of a process for thermally
processing a batch of wafers according to an embodiment of the present invention
whereby each wafer of the batch of wafers is quickly and uniformly heated to the

desired temperature.

FIG. 20 is a cross-sectional view of a thermal processing apparatus including a

cross-flow liner according to one embodiment of the present invention.



flow fromorifices that inpinges the liner inner wall
prior to flow ng across a wafer and exiting an exhaust

W@ b@is/03260r di ng to one enbodi nent of the presePtT/US2004/031484
invention. FIG 27 is a plan view of a cross-flow
l'iner wFIG 2l bislagi exferhelc viean of ho\eiosg-fpas steppatl flinemshowing a
ori.fice es each other _prior to flow )
oo bl TR EocR G o g St ot et fygtion.
to one i.ment . of .the resen i nvent . i S.

a pl.an ?F@\%%% ARGl o8 wchSﬁ%‘Pant?me%ﬁmFEQWgaplurahty of
S e Gdxhaust sidroin thelingascchiding tb badRmtddin 6@ f tHelpRekht8vdnbon.

the center of a wafer and exiting an exhaust sl ot

5accor di m‘tﬁt D3 ama gitb odewrestt a Ofrodstiowdr Bxfee N hddvRIAheORith one
FI G g h| cal éergr esentation showi ng gas fl ow

| j rFEo ’Efr“f“@&‘ f a wafer inside a chanber

i ncl udi CL 0S W l.i ner, and t nj-ection tubes

havi ng ?ﬁ? 2%‘& Fioh ot PRI ot Bk Hgsochiem) BBt jfagangg it one
ac eabdii@nt of tiRgesetin@dnignt of the present invention.

FIG 30 is a graphical representation show ng gas fl ow

lines apI@IS i mparﬁalrtf);aplen Olewa ek &6-flows 116ke iR addoRIXRE with one
ner and two injection tubes

di.n prior art
10ha\ﬁ‘Tﬁ’Qd‘l‘T%PTe@lﬂfedﬂeSS’i‘“’F‘feBé@ facing the liner i nner vval | .
hi_cal resenéat .on showi ng, gas f

FIG is ra
l i nes agf%%g %%la%ﬁ‘?‘f’ﬁ & cigps-tovdingwith & piging SEﬁ‘é’ﬁﬁB?W‘ng gas

i nCowelirag odifi6dsd-Hnpiped thél Bherafishr b1 pikirQ6 toRind MRS a wafer
havi ng ,i.njection or| frces facing each other accordi

ng
t o B ExERGHBGRRRISE slefrecqoplinglosue smbpdHment pidhe messnt myention.
a gr aph%@ 2gr epresent ati on showi.ng gas flow |lines

acr oss 0 ¢ Rl vigy ofa fressioy H’é‘frd’élﬂéa byigingsgction showing gas

151 NGlowdfrdif oA HAF indfifget 4B Bth@%&\e@ﬂ'oﬁlh td%@a WaRe §nd exiting
having injection. orifices facing each FI G

i s % ex]@ﬁu&ﬁ}ﬁt assrrdingdp eneembodimgnt gﬁ@me@a%veml@w | i nes
across the surf ce of a wafer inside a ch
i ncl udi R &%¢T0R&R YIPHR! f Piogr o dnermith ﬁ]mélgtng@ﬁcttoa@b%wmg gas

haviiokd fibh @fickd Birétting it6 A Ehtd: N 4 RerGeMaesxitle & WRAREL slot
according to one enbodi nent of the present invention.

FI @eoosding t oge gmbrimen|of he presgs ivartidth showi ng gas 1 ow
lines across the surface of a wafer inside a chanber
20§ ncl udi KY-8% ¢ srphisal represeviationdhewineisas Beviliops aciese ghe surface

ha\Hf rbgwhi@i fRidk %nclﬁﬁibfeﬂ ﬁl@ﬁdlfngca E‘xgsstﬂ)o%hlﬁmei; %ﬂ& &0 Ajetion tubes
wafer. FIG is a side view of a cross-fl i ner

shdwing tecp prfiges ackte the bnes inper pyeld zaqcn@rnngmqne iebodiment of
ac G glankEnWntibh, one embodi nent of the present
invention. FIG 36 is a cross-sectional view of a

cross- f kR 30 iNeEraSiOM R séhitRAh kS s HBw lines across the surface

25  of a wafer inside a chamber including a prior art liner and two injection tubes having

injection orifices facing the liner inner wall.

FIG. 31 is a graphical representation showing gas flow lines across the surface _
of a wafer inside a chamber including a cross-flow liner and two injection tubes
. having injection orifices facing each other according to one embodiment of the

30  present invention,



accordance wi th one enbodi nent of the present
invention. FIG 37 is a cross-sectional view of a
wee@s®3f2BoOw | i ner showi ng a heat shield in detBCT/US2004/031484
accordance wi th one enbodi nent of the present
i nvent i 61G. Rli€a gﬁﬂhlbzﬂ r@r@eﬁ;ﬁtdncsh@bmgvgnglm linbsoavgast @tk surface
injectiaon.tu ross-flow Liner .
e S Prg HRHERBTEAF HERE » BPoringE Syt TnigsBFR s having
FI GnjedBniosifidesiTaditig @lch pfhan vi ew of the top plate of a
cross-flow | i ner showi ng an opening for receiving the
el on g at §1G.i33jies gi‘aﬁlfi)icdl lﬂhﬁ@ﬁnt&hiﬂ}md)wﬁg Gas fBBw linksacrdkd theSsurface
CFD _denopstrati o r a er ma r ar.at us
5l GAVRET Shecte o e el eSS AP eyt twbes
haHatiglg iijéctich bﬁﬂcd@ Padire theednid of H@afel RRO6rdiMNRN ondhlbolifent of
" accordance, wi th one enbodi nent of the present
i nVBTRTPSSAL Ip§IEon41 | s CFD denonstration for a thernal
_ processing apparatus .i ncl udi ng cross-fl ow | i ner and
an inj g teky 1§9§iaeh¥ﬂémrﬁ§ntﬁtrﬂn£waﬁ gdiavE lingrcacieps digcpyrface
ot ek WalerakG@®y Q@ﬁﬁﬁeﬁ%&lﬁd@@@pﬁ&%@ﬂhﬁ?éﬁd o IR tien ﬁl%@:miavmg
i nvention. FIG i-s CFD denonstration for a thernal
10 o d@é@t@mwgﬁaﬁﬁ@ﬁl%&mhwewmfw%r cross-flow | iner and.
an injection systemhaving injection paorts facing the
center &1G233daBside Xiew pha Getsdiqralines shgviipg grdurality of slots in the

emypdi WRINn aeforddhe Wftﬁ S UmboBMRRE bk pré@REHALASER.
DESCRI PTI ONOF THE'l| NVENTI ON The pr esent invention is

di r ect egid 36380, @ﬁ?@ie@ﬁ&ﬁl AL oﬁ?&ﬂﬂ%dﬂcfv@ﬁne@ rs%%ﬁ@a%a?shleld in

relatively small nunber or m ni-bat one r nore

wordkeqsfanse with §mﬂn@§1@@ﬁp%me@pbmve§ﬂ%t rates or

wafers, held in a carrier, such as a cassette or boat,
I5that pr &% Fdds  epsreationabres of herowssfiqvelmer pgwing@ heat shield in

' "nfef&‘ﬂ%@' a&f)ﬁﬁﬁc%swﬂﬂmte ‘éfnﬁb&lﬁ‘wnt%? thd ?Feged't‘ SvEhfot. he term
"m ni - batch" means a nunber. of ers less than the

hundr edw@f:«ss/\@faegﬁ Hio 's'lmvmg"aﬂ aengayeal Iﬁﬁ&uo@@a&)e 284 L BAifbe in a
and preferably 1t)he ran from one to about

fi fwgﬁsmwé@e%@ﬁvré@ﬁd%necﬂm msof@erpr%alptémgent@ﬂ whi ch
fromone to fifty are product wafers and the renai nder

are nonficduee P%P]é}l%n Vigw af e PRt plor ¢rRgs-Pev pegedowing an

20an q)pé‘ﬁng’ﬁfr fdoBiviR R SongBiéd H&Eﬁ?ﬁb@&s%ﬁ&%ﬁ {BIc 1381 S
meant processes that in V\,hl ch the work piece or wafer

i s heat gg3t i@ C@@Sd&rﬁy@lstﬁaﬁﬂlpﬁfrﬁtth@rﬁal‘g}b&gmhé f)ﬁ’a%.tﬁsainlchﬁdmg a
in the range of about 350C to 1300 her ma

pr cEssdlopgingt andedn WisalRCTSEM gV iBE dnjecdian PAE depdng the diner inner
eX gyl if acddfBhcd wiRbeRthbo @it i GresBitidvdition OF

driving of dopant naterial, deposition or growth of

layers @fg.natieCrd denﬁaﬂ&‘tﬂltl@§ fo RERAER pr¥@B&Rhg dFPRALS iBRding a
or CVD,. and etchin
25 cross-flow liner and an 1n3ect10n system having injection ports facing each other in

accordance with one embodiment of the present invention.

FIG. 42 is CFD demonstration for a thermal processing apparatus including a
cross-flow liner and an injection system having injection ports facing the center of a

substrate in accordance with one embodiment of the present invention.
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renoval of material fromthe wafers. A thernal
processi ng apparatus according to an enbodi nent w ||

woowwsosi2descri bed with reference to FIG 1. FoOPCT/US2004/031484
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pur poses of clarity, many of the details of thernal

prEEAHIERY DESCRIBTION OF HHE INVENALEENY known and are

wi dely known to a person of skill in the art have been

o m t t edhe Sieesnt feemdioh iy diredied é9 Mbeparatungidanefbedifar propessing a
[ Iy S. P

4 fBERY, TP BV BEBLANRE Sheor CRRE Pl i, quon as

Fls@mcbnamtoa sdoges &emtfem,ri&ld ini cequriidr, awcheastroctissatiator bpatathat

o et SO Bha 8 b fad oo BB e o BERRS, T
proces nug%flf)eg @t gs l%ath-&?c@le?%aky a nﬂ]ﬁlbgld&sVV F]Pé E%Q %{an the

101 th olMliie process c

102mbnedd ofgwaders Bppd i thd @yﬁ}ndﬂﬂ‘wmlesjfs&mls ar&bmferab@' i the range of
b he Pt 08 o 2L Lol RES g it e
nuRbedre ploding abfeRgine kiRremndiadet 32-nbp-piddudt azafbrslﬁksﬂd Bor monitoring
(referred to a%fgl I ectl vely hereinafter as heating

el R¥EROgesAd p5b %Wa PRi sing a tenperature of the wafers
to the delre erature for ther Ssin The
t her maBYpheEe B‘iofﬁi mg Bt Jepy pf‘ff@“?ﬁﬁ%éﬁ“&ﬁ?ﬂ% é’%ﬂfjﬁgce or
OF wAYBY i€ heudidi 16 @desitd Rhpelature@hich BpsealinghsRAgd dixbout 350°C
eI enents, such as a reS| st ance te erature d ‘hdﬁ ?{ﬁeexample

HYEPOGC. (Therrph Progessine of samiegn Qupigh Weiets, TR G

t eRERAkHE, Ani¥atikY, Biffubien B{" &Qﬁﬁ%of?&b@ﬁﬂ?@mm@ﬁ& adbbidibn or growth
controlling operation of

eat i ng.el ements 1@%’9
t hef lersoaf mstprials isinest demicehpanoadgpesidemet 2 fighing or
| Ste@oPdi QF nhRridl/ HemlihdwhR@l has nul tipl e i ndependent
tenperature sensi ng nodes or points (not shown) for

det ect i NghdrhiA § r@&@ﬁﬁgﬂ O}%fa?at@t ao@&ldinlgptbealll Qedobdat Will ot be
the process chanb . The thermal processing

apfrasribed sviibonoceare f B ln EPLEEDesER b AT Y- AT g dgtails of
}ﬂ@f‘f}&ﬁ] i))/ocﬁégﬁé %gpa\M’rhs%E‘ tha® aRNRVRYy £ BAd Ql%uﬁid@Ef Faown to a

%as or vapor, into the process
¢ hizemiverof sl if Ge ay havedsen wgmaﬁc&usb deteidlis drgetihnd ipgross deteil in,

108, %&\%ﬁ%ﬂe codim fié’#ege PO Pl Y 1390,600 Yhich is
one o I¢h 1S shHown or introducing a gas to purge
t hiscgpasted bereih dpidererpad/ or to cool the wafers. A liner
120 increases the concentration of processing gas or .
vapor r8&r ltihe cvess- EQCQOH.BDSIGWnOfam enbhasiment @frfbg@ﬁl@alzmﬁ@ssmg
12 qr u

coirpas e Behidfly PcEChe 3 fudl A SERREAUAB WEREL AShown, the
f thepod ipreetsngtapoaatus éﬁ(m gonerplit éncludes suydssad d1 ghatt ¢ngloses a
process. C er 1
b BEGRE S OR Ahoci st SR 02 Bhvith £ 8pB AR B KrbodeiVine o
¢ heaitigror boar& 06 wizh a batch of wafers 108 held therein, and heat source or furnace

110 having a number of heating elements 112-1, 112-2 and 112-3 (referred to

collectively hereinafter as heating elements 112) for raising a temperature of the
wafers to the desired temperature for thermal processing. The thermal processing
apparatus 100 further includes one or more optical or electrical temperature sensing

elements, such as a resistance temperature device (RTD) or thermal couple (T/C), for

11



Generally, the vessel 101 is sealed by a seal, such as

an o-ring 122, to a platformor base-plate 124 to form
w0 b@spsneess chanber 102, which conpl etel y encPOpES20041@31484

waf ers 108 during thermal processing. The di nensions

of rdofRorRigOER SEmPBAMRE ivithd? 11N Grobése dhaﬁBerpH@Qearlﬂ& adrfrolling
selected to provjde_ a rapid evaﬁratlon ating

anepeaatroaquothﬁélemmlqm@tso%l% e thr GEbed@hoaath &n & wnpbrature
Ad B A8k s at ﬁ%ﬁweﬁ/@eh 14 @t %Qéj Iﬂulﬁﬁ)leb qa&ep%h@éne tdriferature

are sized to provide a process chanber 102 having

di BEREE oivsles &F qoindy (1 dRWNbder deteding rfpe SWB@PWP &t gultiple
mRdat

5 MR il RS SRt 102 P PR o CFmp apfr s 100 can

v e91§e incidg oram@t mdre itheotas bl faﬁoelyma ofiwhick jsz shpwrg fqzrrl@iwdyemg a

1B B8 G PHRGY, BB, Y ATpELIERGHRF 180 I IMERHE o

carcodlmg tlier@afws t1D8,tané oxm(nscnsre m&e tpen‘tsjormefmsel 18 (calydbnewef avhich

Pra?f Oab}é?{ 13%8%@%% ég’ %)hslﬁ écsegsa? Bé’r a8 to cool the

10 ac evarfed datisert120 inadasésethe ambemiwonvaf prosesslmg)gaéerr xtapor near the
m ni m ze the chanber vol une
el g 1 SRt e Yo B R B oF afCRe R0Rssed, and
I NfetarcentdMinafidrCSt the Rifdrs\feomi ﬁalﬁlﬁgeorsiﬁaingtbﬂ&lpﬁgtﬂ%bm form

such ,as . o-rings, .VCR(r ( ttln Gases or
vaSBrinPRAT SuEfacEs of ot Sl n, glLrB?eé% SFARGT YpRer exits the
ev yed¢ads@ond Qs Rximubi@osth bidoto 12 16X BRUSIMPEr lined 12@r med

in a wall of the process chanber 102 (not shown) or in

15a pl enu@edetallyQthet Veesdbaoe-iphaled h24 sealSsushoyNah B-dgG22, to a
The_ process chanber 102 can_be mai nt ai ned

2t PIECBHG F Las e 124 Pofmi e REMFEIEhAEo 0Rs hiEhopompletely

ev %ﬁél@s%@ thel VafBrs VIA8 UBL@ Shek @YY FodessingliThé idirPlehsibddr GFUEE peocess
i ng 1%ztem (not shown) including one or nore

r omSF ambey 1R askthe bassvadates 124mre selentsh 1 iFRYEle S fpid BYRGHAtRG, t2pid
thrh@itfnk%n@@Qaﬂl@ ‘Bﬁ‘éldﬁﬂ Vcﬁltl\/ee ocds8 MM A € RRHIBN the vessel
shown I'n 2, ase pl ate 124 further includes a

20 syp8i a@mluthﬁ ﬂngﬁem&ﬁwlaﬁ arq sifed i Brnaide 1 grogefh ceamles 102 having
r ec&?fhéﬁ@mﬂ@ gel&:%p@réncl%gb hmoﬁﬁﬁe%ubgtgfﬁlall? @b qg‘ré& tBard h&¥¥ssary to

1 fromwnich depend a nunb vertical 1njector
t utaecomnqdn]eéhq @rriet 106 wih fhej veaders 1 @8 ebathergia - bé’rﬁprzbbr hpdessel

s h of I

107 4ok P AR 1 s oy )L Ml 1S o i
[ n Jdamnsnoss ofl Bom abent| 138 &a etbut 5046 of thaf mecessaryt iveacgerymodate the
intg th S

25| S0P 9558 SDUICRG A8 BRI LR BARGAED @0 froces
S pab&obea pas dimensims do tanger than gbcm 123% ofthatirecedsgry to accommodate
Icﬂf’;{ Oga;{.r(f%(?%d qg%eggﬁ?%?’}% o%ﬁervggr? rué. ize tge cgasl%bggoﬁoilll%ﬁ% which aids in

purmpyimpgowts atudiedck-filll tintegrequdretnt r oduce a purge gas into

t he

Openings for the injectors 116, T/Cs 114 and vents 11 8 are sealed using seals

30 such as o-rings, VCR®, or CF® fittings. Gases or vapor released or introduced during
processing are evacuated through a foreline or exhaust port 126 formed in a wall of

the process chamber 102 (not shown) or in a plenum 127 of the base-plate 124, as

shown in FIG. 1. The process chamber 102 can be maintained at atmospheric pressure

12



process chanber. The base-plate 124 is sized in a

short cylindrical formw th an outwardly extendi ng
waippsn3f2Bange 133, a sidewall 135, and an i nwaPdi/¥S2004/031484

ext endi ng base 137. The upper flange 133 is adapted to

r e clgring thenohl puqmessirtg driesacpetsd & a ¥@&ipmansdow crst Amdlditcanthrough a

o-ring.122 to seal, the.v to the or flange.. The ..
pacunipy bR BEC eI ¥ BRRE vnb BnoriGe BB Rtne mERRY Rl hi-
12Graqusispudepspdndwbeghéngt theottid ang fdrSlineofalvies)j ect ors 116 i s
supported. Additionally, the base-plate 124 shown in
FIG 2 i‘[mmutm emb@Bmerdy shows inddGt B, theedserdlang 124 further includes a

bac e Iet 39, 143, ooIi ports

5 Tagouspntinly B R Bov hunr P Afg verig® prd e geceSr 116
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vacuum oper at | resi stant

frd I%ntalggg o-nrt]lquQ oosregl tﬁgged‘,sel bo° tPee P;g)asgl%nggutrlﬁiﬁeoase i?]n is adapted

pr aec essgivagnd Rrppbe nl&tiinyzr 120hentsidesfetheiQhe gingl lBﬂ € injdcddls 116 is

are nagF from an opaque, translucent or transparent

PP a5 s having a 13suf fi ci ent thickness to

mnthsta the h ses. hat resists

deposi t | %ﬁltlgiaal{m%h esage alga/tsflgl a5 C(fwn ri G ebncmgarates Vémous ports
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ich the wafers 1 are pr.ocesse The batch o
waf Ot s IEPguses 2) Basy gﬁ‘ﬂ?o%os Wo(n?"héh"c“ﬂ‘ér Tl?1 e IHERdS; HY: The
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en.into the
25 an Pagigelly Orintoduss Ages Hop ﬁé@ﬁfw&g&%‘s EfPRRb@Ot ghown) 10 the vents

bas@spl Atgasd ZbwcaR@bii® Rt hekiy ftdrd dRE shitAhb ERAkontroller is
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pr ddased indingrhstyeen e aassuaplﬁraﬂql thgportebids 413, d7d 2pd é61 to control
aCGRESgsHlolyl ihhRe FofRYARMmGengest al 130 that is

The vessel 101 and liner 120 can be made of any metal, ceramic, crystalline or

30  glass material that is capable of withstanding the thermal and 1mechanical stresses of
high temperature and high vacuum operation, and which is resistant to erosion from

gases and vapors used or released during processing. Preferably, the vessel 101 and

liner 120 are made from an opaque, translucent or transparent quartz glass having a
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rai sed during processing to seal with a seal, such as
an o-ring 132 on the base-plate 124, and |lowered to

we@p@blog12ah operator or an automated handl i ng SPGT/E/2004/031484
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such as a boat handling unit (BHU) (not shown), to

POgstitient thibResHtb iktafd the @Rbhah26] PiRsdeh EndtiHaAPRkists Wegosition of
affi xed to the pedestal., The heating elenents 1
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I n%uétaﬁalnml@gbthrﬁx:{i%}M)O(nbamomg) an pokieioh rthe carfies bs bbatel 06 on the
heati n % é 2- 1sia§nbedded therein or affixed
t hEYRROG. ﬁﬁ 9 et 0 further includes one or nore
f eedbac ns.or to control
heat | nglfb? Brone S0t 1 Pt B3R6n PoTveREt &ﬁm%m%m a top 134
t hgeldh&is 1813)asi@ EIseRhests i m-nmciaﬁmbmrwef(etehems 112-1) of the

i nsul ating bl ock 140. The si e heat i nts 1
andTERE DHP gﬁ’r’ié@& |%@V38135‘??Bﬂi’ 9 honiige ﬁﬁ%‘e‘&é §'b‘6%“é‘é%li’enwafers
Or t®Rchidve la %&l}ﬂ AW Rbtd? loo ks whidds Qﬂ&ﬁéreﬁ}h;ﬁovieé sf |1soiherma1 control
Preferably the side 14heat|n ts 12%% %

t oy ol@st PTriRjOETR AL 198 118 SbepRg @Src Sbedn HC e walers 108 are
| ngbRiskMorHl Héﬁt'ﬁlglélgnenﬁ‘ e1he 8¥dxﬁﬁal eb 6hE Bbtforh 12 83<_ﬁdhé PEocess
i nsul ating bl ocks H O_and may be configured . in

ny
of charpbgril? gandfe d»m&edah ar %t}ie pedesiah &30 & %ye%fadémonal hieating
var, 'le?ﬁéﬁts%am JisgoReh i drRnahy vk p@até/ agd ¢ Mlp@iement heat from the
mat er 1 al Preferably, to attain desired processing
teﬁp@?@teﬂnﬂ@@tsdﬂ-&p to 1150 C the heating el enents

112-1 proximal to the bottom 138 of the process
chanber Tnge arbpdimsnhiheviid Kbviethe dgttingtelarernts d h-Ameerimal o

0. ]thé<V¥t[0§h @pﬂﬁU?r&WsWhEﬂbé p@‘éx’a M PLLERSP 111t BEPG6 LI Fedestal
east More preferably, these bottom
h edt3p.n'§]e pedestal 130 is made from a thermally and electrically insulating material or

insulating block 140 having an electric, resistive heating elements 112-1 embedded
therein or affixed thereto. The pedestal 130 further includes one or more feedback
sensors or T/Cs 141 used to control the heating elements 112-1. In the configuration
shown, the T/Cs 141 are embedded in the center of the insulating block 140.

The side heating elements 112-2 and the top heating elements 112-3 may be
disposed in or on an insulating block 110 about the vessel 101. Preferably the side
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el ements 112-1 have a power output of at |east about

kWw th a maxi num process tenperature of at |east
wQO2@08031283 one enbodi ment, the side heating el eP€nUS2004/031484

12-2 are functionally divided into nultiple zones,
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sta ' at r_m_sp _erl C pressure_, SO' that t rucl e
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unl oaded, at .is.while the destal 130 is in the
15I ower e %p%gl £ ho Oﬁka?lg% e,qel?grgs E%f]?om heati ng el enents -
112-1 a re inNt ai ' .
Fover ¢ s p T gulhurarhE cBuhel i b SUREIAhHRE, citer by
exaspge cofitonl techpiqoe efstypawelhknevnde sieragd pr ocessi ng
tenperature for the bottom heating el ements of 950 C,
the i dl €otemprtion fiom tharindudeting dbinck04050d bdtiemilgtating elements
te rrature can. be set highet far certaln 0cesses. .
such Ao RS R B R SRE ot Bl B Wl BRGE 58 Snsutation
20t erpezkat an mverted/qoartzmgindtle 6425 whetl seraenms dpanizt between the heating

d h | i ffect t t h i )
C§ Sl S SR Do R etih oy holab g B, TS Rle D4 is atso
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However, to mninmze thermal stresses on the

While the wafers 108 are being loaded or unloaded, that is while the pedestal

130 is in the lowered position (FIG. 3), the bottom heating elements 112-1 are
powered to maintain an idle temperature lower than the desired processing
30  temperature. For example, for a process having a desired processing temperature for
the bottom heating elements of 950°C, the idle temperature can be from 50-150°. The

idle temperature can be set higher for certain processes, such as those having a higher
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waf ers 108 and conponents of the thermal processing

apparatus 100 it is preferred to have the bottom
wheasios3el enents 112-1 reach the desired procPEEUS2004/031484
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20 r e grd ynloadingdydleBHlUe to slip-dislocation of the
crystal lattice structure. 16As noted above, to
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L o LB SO R BRSBTS e
caof ﬂwrWdfas 1|08 Cchddherafo@X 0@kl to minimize the center/edge temperature
30 differential of the bottom wafer or wafers, which could otherwise result in damage

due to slip-dislocation of the crystal lattice structure.
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l'ine (not shown) to pronote the formation of the
protective oxide surface coat during bake out of the

wheasios3el enents 112-1. Alternatively, oxygenp¢DUSvakes1484
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of t he rocessi apparatus 100 havi
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o del thsriegiredamroersing mpemRTeHRRiodimenhet 2 §mﬁ)processmg
us%?p%&ﬁs h ﬁ‘é ROt | QBRI 0 nBercp%%ﬁB@l inl 8R%her detail with

y enabling the thermal shield 146 to be rotated
i ntrefersoes to FHps. ddhrewgd. as the top of the pedestal has
cleared the process chanber 102. Having the shield 146
in pl acBIGut lsg showes po genbedivent eihawheswal precasepg aprpratus 100

el 6%k Pededidr Heafifh HEnIRAT 189 {2 AndERY EGd 146. In the embodiment
shown, the thermal shield 146 is attached via arm 148 to a rotable shaft 150 that 18
turned by an electric, pneumatic or hydraulic actuator to rotate the thermal shield 146
into a first position between the heated pedestal 130 and the lowest of the wa fers 108
in the boat 106 during the pull or unload cycle, and removed or rotated to a second

position not between the pedestal and the wafers during at least a final portiom or end
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tenperature nore rapidly than woul d ot herw se be
possible. Simlarly, during unload cycle the shield

wa4@shei2ps i n cooling the wafers, particul arl yPehOS®04/031484
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i f ial, ELG .5 | . .
o S PUE R oy PUET BT he FBiing R b st matriat
ha\ahd]gomaqumpldgayﬁfameﬂa& of material such as SiC or

opaque quartz, with a high absorptivity and a | ower
| ayer 1%#blef material or netal, such as polished

I P
Stratfress

Material Absorptivity Reflectivity
Stainless Steel 0.2 0.8
Opaque Quartz 0.5 0.5

Polished Aluminum 0.03 0.97
Silicon Carbide 0.9 0.1
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steel or polished alumnum wth a high reflectivity.
Al t hough shown as havi ng approxi mately equal

wao biosksrsses, it will be appreciated that eitheeT/UR®04/031484
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relati V&(‘;c%rcﬂlﬁgefbt &fe drktoditeas thedpamaiigd C1l46Sdaﬁ0iefﬂ1ade from a
requi rementsﬁ@gr the t her rmlSééhl el d 146, suc
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15 metataid @Mﬁédlﬁeﬂs tﬂasoﬂ&aa}t% lliﬂyﬁf be151]? exti'_elnﬁh ly thin fayer orl idilrn of
perspective_view of an e nt o a t
as Bekshpg metph denpaitadgforged ‘P’F@?"ctﬁge Thi AUa 5 Rlgtyy %T”%méﬂmqop layer -
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in FIG 8, the thermal processing apparatus 100
f uCeIVERtionaLmeRns §uch a8 Popding.or S8 Hat can be r ot ated or

slid or_otherw se noyed i e. t 106

to isol Btwtenpthss P@E@%@e%ﬁgﬁg’@&“? ﬁqggﬁ{l’h@ ?Scf’é‘ Thpernal
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thenfRgesidts Aafkd l§et\k/é?:nafwb Qﬂﬁ{r&q 1%% 15208ad 854 of ﬂllaﬁﬁﬂl For

to 1solate the process chanber 10Z, Alternatively, the

shgxample, 1 cealmgbélam@{ ddteepnobe Bpmerd by miging| QA ey esuitable
t hgyd 8[1é gl%ﬁla\gg&gptfvg SpRae Et%hﬁl laye3 953, %n@ bk QM‘@%&ldoy a metal

03|t| entTy ralised to |sol ate
25 pr doesd St nanmng Foch asqofntmamoy Alppanghepeting. fé@mﬁﬁxﬁly, the
be cf)gﬁ ! &G RPP cagrbe E‘oqn@& Vtﬁe ﬁ@tat ﬁ?&"’l‘gg dr ﬁ&tﬁ% tﬁé%alﬁ&’ﬁer and
t'aneous ralset to isolate the
pr ahﬁeqamrtzlvanbﬁa 102 as it |s swung into place above

the carrier 106. _
FIG. 7 is a perspective view of an embodiment of a thermal shield assembly

153 including the thermal shield 146, arm 148, rotable shaft 150 and an actuator 155.

30 As shown in FIG. 8, the thermal processing apparatus 100 further includes a
shutter 158 that can be rotated or slid or otherwise moved into place above the boat

106 to isolate the process chamber 102 from the outside or load port environment
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For a process chanber 102 that is nornmally operated
under vacuum such as in a CVD system the shutter 158

w@owsa3f263 m a vacuum seal agai nst the base- pl aPE€T/LI22004/031484
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channe s%hn%&hﬁﬁe foh #%?g%%§Whe &%ggq%gﬁ%s% ghamber L0z
pedetteah se@@niial bamchem e)ffmfbly foovaslnesd op ebimtiniagen thet petential for
sh . po

chaeEhinl e R P s SENH olls BEGERSY dome
¢ hamithes lakgp d)ametﬁ'rsealomh @b ex brring, arhyﬂiuathb isutier 158 can desirably
pneupmLic ac ors. . not ref Yo ot .
Pt o BPe! Gl shibis I B Moot B SRR Remobiopt spapm in
t o KGO8 }ﬂ&tﬂhdﬁernés ssadpmnlethemaine oaiigel 32RstdFo saalrwithwhe clucible
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one ver | on,of enbodi nent .
Comor o Sook iRl BrckeR R SRbE 4305 P 8 oroe3, H ey 102 is
vi anofhailyt op@faml firatmesphériceptedssre] thet shottesi I8 ds timplyead inshiating

peration, the at Il ed
DSl (e dnedtunh e tors At dhe, At 365 omSigh Hatnber. ome
ZOWHMM fotlhddempiashing. thISiIﬁ’BBfe@t’hle tubeo i ofque audre: flitewhich

cause the cantilevers.to piyvot tr nsI t| n

o e b S R AR 0 B S e Sl hemal
t hahqeecess chanber 102. As shown |n FIG 9, the

thermal processing apparatus 100 further includes a
magnet i Gleh\the @em:lstemwafsem thetfelly DRvesd Soeiiod, 6Be tshtter 158 is

rotates .the su rt 104 and the boat 106 along wth
{ hanguef 4P PBEDI g?&ﬁ% T BOpsHs © %ﬁbeaﬁP? ﬁ@g 51?686@3%4 fogisolate the

RotRédefidclai®er by one or more electric, hydraulic or pneumatic actuators (not

shown). Preferably, the actuators are pneumatic actuators using from about 15 to 60
pounds per square inch gauge (PSIG) air, which is commonly available on thermal
processing apparatus 100 for operation of pneumatic valves. For example, in one
version of this embodiment the shutter 158 can comprise a plate having a number of
wheels attached via short arms or cantilevers to two sides thereof, In operation, the

plate or shutter 158 is rolled into position beneath the process chamber 102 on two
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waf ers 108 during processing inproves wthin wafer
(WW uniformty by averagi ng out any non-uniformties
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A sensor which determnes the relative position of the

boat 10Magﬁe5ucbmat:o nﬁg the GBta @y nbdhasiki AIG4 SROSEN the ipSdestal 130
pa dcular]y u I n. on T{%Odl ment, the boat
FEHRGHES vqeﬁff t PG dryadin the progerswe sngiggispt or for having a

pr GhdoHFHN feBBhroBSO WhireB) diifndaf@ta 13G&naald seiiceORE| Ralls and
or laser sensor |ocated bhelow the base-plate 124. In

opepBipmition fRughermoge. IprERg rojige MRAFBaER 64 PBiEIdE g at some
angiiddie PRILHE Pocds3fhgl Binimizes the maximum temperature of to which it is

exposed, thereby increasing the reliability and operating life of the wafer rotation

system 162.

In addition to the above, the wafer rotation system 162 can further include one
or more sensors (not shown) to ensure proper boat 106 position and proper magnetic

coupling between the steel ring or magnet 176 in the process chamber 102 and the
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| ower ed about 3 inches bel ow the base-plate 124.
There, the wafer rotation system 162 is commanded to
WO 2005/081283 boat 106 until the boat sensor pr ot rPST/UR2008081484
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25 showilish up-AATva doyadoy covisuragins: Rifearly.itheinioptn 216 eifipes 180
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temperature gradient across the wafer.

FIG. 11 is a cross-sectional side view of a portion of the thermal processing
30  apparatus 100 of FIG. 10 showing illustrative portions of the injector orifices 180 in
relation to the chamber liner 120 and the exhaust slots 182 in relation to the wafers

108.
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one enbodinment. It should be noted that the position
of the exhaust slot 182 as shown in FIG 10 have been
W@ biosat3s rom t he position of exhaust slots 18Pc/US204/031484
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an vi ew o portion o " her mal
processi 1 t
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patfionf the mafenel 08ranfl itavesd ﬂJS(l)lnexf lZOh@plpmoteamymgwdj the process gas or
gfecif?ﬁoq%\%%)fe 1tjr%% eS8 tﬁe \%féz"fgrsg' ﬁgls ec)(()?itz igura 10% log nﬁc%ggg&‘jl 4§ 18012 is
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FI @uldQorspehtmas? 18kt er nati ve gas flow path fromthe
orifices 180 of the primary and secondary i njector

184, 18BIG.daGriossotla plahlvitst 684 portiorDor thé thbﬂx&l padcedsing @fparatus

Sl S S R

20 t hgathhednirte (RIfRECESDI dTFheyfHiAdra hbid se’l:&Qian infettor 184) 186 keetdss an
alqong the line A-A of FIG, 10 show n |ternative
gadlysraiye R ﬁfe the orafethidSoands to b exfigpst °tst h@ i‘)“rCPWH}gyth"r‘Pﬂther
seGehdditygnt. Nj ector 184, 186, across an illustrative on
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accor di pg5.t12 is hrdther PRANVIRY oLABRHONBI the thédtd] Procking apparatus
cross-sectional view of a thermal irocessn ng .appar at us

1000R &6 FI%y 10\iRkenralong the ins- A14008 ¥1G: 0 shpndng ansalipriahiye gas flow

25 118 Bk telritbed M0AT (R HrahftRahd SocOiHAR inj¥BIdt 184, 186, Nicfoss an
embodi nent, process gas or vapor admtted fromthe
pr dHysirative on of the wafer 108 and to the exhaust slots 182 according to yet another

embodiment.

FIG. 15 is another plan view of a portion of the thermal processing apparatus

100 of FIG. 10 taken along the line A-A of FIG. 10 showing an alternative gas flow

30 path from the orifices 180 of the primary and secondary injector 184, 186, across an
illustrative on of the wafer 108 and to the exhaust slots 182 according to still another

embodiment.
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injectors 116-1 and 116-2 havi ng respective outl et
orifices lowin the process chanber 102 flows up and

w@eesss12she wafers 108, and spent gases exit eREEUS1004/031484
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slots 182 in the top of the liner 120. An up-flow
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froma cross-flow configuration, as.shown in FIG 10,

to an upsflow confi.qur.at.i S {01 :
16, “or SosieFPR RIS e 6 M uher 320, shpBh ey
Thisl @ity hplaaetamwlapsdedtht diteo igévtdr end liwersotfavinggliffgrent points

instal l abl e inj . | 21 I )
ol Biton PEGRHER TR iR P fhe priElssehé 24 G win
Upbé hepredited Byvihokd skilled Tih ehei anf thattthe smbddimer b fanxtflotwenjector

liner 120 .c b arate conpongnt.s.. Qr the.injecto

c A R RB G Py fratre o ot Pevoiy by g B fuen
Th Qflit’_hﬁqt tih_@ ﬁ)rcﬁeévé\ﬁiﬂhxﬁ&i:lo:ﬁ fo gwa_ﬁém }uar ?as'ﬁ}?éhahlgédﬂirom a cross-flow
appl i cations ere it i esir e requen .

c ﬁgﬁﬁ@ﬂ{ﬁ#@nﬁs seeusindigridefo W%Wﬂ%ﬁ%ﬁﬂb s S%Wﬂ in FIGs. 1
|1 Lpe1d, 3k b MewhRloRQEnSfurdoR,Ge Sisowinoih FIBEI7aThie gard beaccomplished
t hermal processi r]lg .apparatus 100 i s, descri Eﬁd Wi 61

r eflspughcae pe ofjegily ipstalipplemisclor gsepBlies’d O ans HBH ﬁg to convert
\SNfd m&é %e%n{é%l?&ﬁl $r6ds-floab BRbp-HoRoPeessiieg. a bat ch of

108 wherein each wafer of the batch of wafers

IS qui cithy irddtebry!Nid, 2N Ehad he &L 20Qak Ibe selRgdi¢ efinponents, or the
tenperature. In the nethod, the pedestal 1&0 | S .

| oviiecter, cap el integsallyermad) witHingt @ 4 sgle Pidgy Lhe iaﬁ?roen&mdlmem
posd 1] LdeBulti heta @ isSdekioaMiy e frbQuen@y IcBaige the
hezét bé@g%%héee?%&?%g%ﬁ%gﬁsﬁg 24el enent 112- 1®bag{ t%ig

t herqsessebember 189 comdighwiion.ai n t he t enperature thereof,

and to insulate the finished wafers 108 (step 190).

Opt i onalmyillustiative hethed o1 S@oGess doyy BRPT#tHgothe therma processing
apparatus 100 is described with reference to FIG. 18. FIG. 18 is a flowchart showing

steps of a method for thermally processing a batch of wafers 108 wherein each wafer
of the batch of wafers is quickly and uniformly heated to the desired temperature. In
the method, the pedestal 130 is lowered, and the thermal shield 142 is moved into a
position while the pedestal 130 is lowered to reflect heat from the bottom heating
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position to seal or isolate the process chanber 102
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| oVilnvestiart ahvdvmgw@emdeftanm@oment phe mggod fer til@@lﬂﬁ@ [pgocessing a
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Loyl roces
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520 LS SRR o0y e 0By e 10
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¢ nenPaesioR T om0 TR 400 kST heskill Blee i

chaﬁb@rocéﬁt c&;meéiﬁ)Oz @ile mﬁmhltayieOLmM\mehdanngathel wafsts Digeto an

o ohierRe S O Giep §0DS SPHEr RaptlstJr B GRURE ey 112-1,

112-2, 112-3, each disposed proximate to at least one of the top wall 134, the side

wall 136 and the bottom wall 138 of the process chamber 102 to begin heating the
process chamber (step 206). Optionally, power to at least one of the heating elements

is adjusted independently to provide a substantially isothermal environment at a
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25desired tenperature in a process zone 128 in the
process chanber 102 (step 208). Wien the wafers 108
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cross fl ow flo l.iner in accordance Mﬁth

Qne
errt%%‘ieﬁsé‘?ﬁ ar@fp%mow%%we T GHETR NGrAL T5RSSIRE apparatus 100

desGHoRe0the SBPPRMeskihP 8 8§ ndhiShatchRif Q8! grddudS REketsM 08 in about 58
traditional up-flow vertical furnaces to increase

pr JeBEEs.gas vel ocities and di ffusion control. They are
al so used as an aid to inprove wthin-wafer

uni f or mikeferringhodiEandt- 4. ¢ crast-HppF - ﬂq\*ﬁéw&r wloacmﬂdance with one
co rern%ﬁm%‘(‘@it e preSnPinkerdoR WA bedwiieaRiveds, Whi ch occur

due to single |nJect|on poi nt of reactant gases

forcing S@ép#:ed 'Hhcﬁ'@ ta?edtyﬁféﬁﬁlsus%@ ih QWD tup Al dw %Hﬁ:@lcﬁﬁ’naces to
down the s prior ‘art vertical cross-f

f uringreass praches g@@moqlms 25¢ diffusige pprol o hheyr B9 F‘]é?rﬂﬁ%d as an aid to
S 0' hlgtm%ﬁr infolnﬁ}%' PA4Brt@atdl? §t§f)deQﬁ1'e1§td% 6§ cBBYct down-
be c eate In .t p region betvgen. t
the-stack-depletion prob ems which occur due to smgle injection point of reactant
gases forcing all injected gases to flow past all surfaces down the stack. In prior art
vertical cross-flow furnaces, the down-the-stack-depletion problem is solved.
However, a flow path of least resistance may be created in the gap region between the
wafer carrier and the liner inner wall instead of between the wafers. This least

resistance path may cause vortices or stagnation which are detrimental to
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wafer carrier and the liner inner wall instead of

bet ween the wafers. This | east resistance path may
W@auws®31265 t i ces or stagnation which are detri meer/ab2000031484

26manuf act uri ng processes. Vortices and stagnation in

a fmGReErinRYroesseat eVaLices smd\ah@ationom- Al firhge thay create across

problenB for. sone ocess chem strjes. .The present

nVHRL MER VRS @go% M BisIome PERGessiCAAPISHRS, {
S|gn|f|c ntly ipproves the wthi er .unifor
provi di B’i‘?ﬁ%ﬁ’)ﬁ‘&% P BTFs foB: Omwﬁéﬂegﬁhaf é‘é’élfm ni)é&ﬁpfoves
sulrd wif-wa R Reid Rty | 'bz pPovidhd hifiform ks G 81ds the B@rface of each
cross-flow |liner of t present invention i ncI udes_ a

5| orsbsiralgi fHaPord| i+ Gasiek t |I6 rgepgsala dheotptsciave liger of the present
Cr G5Rnfid® WhelfieS Gl loRBinRMRml SNty sdabn 4 eac&dnﬂﬁ&da‘ié‘rh Rebss-flow
patterned and sized to conformto the wafer carrier.
Thenjgetionisusiowe en thehthe [linpreganhe datttracdva gized &y ¢qnéptm & the wafer
si c ,
ot ik "B cob VRIS B[O e Bl o itris HRRTLARE Blited, and
r edigeechulyy voatiash eeithtaghition BEcemedsn priar hgriwmhcep cat bs séduged or
10 2PRJL; gédjs 230 including a cross-flow liner 232
according to one enbodi nent of the present |nvent|on
To sinp t .
ol osel y TGTOFERR 4 BRTokcd g b0 BonBrgie Bo R Ak tiner
, t he3dreardigg tande cebalintd df the pregem everltiont He siapbidy desesiption of
gh%]g\%nle dgsel% g c%éy r%l x%%nte Jé)o ég?nv?net@é%\%ee%& &E%Q?%ﬁ in the
c ardraveing 2xti0desdribad. aIntmﬁe:chl e apmmsm 4R lhles mlvetsh@]r@ﬂrthat forms

15 ors PR P O PTE SGPor At are) Er 30 vipt b e 34 witma
de Yatck @f vafgperatisidethérein. tTheappdratiy 2B0d8didey heab source or furnace

cross-flow liner 232 i.s praovi nere se the
con A ey o6 b Vi aa? s B 4Boied feteiirespg termal
24 Zore9ashirtge d UC Erogsidva inBa 3Dk plovided &F $nc2hge theosdncentration of
fl aki ng,or peeling of de 03|%?21t$ h can form.on
| nRPSeRnES g BBt and B pgtion S wafers 242

20! | Ndm ﬁ@l&ng &r 9@!&@51’1@0&@ tBRARER Fdfint ¢ TRfoCHIhesY ofdthe process
the wafer carrier 240 and sized to reduce the gap

betchaabert336. whieekineg 234 iie patienyd 44 gonfpem [t H@rcqn@qr Ofﬂl?s wafer

|| NGfrieg @20 bl SR §6huke tehdpRRER R It}ﬁt\@afgl“&rﬁ’dﬂ davealdatle liner
A cross-fl ow |£4;ect| on sys em 250 i s di sposed between

t hewall. n&he Jiggr B3l trpramigslf terthe Rase) kigte 240 andsgentad. o4 cross-flow

i nty P a%esgs&ﬁrmqg d?spmea rtfe{wefeﬂ ﬂse‘ 1R 288 Lh® ‘ﬁlep&)ﬁfe? Rfrier 240.
orifices fromone sid he wafers 242 and

25 c ar@asey arg 4graglpeed shropghea @h&rmc ef wjectioreparisfas osificgs 352 from one
zgx&acff thd Ql‘ﬁ“e 4‘3 eaﬁﬁ ok x{?@fj 2&?!%&% e éﬁhﬂ({eadf' thy wifers hrPL $aminar

are orrre I ner osite sid
t 0 mm@gﬂé éslowr A placdityoef shyts p$4oa1@| @theér frethe liner 232 on the

g : 333?:651 e Ité &%Etfs? gagesb& r%ggn l%r pl’aﬁ%t metal, ceramc,

I ne or

The cross-flow liner can be made of any metal, ceramic, crystalline or glass

30  material that is capable of withstanding the thermal and mechanical stresses of high
temperature and high vacuum operation, and which is resistant to erosion from gases

and vapors used or released during processing. Preferably, the cross-flow liner is

made from an opaque, translucent or transparent quartz glass having a sufficient
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15

accommodated in the bulging section 232 for introduce one or more gases across the
30  surface of each substrate 242. One or more heat shields 264 can be provided in the

second section 263.
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In one embodiment shown in FIG. 23-25, two elongated injection tuibes (not

30  shown) are provided in the bulging section 262. Two openings 266 are formred in the
close end 258 of the liner 232 to receive the two elongated injection tubes. Notches

268 are formed in the openings 266 to orient the injection ports 252 to a specific

direction. Any number of notches can be formed so that the elongated injection tubes
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201 hGRERER B CEIITOT g5 I Broren] BB PioyiEes 4 jgting CHBer for
de N gdsadx@ithgl the ljdefon Bétts plibr &Nflovdsg actrbﬁ the Q8ficd bWsubstrate
liner of the present inventi gnﬁ’has gﬂeat advant ages in

pr ¢ &8 éacl‘,ill‘fﬁtle SRIMGIIN FpR5E oh cpaliisiic PHEng ok ghses. IR cqntrast, in

S u k{ﬁé S8Rt PR At et WithoB th buldinf sdckib€ bBthe piBent invention,
Vtgfhng section in the cross-flow |l rner of the present
in

gas dlovpieavs disssuafas ofi anybetsia® dreepBr andwongidiogm, as shown
25€Xi3h irftsk B8O S0 4Ah@gt 1 on ports prior to flow ng across
he surface of a substrate and thus facilitate

nonent ugd 3N g@éxtéiﬁal shg lvie’wsc;f ifife s noe hn@xf 230a88®ing b Plurality
contrast, in the chanber with %él or art liners w thout

t heofthjlﬂgillnié slets @5 dhrowsh thhwalh pbehe fiperjcpljrder.i Bee sigqand pgdern of
1% 8669332 {'@ﬁ%eééférfn‘% 8 Al p?ov?dégsl&fg%ﬁndlél %1{] g@ %?e pposite to

non- uni as snown I'n
the bulging section 262. In one embodiment, the spacing between and number of the

30  slots in the liner coopérates with the spacing between and number of the injection
ports in the injection tubes to facilitate exhausting of gases. FIGS. 36 and 37 are

cross-sectional views showing the heat shields 264 in the second section of the liner
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FIG is an external side view of the cross-flow |iner
232 showing a plurality of latitudinal slots 254

wo boosogiz3s he wall of the liner cylinder. The sP@BUSIU04/031484
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250N qn_]@@fp)ﬁ%ﬁé? @Schq{avitnﬁ & pREA%Esin
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pattern of the slots 254 are predeterm ned and
pr m dﬁdt\if@ Agichasdd 7afot yeceining hid Sstabélizppihs i langhtod thitses in the

buI sect 2. I n one enbodi nent, the spacing
bef Se&%}lﬁﬁﬂ%@eof the slots in the Iiner

cooper i n et we d number. of

o Ret R et HAy RO G ol AL pRppR . One
ex BRHgdddBjcefioiRbe376 Klatsomnda®ith te DuRir sec‘uon 262. A T-tube
Cross- sectl onal views show ng .t he heat shj el g&g

t he7iscemsoaar 1 slongatedBbq 3 dp theoeond sERHOPRG3 AGIHE Hiser 232.

27 4o Phsds BREhNd NP (B Abtighled kibe 276 SndeT-AMYAY S bshedeREly and
in the second section of the liner. FIGS, 38-39 show

anoremdreddnthsdlonspied whe 2HPTIOF osifingithpigiseimportene

el ongated injection tube 276 is accommodated in the

bul gi ngliseReLation, 2EFOUUR SystEREOdIPES § JARYRNRIETEEP Mgthegaction
el ongaAle QB}B Ubﬁle 248" lteg‘sﬁreseﬁ:?soﬁidthc? QEbitRA oFGRe @lonkdifon of the
l'iner 232 gases are i ntroduced into the el ongated

t ubessdiZB4a |Tdie WFIOSQJB@V ¥ng 282 Wtah%’fnyfe%méseﬁpéhﬁ g pressure
t h?c% %!’egﬁggf‘tsgcgn& WoG BBl MR crbQ- fﬁf% tllhé}g23t2heThQJs§c%hﬂ%cuum

n operation, a vacuum system produces a vacuum
p r e&sm&eaqtmmtahbrepwmdtammrse Herdirection36 theRhengetbanuefithe vessel 234

F rhgﬁ %crggesgl Ct 3 E[é flg:gchds%s?tg 2251 ?&lo ggs%%géro&gﬁﬂéieoa%@c %as and a

SThe“Cross- T I ow perati
i nse@ad gmae tintradneed\iato uwmebngeijtube phHthe rimiattionzsystenn dfiein two

xg@tJ erexg Ig%ssgoﬁ}:ctgsh Z@esgaseﬁ ex1t Wllglgcf fon 2%[3252 gn of?ees(f 5‘1" the wafer

r ansverse
di nezT hhddonOtyet Aelaalivn ok Iacrnsscthe ther ¥esse Ipaﬂﬁdmmdd)etween two

acrqQss the_surface.of each substrate,242. ases '

F oPURRRETS, FRPS e gas ah I DA s FRsEs Bough he
i Ngtehisd dlots 232 hwhe Bhed RgRcechetative wath thd ijdctipe pbit0R52 in the
systemfromtvvo di fferent gas sources. The gases exit
th@qnﬁﬁ‘t%%'i‘l#%sn ports 252 on one side of the wafer 242

and con d m nar, f ) 0ss.th f 242 |

R e N LR e e A PR
Jasesmell préR&ding0 Rppitatiy Qﬁiilﬁ‘din?g ar %rcex-ﬂaWSﬂlﬁ& tab¢cadigh to one
thelatltudlnal F ts 254 in_the |i

o SEUPSEYCOh IS AT Bl FRREVoBBT s pgduced diameter

el QRE AL RHfEMNAS the W a@P carfiby. IAScre@MIvH RjdcAtidystelik ccommodated
Dynam cs (CFD) denpnstration for a thernmal frocessn

applreabiging neptins plyths e s she| BIRelqn, Bistedt &5tideh §ve & gngated

die&iéﬁ"ﬂoi’t@fb inttéce reactant or other
cross-flow | iner has a reduced di aneter and i s

corghess welloss the swréacoaf eaeh slptrate r The Anjestioagorts gig origntet iq Bise the
S y %ﬁl@%ﬂ' esa{i%%&gg%iﬂg&% yéaﬁlas ik gl'e nlﬂeéﬁ%ﬁ bbl@sninﬂﬁngte |'ﬂ?e liner wall

I ner stem | ncl udes two eIon

and mix in the bulgmg section prior to flowing across the surface of each substrate.
In one example, the gases introduced into the two injection tubes were BTBAS (bis
tertbutylamino silane) and NHj respectively at 75 scem. FIG. 40 demonstrates a good

cross-wafer velocity.
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i njection tubes each having a plurality of injection
ports to introduce reactant or other gases across the
waosase3df each substrate. The injection portBCHIS2004/031484
oriented to face the liner inner surface such that the
gases eXidd. Y tshéompjieqnab rir'ltp@) rigynamagsi (ge)t drenonpirpgion. for a
vellor @A plicKsslrd i BABRCE! AR AbY Olind:O aldofitieN %o one
across t he sur eac bstrate n one exa
t hemhadiesnti aftth@ﬂmmd mvnmtwnt Hléhetmmﬂqwehnqr das & mﬁe@dwbareeter
BTBétglsgcg etf%rmqi Foé}ﬂg %{”e canr%eh 5 s@eﬁov? ngeNcgok}l slyetglg(?scgc Xdated
5 velwai 'bl}lgm§ ]séctﬁn Gdnthel thimbs. oﬂ&b 1h"j|ectlcﬁh Byreaminchdés. B El))ngated

oA kPR B 6 BB S CHRGhE anoe

enadk Hﬁﬂis tBf sukfaee dITe@cSﬁdilbstia&V eIﬂbhﬁ}ébuOi[bert@zﬁ@ SﬁetftddQWface the
i ner has, a reduced di anet er nd is cogyornal

e PEHETCalr Ry BfbSITaie. . e scpghles e e dRiredyianipitte tlo Section
aC GRRERERIPIB A (b thietudi18ing a%bpdhdm3trb@e&ﬂve@rat 75&%8m. FIG.

i njection system.includes twg el ongated injection
10tuﬁé§m@@®ﬁa 9% 8909 CEOSHateRr$19§itYof i nj ection ports to
i ntroduce reactant or other_gases acro s th

surface
of eachPXithst at Somppations] &d Jhvng H’F‘tss g?“i“’é‘?ﬂ"é‘&nt@r a

f agRrhie ppRB%BE WPpatdde %iélﬂﬁl‘irfgatae crdsELflewe 11ﬁéiaH&Joﬁhngt h6 one
gases |ntroduced into the two injection tubes were

BTBmSodipient efcthe pigsapt inveptions Therragssflosl Kpes haea pulueqd dipmeter
at aZc'l_’lsSc%ﬁfE ‘mzﬁ It(ﬁhe %f@? E‘a?rhéra%eéoﬁ ke‘%ﬁ&?’s%tstexﬂ@éz ftommodated

vel ocity. Comput ati onal ¥l uid nam cs
15 (CFﬁD)a uégmmwmu anth¢ dinern  {Ihe ringptiqer Bistess inslidespperr glongated

qllgga ol Qlfb@ ?’JCR ﬁ&wﬁ% Qé\fg{aﬁlﬂﬁgf i Q%Bﬂioﬂg_ﬁ) BtrGHiEe re?cftant or other

nt “I nv ntIO Cr 0SS
| [ rgeses lacrossathe etdﬁtgeedf cicly substate.aible ingectiom pertsrinleaghgnje¢tion tube

?J 0 %'Eed tg rface%aat&ﬁér sfo ety th«{”ﬁa?s%é Evgﬁn%:}ﬁ%tlﬁggdoﬁ p_ﬂj%s impinge

acconmo sec
i njeedt otmer syismanpriandb lfhbwsngt awose |t garfagel of mpdbcbgnate. In one

tubes haV|n I, por. .
2SR e QL et bt Bl RSB ABEOE i8S
of tﬁambdamhs sitan¢)end NiB réspgotiotly a7 pwerems FIG. 4ea1einonstrates a good
|nJect|o§r&§be are oriented to face each other so that

RS EY ??Whg the injection ports |np|nge each

onch sunle ety Ressifion, HrsReitl hEBGubats f BfFug or me
I Ntivehtien have besh eeksénded fou lies pwpsse ﬂﬁBMa(lm snd description, and
25 gealfiouehed HoniahbOPa ARGt 0T Bied bt of e precading

Vvelepghplys, it i gotlt® be ostishgdde $)6ilhg Dibiied tlﬁ:feb?ﬁﬂwyfat&not intended to
les of the_ inventi

enbodi nent.s and exa been
pfggeq%awreo?r fnkmg Eg‘fo GEon 1 el B eiosed, ahd many
desgddifati®; i@f6vements and variations within the scope of the invention are
possible in light of the above teaching. It is intended that the scope of the invention
30  encompass the generic area as herein disclosed, and by the claims appended hereto

and their equivalents.
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al t hough the invention has been described and
illustrated by certain of the preceding exanples, it
WO 200808128 be construed as being |imted therebgT/UTIvey031484
are not intended to be exhaustive or to limt the
invention to the precise f g scl osed, and many
nmodi fi cations, inprovenents and variations within the
scgﬁgiof t.he jnvention are possible in Iight of the
ab HERRIWEAY 1t is intended that the scope of the
i nvention enconpass the generic area as herein
di scl osed, Aidaybabust B tHetridIFEpréRRACE PlulktityebDsudRehtdsIRld in a
equi val ents. 32CLAIMS What, is clained is: . An
apFaist S8 ARRATASORRIFS p B sadesing the (iTal ity of
5 subst r at,@srelielafdl tider @oﬁ;]él{séé_ £EylingdeH whi@PR Pt with a longitudinal
conprising a liner enclosing the carrier, wherein said
| i realeingosastons Bsacgomynodatg apn ipjsption system fy infeodueing gne, or more
| ongick Ydbdthe Bihel Hi%a3EGEbiAR, L © accommodat e an
i nj'ection systemfor 1 ntroduci ng one or nore gases
across the surface of each substrate. 2. The aqfaratus

of O ai f 1Thehannerafiisy ¢feClajmy dr whegeip dhe dipgrely neffemed Ad) sizgd to

CORbRGHT tPtht BEriERHAHES arfiiferiBSneRR HaPRebod IFRAELR o t IPpercent
is about from104 to 110 percent of a dianmeter of the

10 carof p diamegr ofithe cgpigrar at us of Caim 1 wherein the
cylinder is provided with a plurality of slots al ong

t he | engt rnehplabRusCorldiider whabin e @uaddr iOproRaBwith a plurality
The apgaratus of Aaiml wherein the cylinder

cop plosatong the length efifhe etiderdorgbasiitgRasesai d cl ose end
is provided with one or nore openings to receive the

i nj  ect 4OITKs ippaeitus &F CIARE 1 APBRMAY SylRter@ofiphike 4¢418e@nB and
the cylinder conprises a first section-and a second .

sechiWAD oitheridi Foss £nd 1 Proyided gt O oF g CPERRRS o dpRgive the
155iqﬁgmiﬁs?§aﬁorn1to the carrier and has a first
dianeter that is about from 104 to 110 percent of a

dianeter. of the carrier, and said second section i s .

pat t er néd %8?1 gprarais @f ?ga"&?&r??q}ﬂ% thg Cémg‘ﬁ&fﬁB’in‘SﬁF 6rf{}ftﬁ8°t‘°n and
Cary deEdndaRetidAa fvhérefll SAIMEMBY skl is ipBttedkddUind fsiz0dtol dénfdrth to the
120 percent of_ a dianmeter of the support. 6.

Th
a pSAIST o 9F ATsH BATES GEINEH &5 300Kt Eom 1 felp 1i(petket of a diameter of

CONRY ¢35, AARafAsedPRl RediRRlis PitbBLHSdbiA0 84S SO AGupitt for
periphery of the second section of the %gllnder. 7
e

20 Th dhexgnsagrand dagd diemsienihat iysbpwifioms Hisdo 1P peresm ot 3 digmetar of
coqpergu%s&c_one or _

6. The apparatus of Claim 5 wherein the liner further comprises one or more

heat shields disposed around the periphery of the second section of the cylinder.

7. The apparatus of Claim 1 wherein said injection system comprises one or

25  more elongated tubes provided with a plurality of injection ports in the tubes.

8. The apparatus of Claim 7 wherein the one or more elongated tubes are

rotatable about an axis in 360 degrees.
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nore el ongated tubes provided with a plurality of

injection ports in the tubes. 8. The apparatus of
w@k@sosiz3svher ein the one or nore el ongat ed t ubPCT/HFE04/031484

rotatabl e about an axis in 360 degrees. 33y. A

cr oss- | ¥.ovk ¢rpssrilogio st cempigfing & gylinderdiavild\ingol @ §ie@ an opem

eng, & @Qg %ﬂlix%ﬁﬁ pﬁpvgded S, 5B bul %ﬁnl}r% EUb ARG Mrhlodte am

| ongrtudi nal bulgi ng section"to acco date a n

i njrgetionrysepst em 10. The cross-flow liner of Claim?9

wherein said cylinder is provided with a - plurality

of latitudi I : i g [ tRA with a-

" he o1 %s TR oS RARPBPEIA o sl ot L ARG, BPEMR it 2
5 englirgitpoetitdéidalwlotstopposite by therbulging seohipmgs t hat are

sized to receive the injection system 12. The

Cr 0SS- 1} PWrhd 8Ly (ARFTARISR HrdiflG2i@ UosOlnd Riovided with

openi ngs ‘are provided with one or nore notches. 13.

Thene osere fopenings ithagare sfzedoagagive Theihjeptensysthia. cyl i nder

conprises a first section-having a first dianeter and

a secong, sgfd l:t%@saﬁ@V G * ERMONOwAL@AREEEne §rdhéle bpéiilgs are

section 1s provided wwth a plurality of |atitudinal

s| proyidsgdpyathione ot herelmgichisng section and said second

section is provided wwth one or nore heat shields

10 around g€ TRELIRIFEW 1ifdr Jft8aiRCLONGerSiRGhd Bflindrcomprises a first

section having a first diameter and a second section having a second diameter, said

first section is provided with a plurality of latitudinal slots opposite. the bulging
section and said second section is provided with one or more heat shields around the

periphery of the second section.
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