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15  integrated circuits (ICs) or semiconductor devices from semiconductor substrates or

wafers, Thermal processing of semiconductor wafers include, for example, heat
treating, annealing, diffusion 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 tempezature as high as1300°C and
20  aslow 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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processing apparatuses, which must be heated or cooled prior to effectively heating ox

30  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 fo selectively heat a single wafer or small number of wafers within a

30  small, transparent, usually quartz, process chamber. RTP gystems 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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there are no adequate means for providing uniform power distribution and

temperature uniformity during transient periods, such as when the lamps are powered
on and off, unless phase angle control is used which produces electrical noise.
30  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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Accotding 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
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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pro%@ﬁsr Alﬂ%éﬁé&% adcor 1%48?1@&:&:% stal heater and a

t he cor 0 an enbodi nent of the

present Ffty @NsiaQikgr aEJnﬁuc ﬁlul;t&tl@n 6f B8 PAbddinent of the thermal
illustration of the ede heater%ﬂ%thernal shield

150 é@eﬁllﬁm%a%@ﬁﬁ@?’ﬁ‘@ 9t° 8 RYSSat °%f the present

t L]
enbodi moRi-dt E B RER v oh R pRpocfiubt ob et Sle B o
of metuetor &kbording to presént phentitagor pti vity and a | ower | ayer

of material with a high reflectivity according to
present FiG:@ris ¢ opss-seetical Gew of apagticagt atheemal processing apparatus

T ysbi Lblﬁ&e&ﬁcogd%%ttgﬁenm%hﬂﬁ?ﬂﬁ pRbent RQeddb@r mal 15

shi el d aV|ng a cooling channel according to present
2onvent i opiG.Blifa crgssls&:tlﬁmpﬁéxﬁ pECrboess chbfber ‘hﬁvu&yn pedesstal heater

enbodi nent of shield nd an t uat

o gP P e Sl My SHREPD e estagng o HoSldiment of he
Cr OgBessitddvientiva] -vi ew of a portion of a thermnal
processing apparatus having a shutter according to an
enbodi meFiG.dP it ferogsrsectionsd view\of atliconal processing apparatus baving 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




20 FIG 9 is a cross-sectional view of a process

chanber having a pedestal heater and a nagnetically
coupl ed wafer rotation system according to an

enbodi ment of the present invention; FIG 1044 Eefruary 2007
cross-sectional view of a thermal processing appara Ia/

havi @ A secidasSnfebtOiVadréls QCHATEr £ b A eXBASY Pbid Gcédading to an
nt of the present invention; 25 FIG 11 is a

enbodi
cros?n]g’gﬂe?%éq e P YW of a portion of the thermal

processi par atus of FIG how n Qsitions o
P et or P17 Ry espieghofthe FHEH Mikspig tprées Stric
ex halfstakenlatng therling &l-&bf Bik. ﬂ(bshnhmg\gm‘ ﬂwsfrmcmﬁtbm@‘ 4 primary
n esmﬁ%ds eoIo gcrgsrs %% %&l}; t)l':tI a%‘cor&i%g 't arfbther
nwewo on er na pocessn
appmndxomeoﬁofme@esm@@wmomaken aI ong the line A—A of

FIG 10 shovmng g?asflowfromorlflces of a prinma 7
15 Febr ufFS angigy of a@@@éﬁ@fd&gﬁhmﬁ’émcsw%%%maof FIG.

waf efo e anﬁ a3 18X Radl of PO ¢ sheting fg&’d M8y frém dtifices of 2 pnmary
errbodl ment o% the present invention; FIG 13 is a

vi evingre %?c‘gﬂs‘?wwﬁcteff aCFQS® 2 (VFREE PR 19 T et W%b"ﬁﬁ‘idaﬂtgu@ yet

10f FnGiher chibodidkRRf @b pRgniikRnlidnne A-A of FIG 10

showi ng gas flow fromorifices of a primary 5 and a

secondar ¥1G. 1§ éatpdan viesw afapodionalfter thamel pracssingappastas of FIG.
orty r t n

AR AP e e ATRLERG, FIBRSL BB MorPhodh WcREE R Y Hrimary

t herawdl|a m@d@gsumgoraqswaer am&r ofd o] a8, exh&t@t paRavcadionde still

the ant‘ﬂ&eﬁ‘b@dxfﬁ@nt%fﬁbprl&nﬁﬂ&%dig gas flow fromorifices

of a primary and a secondary I njector across a wafer

13nd t o apiE1h &USdrosBéctiomAe g 6f Iiertal M‘S&essuﬂé) 5@@1‘& Shving an
enbosh mept of the present i nv%ntl on; gig\ IS I an
vi eviliEmetye e fqvh friesor (Eem HERHe 1or Mt & ‘?4‘1’@“’%8% E@“"t
of HRht¥entionlO taken along the line A-A of FIG 10

showi ng gas flow fromorifices of a primary and. a
secondar FIG. A éct aess-amtionbview wd ermalmiodessingnappaiatng daving an
POr tRGERE mge{(;bagl

resaclent mfygﬂ%ﬂ%ﬁ lﬁj%ﬂ) g\éﬂ%&% a crgésnsm%gie%tlftgga prosent
i evirptaR t her nal processing apparatus having an

alternatjve up fl ow i njector system accordi
enbodi neffC: df # Hie ngiaﬁ\F@r‘PP‘Sﬁ'ﬁn ?f|BGP1‘<fgSS|§> éhemauy
CI 09foce Sy i a0eh dﬂmmcc@dﬁ@wmimu@ﬂmm the padspiaifetition

hav'wr]%regjlfq each wafer of the batch of wafers is quickly and uniformly heated to the
desired temperature; and
25 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
30  cross-flow liner according to one embodiment of the present invention.




alternative down-flow injector systemaccording to an
enbodi nent of the present 20 invention; FIG 18 is

fl omchart showi ng an enbodi ment of a process for
thermally processing a batch of wafers accor g4 pghi,8ry 2007
an enbodi nent of the present invention whereby each

waf er of pide2pas e QlerhBvaMs of 3 SdsEHOW ed MinrOEKBwng a
.desi.red erature; . and FIG 19 is
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t her mal | C I n bat ch of waferg.accordin 0.
an emboci Iite TR Sty o leh eroBivs L Peye SRR of
waf eexhafst didteiniiizetlinkr sofording te ose énshodim enkdfitheprekentrinfeation y _
heated to the desired tenperature. FIG 20 is a -

cY 0ss- sediG.ofhlis ¢j B ylewaok hegrersiflopr diversini acporipprar withy one

i ncl 4eloBheft of 812 prds® Rivdnkigyv | | ner according to one
enbodi ment of the present invention. 8 15 February

2007  Fl @IG.24 isSe 8P pheat A6l aVdr@WARl Bndk 1B $8cdida@¥¥ with one
stepped.liner._show ng a_l ongitudi nal bul ging section
accog@?Dﬁﬁ“ef‘t&fg’ﬁé’reé%%&?“ﬁ%Tht of the present invention.

FIG 22 i . € | view of. a crgss=.flow st ed.
i ner~ sheR 2 IS0 fs bp ol P Ot 8 S B0% gyl SRR it ono
10 nesmtwndipmnioif thg ptesenbineenéorbodi ment of tHe present 4
invention. 5 FIG 23 is a side view of a cross-flow

| i ner i nF&&26issatpugiow af i cioprellovelispwiithe hulging seatien showing gas

Pr eSfis frbi bR At ipBgeille lifor urkORaRbAS: 1 iTRWir acfbss a wafer
cross-flow liner in accordance with one enbodi nent: of

t he ¥ &tng anjepkausisiopaecorgingio opgembodiment pf the progegiinyangion.

vi ew of ss-flow |i.ner i ccor dan with _on 10

Cod me b1 87 kgl téaas A Slops Shan b hprisa e gh Shopfigges

Mi ewlay fran orifessthitliiapingek exeh othertphiogto flowdhig wWgroseL tvifonand exiting

Shovﬂn%ﬂhﬂ%%lot Jcl oréﬁfuf oo or‘t;ofj fehit of%atresierqpljwrégt?os the

I'i ner ‘Inner war i p%l or to fi'lnbvv! ng dcross a War er and

exi ting gy, o¥Rakh vtk a BEEAH 118 &fh @ BR AT RRLLIBR i 5as

the present jnvénti on. FIG 27 is a plan view of a

cr osHot Ry qrififrsr disgpting te tsudegicn of & etafvtomdsrriitierm gdiust slot

15 fdceodihg ©hdémbolliaRet off e preboiPintfiSn.cach ot her pri or

to flow ng across a wafer and exiting an exhaust sl ot

209ccor di nBIG. 29 aagraphitd eipregdntation slivlriigitae 6w tinésiemed thofurface
crossflow l'iner with.

FIG ;28 IS a.plan view aof .a a
bul g(ffﬁagwétgrcltnftgena g a(x)nvlﬁern aagla%lxgg 4 cloea-flow Mher atid two injection tubes

having injection orifices facing the liner inner wall according to one embodiment of

the present invention.

FIG. 30 is a graphical representation showing gas flow 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 ome embodiment of the

30  present invention.




flow fromorifices directing to the center of a wafer

and exiting an exhaust slot according to one

enbodi ment of the present invention. 20 FIG 29 is a
graphi cal representati on show ng gas flow I|i np§|:a9-[,g,§92007
the surface of a wafer inside a chanber including a

cross-fl @y, |3p ey gri}ih@alféﬁcdeﬁﬁtfbﬁ%ho@ﬂlgtgdbﬂ@w liﬁias\/dcﬁ@s the surface
i njecti Qr|f|0ﬁsfap|n thellnﬁJé A; h

accotidi w}rﬂwdaﬁé A & pior agt ffaer gp S e igRetbs davine
FI ijéaldnsmﬂcegm@@mbﬂﬁepr esentation showi ng gas fl ow

| i nes across the surface 25 of a wafer inside a

chanmber FRl3adh argapdnicplrrbmsemtton shoming ganflow \lines acfossthe eurface

ubeg ah%}(qe{‘ Eﬁdlé'al %%hl!)e? rfncﬂfd C&S'ss ffl%%' 19 GRE o) iffotion tubes

i'nner wa represent at

shoviarigg g:a@hm arificksd fading fé;c; Mbsoftalwf@ aecording toghe gmppdiment of
|n3|a gg including a cross-flow liner and two

i nj ect?on tu having injection orifices facing each

ot her acef. @h'i‘s@h hR G e REER R oN Bibwir2lgad A 1186} a@foﬁﬁ@é‘hu'face
i nvention. 9 15 iﬁ—?bruar 200? Fl G]ﬂégEZ S

r epredSata i a§hm6h§°l§ﬁ§g FPHRAT AR §nda‘BY‘b’§U§g'E‘H’et“bes Taving

19Ur figfetiof orificed/ @R td théteir sTathagrber including a priaor
art liner and two i-njection tubes having injection
orifi cesFI@as mp gideciievo tohe crossFlo@.1in@3howing a plpraliiy olsidts in the

D0 R0k QO YA AB e o hDBRACEO SRR
s bhi

surface Water JInsige & ¢ |nc |ng a

cross- Tl gy lsg Ebeafcr&ﬁ‘-éechml o @ﬁ&&ﬂﬂ&k‘ﬁﬁ‘é sh&aﬁsgaﬂeat shield in
injection orifices facing the center_ of a wafer

' acccﬂcﬁﬁrﬁl?@c%‘ﬁ‘ﬂb?i’é5@MW°%?Se“tE‘W@1"ﬁPesent i nventi on.
FIG 34 hi cal tat| .Show n, fl.qw.
S 20 el PR l BU

I ncl dechiltigac@orpincowitinere elbaihnern of thd preseatiyventioron t ubes
having 10 injection orifices facing to the center of

a waf er . FI9.G8 i85 graghip skrivdeg anj edavgeitd injectians tibé ped\a [Tipbs in a
sh O%&Q—ﬂ@w%&ﬁ@&ﬁ% 10 bnenRbEmbR of ﬂ@gméeﬁﬂﬁ@en\ﬁ@ﬁ.l in

accordance, with o enbodi nent of the present
inventi opiG.Bb (aa paﬁlal Slarviéd Ofihe BF flhte ON@brodd-BW Bher dhowing an

¢ PPBEE BrsEAT AT See %wBt?oeg@ﬁat R AVBI TSRS 15 71 G
howi ng S<haRi G Uit Sl SRy Bkl udine o

one aysbdidwihipertand fan irfestipr system havingiaja¢tion ports facing the liner inner
wall in accordance with one embodiment of the present invention.

FIG. 41 is CFD demonstration for a thermal processing apparatus including a
25  cross-flow liner and an injection 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 in'vention.

30
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FIG 38 is a graphic showi ng an el ongated injection

tube and a T-tube in a cross-flow liner according to

one enbodi nent of the present invention. FIG 39 is a
partial plan view of the top plate of a crossid |=8[Wuary2007
i ner showing an 20 opening for receiving the

el OpPRANCED DESCRIPINONWGRETHE INNENEION FI G 38. FIG 40
is CFD denonstration for a thermal processin

appar at Fhe preshtugyentpreis digactsd ¢o. 41l apparatuf and methodyfer processing a
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one enbodi ment of t.h enti o
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G bABParp Bloff i B e ifdeh ok A A Bt uefly oy ponitoring
10pr epepises and evtrfferwafe®0 10 15 February 2007 . DETAI LED

DESCRI PTI ON OF THE | NVENTI ON The present invention s
di r ect ed®ytthermpl ragspssing dtuis mesr PrReeseRs Fhatgn Whichthe gprrgpicpe or

f e' LeeiS hohited P desiftd iAGeraRife WHiSH is Bfcally RfthORfgeQT 2B 850°C
I eces, such as "sem conductor subst;‘icﬁes.ojgr ple

vvaf tor B00Re Theriosl piocessiog jof semicqndyrtos Jwafers £an
t hafeat éeaﬁﬁ@ ‘dﬂm@ﬁﬁgﬁﬁﬂl&ﬁﬁ dr &M&fgﬁﬁ dbpagt ourtia, &dpﬁﬁﬁomckrowth
T B e Lo i PR A7 s R

hungmeds oDhatevial fe6rs the eafees, i N t he typical batch systerrs,
and preferably in the range of fromone to about
fifty-thy éemsdpiocosiog epperatiymterdnpio wafeabediment Wi ey be

fr O&@s&gﬁd WRin iAoy tdr"f? ﬁr ?«\%;q‘ﬁbo)é@fo?r&arﬂf‘ Ondnof the details of

remai n are non-p ers used for monitoring
10 eampb msesamamsms@ﬁ ﬁhaéamflgqlg knqepn gpb piggyidely known to a

200" sRloPgi tﬁﬁrﬂ%ﬂeeﬂ:ﬁﬁ&ﬁ S&h dbinatis ddicrial Gl imbda @etail in,
work piece or wafer is heated to a desir

t enfer aEwPe, \ﬁﬁ?‘@ﬁm}’ s“sf‘?ﬁficgrq yFatet t‘ﬁ‘@"’?%ng’gmﬁg Op 5Rich s

SSOgcorp&a@@%by}b@feﬁl processi ng of sem conduct or
waf ers can include, for exanple, heat treating,
anneal i AG. Hisf# eradseevtionl diew\af my embodimpatmf anthemal grocessing

DB T S R o gl i AP e
25  thermal processing apparatus 100, generally includes a vessel 10 that encloses a
volume to form a process chamber 102 having a support 104 adapted for receiving a
carrier or boat 106 with a betch of wafers 108 held therein, and heat source or furnace

110 having a mumber of heating elements 112-1, 112-2 and 112-3 (referred to
coliectively hereinafter as heating elements 112) for raising a temperature of the

30  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
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renoval of material fromthe wafers. A thernal

processi ng apparatus according to an enbodi nent w ||

now be described with reference to FIG 1. For

purposes of clarity, many of the details of @?El%'arymO?
processi ng apparatuses that are w dely known and

Wi del ik tt&nﬁbm%.ge Rﬁfhﬁp heOfroctd l:l':anib& tiog a{dﬁor wﬁomng

been omt etall is described in nore detail
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t he® gllﬁ ﬁ'\g §)§ %né oln %r chre P“Fe n%?rts or ?ﬁﬁﬁ v(gnlg g§e gﬁlrkgch
nu e shoet) foeanttoﬂ@mg £ gentbsputge2thd protds@ ciaxabet ahd/er 3) cool the
19] SEREEA, iy 1FERAERL 8 boh AR T RLoR DERE Vilr noar the

or rarsing a
vaf evagery H)Stnhe refris 0TQuoCeTs IR h?csun erhfcb r*het\ﬁeferﬁaﬂl'e processed, and
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further inc es one or m)reot ctrical
t emparizerisr ém@é?ﬁsqfﬁ]g’ Preqeasehpmber l% cﬁmﬂmas £3% PLYapA gxits the

W%S ocads WrS EHRY I Rhdu Palts &'slolsNe! HBhe hAHREied 120, f or

February 2007 nonitoring the tenperature within
1lshe pr oceasrallfiafid edssel AB1 @angbhled by anealpiuch ng aropeingti2no a

© he PREREE Ah PR 2eC LHC en s ifeeh SeaBRE o> Bhisd (8t
t hatendiasss th wafepd H08i dutieg énoieh processing Tae direensien of fig process
nOd%ﬁan%r Rﬁ' {lﬁw (b%%tplq%q&?ﬂ% sfefé tecgfaéfﬁder&graﬁa vacuatmn, ra id

tenperature a oca W th
charkbating 8:8Da raﬂdé:amﬁamwtf thyrpaesess shavepen p@évﬂm@@ ﬂea‘(ﬁssel

2@' SQoi Qfd HdCoaBdlRatd 124 RFLsikddl 6 PrVide J—%ﬁc&é&néﬁm@&el@f having

whi ch is shown) for introducin , such as a

gas dBrengigsoelectpd fogenclege frolume q&ﬁ?}ﬁﬂé po Jgrger gian necessary to
Pr 0GESMndGatehE CRfier LOORIth B wtizﬁﬁ 108hedd ﬁxeréﬂSf P?m[@abﬁn €hcGssel
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[ ncreases once tr i,0 roce
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deposi
pump down and back-fill time required.

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
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on interior surfaces of the process chanber 102.

Processi ng gas or vapor exits the process zone
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tube19r A Ha@ChSW Sontrbld Anot TSk 0f &6t Qhet shildbfe BOR ddBtroller is
ed to provide an, up-fl ow,

si zed and _shap p down flow or
cr oslgﬂﬁfq Bine pSWessLhe s25 PepPUiss anddieorty LA by 38l mﬁlr#él 9 ¢rgtrol
131 thaehs oW Gftd i ProdebSéhambed 102, '

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 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 vessel 101 and

liner 120 are made from an opaque, translucent or transparent quartz glass having a
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| ocated so as to inject the gas into the process
chanber 102 between the boat 106 and 10 the vesse
101. In addition, the injectors 116A are spaced apart

around the ring 131 to wuniformy introduce pg@pg&%aw;mo7

gas or vapor into the process chanmber 102,

desig) ent%cl&t?ﬁ% WitstaR®thP P SHaigal QresRtR ald iHat | ieﬁlﬁs Héi)osmon of

i ntroduce purge gas into the process chanbe
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W t Re@fbnmitt Mee géeﬁramy; A5 s 1047438 lindr| 120 8@ a3 frofh quartz that
sidewal | 135, and. an |nmardI%@extend|ngF15 base 137.
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§ he 1@ aS@lichkbbyafanThs sfGidoddses an o-ring 122 to seal
the vessel to the upper flange. The base 137 is

ad apt ed Thebatch @€ ivefersa08l issinfpquioced ihth ethd iherenal pRBessimp spEheatus

Ad dvfpf Bbﬁ lllgF I(gatd ﬁ(%k 1013 }ogggort (?J)t%ﬁér%) aﬁ& gh%n I!m%o '51? é‘ﬁg%gst ﬁ-ﬂmber

i nc dﬂbthmglem areas§ arupeningrit the pRQess cleimbdi mgase-plate 124 capable of
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bac %Bit'ﬂaﬁd?ﬂéﬁhﬁlt PRI S (ndSshowh3 to BdsBioRItRY bdaieék &l bdah @06 on the
si dewal | of, t % plate 124 25 principally to

|ntFWﬁBEé‘%N§§@“¥ ent/purge gas supply ( not

h t i 8. t
T e
pIad@dmmnlﬂﬁﬁbSﬁelﬂh@hmmmengd&mshbﬁbmdéséﬂQMﬂheU@dﬂw§ﬂm
139 rabéd chalx%%rhlgrﬂrgé%&%ée%u Ee}IethAun%Eﬁﬁmgé‘ﬁf énﬂe'uﬁd"mé’wafem

the process vVess and |1 ner

can theshisseregast vigw Jactas pithe wefars apd therelst Bravide an ﬁ@hwal 03)9“01

gl assuelor ﬁafoeéss ZhRt128 Sn @RAAYS Afm¥drtih SiniHiing gwatféiﬁ 108 are
hermal and mechanical stresses of

h te
2%md PrACEedy AR BetRgpelFaanfsotl 2- L ATOFRIHA; feﬁpq OWOé% ﬁlﬁw {PEooess
er Oghddbef 102Fan Eb}'vk!i@'ésea ﬁdor\bﬂmw;ﬁdééﬁte iclie) 5y Jeﬁi‘éﬂasﬁﬁhodﬂmgiotmg
procgessi.n er the ,ves
D & SR s it Siiioh o8 e SA6 T AT B, S ety BBk ot e
quahtating blasentdid2iing a 13 15 February 2007 suff|C|ent

thi ckness to withstand the mechanical stresses and
that r esingheserhogigenttshowm ofFIGp} dedeatingylemgatictigd;] proximal to

25 herebyub A b ‘ﬁ{e cbdd tcﬁﬁﬁﬂeﬁk}'gféﬂlﬂfyaﬂ Riabssddin Othe bldSable pedestal

processi ng I ronnment re preferably, the vessel

201 140 oe posiesal 1305 spede fitmbth #Hidplectrichliyyinsulyting mategial or
or elhRlidpAi&k b ﬁamtmctr@nreﬁﬁuv@ @84ting MR} ents 0N 11 hnbedded

regi on or process
g therein or Efﬁxed 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

30  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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5 128 in which the wafers 108 are processed. The batch

of wafers 108 is introduced into the thernal

processi ng apparatus 100 through a | oad | ock or

| oadport (not shown) and then into the procesgs ghghg 2007
102 through an access or opening in the process

C hanfgiingOfleléne 1 RLARR @h@“tol;}] ABARE RleRbnts 110771430 18ceSdd in the
tight seal therewith. In the configuration shown in

FI G ingulatipgblogk Pess 10 chamber 102 is a vert| cal
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2 t Qfxlniftn ool Sf fAdm aﬁam 051' He t&%ﬁbué 80 RIER4 o ddxisium

and bottom 138 (el enents - process
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vol REPFIE LR %zifﬁe'nmew thoiph O Sleeet g larls 1172 ar
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el e ts,112-1 oro 1.0 the m 1383

proc Q Sud ppper Bores °c Iﬁ%%te 3?1’? gem%(’poe}'a%g nm?%émdenﬂy at
pededifferbut h’é@er leveldeadi duggdoycted dioti w:labthbremdl figp thd Gpdivating

(plate 124 to

1su pﬁ?egnﬁ%{rsltﬁ I?dﬂfo B?aﬁﬂgél eat ??@ ‘el ements 112-1. In -
t he enboq“wﬁ&hn% 919:‘681#.4 szdrﬁconhonéaeinfa ﬁtshﬁﬂleeiﬁﬁm%f‘te&her by

112-1_ proxi nal he hottom of e process

chaﬂﬁ%‘ﬁaﬁ?%‘fc'bﬂfﬁ‘b‘}“}”eaf vetyvf‘e?f%@@ﬂn }nﬁhet% nmovabl e

pedest aI 30 Th est d
her nal | SORRERRIORAR {8 i ST P i PP yPetipe clemens
i nsulladti mgednbe:dc:lf néiQintigakidriy lansiag ﬂntlmtmg elensnts knd ssulation

%Beatﬂl ¢ PSRt S u’a%ﬁr&cﬁ%ﬁﬁﬁ?@ﬂa sehBfls &'y e befil ddntfitheating

her e pede er I ncludes one or nore
f eedﬁb@@m arddrrglsfien Weck Bhdothe prrtesy sleathbetol 02 oFherapiciblp d42 is also

heatéeﬁ&i Egaﬁﬂ%& Sloali%%g dnd b téaelr&gﬁﬁtl thfﬁﬁ{e'r uc3Qr eliminate

shown, re e the center of the
i ns Lﬁoat@mwgmm Qe msmwewfh@wm% the igterior of the zmzlble
and fabas Etoaﬁanﬁﬁ&tahﬁtﬂplﬁh@ , dolBatIndTEcibIe 142 6BROS 86 sirdhg

r on an insulating blo 110 .about .t he vessel 101.
3 ef%?%twﬁﬁ@néPa@sswﬁ%@@khﬂw'aﬂ/m&w“ 805 and the
el engodsal 130 2cidssanbnicitde 140 f famich B ahespé. S 112 3 are

recessed in 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. Por 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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i nsul ating block 110. The heating el enents 112 and the

i nsul ating bl ocks 110 and 140 nmay be configured in

any of a variety of ways and nay be nade in any of a
variety of ways 5 and with any of a variety gfFebruary 2007
materials. Preferably, to attain desired processing

t eneset resssol tepperaourd A0E@ tpter désired rantp @p eERNLS to reduce
112- 0% )7 t 1e. ArPCcess .
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heafs Wesearairmghigher losired process teniprreieres, fheriemperatingi of titoddttom
by ﬁiﬁﬁﬁé BBmEAR 1 12 an Hagifs b EHE BinpBd '9? bit5id! d Rﬁ&sﬁ%o bogins
in,ap ipverted quartz cruclble 142, I ch serves

I

1) *eipe misei i helat oF B oaiHe 408 g DA elvaded
i nsul atign. b ock .and the, pr.oc chanmber 102. .Th
cruci bl IeSO‘T‘A"Z{Yr & il B, appé‘*é’&&éghﬂgaéﬁf REqeessing and) diiring fhe R or
BHUumdeadi ayclantbattis tvbild the péiestal r12 8l iCieings lowdredyipdies to the bottom

j ' t ' i t. . )

conbafhd Blhalh (5. LI R ALES IR BAOE Ve rumgipg down
st afia apdestal 130 $pthe idlecteppesature rie prepapatioh &ir cbélingoofithe wafers 108

20142 mihaish@indsy B4 BAHY 25 enough tow thstand a pressure
di fferential "between the process chanber 102 and the

pedest alTokadkt aCdodRiE thdWRd&tal Ci00h & pﬁﬂ%ﬂ%&aﬁﬁa ﬁ’dgg(égﬁ phll or

at rr‘gré(gﬂgerq. Wi | 3 the wafers 108 ar el ng or
unl’ FYeIp R RPTEC SIGARE P OF HMTLEHERS, 82, sudhngs Titrogey, i jipstalled
| l()V\ﬁroagh the drssila 1tu€y" blgck| 14D, méfgraﬁlheﬁtbgﬁﬂ Rijbaat t]:ﬁ}iﬂJ,gh a passage
ele - e Qwer.e intajn an idle
¢ enbintapugat Sl 8¢ pSNTHES plods B! Ahivudde dlpiopt vetween
25t entpe toptod the insilatingehiarkl #legndftiter interigrrod de seaciviy i 42toa perimeter
desj ‘ ' : I r.th ot. heat ifd
ol cnbett POREERA i SR Shiabl o W coviodRel 87 larh g
50-Bffgiency articnlgtechir HERA) dilter ot showblostet a Kicglitg rexhamst (not
Cerdhgih). PhiP E&:ES Bfectich ol ARt ASRtalde s BbteR cUIEHITE the conter
of the wafers 108, and therefore is ideal 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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15 15 February 2007 aesirea processing renperaure
and/ or tngher desired ranp up rate, or to reduce
thermal cycling effects on the bottom heating el ements
112-1, thereby extending elenent life. In 0rP§Fet§r9ary2OO7
further reduce preprocessing tinme, that is the tine
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cen preqcp fodiEs. §shrewgh i gur at i on faC| litates the fast er
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thereforl‘ﬁf}é S hPvs, B FRBOHACE OF é“‘*’E‘B%](tPé‘f“Fsé’d‘ée“Ppa‘at“ 100

t enheviry pedextal heating elements 112-1 and a thermal shield 146, In the embodiment
shown, the thermal shield 146 is attached via arm 148 to a rotable shaft 150 fhét is

30  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 wafers 108

in the boat 106 during the pull or unload cycle, and removed or rotated to & second
position not between the pedestal and the wafers during at least a final portion or end
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30 differential of the bottomwafer or wafers, which
could otherwise result in danage due to
slip-dislocation of the crystal lattice structure. 16
15 February 2007 As noted above, to increase fg 2007
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havi ng pedestal heating elenents 112-1 and a thernal
shield 146. In the enbodi mrent shown, the thernal
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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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may or may not further include a number of cooling channels underneath or interal
thereto.
25 When the pedestal 130 is in the fully lowered position, the shutter 158 is

moved into posttion below the process chamber 102 and then raised to isolate the
process chamber 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
30  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 oé 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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distance from the processing minimizes the maximum temperature of to which it is

)

exposed, thereby increasing the reliability and operating life of the wafer rotation
system 162,

30 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

21




pl ug designed to reduce heat |oss fromthe bottom of

the process chanber. One enbodi nent for acconplishing
this involves the use of an opaque quartz plate, which
may or may not further include a number of CO%FQ&U 2007
channel s underneath or internal thereto. ﬁ'g

pedesiaals 1741%%3' peddsfal 130.6A Eebdr WhicR WebrREheP @S kddtRE positide of the

shutteéer 158 noved into position, bel qw t
charbgé IQ@ZOIaH‘H“ {A9EHon, Xprificption osengop| i garfipplar YpP%égsg one

c hal%t dJQMntOfIhS bt@Jt pb¥icR \?hﬁ&ﬁéﬂ Sensold )F‘)xﬁllﬁbd 4 Genfdr protrusion (not
neu i.c actua not . shown ref era
Pt o en i bogh et P opioRl A BP.sotrer GHeq belov, 1 geserplat
50 G04. m%ﬁdﬁonpﬁfer 61 thafels IOE iveQtteng prodsist @hd dierpedesthl 150 is
t her OgESSLN
 anpauaLantyd? Fioned Bk 3k teRCR 14 ey B8 Y] Baatiop gystem

ex armt@a comtinanded to tnar the beat 0I6 wnkil the bedd ehsmametrubioe can be seen.

R AP h h BTR B e

sid ews tirdreanioadel mA fipp thisds dan, thet et is jolwated tothe dnad/tnlend heigly.
ST rfﬁFh‘fg e
1902 ‘%helr tﬁ{\%odn%%hé%g’%tegglga%mgggge parg Pe §%ﬁ‘|§dge raélile 2o
Stoensenh t he guide rails then cause the cantl | evers to
pi vot translatln]%the yotion, of th shut 58|n.toth
an upwar & dhEc; B 1@ prved fecisrsy lésgw SRS pscflgy the

?8 O&ifisam?h &eﬁin@iappgmtuﬁ . gm_e infealors(16 lslleslmrmgmpq@ anbesm)sﬂow
ur C S a magn

o et 2] BrreFos gt AT apot iippdick BRI Eeslit hifhines

15 he or brifides 181501ﬁdn9 side vfl thdwifere 108dnd beat I%M@qamd tocftbw across

t herﬂﬁ surfd cl:'lers Iop g:e Qvafégs 1? § Ilangnar %g{v% eﬁpex,ﬁlgﬁt Y‘%\R? Elgts Jfgﬁm the

ssSIng rnp
uni fcbmnbet yndoymawepmgntedge s1t1m -foyinisotars - dmprord wafer 198 to

the hea hﬂﬁnﬁ& %m%ma%an&hl&m&s 108"y RER 3@ Probediéiritufon

create a u orm on- fer tenperature and speci es
r ea®f PYORESPBASOF Yapor O@ﬁerﬂlsn upsflowtor dovitpflow gpnBgurptispin ¢ | on

system 1 | e, of ro tedthe fers 108
8peed of g‘f?i‘?l aﬁ%ﬁgﬁ‘fw 6’1‘13“’{% b‘iﬁ‘ﬂts"‘rﬁ) °ﬁ%§/8‘flﬁ?sf% g the
(rjn nLiiiJect{oRFlm)gaséEhﬁr wodl@owii (.8 ibeliung yisitregen, 1 Brirogan)| forl efbroed
rive asse 64 ;
ot SPPREE S pae P i it 108 TP QR Aod e oo n
Mot omqre uziforim aooting hettvech B8 fean Hidsduthemdisposddetrthe dotiam or top of

res 't}? %tac F Qﬂéhaah?ﬁmr s[e %M%e Fﬁé ﬁpthgénqdle, as comgarad with

p0| uor oe ene or sta S ste
26i n gaxiwoun-i’mapreiawp @sw condigurasions Preferphly)| thy injsgfon} 16 orifices 380

of t e PaHGRLRL addPosithR to PrélideVe sﬁrﬁ‘yafpﬁtteg ZhaWiptdtoted Sorced

i nsulati ng .
convective cooling between the wafers 108 in a manner that does not create a large

N

temperature gradient across the wafer.

FIG. 11 is a cross-sectiona] 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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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
iltustrative on of the wafer 108 and to the exhaist slots 182 according to still another
embodiment.
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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
30 of the batch of wafers is quickly and uniformly heated to the desired temperature. In
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position while the pedestal 130 is lowered to reflect heat from the bottom heating
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held therein. The pedestal 130 is lowered, and the boat 106 with the wafers 108 heid
therein positioned thereon (step 202). The pedestal 130 is raised to insert the boat in
the process chamber 102, while simultancously preheatin§ the wafers 108 to an
intermediate temperature (step 204). Power is applied to the heating elements 112-1,
30 112-2, 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 isothermsal environment at a
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30  vertical cross-flow furnaces, the down-the-stack-depletion problem is solved.

However, & 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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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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desired tenperature in a process zone 128 in the
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wafer carrier and the liner inner wall instead of

between the wafers. This |east resistance path nay
cause vortices or stagnation which are detrinental to
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In one embodiment shown in FIG. 23-25, two elongated injection tubes (not

30  shown) are provided in the bulging section 262. Two openings 266 are formed 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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opposite side to exhaust gases or reaction by-product
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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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or i fatigadiabgiots 2%%@}11«1 s ool ¢°§’P?ﬁt§’t’ it fheckicptipn negs 24P & the
for .dhffatheg reactant and other gases across the 15
surface of each substrate. In one enbodi nent, the
2@| ongat eriGsulge i rﬂdrnpdteﬁonﬂnFlhﬁdB)manﬁxisn(C{FMtdeshmmyloﬁ dor a
Ioc the elon ated tube.in on h 0 2

?’ﬁggﬂl % %15 II}G udm%l Osgosghod\lfzﬁ%eqj %Omﬁlg @(? 0116

errbenibcmnnmt of ﬁxg piraspre mvmﬁmpﬁ‘htt srogsrilowy lifer bassa red®ed jdiameter

the,s Q@éﬂf@r\gﬂ% ﬂ{e%ger dirids ] K@tg‘é\é ﬁ&% J2Etidn/3GRen ﬁ'a@comi?%dated

Therefore on at e ei1s install
pi nin ¢ Yuigitgeseotion ofthe dmert hBhenigieetinassyptem inpladasH@ro elongated

25 nj %ﬁéchgl{]tug&retaﬁl 120 %églufaﬁtyt)hﬁje%&%oﬁi © iffddBdt BsttahP ofother
direCtion as indica he i ndex, pin | ocked in the
not @eses across the surface of each substrate. The injection ports are oriented to face the

liner inmer surface such that the gases exiting the injection ports impinge the liner wall

Q

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

cross-wafer velocity.




O advantage, the cross-flow liner of the present
invention conprises a bulging section in which a
cross-flow injection system can be accommobdat ed

therein so that the liner can be made confor y@EefQary 2007
the contour of the wafer carrier to reduce 25 the ga

bet ween ks, lail nercoapiiatidnel Wake Dyfmnts @riL) Tdbnsnsnebqis for a
redyce vortices and sta tlonlnt ons

bt AEeERH, RocoSF R APRHE: SHARIE oh PRy RERURE, o one
an d embbdimerit mp fhe\peesért Gwentionf Therictoys-flovhlindn hasa tedwoad dlameter

i npr.oyes _th uI|t |f r n saﬁg '

of t Xls&%%%& 3' a?‘e’mlﬁllltl]n %ﬁggS%% wg’ll tm{ o%m%p‘%onw—l g
23- 25 2 tuiginge baviigracictie ilinpre c The injectitre syseroiucngs tyh clmgated

ar € Lo 8 olh iy PO RESHE Rrinu i RAR § Ufrer

266 orne ' e liner 232
to reewenaess theurfamofsadimybireld. Thqiemtloamomgmmmﬂﬁ@s‘he

268 a6 Jr WeTafhth ) ?h@ne%?&ﬂﬂl@gﬁe ihtPhdfbek Gt ﬂ;ehao injestion

i njection EOHZS speciT1C direction.

nunifees were BIBAR €ais terbutybaningsilvps) andNH11sgreqtively af 7éﬁ§°&% &G

16 Nj Q¢ UbRbhskdii@SooPRosd-wafceRldey.y 2007 can be adjusted
in 360 degrees and the injection ports 252 can be

orl ent edrIGS. apYis CbnipetationalnFiaki Desdntiesd (CHD) demenstration for a

nt, the inde LN, i, the a
oo diepBH Pt uheae’ ey coreee HRTE M A8k o, g
are embochmére of the piaer irvimion.n Tee crossfidvalier bis & feduckd diameter

232. e 1

i nj €C on p'rg;rg'falsj ﬁ%g}f& gﬂn%rl %g:téos?ﬂ&?ﬁgeﬁéééé\xgﬁ?kg%gmmoga ted
1§ x in @ Hulgingbsectinngf @edmpro nTixG ihjgstidro systeqr nplades rigo planeaed

t he ;5ib R faBes Echqﬂﬁﬁg S pa ity Ok fy e%&&r pol‘t@toqﬂﬁﬂdb&rreactant or other

embodl nent |nex§8|n|n gggatedtuels
r ec @PPREPTISH ﬂWcﬂ“@ﬁe obach gistratea The Hﬁeqﬁw} ipgpch Byscdontybe
I N @ACHiented kofitd Qbh btidao Wal 1R daRB efifing De fil@&;ﬁmﬁﬁﬁ'ﬁ impinge

O G e 8 1 DD % g 198 ok SuaBs L Fioh bt g, goe

20ul giangpis ethid igavas 2Mddived Afito t e IR0 fihjestion Qulks ross BIBAS (bis

ts Ereft?rﬁagﬁmm ﬁaqe)?#\?ﬁg 2%%@85\&@6 % urs h?f@G %ggeel Vr%?es a good

not clvsR6e&8E: whctfhat the injection ports 252 are

oriented to face the center of the substrate 242, as
i ndi cat eBhej forempigg degription G, sppufi gmbpdimentisy pud evamples £F dhe

9r apliefifn RN 6RR PrdsGied RS thk | fHobd Mus%ﬁﬁ&xsﬁxd defiBiption, and
surface of a substrate insi raphi c

h )
25 hoinagh fie MyoRion Secbesey noniit R TRARGE EXRROY e regodng

t he egarkiledSit isSoPh bb Borldin@h ay beingahited Gieetby.| They 60 Rekiihtemiss to

Theflownpmsntumo of the first (leftnost) in tor
por 28 °?‘]%a“f”<¥ﬁ°ft9rgmﬁté$€’?’e’iuﬁ%ﬁ°fmé’r§°8 prpes d(?‘i‘? *’Rﬁﬁ

i nJ Qﬁﬁﬁ?cattbﬁf t1ﬁ1prokinedﬁ rand Shtatibedwithin BleGBSope2df, th8 invamdn are
possﬁ)le in ?'Ef?t 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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liner of the present invention has great advantages in
providing uniformgas flows across the surface of a
substrate as conpared with prior art liners. The

bul gi ng 20 section in the cross-flow |liner of44 b@bruaryZOO?
present invention provides a m xi ng chanber for

gases eX|t|ngthe|nJect|oq: prior toflovvlng
across the surface of a substrate and thus facilitate
nmonmentum transfer of "ballistic mxing" of gases. In
cont VBt {s clgimed i'he chamber with prior art liners ‘
W t hout the bul ging section of the present invention,
the gas 1| ow @pastssior Iﬂenﬁalmyfpamessm@ a @lusakiyys bff sbstrates held in a

|rre ul ar ndn in FIGS. 30,
Sofited i8Ry sotfbrto B Mhing Bncloliif e oftlnt 1 1 5 00
cSr 0ss- f | oherbinngd L3 R2omrowi agylindepivticka isi provided fwith a longitudinal

| ati ol @t 1 LLes

cyl e Rlsch §sbcomithghed f 8l bl bor Speciifng dClr o
pr eckates perpssdhs sanfage piagch sbdirateongi t udi nal |y on the side
opposite to the bulging section 262. In one

enbodi mept Tlfefh@pﬁﬁﬁ?stmGIaﬂﬁthmfbhﬁthd mw@q;"amﬁed h@ sgtkd to

slots n the |Iinper erates wt a bet ween
nd DRl By corE AL Bt i Sem g G bR GO R s [ gercent
Ioubef a diambacofithetcadrier. exhaust i ng of gases. Fl GS. 36 and
37 are cross-sectional views show ng the heat shields

264 in th e'[ﬁ%?&&u@&“éléﬂrl Plordil e byARE: is pROvided vﬁ@Mﬁl‘&Eﬁty

2007 232 and two notches 274 for rece|V|ng an

st alif lpts pleag thp kength efiheexdinder fas exhagsting gascs. second section
of the liner. FIGS. 38-39 show anot her enbodi nent of

t he preséenthd dppants ﬁﬁmmﬁnewh&émﬂ:gaﬂﬁﬂeﬂ cojnprides @rlobeiid and
276 is accrmo tedlnthe.b sect .

!¢ BenBESSl B b enede bhant v 0 g on BRatB o Poe the
I5n tiljectomesizoh. secti on 263 of the |iner 232. Two gases
are introduced into the el ongated tube 276 and T-tube
278 1 eSPeCthe\aBharati it Clath € Wh&@iﬂ theldyldasy c@lnﬁﬂ@@i Akt debtit and
276 prior to exitin

operaFToh secgowr@aww?ﬁﬁ 8P e@%&@@ﬂﬁrﬁwﬁlﬁom@%w the

I N tchrdier hdGihd Dfirst didideidd @iat id 3bout bR 10400 U Upgeeent il dlantetdrSof

in the direction of .t el on 10.vessel
5.0 e iter 25 st st i 9AeY Bt B b0 ol €880, £
200 ttheecawrize undhhap p dinswterthitds aoetfram bl Sse d2hpbreeatefiadiameter of
i nsigde E‘Q cross-flow liner 232. The second vacuum
pressure acts in a direction transverse the direction
of the elongation of the vessel ~and acrqgss the
surface ®f peretpfiGlajing whegein eggg@gt COfupTIseE R Tgore

a f inestlshigldsdigpaskd arouREBOPipBap ofdtieedond sl thel chlired. WO
el ongated tube of the injection systemfromtwo

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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15 different gas sources. The gases exit the injection
ports 252 on one,side of the wafer 242 and conveyed

as lam nar flow across the wafer 242 in a path forned
between two adj acent wafers. Excessive gasesy®Eebryary 2007
reacti on by-products are exhausted through the

latitudi fak ¢dsehiw 20t comiprisi o dyliftfer iBirlg ccOGR @na@liasa open

with the injection part, 521 . el ongat ed tub
20 Epiid s iRt P areies BEpR oL ptaepy oae an
demajedtioatystf. f or a. thermal processing apparatus
including a cross-flow liner according to one
enbodi e ) ' 1O on? 3 HQMWith a-
l'i ner hagiéﬂ%éﬁﬁfgﬁﬁg@%gggggyyg%%gﬁgéggﬁggéﬁgﬁm?ogrﬁé
fiaf elurdiy ef latitudinal dotoeppodite nthe pyleeg edRNsystem i s
accommodated in a bulging section of the liner. The
i njb ectio m. szxsm-hw hi?#il% Clei9 e/nenpakiddlas eidis povidaiwith
tubes eac aving a plurality of injectign ports to
- i nt FOEATROP 8%?81“&%?“65% sgfcﬁt@ Fecglijcaé’%guéﬁ%%sﬁ he surface
of each substrate. The injection ports are oriented to
face thel2.| Theeqrossfilme dinerof Claime 18 whroinith oners mpasepenngs are
eXiE&ﬂ%ﬁh@%ﬁ%ﬂbﬁﬁkkﬂﬁwﬂﬁrts i mpi nge the liner wal

u

andmx 1n the gl ng section prior to flow ng across

the surface of each substrate... Ln o exanpl
lgases int OEI&FC%EFS’%HY’E'“?W&% 12 ﬁjhg%{lﬁ'r}g?]c ﬂggfscg%é%$ a first
BTBA&tiohingvidda fist dibtidtytl sadri Revosd deativm)haging aei®nd diameter, said

respectively, at 75 scan. .Fl ] . .
G oSy ot R % pipay of I SETRD S S 4 lpine
Conpeétiah iamhald setonil seciynia piogided @il ¢rlp o eersrisat dhields propnsi the
a thermal  nr.o i ng. apparatus including a cross-flow
Iiné}ng% 6&3?%5%@%&%%§' enbodi nent of the present

i nvention. The cross-flow Iiner has a reduced di aneter
ldnd is conformal to the wafer carrier. A cross-flow

i njection systemis acconmopdated 5 in a bul ging
section of the liner. The injection systemincludes
two el ongated injection tubes each having a plurality
of injection ports to introduce reactant or other
gases across the surface of each substrate. The
injection ports are oriented to face the center of
the substrate. In one exanple, the gases introduced
into the two injection tubes were BTBAS (bis
tertbutylam no silane) and NH3 respectively at 75
sccm FIG 10 41 denonstrates a good cross-wafer
velocity. FIGS. 42 is Conputational Fluid Dynam cs
(CFD) denonstration for a thernal processing
apparatus including a cross-flow liner according to
one
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enbodi nent of.the present invention. The cross-fl ow

l'iner has a reduced dianeter and is conformal to the

wafer carrier. A cross-flow injection systemis

accormmpdated 15 in a bul ging section of the !H@?Emun%OUT

i njection systemincludes two. elongated injection

tubes each having a plurality of injection ports to

i ntroduce reactant or other gases across the surface

of each substrate. The injection ports in each

injection tube are oriented to face each other so

that the gases exiting the injection ports inpinge

eat# ot hecroasdlow linepromopriging:f | owi ng across the surface

of each substrate. In one 20 exanple, the gases

I NhIcORMER HatinE @ skdled EmDarddresieh @Rd | 16 eferv@ideaddptad o receive

(bis tertbutylam no silane) and NH3 respectively at

cahfdl! Nedi T or

o o Bl o R Sl SHER P AR s pRLARY o BBt pors
]Otenq§dinents and exanples of the invention have been
s %ﬁ% ented for the purpose of illustration and

description, .and .25 although the, invention has been

dedR AmjBRar hadng an dujestar %ﬁ tandeodetining avertifal gxis &sali?‘ﬁﬂ; to a

exanples, it is not to be construed as being Iimted
fluid $wppbbyaid Tiestonmeunted withiresadd dylinsler pleanestteaingt Witk agotchgnd

limt the invention to the precise forns disclosed,
sele@R@lynBstatablevlitiiin ctat i opesing i upp too wedridwling 360 ateigedes about the

within the scope of the invention are possible in
injedtbrIUrti@ atife above teaching. It is intended that the

scope of the invention 30 enconpass the generic area

as herein disclosed, and by the clains appended hereto

and their equivalents. 32 15 February 2007 CLAI M5

What is . clained.is: 1, An apparatus. for thermal]ly
pr ééessiﬁ?@ ?‘é‘%Pfj?lﬁllnF 3% Wrﬁﬁgéetﬁﬁf ﬂé?’ﬂla}lﬁ pprtsor slots are
_carrjer, said apparatus conprising a |iner enclosing
in oppesitionrte paid injectoker ein said |iner conprises a cylinder
which is provided with a | ongitudinal bulging section
to accommobdate an injection systemfor introducing one
or nore gases across the surface of each substrate.

2. 16he appamef Ubclaim T4 3il¥rein \Wepietality Lextanstrpors or slots are
patterned and sized to conformto the carrier and has

pos1g§1}éggﬁ?aﬁ1g%8@1g{%gﬂ g&)nﬂﬁhtg‘:ﬁf v ?étllhsgf)% JdMordsQr 148 wafer carrier

anet arrier.

or boat inserted within said cylinder.

17.  The liner of claim 14 wherein said cylinder has a longitudinal bulging

section for gas delivery and defining a bulge section area.

18.  The liner of claim 14 wherein the bulging section extends between the

sealed end and the open end of said cylinder.

35




3. The apparatus of Claiml wherein the cylinder is

provided with a plurality of slots along the |length

of the cylinder for exhausting gases. 4. The apparatus

of aim1l wherein the cylinder conprises a ckoggn®BA 2007

and an open end, said close end is provided wmth onée

or nore openings to receive the 15 injection system

5. The apparatus of Claiml wherein the cylinder

conprises a first section and a second section,

whéPei nThailtef iof staimetd wherein spidtinisetosds deratesi e thet bplging

conformto the <carrier and has a first dianeter that
sectio. about from 104 to 110 percent of a dianeter of the

carrier, and said second section is pattern ed and

sized to conformto a support for 20 the carrier and

has a dianeter that is about from 115 to 120 percent

3 di g tlﬁ{er s %lyg‘f %fu% tﬁse sk PR %%ﬁigﬁgd spaced

|n15 ere|n i'ner her co r'i ses

nDre heat shi el ds dis ed ar th er e
orifiggseare pEYHANR gAML aclgl}"iaﬁ £t S Gipo E‘p% B of said
of Caiml wherein said injection syst em conpri ses one
carrigy or gt fsereecew shigseidFylinds provided with a plurality
of injection ports in the tubes. 8. The apparatus of
Claim?7 wherein the one or nore el ongated tubes are
rot atabl e about an axis in 360 degrees. 33 15 February
2007. 9ThA 161ep DT-d1AifWV1 & iviRSeif QRP [dirgttiveh of e¥ildi segies of axially
navng a dose ena ana an open end, said cylinder is
gon to
ahgrPJ d%éh&%gmt\ﬁgggﬁad& gquj(l:i{l F%%B%%l? glogbm.lﬁ%ﬁcgb cross-fl ow
liner of Claim9 wherein said cylinder is provided
with a 5 plurality of latitudinal slots opposite to
t he buI section. 11. The cross-flow Liner of aim
9 dher ei glmea of| Jaim éﬁd"’h%ﬁlﬂrt@?ndé@atl% ©h saigntenss qfrrf'ﬁ%ally
openings that are sized to receive the injection
aligiedsipecad oiificeTiscowands shefhudging septionof C ai m 11 wherei n
the one or nore openings are provided with one or
nore notches. 10 13. The cross-flow liner of Claim12
wherein the cylinder conprises a first section having

a_ bhr st 'Iqil'eaiﬁfe'i'etff anth 34SEARAACRRSHIRN aNR¥6MD nﬁjetg@xcﬁﬁkfing a

di aneter, sard first section is provided with

seco%d 1{r1]ae|c{otr >flelght la%&'at ge%bﬂ lveﬁfcglt axiS PHRP ISéc%ndtIHj%CBWCg{lﬂgd to a

second fluid supply.

24,  The liner of claim 23 wherein said second injector is sealed to said

cylinder at a second opening with a second notch to axially orient.

25.  The liner of claim 23 wherein said fluid supply and said second fluid

supply are different.
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section and said second section is provided with one
or nore heat shields around the periphery of the
second section. 15 34 15 February 2007 14. A
cross-flow liner conprising: a cylinder haV'”QS?ebnmxyZOOT
seal ed end and an open end, the open end adapted t

receive a wafer carrier or boat therethrough, sald
cylinder having a plurality of exhaust ports or

slots; and an injector having an injector height and
de2é.ni nd caaosseflaw biner caxipsisgupl ed to a fluid supply,

said injector nounted within said cylinder at an
opggiiglenhiving aBedlehemthd Bedpeatehi ahy opat atdaddaptedite ricaive
t he opening up to and including 360 degrees about the

a wifd &&tief oV ﬁBﬁt' ﬂi@x‘et}ﬁéﬁigfh arkPhaviRE al ToRgFudMal Dudding kéction, said

wherein the plurality of exhaust ports or slots are
16. The | f cl
eyt GRARED RIPAi Sr Sflfet BBt 805l ports or siots Z'He”
posL LTed L Sk ATET, A5 B o B! Gl i

inserted within said cylinder. 17. The liner of claim
havingawetshesaid sniectorchavingan inieetorcight gnd defining 2p dnigftagvertical

section for gas delivery and defining a bul ge section
axis anéhaviiBa sdiies dfiariily afigmddasipacetiborifives along thednjeatogiheight, said

section extends between the sealed end and the open

inj e&&dsefhfctﬁﬁy FotadbidWRkin tBS ofnifetyy trdnd A0Rding1350 dbgeees about

l'iner of claim14 wherein said injector is |ocated in

the 'b#smp%ﬂc ssectl on. 20. The liner of claim 14
series of axially aligned spaced orifices

are p05|t|oned in alignment with a plurality of wafer
support positions of said carrier or boat inserted
within said cylinder. 21. The l|iner, of claim

whé7ei n Thdingt plelping A6 gthesein thesplprality of expaps) Hogits or slots are

al i gned spaced orifices is away fromsaid plurality of
in ogpolsaivatto tHedtudging section.

28.  The liner of claim 26 wherein the plurality of exhaust ports or slots are
positioned in alignment with a plurality of wafer support positions of said wafer carrier

or boat inserted within said cylinder.

29.  The liner of claim 26 wherein the series of axially aligned spaced
orifices are positioned in alignment with a plurality of wafer support positions of said

wafer carrier or boat being inserted within said cylinder.

30.  The liner of claim 26 wherein said series of axially aligned spaced
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22. The liner of claim 14 wherein the direction of
said series of axially aligned spaced orifices is
towards the bul ging section. 23. The liner of claim 14
further conprising a second injector having a15$35@g@;m07
i njector height and a second vertical axis, sa
second injector coupled to a second fluid supply. 24.
The liner of claim23 wherein said second injector is
sealed to said cylinder at a second opening with a
orifiage imdirastaddhtotthe bixlgiig spctom. ent . 25. The liner of claim
23 wherein said fluid supply and said second fluid
supply are different. 36 15 February 2007 26. A
cross-flow | iner conprising: a cylinder having a

seaded emgl #Hek 8N cRRGME Mekther NANPRBMgEN SedPAPineddtdromounted

receive a wafer carrier or boat therethrough and

gixth% gu%rlﬁo%?gﬁgrygf Qﬁ¢ glﬂk%t g a%%c?)%lh %@emﬁ Ih \él;ngéllnée@&ﬁf notch
h bul f id
haiqH § 10 ESCLT IS PHLe G PP p R 5 d 1 ny ect or

havi ng an injector height and defining an injector
vertical axis and having a series of axially aligned
spaced orifices along the injector height, said
i nj 3t or Thelimrtof vhing 3 ottereb s&d\weddnidrinjetter bpemiasgndgeries of
to and including 360 degrees about the injector

axiMBf dlighad sk orifldes aldi thé %bn@ﬁl]é‘dt@*l Height. wherein the
plurality of exhaust ports or slots are in opposition
to the bul ging section. 28. The liner of claim26
mherein t he pIuraIity of exhaust ports or sIots are

Deotbr o Fis e iioTR 38 ety 31 bRy hres e sHREGH orifices are

inserted within sald cylinder,. 29. Th Ilner of claim
aligngd Wity 2 pRraly of avqf@sswpo%ﬂoaqﬂpys of Fﬂ&&ﬁ zaerer or boat upon

orifices are positioned in alignment with a plurality
being ingerfedrwithippaidicyndsrt i ons of said wafer carrier or

boat being inserted within said cylinder. 30. The

liner of claim26 wherein said series of axially

al i gned spaced 37 15 February 2007

34.  The liner of claim 31 wherein said second injector is rotatable up to and

including 360 degrees about the second vertical axis.

35. A cross-flow liner comprising:

a cylinder having a sealed end and an open end, the open end adapted to receive
a wafer carrier or boat therethrough and having a longitudinal bulging section, said
cylinder having a plurality of axially aligned exhaust ports or slots;

an injector mounted within the bulging section of said cylinder, said injector

having an injector height and defining an injector vertical axis and having a series of
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orifices is directed into the bul ging section. 31. The
liner of claim26 further conprising a second injector
nmounted w thin the bul ging section of said cylinder
at a second opening having a second notch ha
second i njector height and defining a second 3%???@3[" 2007
axis. 32. The liner of claim31 wherein said second
i njector has a second series of axially aligned
spaced orifices along the second injector height. 33.
axiallpelignedespaced orlfaesaldRg tivdnjector héightsecond seri es of
spaced orifices are aligned with a plurality of wafer
support positions of said wafer carrier or boat upon
being inserted within said cylinder. 34. The |iner of
cl agm ijh\éhﬁ'-@iebf‘clﬁﬁﬁ 45 AP hdPIREARY of SxHabfRRI @ sWids are
to and including 360 degrees about the second
. vertical .axis.. 35, A cross-flowliner conprising: a
lnogvpﬂﬁﬁg?ﬂﬁé@ﬁﬂﬁg3m§@31ed end and an open end, the open
end adapted to receive a wafer carrier or boat
t her et hrough and havi ng a | ongi tudi nal bul gi ng
section, said cylinder having a plurality of axially
al Bgned Thehlngstofpolaing Iy wdietsin theysetiesj of w¥iallipaligned spaced
wi thin the bul ging section of said cylinder, said
orificey @etpokitioned imgignmennjvithtaoplubatity bf wafed sogfarnpesitieus of said
i njector vertical axis and having a series of 38 15
wafeiRRFHR oY beR Beingadcdel Witk @neeyiaeeed orifices al ong
the injector height. 36. The liner of claim35 wherein
the plurality of exhaust ports or slots are in
opposition to the bul ging section. 37. The liner of

claim 3 erei he ri.es.of. axial.l | i gned,spagce
o PR cod b e 68l g LG e tisopraty,of il AiEBRf Bihaust
of wafer support positions of said wafer carrier or
portp oatslase have pmsxhavst aa: herexbansd asgy bejag ereatg. thape total area
liner of claim37 wherein the plurality of axially
defindd gynehe sevtésanfakiallpalipsedmpacddairdfideave an exhaust area,
t he exhaust area being greater than a total area
defined by the series of axially aligned spaced
orifices. 39. The liner of claim35 wherein said
Seriges axi al I Ofxe L -4 h t
3065 e féx{x& éfycﬁiﬂlg}g gv)l(lﬁx%ﬁf?@&id REkd fesidify th%‘%@ §ced

toward t urality ust ports or slots.

orifices is directed toward the plurality of exhaust ports or slots.
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