12 FEB 2004 WO 01/ 13054 PCT/ US00/ 22202 HOT WALL RAPI D THERVAL PROCESSOR
RELATI ONSHI P TO CO- PENDI NG APPLI CATIONS 5 This application is a
continuation-in-part of U 'S. Application Serial No. 09/373,894 ﬂi‘ZIFeE& 7(9‘]1‘
August 12, 1999 entitled "Hot Wall Rapid Thermal Processor” U. S.
Provi si on¥0 %48%At Application Serial No. 60/217,321 fi |%CJ’%§?9’?%P’;/ 7, 2000
entitled "Hot Wall. Rapid Thermal Processor", the entire disclosures of all
are hereby incorporateddy wal errearld THERMALIERGCEESORF THE | NVENTI ON The
present invention relates to an apparatus for providing heat to wafers and
nore particularly to an apparatus for rapid thermal processing of wafers.

15 BACKGROND OF THE | NVENHGNs 2t Pk RBINGannAIeAvRgYs ar e used in a
vari ety of industries rncludlng € nanufacture of sem conductor devices.

These heat treat nélits gppeartanisesntamtibein-patel oy Avplieatian Sendl Ner ent

fabrication ch,as (99221 | ig, thermal
chem cal vap%%@gﬁl?d;?ﬂ Aﬁ%uesr%ﬁ%xﬁngg{hﬁg#tﬁa : %‘ﬂ’z&r ?ng‘nllmi(ﬁ)ﬁrﬁ?e{g&ro?‘dati on.
These treat nemdsJ] OfRenisioas)Hateat AfydicatidneS crieniperédtAl7 82 bfiled ondbler7, B¥0 el evat ed
to as high as 350C-1300C bef_grg ang¥duri ng ﬁhe Ir%at ment . Fl‘lgrthere t hese
treatments of®BHed ddeliWall Renif TBemabProggssat g srtiee Haclopifss oLPLaerS P he waf er .
There are sevigigpord@abgReferealeiRRges to neeting the thermal requirements of
heat treatnment apparatuses. For instance, it is often desirable to quickly
ranp upl925 and/or down the tenperature of a wafer to be treated. During
these rapid tenperature changeplgLaftgomeﬁmi formty of the wafer
shoul d be sufficient to preve anage 1o e wafer. Wafers Oten Cannot
tol erate even smalThetpesspairintention retiites teareanparatius foprpyiding beh 1a wafgsead ur e
processing,. For instanc a_tenperatur L 1 -2C/ cm at
1200C can caurg%reé’ﬁ%]ﬁldﬁﬂgﬁdraens%pp?% ";S)rf%éa é‘gthseﬁ.{'% pﬁ\cg{lﬁ]g Uqg%ycgsl'l icon crystal of
certain wafers. The resulting slip planes will destroy any devices

t hrough _whi ch they pass. Deli | yi.fd.to af er can al so present
desi gn dhall enges. For instake 54t % wafer to the fluid

shoul d be uni f or MiaGE ReAmbMApYRitees be uséifiataHBG G MdbsiatinBading esul t s-
Further, fluids within_the heat treatnment apparatus

manufacture of semiconductor devices. These heat treatment apparatuses can be

used for several different fabrication processes such as thermal annealing, thermal
cleaning, thermal chemical vapor deposition, thermal oxidation and thermal
20 nitridation. These treatments often require that the temperature of a wafer be
elevated to as high as 350°C-1300°C before and during the treatment. Further, these
treatments often require that one or more fluids be delivered to the wafer.
There are several design challenges to meeting the thermal requirements of
heat treatment apparatuses. For instance, it is often desirable to quickly ramp up
25 and/or down the temperature of a wafer to be treated. During these rapid
temperature changes the temperature uniformity of the wafer should be sufficient to
prevent damage to the wafer, Wafers often cannot tolerate even small temperature
differentiale during high temperature processing. For mstance, a temperature
difference above 12-2°Clom at 1200°C ¢an sauas encugh siress 1@ produce clip in ihe
i gilicon erygial of certain wafers. The resulting <lip planes will destroy any devices
through which they pass.
Delivery of fluid to the wafer can also present design challenges. For
instance, the exposure of the wafer to the fluid should be uniform across the wafer to
avoid uneven treatment resulis. Further, fluids within the heat treatment apparatus

15 must often be rapidly ovaciatad frem the heat trzatmeni apparaiue. Anomher



35 nust often be rapidly evauated fromthe heat treatnment apparatus.

Anot her 12 FEB 2004 WO 01/13054 PCT/ US00/ 22202 2 chal | enge deﬁizv@niq@om
fluid delivery is the replacenent of fluids within the heating “c r
with other fluids. This exchange of fluids nmust often occur with m ninal

i nteracti owobet3wsen t he origi nal and repl acenent fluids, PSTHSMARY OF THE

| NVENTI ON The invention relates to a heat treatnent apparatus. The
apparatus includes a heating chanber,having a heat source. A cooling
chanber is positioned adjacent to the heating chanber and includes a
cooling sourc id i ' L:Qent GPHEADRINBENRE Rdaingc 00! | Ng
chanber and tﬁ“é‘“ﬁ%%%ﬁgcc arﬁgg]rd cﬁﬁfﬁggﬂggkgg&ggemy. 10 One or. m)gr:e
shutters defi dentheewsh ptheofluidh Thhasshgeaad laidd mastofien petr with@IMEEH an  open
posi tion where_ the wafer hglder. can.p h t he passageway and an
obstructing pB’%‘?rﬁ%S\ﬁ%ﬁﬂcﬁlhg‘agflglﬂglsangr%ﬁcg&ﬁ@m&\hhi ch is snmaller than the
passageway defined when the shutter is in the open position. O particular
advant age, the shutters pro t i ha& n d chem cal isolation of
the 15 heati ng chanber and cebrHgcharber~“AhY ket~ enbodi ment of t he

appar at us i ncl udestge RfakibA S1AEATAREat ARSI dnP AR EranRATAE Bffardn® iaciédoki Ng
chanber. A wafer holder is configured to be positioned in the cooling

chanber at a hestid sprpshavingn fsbsourcehé walias chaarbebis PPEHRAFEAIRFBIY he

vaf et hol det'. v IheaifllcRhmbR aff Incliled PURBRKE s RELNGLRaRNRIGGG LiBghitater and
the 20 heati ng chanter. cool'1ng source”such as a cooling plate is

posi ti oned i nmichebetwenl thergpading nirewbes andabe henting chashier thooedl alpassageWwayYt he waf er
hol der en the wafer | der. i s positi.oned in t | i i tion.

Anot her \A@n‘ood Reht M8 SP%E“%%@&? gleﬂézeioﬁél\e@&sess?g%w g’if’ ?%gg‘lf:‘}%glﬁ%gﬁw\%\# tg'ﬂ a

cl osed upper gy pokitiph whereitlieywartr Hodek cargpast en@izhshegpassapesdytandned above t he

cl osed 25 upper end of the heating chanber. The upper end of the heating
chanber i ncl uﬂlé%"“‘&"fgé%%‘i“ﬁ@Wﬁlcgtdéhwgiacﬂ‘?ssiage%"’é’n‘?]?]émse“g]aﬁ'gtli’aé'clg‘?r ve ther mal

energy from thasheatj dinedWaeE He Shited isdh sHel dpil pesifidie Gfhanalarenergy in a
substantially unitorm manner over a surface of the, heati n% ate which is

posi ti oned wi edtEptash dheRbRlarmproRREThermal pplatonand ahagicg] iselaiqnlRjes a
plural ity of ﬁéaﬁh%c]ﬁﬂﬁﬁc?mm&?nﬂlﬁm%%” gured to be coupled 30 with a fluid
| der [

source. A wafer I's configured to be positioned in the heating
Another embodiment of the apparatus includes a heating chamber positioned

adjacent to a cooling chamber. A wafer holder is configured to be positioned in the
cooling chamber at a Joading position where the wafer can be removed from the
wafer holder. The wafer holder is movable between the cooling chamber and the
20 heating chamber. A cooling source such as a cooling plate is positioned in the
cooling chamber so as to be positioned beneath the wafer holder when the wafer
holder is positioned in the loading position.
Another embodiment of the apparatus includes a heating chamber with a
closed upper end. A plurality of heating elements are positioned above the closed
25 upper end of the heating chamber. The upper end of the heating chamber includes a
heating plate which is configured to receive thermal energy from the heating
elemenis and distribute the therma) energy in a cubgtantially uniform manner over a
surface of the heating plate which 1s positioned within the heatimg chamber. The
heating plate includes a plurality of fluid ports which are configured to be coupled
30 with a fluid source. A wafer holder is configured to be positioned in the heating
chamber such that a wafer held by the wafer holder receives fluid delivered into the

heating chamber through the fluid ports.



chanber such that a wafer held by the wafer hol der receives fluid delivered
into the heating chanber through the fluid ports. 1 2 FEB 2004 1{WBEB 200t
01/ 13054 PCT/ US00/ 22202 3 Anot her enbodi nent of the apparatus includes a
cool ing chanber positioned adjacent to a heating chanber. A wafer hol der

i s coupl edwvoiois/isost | east one shaft which is driven so agcrasmmat he waf er
hol der between the cooling chanber and the heating chanber through a
passageway. Two or nore shutters are Qositioned 5 adjacent to the
passageway and are novable within a horizontal plane so as to define the

size of the passagguay. JiSd et&m%ygifsraﬁﬂ% &ﬂ&mﬁﬂﬁ%@g&i&e‘j

obstructing position where 't nore shutters conpass the at | east
one shaft coupdjsent wiaheatddpchamber Ahehfderaldcfvacouplvé mithahlcadt soce steftates to a
heat treatnent apparatus havin heat i.n 0._chanber .and, one or re fluid
et port s fBPCAS iisygo gf e b et I er BONES TR goo ERahaarer 10 MEhper

ext ends into h&@nfeRdnbeg rEOANRGasshE@Mya Tiode nidke iikelartjosigonehanber at a

hei ght bel ow a height of the fluid in port. The nmenber has an edge with

et
a shape hi chadjaccginpheprssreavsy a6 Araveo el withik? hemzontahBlaes ¥Asdt S41RE "waf er
to be treateg.igf. élﬁ%%gggé@ag.s Th% ort Hh#Efs akSmBPBRDL &n Whithictng he

heati ng chanber an can” nove t er adjacent to the nenber to define
a fluid fl ow pagicanwhvire thie twe hemoreshuticrenctrapdse the anisett loae staftisedpleent of a
heat treat rren‘tmggpa‘;}a%r%ol&avi ng a heating chanber and one or nore fluid
inlet ports fof delivery of a fluid into the heating chanber includes a
fl ow distribution Thanbaiticibise Felaéssb kihbalttestnnf dppuratk hhving dhéatiopn t he one 20

or nore fluid inlet ports. The flow distrikution chanber is si tioned such
that f1di% f?'b“fﬁth@Pdfqnﬁi"&I"ﬁ"Fﬁ fhpd %?P°%%f”é$é‘“€ﬁe°fﬁgﬁ‘t’r$w_& B LREE ¢ ough
the flow di stgiabet OR meallRPB&Ends TG e PBAmg cHEn e froal $8dd smhemeanag f | ui d
exhaust port for withdrawing fluid fromthe heating chanber and a second

f1ow di stri buthagbecHaisiht poew ahgight ajga firgd ipiet paris TBGMEMPEN i3F &7 F186m t he
heating chambghyt QndRgidiil gﬂﬁ%‘]@ﬂ:’xﬁ%%l?&{h% %eﬂ_lg@teﬁmigd @hSikr ot | ON

chanmber is position such t fromthe heating chanber enters the
flui d exhaust treated intilher appagatus hé wafenholfiesismpdyable aﬁthmﬁg@ating\cm'%w and
di-stribytion ch3MRETLASIRFIGIES Wil mdntet B dahDh Blid W rBRAR wifki de a
heating chamber, |
Another embodiment of a heat treatment apparatus having a heating chamber
and one or more fluid inlet ports for delivery of a fluid into the heating chamber
includes a flow distribution chamber which distnbutes a flow of fluid from the one
20 or more fluid inlet ports. The flow distribution chamber is positioned such that fluid
from the fluid inlet port enters the heating chamber through the flow distribution
chamber.
The apparatus can also include a fluid exhaust port for withdrawing fluid
from the heating chamber and a second flow distribution chamber for distributing a
25 flow of fluid from the heating chamber 1o the {luid exhaust port. The second flow
distnbution chamber 15 positioned such that floid from the héating Shambat sntaes
the fluid exhaust port tarough the [low gigtribution chamber.
A flow distnibution chamber associated with a fluid mlet port can include a
flow distribution member positioned such that fluid from the fluid inlet port enters
30 the heating chamber through the flow distribution chamber. Similarly, a flow

distribution chamber associated with a fluid exhaust port can include a flow

distnibution member positioned such that fluid from the heating chamber enters the



flow distribution nmenber positioned such that fluid fromthe fluid inlet
port enters 30 the heating chanber through the flow distribution chanber.
Simlarly, a flow distribution chanber associated with a quid H@ﬁqm gport
can include a flow distribution nmenber positioned such that qu romthe
heating cW&HBAaSénters the WO 01/ 13054 4 12 FEB 2004 PCYVEMEZEL02 f1 uid
exhaust port through the flow distribution chanber. The invention al so
relates to a nethod for rapid thermalh processing of a wafer. The nethod
includes providing a heating chamber having a heating plate and heating

the heating mbmt&ha&hﬁomwﬂeéﬁcﬁnu]@ﬁibuﬁ@ﬁc}ﬁ%eﬁl oning a wafer in a wafer
5 hol der and novi ng waf er hol der toward the heating pl ate until the

wafer is positi ohbelinyeriios alsaaelaiss o metBohaFapibiiFae! P@Fesﬁ‘é‘ét‘) to be

conduct ed frqueth fifhet ShmbdNEy e bhesliak@hso | ncl ude
backi ng the vva etr %Hpﬁ'g{hrog%dﬁleﬁ%\rﬁ ?ﬁJ}ﬁa%\?g{ ng]m pl aylggafte}r%??? ar get

condi tion haaeebelgmheahﬂau@/ﬁdtcatrhe methed ilsp irmhaiesipdsitippingragy aferfip @I‘Y:PfeIO into the
heati ng cha qm abov r n r t he present
i nventioh pr Q{d a{“‘?/vé?ge‘ﬁ %Bﬁﬁldﬁrtawﬁrggﬁeheta "é%]?l?r‘gﬁll t?lathgg-r?% us confi gured
to pronote n%ﬁnwwfcwsmm%h td@c Béat khi@coRt Beat to Hatoy@ictealrfnjrman hagtjpgct, the
heating treatnment apparatus provides inproved contai nnent of the gases
within the hébﬁ‘f‘i‘ﬁdh’t‘ﬁéfﬁber by establishing a pressure 15 differenti al

bet ween the heati g, aRgoges 1PincNASDRKS s Wy it Wi dee aRa P 6@ ehdRaingBRI EF
DESCRI PTION OF THE FIGURES Figure | Ais a cross section of a heat

treat ment appiteafies akragdt agnditiondies berp achiguez thetn e delivriag ddWid ng
chanbery 20 g Wleichiy o/ B85 AREWABBmcfucpeal (1 eat rent apparat us

havi ng a shut'f en ‘position igure ICis a cross section of a
heat treatnment appamthzsadpaw mgpwsshmvtemonmwléﬁ aoprferrhodder mefl Bra5i ti on.
Figure 2A is a cross _se heat i.n cha ting plate
25 positi one&rcﬁtmegi%f@mg%ﬁf% éﬁdﬁapfo%mc gur %g&%\é ggg]?a\tslgésectl on of a
heati ng chanber havygign@ahdragiecn thefleatny 1reatment apparatus provides improved

containment of the gases within the heating chamber by establishing a pressure

15 differential between the heating and cooling chambers and flowing a purge gas.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A is a cross section of a heat treatment apparatus having 2 heating
chamber adjacent to a cooling chamber.
20 Figure 1B is a cross scction of a heat treatment apparatus having a shutter in
an open position.
Figure 1C is a cross section of a heat treatment apparatus having a shutter in
an obstructing position.
Figure 2A is a cross section of a heating chamber having a heating plate
25 positioned outside a pracessing tube,
Figure 2R ic a croce cection of a heating chamber having a heating plate
positioned inside a processing {ubc.
Figure 3 18 8 £ross 56¢1ion of 4 £ooling chamber having a cooling fluid
conduit for delivering a cooling fluid to a wafer.
30 Figure 4A is 2 bottom view of an upper end of a heating chamber. A
plurality of fluid ports are formed n the upper end.

Figure 4B ig a cross section of an upper end of a heating chamber. The upper



positioned inside a processing tube. Figure 3 is a cross section of a
cool i ng chanber having a cooling fluid conduit for delivering a cooling
fluid to a wafer. 30 Figure 4A is a bottomview of an upper end1of FEg 2004
heati ng chanber. A plurality of fluid ports are formed in the upper end.

Fi gure 4B W@OH!I3¥0ss section of an upper end of ;4 heatiﬁﬁT@ﬁﬂﬁﬁgﬁ- The
upper 12 FEB 2004 WO 01/13054 PCT/ US00/ 22202 5 end includes a | unen
coupled with a plurality of fluid por§s. Figure 4Cis a cross section of an
upper end of a heating chanber showing a plurality of fluid ports

ext endi ng t hr gOifcLB& UBREK c/iplhd Wittodpi8rafidy dflfhissgoret es a fluid delivery
systemwith a fluid inlet port and a fluid 5 exhaust port pqsitioned to

produce a downwar dFERGACOS afcrags sEciapn ofi an WpRE R Af # gFUNg RuAmbst etk 5B
illustrates a {ul,a%)g 4 Y& Yex altng%% Hh@ufdetbgh i nl et port and a fluid
d %{o prg%luc a downwa f

exhaust port Positlone d flow of fluid within the
heating chanber. HQuieisduillestttesial fhudddatmysysterhmithe: Bad inje pprtapde Ewdhavi ng a

fl t ai t .,.ext.endi [ th t] : th
or ocessi g { uBELEPGN PROBEREE T Bsppea e il D MIERFELCHBR of e gur e

6A in a procesgintgr. tube with a rounded cross section. Figure 6C
illustrates the fluid delivery system of

_ . i Fi qure_ Afl;lj{-{l] algr oces%i ﬂg 15 tube
with a rectangul ar PgrEe8 ieerdes s 1o diliverysrster M gm pf’T‘_ﬁP 204@fi very
syst em havi ngeghapli $oipbidorit b Pl"é'dgcc' NMonwaRPNdW ofMeld avidlnthahéaing of fl uid
exhaust ports. Figure 7Aillustrates a fluid delivery systemwith a flow

di stribution ehemtser positioned adjacent to a fluid flow region. 20 Figure

713 is ide vie fi 1S ; j £.00 W& ohfdinghehi OW
di stribu Ulson chan&@prcéﬁglalggragéésﬁq"{]&tj&sl%ﬁlrva esgﬁghﬁﬂﬂlpg del i \(/)erg/ seyst em havi ng
an arc shapednfeimber extingingiitita thechreatimgdbemberfraguthe pT@essingisbeates a fluid

delivery system ha¥iig91% 6B iﬁllu&;[mgs lﬂ?ewﬁuqtij §é1{vierb)rusgfist81§]1 of Figure 6A 1n a processing
tube with a rounded cross section.
Figure 6C illustrates the fluid delivery system of Figure 6A in a processing
15 tube with a rectangular cross section.
Figure 6D illustrates a fluid delivery system having a plurality of fluid inlet
ports and a plurality of fluid exhaust ports.
Figure 7A illustrates a fluid delivery system with a flow distnibution chamber
positioned adjacent to a fluid flow region.
20 Figure 7B is a side view of a flow distribution member for use in a flow
distribution chamber.
Figure 7C illustrates a fluid delivery system having an arc shaped flow
distribution member.
Figure 7D illustrates a fluid delivery system having a flat flow distribution
25 member in a round processing tube.
Figure 7E illustrates a fluid delivery system having a flat flow distribution
member in a rectangular processing tube.
Figure 8 illustrates a fluid delivery system having a flow containment
mermber coupled with a heating plate.
30 Figures 9A-9D illustrate a fluid delivery system having a {luid flow passage
defined by a portion of an inlet port, a fluid flow region and a portion of the fluid

exhaust region.



25 nmenber in a round processing tube. Figure 7E illustrates a fluid
delivery systemhaving a flat flow distribution nenber in a rectangular
processing tube. Figure 8 illustrates a fluid delivery system havj rgs #0§ | ow
contai nment nenber coupled with a heating plate. 30 Figures 9A-

i || ustrat Wa01Bes#d del i very systemhaving a fluid flow pHs¥9&221 i ned by
a portion of an inlet port, a fluid flow region and a portion of the fluid
exhaust region. 12 FEB 2004 WD 01/13054 PCT/ US00/ 22202 6 Figure 10A is a
cross section of a shutter in an open position. Figure 1013 is a cross

section of a shut tresyd NAR QRsk kstGbh BBa SRRk ih @ openfogitive. 11A is a top view
of shutters in an obstructing position which is preferred when a wafer

hol der is positi oféaurs HOEISHEERSS pRFtiphahbRIIersn ap GoRUC e BSS1'S™a top vi ew of
shutters in one eﬁ‘gpé £ s aalg}():%@&torf‘k'i%{cﬁgg a@%tﬁktﬂ%oﬁ‘ti@h‘%i& i Cis a plan

view of a shutter ving a recess accommodating a s-aft. Figure 12A
illustrates arqitmedcnhdnya wifetiehder ngpostiensind s heatmgehsabdrn concentric 10

£, S b R S i

concent ri cally rel ng to one e i ment of the
present invenpbiigpn. Figures 12C and 12D illustrates thernal isolation
barriers arranged between heating zones according to one >§arrpl e of the
present inventi onFiase B gisaelandisy platledavingaiy 52&?8?1’8{5'?&‘ ®&fendi ng from
a cooling chapher. Figure 14 illustrates the relative contributions of
heat transfer from conduction and radiation. Figure 15A and 15B are cross
sectional views ofFigurevsd/illusdtesey plarabiyradihpaiing slemspts 2BABESE M HEMETBTC t he

pr esent 6¢'Jnverilt6i on._ 20 Figures 16A to 16D are cross sectional views of the

waf er hd! der "SCC6T 4Ry to four alternative enbodi ments of the present

i nvention. Fi gur e Figré $2Miilustraeschesigrgt élamelts arjapgedsioovaniisaly FoHMEdSh of t he
waf er hol der one another according to one embodiment of the present invention.

Figures 12C and 12D illustrates thermal isolation barriers arranged between
heating zones according to one example of the present invention.
15 Figure 13 illustrates a shaft conduit extending from a cooling chamber.

Figure 14 illustrat;:s the relative contributions of heat transfer from
conduction and radiation.

Figurc 15A and 15B are cross sectional views of a wafer holder according to
one embodiment of the present invention.

20 Figures 16A to 16D are cross sectional views of the wafer holder according
to four alternative embodiments of the present invention.

Figure 17 is an cross sectional view showing a portion of the wafer holder
and wafer lift assembly in accordance with one embodiment of the present
invention.

25 Figurc 18 13 a perspective view shidwing the wafzr holgder in secordance with
anather ¢mbodiment of the precent invention.

Figure 19 is a cross sectional vicw showing the heat treating apparatus and
wafer holder in accordance with one embodiment of the present invention.

Figure 20 is an partial cross sectional view of the hcat treatment apparatus

30 showing the flow and containment of gases within the apparatus.
Figure 21 is a cross sectional view of a heating zone for a preheat chamber in

accordance with one embodiment of the present invention.



and wafer |lift assenbly in accordance with one enbodi ment of the present
invention. 2-1 Figure 18 is a perspective view showi ng the wat i

accordance with another enbodi ment of the present invention Fi &&EEEQ}MS a
cross sectional view showi ng the heat treating apparatus and wafer hol der
i n accor dawoaimsdsh one enbodi nent of the present inventi orcT/@50901202 20 i s an
partial cross sectional view of the heat treatnent apparatus 30 show ng
the flow and containment of gases within the apparatus. Figure 21 is a
cross sectional view of a heating zone for a preheat chanber in accordance

wth one enbodi menle SHE AA3ERle LANENLLAN: bR FERoRORSs HOAL/ 13054

PCT/ US00/ 22202 7 F perspective cross-sectional view of a
portion of tharchmant appaedismendrdiap pasmathes erabsianeit ofthe praemtimentianbodi nent  of

the present invention. iqure 23 is a.cutaway perspectjye cross-sectional
Uiew of the shutt el 857 H AR RSR T girs Solbns Brgar L SSAR t575ac ar o
Cross-sect i onglortidnQiT FR@ir&PECt i ve and bottom perspective views,

respectively, of another enbodi nent of the wafer carrier_of the present
i nvention® DETAI LEBISESEAy2¢K a1rrassseqioadletop PEFREHYE o BBt es to a heat

treat ment appg{cﬁgéﬁive];ﬂ%ﬂ% cotivl £ BF Bhofticr BRBAALMST IRGIAG8 3R BE@E | Ng

chanber with ati ng source positione adj acent to a cool i ng chanber

with a cool i ngresentnueentifine appar atus al so i ncludes a wafer hol der
configured to be noved between the heating chanber and the cooling chanber
t hrough a passageway. A shutter is positioned to control the size of the 15
passageway. The shutter can be MBEld] BBtIESTRIZAIONen position where the

passage is defined | arge enou for the wafer holder t ass through and
D o raraf ty of - obdfF AT g™ FOLTHPBiee ouhbret VS vt Tty 1o

defined. The ifmhticneippamiusifcltRs hhbRngdhimber RethagitngGhiug ppHsdet ons
whet her the wafer holder is _positioned within the cooling chanber or

wi thin the heafiafgt éharRsdng charbepwits B geeleie sewre b CBRERIS alse gheidese ¢ her mal

i nsul ator. AcGoirdina@lley contlpffdd td16e maTedldeRech thelRStile RRBHeri dnd @k @BRIY UCti Ng
position, the shutter can serve to increase the )
chamber through a passageway. A shutter is positioned to control the size of the

15 passageway. The shutter can be moved between an open position where the
passageway 1is defined large enough for the wafer holder to pass through and a
plurality of obstructing positions where a smaller passageway is defined. The
shutter can be positioned in the obstructing positions whether the wafer holder 1s
positioned within the cooling chamber or within the heating chamber.

20 The shutter can be constructed as a thermal insulator. Accordingly, when the
shutter is positioned in an obstructing position, the shutter can serve to increase the
thermal isolation between the heating chamber and the cooling chamber above the
degree of thermal isolation which is achievable without the shutter. The increased
thermal 1solation also allows for an increased difference between the average

25 temperature within the heating chamber and the average temperature within the
cooling chamber. For instance, for a given average temperature in the heating
chamber, the cooling chamber can have a lower average temperature than would be
possible without the shurter. Reducing the average temperature 1n the cooling
chamber permits an increased temperature ramp down rate when the wafer 18

30 positioned within the cooling chamber. Similarly, increasing the average
temperature in the heating chamber permits increased temperature ramp up rates

when the wafer 1s within the heating chamber. Increasing the temperature ramp up



thermal isolation between the heating chanber and the cooling chanber above
the degree of thermal isolation which is achievable without the shutter.
The increased thermal isolation also allows for an increased di flflelrihiis
bet ween the average 25 tenperature within the heating chanber and.the
average t &p&dPH¥re within the cooling chanber. For insf‘éﬂ@@?ﬁ?g}? a given
average tenperature in the heating chanber, the cooling chanber can have a
| ower average tenperature than woul d e possible w thout the shutter.
Reduci ng the average tenperature in the cooling chanber permts an

i ncreased t enpiirady d6wh 241 JHOWS fdr ghRkvhedfertieamveal @icsiasd 3@opsgly i oned Wit hin
the cooling chanber. Simlarly, increasing the average tenperature in the
heating chanb@HcksePuEPYincr eased tenperature ranp up rates when the wafer
Is within the heat’g%%esﬁ&%%ﬁ{ce AIGEIBESE RGtih BlaleRIRET RESHE HeRTpysord 2 FEB
2004 WD 01/13054 USO0/ 22202 8 and ranp down rates all ows for quicker
vaf er treat nelmtatingtlesents gositoiod diavg the heatingdate. 1 hg bragpRiete reRdINSat i ng
source can i ngl ude. ' ' ' ;chheat i ng
el enent sgposi FB??@H%%E%\%A%]&‘S%%% icjrl'l\ég]hp efl{ogl.cﬂlg %éehée}g?% ]F%ﬁ% %{a{ecq{rmelfﬂr]adi at es
5 the recei ved posidbnddrtichii the hemp ichanishalbeheafinpping iseantastedofort Re heat i ng

plate which is positiopned within {he heatjng ch | ng plate is
constructed fPgia Wifut g‘lgﬁéhe qtcﬂ“@?w*ghs"t‘h"e ﬁ%f%%ﬁ‘gi&ég%“f%ﬁgdﬁ t he
recei ved heat gib@Sufor®REds HeihkAPplaé. Slntichdiid BB uaiormsty of the themil ng pl at e.

Increasing the uniformty of the thermal distribution V}dthi n the heating
plate al so i ndirishuean Viin theieaing nigfe also merases MEIHETPRRIAT Y Nt o t he

heat i ng ;ghanbgf; ho6k taBnd SiARGLAt ure ranp up of the wafer, the wafer
hol der clgn beﬁﬁgf)@tioned angg/v\here wi thin the heating chanber. However, the

waf er hol der is pPefnethbiompewsbirg fagmpep of thawalprathe g afgieldenfaicn t he waf er
hol der is suf f(;s‘i\t%o%na Wﬂepeswﬁthiﬁ% %@ﬁin@%ﬂﬁﬂl@é}‘ Plo@efer! ﬂﬂ@%am%ldkﬁspondum ed
a to the vvafcer. or 15

fromthe heat?ng p I nstance, the wafer is
preferably popieferabinepbsiicnbd such it aivafer mithiorthe whfer hedderdasuffigenty <dess. Thi s
positioning of the wafer relative t h MploRe hb QWFer! P& heat
transfer to o‘é’é‘f}?ﬁ?aﬂp%ﬂiéﬁ tﬁ%%ﬁaté%?%g%%t?dg%&g?ﬁ Hr):gtclfl@atfl %tghﬂ &ince two forms of
heat trnansf emsdsdd, wRrwdigas preferablyeposiaioaed withie rappallinteirss ddhe haatngase t he

;gg?;? Lg;g ;gg{}' Efg\iséo?i:t[ig?i?g gy e Ewgﬁar Ee‘?ﬁqﬂr%rtc? Eh%r}mganrn%rmatélﬁlor\x%ttﬁe R&Ghi eved by
transfer to occur through both conduction and radiation. Since two forms of heat
transfer deliver heat to the wafer, the apparatus can increase the temperature ramp up
rate above the temperature ramp up rate achieved by apparatuses relying primanly

20 on radiation as the heat transfer mechanism.

The heating plate can define at least a portion of the upper end of the heating
chamber and the path from the wafers to the heating plate can be unobstructed. This
unobstructed path permits the wafer to be moved in closer proximity to the heating
plate. Additionally, the unobstructed path prevents intervening mediums from

25 altering the uniformity of the thermal distribution of heat produced by the heating
plate. Further, the unobstructed path also permits more control over the conditions
at the surface of the wafer. For instance, changes in the conditions of the heating
plate, such as changes in the temperature of the heating plate, are transferred dircctly
to the wafer without being delayed by transfer through some intervening mediurp.

30 A relationship between the temperature of the heating plate and the

temperature of the wafer surface can be developed for a particular displacement of

the wafer from the heating plate. This relationship can be used to contrel the




20 on radiation as the heat transfer mechanism The heating plate can
define at least a portion of the upper end of the heating char{%ﬁ‘f%ﬂaﬁﬁi t he
path fromthe wafers to the heating plate can be unobstruct ed. | 4
unobstructed path permts the wafer to be noved in closer proximty to the
heating pYaPE130#dditionally, the unobstructed path pr evé’ﬁB@SPWéqzveni ng
medi uns from 25 altering the uniformty of the thermal distribution of heat
produced by the heating plate. Further, the unobstructed path also permts
nore control over the conditions at the surface of the wafer. For

i nstance, chagggeratuie bffe GoRELY h@BGIng ihetibBpdigaieion the HehirigeplatsuBincathe changes
in the tenperature of the heating plate, are transferred directly to the
waf er wi t hout hastipgplatsiany bagsopeamahmasseit 26thAGATEHFRECTVRE &7Pni ng” medi um 30

A rel ati onshi g RebHEEONLhE: LETPREAINECalliolRiIcBCa bR Aarade Hae

tenperature o I surtace can evel oped for a particul ar
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heating pl at eplB&ast Mveiog révids improm@bsEmpeératuacitabilag asd infpgoveltemps@ugoi r Wi t h
a tenperature which is easi]y nonitored and. corh';roc}led. Since the

tenperat ure ofoMmk Foreximplg thi present wventiop sEmOGHtY SF{UsE CPRE S ov e

rel ationship glck@wst griiierh & SRESBLIBNE abcifted WRh WA chalinge AIRY, eheesriskl y
controlled than is currently possible. Mreover, the Bzesent i nvention

provi des i nprovellomshprak apwerregiegient. egd Bier PYEAFREEY CUEE t ure  control .
For exanple, the pges B%rdggl?‘@%%‘?ﬁhia'd%ﬁw SRRk YreiRHSeASn HREBETeS tee

over shoot problens an ms associated with thermal cycling. Also,
there is a npresont owentiope Bkr ipetanae, 7 plytalineefdliid paavi gambe foBPEGPdParIPCEner gy
efficiency. 18 /MRS inlnalrlBY OF BthialcullbeadRbicd B 1R bl Eenfinger) | nCl uded in
t he scope of fife prese Invention. For 1nstance, a plurality of fluid
ports can be thesuzkthdseflbid@onppBecausenhiese fluidiperth exatposiorddattheruppexepd ui d can

b 0o e <0 LA SRR CHBEE v MU Bl s B ocauce
the fluilg canmbevattehbMer &dn amen thrwat@peposiionédinelasé prximiteto thaugpsr t he waf er
noLder ey, M A0 AL PORL RIS OSBRI b ke UPPCT
across the UPBRLPRRAd inorérd8 incheédsd fe LRIty Bethe Minfdatelivéry tothetwaderf | ui d
delivery to the wafer. . .
The increased uniformity allows for a plug type flow of liquid from the upper end of
the heating chamber toward the wafer. A plug type allows for a more rapid
20 evacuation of fluid from the heating chamber. Further, a plug type flow allows the
fluids within the heating chamber to be rapidly exchanged with a reduced level of
interaction between the exchanged gasses.
Since the heating plate can be included in the upper end of the heating
chamber, the fluid ports can be included in the heating plate. Accordingly, the
25 heating plate can be used for delivery of both heat and fluids to the wafer; however
this is just one example and other configurations can be used.
The cooling source within the cooling chamber can include 2 cooling plate.
The cooling plate can be positioned so that an upper surface of the cooling plate 1s
adjacent to a wafer on the wafer holder when the wafer holder occupies one or more
30 loading positions within the cooling chamber. The loading positions are positions

which the wafer holder can occupy while wafers are loaded and unloaded from the

wafer holder. The cooling plate preferably has a high thermal conductivity sa the



The increased uniformty allows for a plug type flow of liquid fromthe
upper end of the heating chanber toward the wafer. A plug type allows for
a nore rapid 20 evacuation of fluid fromthe heating chanber. Fyigtfi8rlilia
plug type flow allows the fluids within the heating chanber to be rapidly
exchanged wDwh13s54 educed | evel of interaction between treTANMRRGed
gasses. Since the heating plate can be included in the upper end of the
heating chanber, the fluid ports cangbe included in the heating plate.
Accordingly, the 25 heating plate can be used for delivery of both heat and

fluids to the,
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Wi thin the cowomagpfbhmb@dmemmé DA YRGS réduosahesifespOPetiéneasby i ch the
waf er hoI der can occupy while wafers are | oaded and unl oaded fromthe

waf er holder . W’ﬁ?@%ﬁﬂ?ﬂjmﬁi ate preferably has a high thermal conductivity

so the 12 FEB 200411}@@0911:{&3%&%c%é&ﬁ%@@@&%né@uﬁ%hwgfok§e1ﬂ:le§ﬁ 4 but ed

through an upper surface of the cool mg]_ | at e and i gh her ma
eni ssivity socachivg Suidlintagheedobbng ehamber. dihstepoling fud mﬂdélt!?ﬁebfcl@e(l ilng chanber .

Di St ri bUt I on (9()1]%(1)]8 ODC‘Q%EH&I%Igg?BI? c%p?%aaggmerlgolﬁ'lgﬁﬁe' ncreases the

uniformty of in rovi ers an cordingly reduces the
stress experi enceangycﬂhelluﬁramiiemss cbummg”admeﬂtiraagnenTbmaamm ilnghsour ce can

al so incl.ude a cooli flyuid conduit,.f.or i cooling.flLuid into
t he coolcll Ong CHPRABEE. le%éu‘gﬁﬁf?sﬁ&dﬁl‘ﬂ?’&h %@b elc?ileﬁ%ﬁ“gatﬂ?es °t|°Hq4c5nj uncti on
Wi th a cool i n@e ppprRuOr0. Clai&héﬁﬂﬂga&ﬁmhheuﬁﬁlﬁiek&@ed}hﬂhelheﬁhgulﬂisﬁlaio% 16
illustrates a cross section of a heat. treatnent apga ratus 10. The 10

appar atus 10 Paftionerbadiaceptiephgating chpmbeas 15, ARIYRIY 04 AE4158 ég"ﬁmﬁégﬁeng

section 14 of3uathe 18RRRLALUSsRer 15R8jab&R ] DOuppeCdnd@n of theiteGtingdes one or
nore thermal insulators 16 positioned adjacent to a heating chanber 18. A

plurality of ¢$hembrmi. Suitalipheatipg clgments 2P ingdudacbut aregof hspehlo, fepisiNeat or 16
adj acentyst o g, pﬁ@%n% (glglcqu o%?&%:?& coﬁnaréagy?laacgmfm LRP! € heating

el emsnts 20 inc e not l'imte resi 5 heating el enents
coupl ed with shopoker source controlled by a conputer (not

The heating chamber 18 is partially defined by a processing tube 24. A
heating plate 26 defines the upper end 22 of the heating chamber 18. The heating
plate 26 has a perimeter which 1s large enough to cover a wafer 28 positioned

20 adjacent to the heating plate 26. The heating plate 26 can be constructed from the
sarne materials as the rest of the processing tube 24 or can be constructed from
different materials, Further, the heating plate 26 can be formed integrally with the
remainder of the processing tube 24 or can be attached to the remainder of the
processing tube 24. Suitable matenials for the processing tube 24 include, but are

25 not limited 1o, high purity quartz, fused silica and silicon carbide. Further, the
healing plate 26 1s preferably constructed from matenals with a high thermal
conductivity such as silicon carbide and graphite covered with silicon carbide.

The heating plate 26 and heating elements 20 serve as an example of a heat
source for uss with the apparatus 10. The heating plate 26 receives heat rays

30 radiated from the heating elements 20 and radiates secondary heat rays into the
heating chamber 18. The heating plate 26 can have a high thermal conductivity so

the heat received from the heating elements 20 1s distnibuted through the heating



shown). The heating chanber 18 is partially defined by a processing tube
24. A heating plate 26 defines the upper end 22 of the heating chanber 18.
The heating plate 26 has a perineter which is |arge enough to ??¥g32ML
waf er 28 positioned 20 adjacent to the heating plate 26. The heating plate
26 can be WoH#Mdcted fromthe same materials as the re8FTHFYIR?
processi ng tube 24 or can be constructed from different materials.
Further, the heating plate 26 can bejforned integrally with the remainder
of the processing tube 24 or can be attached to the renai nder of the
processing tuhge2d. Suitable materials for the processing tube 24 include,
but are 25 not limted to, high purity quartz, fused silica and silicon

carbi de- Furt her, 4 Reralifeefsepppdpiydeainggloments 3Prcap SB‘I‘%P_aHbH%?‘{E&dé‘_ﬂthf rom
materials wthe gehh g fﬁlshnﬂ%&*% adj G ggﬁés ch-% X%%E?fhc@s%in%‘dnhpqiﬂegéﬁmaqﬁ and

graphite covered wth silicon T ating plYate 26 and heating
el ements 20 Seatneg degneans 3keamyirevids additivealtheatdo thedwating chambenidt andiohe

10. The.h [ I 26 [ h . ' d f h
honti ng. 51 emstb e 3T Al e R SRR O RELTS magRbyd Sthin iR Sdthe 0O T 1
chanber 18. Tdhemb&aRiang iphchiede Reried dmprivte anifirghity! heowedxatphrdiheti vity so

the heat received fromthe heating elements 20 is distributed through the
heating 12 FEBS2BREECments By hepbprepstedi®Rso/ 22202 11 plate 26. A plurality of

secondary heati ng 1ok @ppitias FPalSPcBdsaQd8ling/chRfibeIscBffionkd dYjackiand her mal
insulators 16 adjacent to the sides of the processing unit. The secondary

heating el engwerngzhamber I dugute 1 Addistraishaaleeal rostng ofea Pleeidhe Waltinber 18
and/ or can :gg@j- v, I NEcHBRE Al W thin
t he hea??ng s@ﬁ%ﬁ@% %@ean ]t%oﬁggﬁ%%t gﬁtg{rﬁ Otfgﬁﬁg{;hﬁ?e uniformty. In
one exanpl e, dohkng dieabenip @hdeantessedfrpmadoad/loak clemitet {hyeughyasdt valve

apparatus 10 .al.so _j ncl,udes coplin h er 32 sitioned j acent the
heat i ng chanbsgfirmfgi.er\%laﬁ(faend?%%nﬁ)la%%t%rage{ggﬂgmﬁg? ‘é’rgl%rzﬁjplpgrst fnﬁgg'o% a plurality
of wafer 10 rsbqfecith cph BSustd 1€ kaé At witioad phew afeif 280fwh hile: fiod. t dichoagh & he

oI G R TR AT N o e N T M
from t heswaf €33 b pp Sigpoftedisn B8 wafer slifpbAping 33/ McC@binky, theddattiaingad and
unl oad the mqugral%ig l(f) L tr}rllc E:;pcgcnrg iinnv%hticﬁll n:talru1 8::1 gsnzd?o concurrently treat a plurality of
wafers 28.
Figure 1A also illustrates a wafer holder 38 in a loading position beneath the
wafer 28. The loading positions are positions occupied by the wafer holder 38 when
20 a wafer 28 is loaded on and/or off the wafer support pins 34. The wafer holder 38
can have a ning shape, or a plate/disk shape, which encompasses the pins. As will be
described tn more detail below, the wafer holder 38 1s configured to move between
the cooling chamber 32 and the heating chamber 18.
A cooling source 40 15 positioned within the cooling chamber 32 so as to be
25 beneath the wafer holder 38 when the wafer holder 38 is positioned within the
cooling chamber 32. The cooling source 40 1s preferably positoned adjacent to the
bottom of the cooling chamber 32 and is most preferably positioned beneath the
wafer 28 when the wafer holder 38 is in a loading position.
The cooling source 40 preferably includes a cooling plate 42. The cooling
30 plate 42 can be positioned adjacent to one or more ¢ooling fluid conduits 44 as

iNlusirated in Figure 1A. Alternatively, a cooling plate 42 can include one or more

cooling fluid conduits 44 extending through the cooling plate 42 as illustrated in



single wafer 28 is illustrated in Figure IA a cartridge holding a
plurality of wafers 15 28 can be supported on the wafer support pins 34.
Accordingly, the heat treatnment apparatus 10 of the present invention can
be used to concurrently treat a plurality of wafers 28. Fi gurt2FEBallo

i |l ustrat @08@%r hol der 38 in a | oading position bene&CHUSHEL2Raf er 28.
The | oadi ng positions are positions occupied by the wafer hol der 38 when
20 a wafer 28 is | oaded on and/or offj2t he wafer support pins 34. The wafer
hol der 38 can have a ring shape, or a plate/di sk shape, which enconpasses

the pins. As pigufe 12 AQESIER S cinheMived debdinl hbelotivg ftideocihfedd hol der 38
is configured to nove between the cooling chanber the heating

: 32
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to b 38 i
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positioned within t cha e cooling source 40 is
pref erabl y pospifiromediisgi¢ffact n$uitable chdingfyidsdon w witidheeolingifuidhanber 32 and
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35 15 i noa | ol BEBEpEIRe 4R BB 1G oy oBler B PG nieiEen ) O, 00 0
cool i ng pl at eSditablehhategslofdr mig: co3ngplae @2 4halaybuderepos limitahedmatdiidcent to
one or nore cooling fl ui dabc%?iduits 44 as _\g%l | ustrated.in Fiqure |A
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condui ts 44 extredi AMemintOHSRlebd\Reet RBpreRBoaildalith dBccsnitrit bed idhindmi n WO
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01/ 13054 12 12 FEB 2004 PCI/US00/ 22202 Figure 1B. A cooling fluid can be
fl owed t hrougitidee cooling fluid conduits 44. The cooling plate 42 serves

to distrjgbute t hezgﬁﬁg}l H&Qoﬁiqugﬁhvgmgeﬁ\;\e%%éé ﬂ'hgsugﬁg OSslink Pfute Hur face of the

pl ate so a wafer el ng fer_'hol der 38 sees a nore uniform
cool i ng ef f ecprefclily hisl asobid oppangurfdce 6l whichns substantially petaeldodripkgePf uid 5
conduits 44 ipclude,,.hut_are not. .11 m chi || g liquid

ni t rogen. Su?]tc%aleerzr%é S v(%cgéé[uﬁleéng:ggf?wé&%: éé’tC) gg%%{qlﬁﬁc?u e, but are not
limted to, nHberva the codling phatdd dan irivdudealplwelits o€ aportiutey whirdl/aoy laggehi gh

thermal em ssivity such as silico carbide,, al um n stajnle teel,
copper coat ede%utgﬁt%?clc?r&ﬁlﬁdm thei gerémoglpmﬁ%tﬁﬁtjhewﬂs&gpo o %’r?%t he
cool i ng 130ur CBe AButsd dir&APkd e upperbR ke 46 bhe eoslingplatphnt e 42

The upper surface 46 of the cooling plate 42 preferably has a perimeter
which is larger than the perimeter of the wafer 28. Further, the cooling plate 42 is
preferably positioned to be approximately concentric with wafers 28 positioned on
the wafer support pins 34 or with wafers 28 being held by the wafer holder 38. For

20 instance, the cooling plate 42 preferably has a round shape with a larger diameter
than the wafer 28. The round shape of the cooling plate 42 is then positioned such
that the center of the cooling plate 42 is positioned approximately beneath the center
of the wafer 28. This concentri¢ positioning combined with the increased diameter
of the cooling plate 42 relative to the wafer 28 causes the perimeter of the cooling

25 platc 42 to extend beyond the penmeter of the wafer 28.

The wafar haldar 38 ia coupied with 8 shafl 4%, The shafl 4% cun be covpled
with an ejevator mechanicm (not shown} which can providc the shafi 48 with an
upward and downward mobon. The upward motion of the shaft 48 §lévatss the
water holder 28 as ilustrated in Figure 1B, When the wafer holder 3% ic in a load

30 position as illusirated in Figure 14, elevation of the wafer holder 38 Iifts the wafer
28 from the wafer support pins 34 and can move the wafer holder 38 from the

cooling chamber 32 to tho heating chamber 18. The shaft 48 can also be moved



preferably has a solid upper surface 46 which is substantially parallel to
the plane of the wafer 28 in order to provide substantially unifaor

cooling to the wafer 28. However, the cooling plate 42 can i mdlt e[ﬂ@
plurality of apertures which are |large enough to accommpdate the wafer
support piRUEWOY the wafer support pins 34 can 15 be nBGMUEF R Pectiy to
t he upper surface 46 of the cooling plate 42. The upper surface 46 of the
cooling plate 42 preferably has a perismeter which is |larger than the
perimeter of the wafer 28. Further, the cooling plate 42 is preferably
posi ti oned t od®envadiombiethe Wifeg Beidarisrfran wiethhatingfcbarsbe28 8 poticcbadmgd on  t he

waf er support pins 34 or with wafers 28 bei.n el d by the, waf.er hol der 38.
For 20 i nst anE&meehe? %’lf’dPir"rPé"cﬁlﬂ’éFt"éaf?FZZ%ﬂ’rpﬁ? &ﬁg’(f\t}v SH@%‘%‘é"?So{f‘ndilﬁwagé with a

| 'arger di amet g wairhaRidePss WalhREatd@as JABlcH WA siridanlsthewanohslog pl ate 42
is then positioned such that the center of the cooli nq plate 42 is

posi ti oned app? esui heeoudlod withe aiualitn of dafis & inclyfingut peflapitesigo, ¥Ry s
concentri.,c posili.oni QHrhyen | t ' G B RIBLENngMatd £ cool ing
pl ate 42 5r el a |%/ee P(g&?ﬁfei wa é%qﬁ%grt‘g}ﬁ%]gge%@ghg%??net er of tlﬁlg(bcaool Ing 25
plate 42 to etkendidzggland? thcngedd apettanes odnfighed wadceomagdatgpechwither hol der

Ali is eelaRIrti wth 4~ th haft can be coupled wth an el avator
mechani sm (nofhabﬁﬁwﬁ‘iumﬂi%’wm%‘ﬁﬁa%fg%gﬁfggt he shaft 48 with an upward and
downwar d notion. TREiIBYAETinFhir© B ahe ifparaniaitinddieebiavatse’? whieh waf er

hol der 38 as illustrated in Figure 1B, Wen the fe | der, 38 is in a

| oad 30 posi t 1eaRe 539 Qf aprapeyay RAECER c&?%g\é\"@é‘?‘[’ﬂg?"cﬁlgfrﬁj“ r hol der
38 liftsgthe vabker | 28T Ald:DS: %Et?eﬁe@iklm)%fré]@hﬁ%o&ﬁoﬁ’dﬂdnﬁﬂﬂpmve t he

waf er holder 38 fromthe cooling chanmber 32 to the heating chanber 18. The

shaft 48 can posiipniyehenpire shurersrEgefiooapasras vt shshicherulispe il 7621003
downwar d 10 RY S 5B Bolle! K 1ofAiRtwell dld RELAI haRBA IenAla BhakBgAg 10 10 he

cool ing chanbe pl ace the wafer 28 upon the wafer support pins
34. Al though chahbendf.er holder 38 is illustrated as coupled with a single

shaf't 48, the waf ef, [\l qSt 52 B8 aBufgs SAHRIRY: 46 biich sBLUIGhbiome!. shal s 48

i ncluding, but no ee and four shafts 48. Further,
when t hdSappastattes 520n & haliasdes plancaoollistgleg batlse #Rw labded Bodktadinglyat e 42

can 1 U1, BRI ES S EFRIERIGH G PRNAL e e 49
appar atus 10 i pakadasy Shuhichnissialenhiag the size of the passageway 54 defined when
the shutters 52 are in the open position. For instance, Figure 1C illustrates the
shutters in an obstructing position where the size of the passageway 54 approximates
20 the size of the shaft 48 coupled with the wafer holder 38. Accordingly, the shutter
52 can be in an obstructing position while the wafer holder 38 is positioned within
the heating chamber 18. The configuration illustrated in Figure 1C is the preferred
configuration for the apparatus 10 during the treatment of the wafer 28.
Treatment of the wafer 28 can include delivering a fluid, a gas or vapor 1o the
25 wafer 28 in the heating chamber 18. The obstructing position of the shutter 52
illustrated in Figure 1C can also serve to reduce and even prevent entry of the fluids
from the heating chamber 18 into the cooling chamber 32. Accordingly, the shutters
52 can prevent these fluids from fouling mechanisms in the cooling chamber 32 or
11 an associated load/lock chamber.
30 The shutter 52 can also be constructed to act as a thermal insulator. When
the shutter 52 is constructed as an insulator and the shutter 52 is in an obstructing

position, the shutter 52 serves to increase the thermal isolation of the heating



define the size of a passageway 54 between the cooling chanber 32 and the
heating 10 chanber 18. The shutters 52 illustrated in Figure IB
positioned in an open position where the shutters 52 define a pasﬁLSM‘ 54
which is sufficiently large for the wafer holder 38 to pass between the
heat i ng che@ioen3o38 and the cooling chanber 32. The shut PET8ISBR222EN be
coupled with notors 56 which serve to nove the 15 shutters 52 in a
horizontal plane as illustrated by thg arrow | abel ed B. Accordingly, the
shutters 52 can be noved to an obstructing position where the shutters 52

define 2 passadsuey ok dE]nl ShafiFB) 12 TR R P Binfee ot IoRATERge Ry 54

defi ned when tters are In t e open position. For 1nstance,
Figure |C il |amsinerassed tfmhwrae:mmf@r@cc bﬁtmendbswemgtenwemym bahogveee t he
size of the p eya o] 48 coupl ed
with the waf e %?rd a\éggée r?ﬁfa?um f"ﬁge %??%P %53562% cgg%lgllriTY’an
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preferred cofifPgaiss mdhe 99 ‘“gﬁ'@"’é’ﬁb&%@gi ?’i‘r\@"‘llﬁge?’f%ﬁ'{ et of the
waf er 28. Tredufigis. s 4 legiBe@afef 35 eabd Naled dd/Beddo@midigqaickll thad, a gas
or vapor to the 25 wafer 28 in the heati ng chanber 18. The obstructi ng
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t hese fl ui ds Heabng ¢taoibent ardchﬁmxobn@(:hambth@ eitiohagegriameanper 32 or in an

assoct afgd | 0adtl agke LRBIRGE: <208 RIMLT Blung BRI, bR, C0ALG UCt ed Lo

act as a thernmal I'S cons ructed as an

i nsul at or anoﬂet:feescshuteh@braﬁﬁempbmmmbslhmmcﬁiargithpbeajtmgpla;e Xhe shutter 52
serves to incfea the thermal is on of .the heati 2 FEB 2004 WD
01/ 13054 T/ AMBOT DA ETPER sy BRi08 PP Sati ﬁg"?"gﬁéﬁﬁ}’e‘*ﬁ"’éﬁgp"frh

i ncreased t hagmBératusothad tai @ dcBidbed Withoubiheishafee 65 eMs & enplgred ure di fference
bet ween the average tenperature in the heating char‘[‘%{%w and the average

t enper at ur e i RPHANEDHIhe s HEPerdE appi9aches ?58518 EYSEF0%F t he

aver age 1§ enpahitdlied uhifori§ ohe@arelr E%;fe#m@%d rhf-td-Purd J@ﬁea@a‘%ﬂﬁﬂgﬁurﬁ]é ,gKeper at ur e
in the cooling chanber 32°can be higher than it cou be w thout the

shutter 52. Asagispaga] naggel Wawéﬂmz@h%rawrﬂé resuls BdeuF Lkl sPESEFBE nore
qui ckly than formed in the heating chamber 18. The reduction in cold spots improves the thermal

uniformity in the plane of the wafer 28 and between the top and bottom of the wafer
28.
20 While Figures 1A-1C each illustrate the apparatus 10 including a shutter 52,
certain embodiments of the invention will not include a shutter 52.
Figure 2A illustrates another embodiment of the heat treatment apparatus 10.
The heating plate 26 and processing tube 24 are independent of one another. The
heating plate 26 is positioned between the processing tube 24 and the heating
25 clements 20. Accordingly. the heating plate 26 serves to provide a more cven
theimial distnbutian than san b2 provided by the progessing iube 24 alone.
Figure B illuctratec another embodiment of an apparatus 10 where the
heating plate 26 and the procesaing tube 24 are indepondent of ene another, The
heating plate 26 ig pocitioned incide the proeescing tube 34 go the heating plaic 23
30 serves as the upper end 22 of the heating chamber 18, Accordingly. heat from the
heating elements 20 passes through the processing tube 24 before being distributed
by the heating plate 26. The heating plate 26 can sit flush against the processing



woul d be possible without the shutter 52. The increased thernmal isolation
al so reduces the anobunt of energy required to keep the average tenperature
in the heating chamber 18 and the cooling chanber 32 within a ceftafEB 2004
range. 10 When the shutter 52 acts as a thermal insulator, the shutter 52
al so servewdw/3decr ease the tenperature drop between theP@IMRWRI2052 and
the heating plate 26. Accordingly, the tenperature adjacent the top of the
shutter is closer to the hot plate tgnmperature than could be achieved

wi t hout the shutter 52. As a result, the tenperature in the heating

chamber 18 2pR1eaaNes, kdpiNGh R ol SBuALYES pfdceSinQubk 24 B URMREHN! form ty
of wafer tenperature and“run-to-run repeatab}J Ity. Further, the near
i sot her mal naplatee2tofOthérenibedtnienty of tierdpparati 8 19 dsudttinclide afheaine KPR do.spot s

being fornmed.in.the heating chanber 18. reduction i cold spots

i mproves the CH&Y rtheﬁ?ﬁlwggﬁﬁﬂfﬁc”]r‘%eﬁ}fg’"balq-%ﬁém%?e ahnecn\';\l'/é ér?erg%&and bet ween
the top and bapgaedinsof) dubteasivBé embafiment 40 théhbpLatld JuitRstratedinlFigureBCh
illustrate the apparatus 10 including a _shutter 52, certai n,engodi ments of
the invention wil | Andlustied indaguie dnhe eealing soures o pelusls 3 Rlyrality 04t es anot her

embodi nent  of c-SATﬁﬁ%ﬂfcoﬁlalﬁétfﬂﬁﬁglivér@Q)@E%&lﬁlgmid. ﬁl@%ohg}%tﬂlﬂgc@{dﬂftﬁcazfs and

processing tube 24 are independent “of one another. The ~ heating plate 26 is
posi tioned bebewdiegrtadse aprodeaewiteriovgtiahesurgpeiof walemddavithig tzzoplngment s 20
Accordingly, the.h LN | 6 V, Loyl eV ER catloaer mal

di stribution %‘F?E"nbegg%‘“be“g‘ﬁ%?ﬂ% °§‘$ﬁ% ed %‘?%@‘8%’%‘% Cﬁéﬂgﬁ%gl one.ca igure |
il lustrates amhichés reemiedfibnrdretwalér 28n apparatus 10 where the heating plate

26 and the processi t ub 4 are independent of .one anot her., The heating
plate 26 s posi tiéﬂ%ﬂmfvﬁ i’é@“?ﬁ'@gpt?‘ﬂ%g%r@f‘ﬁﬁaqwga %%3 RV HESt i ng pl ate
25 34 servespafmdtbreextRaRk tedskriddtedlof tHeevalie abideg3 & hamehedsp shdpedAosiangdi ngl y,
heat fromthe heating el enents 20_passes_thgou}9h Ehe prw%geﬁis' ]g ube 24

bef ore being HP@tCPP%‘t‘@HbCB‘}s“_t"l“f’édl’fé%ic?@mﬁlc #1895 32 sqfhis R o’ﬁ% ?J‘('{%?Pe 26 can
Sit flush agajfdst tkdErMQeeRRE NEd bénduhbByA e WBOkided 80 & SAGTInYa0fe22202 15
tube 24 or an air gap can be torned between the Frocesm ng tube 24 and the

heating pl at é8-28dd:uenadly, thedosnishapsd soading diyid copduil eandieve erolipe Hud ACHR| ude a
heating i at €,280eq Holhd ME birimiBiefSAOLT ITRALESS; 38 cRfbeldilieat ed from
certain enbodi msﬁt S o%ﬂ appgr atus 10 such as the "enbodi nent of the apparatus
10 il l ustrat egbrjcnrrﬁiﬂgdm@n d Murality of different cooling fluid ports to achieve a shower of
cooling fluid onto a wafer 28 within the cooling chamber 32. The shower effect
produces a more uniform cooling to a wafer 28 than is achievable with discrete
cooling fluid conduits, and allows forced convection cooling.
20 Although Figure 3 illustrates a cooling fluid conduit used without a cooling
plate 42, one or more cooling fluid conduits can be used in conjunction with a
cooling plate to increase the temperature ramp down of a wafer 28.
As described above, treatment of a wafer 28 in the wafer holder 38 can
include delivery of a fluid to a surface of a wafer 28 in the heating chamber 18. The
25 following discussion discioses a variety of fluid delivery systems. Each of the
apparatuses 10 illustrated above can be adapted for use with the fluid delivery
systems described below. Additionally, the above discussion illustrates that the
upper end 22 of the heating chamber 18 can be defined by a heating plate 26 or by
the processing tube 24. As a result, the upper end 22 of the heating chambers 18
30 illustrated below can be defined by a heating plate 26 or the processing tube 24.

Figure 4A provides a bottom view of the upper end 22 of a heating chamber

18. The upper end 22 of the heating chamber 18 includes a plurality of fluid ports



5 As illustrated in Figure 3, the cooling source can include a plﬁ % ﬁ
cooling fluid conduits for delivery of a cooling fluid. The cooli @ B Y
conduits can be directed so as to be pointed toward the surface of wafer
28 within Rﬂg jore] |ng chanmber 32 or can deliver the cooling fluid into the
cool i ng chanb& a location which is renote from t hBCUHIRR2HE 10
Alternatively, the cool ing fluid conduit can be shaped as a loop with a
peri meter exceeding the perineter of téhe wafer holder 38. The | oop shaped
cooling fluid conduit can be positioned in the cooling chanber 32 so the
waf er hol der 38. Gaese finid/portsharofoghed ihehedratingngatt Robtinapnstotdssindimbe the waf er

hol der 38 is carrying a fe 28. Addi.tignal.l the lo shape cool i ng
fluid conduit %ﬁ‘?ﬁéﬁ'&%@ %mﬁlqh'@pchfﬁsﬁ‘%‘&etzé Oi@eﬁ‘re?‘éﬂ%’é egg peri met er

of the |oop. Tppereaobi oot héuti@lg@ﬁd&hﬂ&?lsiemc\/fﬁﬁ@ﬁhﬂscm%wnﬁﬁm l'y from a
plurality of different cooling fluid ports to achi eve a shower of cooling

fluid onto a WAFERNEANGH Vi) ppeqs @056, Bpifl sepressa fhe Auid frommihesesudpourass f ect

produces 8 Mk, WdiRe ﬂﬂm} R AGR

di screte coofln flurd ggﬁghpggﬁgan a ?ﬁm%ﬁrércegh %nveé%?%g%gg g 20

Al t hough Fi guithe meii bortsstOr dthe positianodItheitpid pertst/ Ocoacihe vafes @8 paintitsaut a

cooling plat aoljn d copduits.cap be used in

conj uncti on ﬁ?ﬁgwar(acool |fr%fmd[’)§°a?g’ fh‘“ﬂ?%#ggﬁmtt eew?%ﬁf)%r‘g? ﬁ’ﬁ?"ﬁianp down of

a waf er 28. ASmdhm(notli)mdtrmbd)\tﬂn bé pexiioiedin eﬁxherahy\afoahg a&nmr 8her inafeer hol der
fer 28 in the

38 can include de'ﬂ#ﬁ%¥ g fluid 8 a surface of

heating chanb8f*tPg° @rm‘q‘m the, Eﬂig&h@éqddﬂtodb%@aﬁg%gh@bﬁa’rq dty of
fluid deld ver lumshfidBoonBacH pafferbt] padiedhts 8 bbftom! JristHeat above can be
adapted for use with the fluid delivery systens described be

Addi ti onal |y, Shandenibinasde bebelay the waler28 dpapgthe taatmentrf thwpferr%end 22 of
the heating Cm@’gsﬁtlé{ﬁoﬁﬁ@flﬁg eﬂat.gz%ﬂ 9@ye|a,maihb%f&lz@td%nﬁgtr%maxo[]t he

processi ng tube a result, the upper end 22 of the heating chanbers
18 30 i |l ust r eawfesaB sensesthe Buiddlehvenedsrany the fhedmartsgOph Hedeaigqate Me

processing t uimcifow s 4 Y955 v L O MuRHRLud By Upper end 22

of a heating chanber or t a I'n nber
i ncl udedtda pl ur al i The fbfid parisi7g cplobtt %Venlz' mWrosWBemjm&&ﬁ&m POb¢ USOO/ 22202

16,70, Tncee Shigngio EoLBRaR, ik 05, BT ORI R .
heat i ng pl at ebmmasnasf slemm different lattice patterns or in concentric geometric
shapes. This even distribution of the fluid ports 70 encourages uniform fluid
delivery across the plane of the wafer 28 and can encourage 2 plug type flow of the
20 fluid from the upper end 22 of the heating chamber 18 toward the wafer 28. This
uniformity can be vital in processes such as chemical vapor deposition where a non-
uniform distribution of fluids across the wafer 28 can result in uneven deposition
results. The number of fluid ports 70 in the heating plate 26 is preferably from 0 to
1000, more preferably from 200-800 and most preferably 550-650. The distance
25 between adjacent fluid ports 70 is preferably between 0.0 and 0.5 inches and is more
preferably between 0.1 and 0.4 incheg,
in onc example, Figure 4B provides a cross section of the upper end 22 of a
heating chamber 18 having a plurality of fluid ports 70. The fluid ports 70 are
coupled with a conduit 80 formed in the heating plate 26. The conduit 80 terminates
30 at a fixture 82 which is configured to be coupled with a fluid conduit. The fluid
conduit can be used to transport fluids into the heating chamber 18 through the fluid

ports 70 and/or can be uced to withdraw fluid from the heating chamber 18 through



upper end 22 of the heating chanber 18. The fluid ports 70 arc in fluid
comuni cation with one or nore fluid sources. The fluid fromthﬁfﬁglz | d
sources 5 can be delivered into the heating chanber 18 and/or thé cooling
chanmber 32 through the fluid ports 70. The position of the fluid ports 70
over the WiP&11BY pernits a downward flow of fluid fromPERESPIIRY ports 70
onto the wafer 28. An exhaust conduit (not illustrated) can be positioned
in either the cooling chanber 32 or ijn the heating chanber 18 for renoving
the fluid delivered into the heating chanber 18. A 10 fluid exhaust conduit
i's preferabl yimpesidpeied near the bottom of the heating chanber 18 so as
to be below the wafer 28 during the treatnent of the fer 28. This
position of the fliiBecdkhlusraicsgpethgzxsaplapf the uprsr erb2aRiadica®™E during

treat ment of . i i ihewbkuld ports
70 in the hea%qaﬁ%e%ﬁa?eh%gl&?%%ﬁ O%Eﬁ%%%@a@dﬁ&{ﬁghi%rrgggasglgg‘of t he waf er
28 to the fl udeiningthesppepend 22 df3heMrstifg chiatibpol® sArvexternal lyeenclian| y

di stributed acro t he u end 2 f t.h eatin e

il ustrated i ﬁ°"ﬁfe§ﬁ? B“A%PPQ%? u?ﬂ%f'én@e",ftdf%ee 2hes 3mg%rrcl[% gng{hgéﬁc ﬂ]E"e‘s'nar r anged
in one of sevrhrrludicbiefmihibmvith eehfaid@itT0.0r in concentric geonetric
shapes. This even distribution of the fluid ports .70 encoyrages uniform
fluid delivery achdiuig ﬁ@‘quaaﬁedb’f‘ﬂgw&%&r%ﬁ% °£ﬁ8’dc§’3ﬁ5 ZQE% age a pl ug
type flow of §éasnd§%oﬁﬂwm)iéb&ﬁe. t1he fied RRup @Pduiddoat 76 ba traatudg chanber 18
toward the wafer . This wuniformty can be vital in &rlocesses such as

cheni cal vapororewBsition ovithvehiesiellud erauit asd the seread BToRP BLAYBRGT /G f4lli ds
across tjae waf gy f%ﬁ]&&ﬂ'nﬁrﬁédﬁoﬁ wlifh a%@%\gﬁmumaﬁﬁ WBfh idiRSpkhdent JiBe number  of

fluid ports 70 1n e heating plate is preferably from0O to 1000, nore
preferably from 200ceditamfomest lydsaie babtlycBsthresd thahest Hiudrapdiat 25

bet ween adj acent, [1uldy pOKLS (Q 13 REGE e%@i?e%n ﬁ&i% Heflv@BfsOmInd NChes
and is nore p“req"eraB‘i'y T O = Vot R O TS es, In one exanple, Figure
4B provi des afist gesp s&fiiid porto?0 thiveis dplhereddinen B2 sedond grawp af fing roftanber 18

having a plurali of . f] uid r{s, 70. .The.f| ui LtSa7Q.ar c ed with
a conduit 80 %r%"ﬂn?twebhg’eﬁggﬁu%wﬂ?%C@"%.usefﬂg%g%vﬁag}l@ 1@8?}3%}}%&9 tes 30
at a fixsure &aAmbbi thwhise 160 Bécogifleid comivites cedpd eilhdvhw flual fidmittd condui t. The

fluid conduit can be used to transport fluids into the heating chanmber 18
t hrough the fi#88 chBMEE1%0 and/or can be used to withdraw fluid fromthe

heating chanber 18y 8UGNustafE B2 el VB Qldids AndreRtbeiculSotinar02 17
apparatus 10 includes a fluid inlet conduit 88 terminating in a fluid inlet port 90 and
a fluid exhaust conduit 92 terminating in a fluid exhaust port 93. The fluid inlet port
20 90 and the fluid exhaust port 93 can be positioned anywhere within the heating
chamber 18. However, the fluid inlet port 90 and the fluid exhaust port 93 are
preferably at a height which allows them to be above the surface of the wafer 28
during treatment of the wafer 28. This position of the fluid inlet port and the fluid
exhaust port permits the fluid to be flowed from the fluid inlet port 90 to the fluid
25 exhaust port 93 across the surface of the wafer 28. Accordingly, a fluid flow region
13 dofined betwoen the wafer and the ppei &id oF the RE&HNE ¢hambor during
Treatment of the wafer.
As illustrated m Figure 5B, a flwid inlet port 90 can be positioned above the
wafer 28 during treatment of the wafer 28 and a fluid exhaust port 93 can be
30 positioned below the wafer 28 in the heating chamber 18 or within the cooling
chamber 32. This position of the fluid inlet port 90 relative to the fluid exhaust port

93 creates a downward fluid flow in the heating chamber 18, Alternatively, the fluid



the fluid ports 70. Figure 4Cillustrates another exanple of the upper end
22 of a heating chanber 18. The fluid ports 70 extend through thﬁ ﬁﬂta@&g
of the processing tube 24 defining the upper end 22 of the heati go r
18. An external lunen 84 is 5 coupled to the top of the upper end 22 of the
heati ng CRaghpiseds8 such that the lunmen is in fluid conmpgirgadbi2s:w t h each
fluid port 70. The fluid ports can be divided into a first group of fluid

ports 70 and a second group of quiS ports. The first group of fluid ports
70 can be in fluid communication with a first fluid conduit and the second

group of fluid parts 70 can 10 be in fluid, cqmmunication wth a_.segond
fluid condui tSORAHIERF2] ke PPFG@B%HH&YW“&P_“E#B‘M F’ﬁ}agit WF&%&S 33’8?4?1 t“fafﬁ'fﬁ? ferent
fluids can beygghinvanRa: dfhOWSRr 3@ dfthe Slid idistipdnGongbdidw tRnekfér?e second
fluid conduit. AS a result, a different fluid can be delivered fromthe

first group ofunhgtiegmsorefghergakerdy i s delivered fromthe second group of
fluid ports 70. @i%lﬁégﬁtm St igghgiﬁg%azéheggymicﬁg : ol @3k be used to

deliver fluid into eat'1 ng e second fluid conduit
is used 50 Wwidohdimavent gintlerf Homrdnkimg itvead frog thhsdbef thd Brocéssiga tube 34,

illTustrates a, fluid delivery.,system wher he heat .tr t ratus 10
i ncl udes a fIALﬁlbi]“?tFﬁt a@&%ﬁé?fx%@ Roéﬁ\bﬁ??f@?&}hea’cfﬁn%%?}dlgsﬁlﬂéﬁ@gfg'?t 90 and
a fluid exhaustang @iy c@RaibRemtiniaitengd ddfing aflbwdrdidexifiafiaid for tegBd. The

fluid inlet port, 20 90 and the_ fluid exhaust port 93 can bemgositi oned
anywher e wi t Hfvithie thedsatingrhaphemi§e Swigble paiRa¢s for oy PRy ATet port 90

and the flui dm@[ﬁm'gatinowetmﬁ%rea{oeiimmé@i‘o%sgi@byﬁ@tquwmsgmniwmmmh ows them
to be above the surface of the wafer 28 uring treatnment of the wafer 28.

Thi s posPti orcadfide: hefflow epntamrant psmberidrap e ifegnplqvithale BrgessB8 fitbe per i t s
the fluid to e - fob ARt & IheR R0 dessHp Bk 3Gich | kil e exhaust
port 93 acrosis21 %fﬁ?é%?f}%‘ﬁ%?é}’?ﬁ‘g vvz;f (ca]l} 2tR. ¢ cco? dingly, a1 flui dqf | ow

regi on i3 defuclnedwéidingeen the wafer and the upper and of the heating

v33l Ct 11?pf during. treatnment of th f i.:l dolobnddie 511, a
fluid inlet port g;(ﬂgu({% be? 88%% Steftg'ﬁ]ed%%%gff%ré? s‘cémé @Fg?ﬁ@gldgﬁﬁ ng treatnment
of the wafer i2f thhkkading thintbee katubd axpolabeldBAGaRigne: G0 Poirer edpe@8oél ow t he

wafer 28_in the heating chambe 19 or within tlhe cool i ng acga ber 32. Thi s
posi ti on>of t‘ﬂ%ﬂf"f’ﬁf”&faﬁg‘me@'tmf)‘ﬂﬁ? gﬁasr”e%ﬂéi’el PEREHEY 49 UF P BSRAst port 93
creates a dO\ép‘ﬁf@drﬁbfftﬁdhbskelf pimdidr. Waaisbraky| me ileaedre9s bBtheAlomer nati vel y, the
flurd 12 FE co%g(i)nérlnem member 94 is larger than the portion of the wafer perimeter to which
the inner edge is complementary. The difference in the perimeter size of the wafer
28 and the perimeter size of the inner edge 98 of the fluid containment plate allows a
20 wafer 28 to be positioned adjacent to the flow containment member 94 with a gap
100 formed between the wafer 28 and the inner edge 98 of the flow containment
member 94, This gap 100 provides a route where fluids delivered into the fluid flow
region 96 can escape the fluid flow region 96. An auxiliary fluid exhaust conduit
102 with an auxiliary fluid exhaust port 104 can optionally be positioned below the
25 flow eontainmant member 24 in erder 1o evaruate fluige which eccape from the fluid
flow region 86 from the heating chamber 18.
The flow containment member 94 15 a12¢d to provide a gap 100 which
reduces escape of the fluids from the fluid flow region 96 into the remaining
portions of the heating chamber 18.
30 During delivery of fluid into the heating chamber 18, the wafer 28 is
preferably positioned adjacent to the flow containment member 94. The fluid flow

region 96 limits the volume of atmosphere within the heating chamber 18 which



WO 01/ 13054 PCT/ US00/ 22202 18 conduits can be operated in reverse so the
fluid exhaust port 93 is above the wafer 28 during treatnent of the wafer
28 and the fluid inlet port 90 is below the wafer 28 during tredtfeil 20
the wafer 28. Figure SAillustrates a heating chanber 18 which includes a
flow 5 conv@abnmest nenber 94 extending inward from the siPEEUSHU/A2R08
processing tube 24. As illustrated, a wafer 28 can be positioned in the
heati ng chanber 18 so the wafer 28 d the fl ow contai nnent nenber 94
define a lower side of a fluid flowregion 96 within the heating chanber

18, Sui tabl e HRL LAk behddien! NGRS HeWRHbs RERDSEAfhdiecl ude, but are
p tz, Sl

not limted to, hig urrty ar use Ica and silicon 10 carbide.
The flow containdieni arresdieto Shitrobin alsenailivobgreghanwntalargéreropimes 88si ng t ube 24

or can be an independent .piece attache 0 the processin W th
techni ques sHERSEISNRETHIOYS areeaify &0 & '°L'“&E’%ﬁwg§]%¥er5§lf) %QW{B%&%\/’% of
processi ng t uienoddple®s kb e GOMB eRIre hedinp Ghiriter h@aFdrigsakanteiomli®y et t he
axes |abeled A'in Figure 6A. An inner edge 98 of 15 the flow contai nnent

menber 94 hasleBmPSREEIsEaRpllerIPLIny T IPRBTHEBENGr 8¢ ¥ on of the wafer
perimeter. Adﬂgéghﬂ{%%g,' %e ﬂaiﬁ?low(}ggg%%%“%&opé mbheatilPnuenat ai nment menber

94 is larger t ortion e wafer perineter to which the inner
edge i s conpliemperiatury;. The difference in the perimeter size of the wafer

28 and the perinetgl, glg g%\Q E’E§§%296i Jf Eihp?%%ei%cggs of Qﬁan%ln | s e ORfeRih NNt

plate allows a 20 wafer posi acent t he flow
cont ai nment mMaahedting4hathltidn 1 & whidpredidifg intaranticn betveerethe ghrsesnafreflugB and t he

i nner edge 98_of the ow contai nment . nenber ) ovi des a
route \/\nge fﬁ“ﬁi’?’&"&g“ﬂ’e‘%wgﬁé’g@ilﬁ? %g'ﬁ’ﬁtém‘fzfqpican?t ngév’mrngcg?%%g%éﬁ%gon&;enscape t he
fluid flow r egiiosr tBEfMuiAMoattsiibh 86 dnd thelishee ¥kb2isdf thoinalting chair®2r 1.t h an
auxiliary fluid exhaust port 104 can optionally_.b sit.ioned below the 2.5
f1 ow cont ai nnERfCOREABElisIaPge FREOBRAgRS Hl‘igpé%ﬁﬂhﬁ"gfqﬁlﬁpfﬁ’éé aﬂygﬁqreoé"ctgﬁe from
the fluid flowiae8Rdf6oKOGid Bhabigabidag. Phatpaow pBuentRowd @w gaont ai nnent
menber 94 is sited to provide a gap 140 which ﬁél%gluces escgpe of the fluids

fromthe fl uil@ fellomanasl gz Wigh prHy puRipal inksRagtinp Be? E35853s 762 FHY: heat i ng

5\2?;‘?95 g%?swﬂm% kﬂﬂi{g% HHE BYw L gidil 96 SnivelcRargBEbY ABWiInRG MidagiEh 1, the
preferably positioned adjacent to the flow contai nnent nmenber
94. The fl ui dfififl Gyw region 96, terminating the flow of that fluid and concurrently starting the
flow of another fluid through the fluid flow region 96. To further reduce interaction
between the fluids, there can be a time delay between terminating the flow of the
first fluid and commencing the flow of the second fluid.
20 Although Figures 6A-6B illustrate a single fluid exhaust conduit 92 having a
single fluid exhaust port 93 and/or a single fluid inlet conduit 88 with a single fluid
inlet port 90, the apparatus 10 can include a plurality of fluid inlet conduits 88
and/or a pluratity of fluid exhaust conduits 92. Further, a single fluid inlet conduit
88 can have a plurality of fluid inlet ports 90. Additionally, the apparatus 10 can
25 include a plurality of fluid exhaust conduits 92 and a single fluid exhaust conduit 92
can include a plurality of fluid exhaust ports 93, Increaging the number of fluid
conduite and the number of fluid ports in an apparatus 10 permits a groater degree of
control over the conditions of the fluid at the surface of the wafer 28.
Figure 6C is a cross sectional view of a rectangular shaped processing tube
30 24 looking downward into the heating chamber 18 at the axis labeled A in Figure
6A. The apparatus 10 includes a plurality of fluid inlet ports positioned above a

flow containment member 94, Each fluid inlet port is aligned with a fluid exhaust



region 96 limts the volune of atnosphere within the heating chanber 18

whi ch 17 FEB 2004 WO 01/ 13054 PCT/ US00/ 22202 19 nust be controll eg ?tl’l n[ﬁ
the treatment of the wafer 28. Since atnospheric conditions are Adit8:200 o
control in a small volume than in a |larger volunme, the atnospheric

condi ti onweanas@asi er to control in the fluid flow regi oPCBBSW0AZRE2 woul d be
possible to achieve in the entire heating chanber 1$. For instance,
uniformty of 5 tenperature is ea5|e§ to control in a small volune than in
a large volune. Accordingly, the fluid flow region 96 allows for a nore
easily contrq t PreqVl Jfy the
process of Cﬁgﬁtgonﬁ&oagggtgg#\ffﬂwmf‘d é}éuyhgg%lgﬁg-ré m%;ﬁﬁsm%:@é%dum ng
interacti on hatwei exhbet gassas incidase tht plug flodChhdacteristiegif e f06d feef er abl y has
a substantially ¢ nst |stari1 :\2 bet ween the bottom side of the fluid flow
regi on 96 andctoet b’g‘i‘ccé’ I8t he heati ng chanber 18. The constant

di st ance encour aggsgite Bbylustra@varaiphRni If)(hﬁwhﬁleplfufalut)doffﬂmwm@lmn@m t he

fluid inlet conduit to the fluid exhaust conduit g tern

al | ows ohe gaeem‘?fés $harangehoperrerngsidesfithe heaiing ‘ilﬁf"lf?‘P%a]lé ]&’F gSn of the
two gasses. &Sﬁq L mb\éj-@bhﬁ tshspefchmbRmch@iy toakd ®BpdEF can be
changed by rovm ng a vfwnéémﬁrdgu h the u %ec Do

| ow regl on 96, term nating
the flow of taymitidn ofithe wafdr pﬁtmm,fmfr éﬁﬂitlynéhaﬂlﬁlfﬁ@f edes S8 pf eashdovanot her f1 ui d

Lrough the. {14l L] PUE S8 1. B Bl U o TSRS RERE1d O Det e

the fluids, tHe 3 1ihe en termn the flow of the
first fluid ahélstapeisenaipinentaey. fAmxremilt tem ﬂmcmmrﬁmﬂm dlembg %qan@agh

Figures 6A-6B il us te a sin aust single
f1 uid e}ﬂaustp"ﬁ’b‘f’f’“g@a AARPTY O?ﬁé‘falfler c? gﬁ)e con U|t \\‘/a\n!:?'ﬁfcg si ngl e
fluid inlet 230nk tl%lmérfbag@w@frtﬁéﬂ@wﬂ:&xtaannemtmmdmbdwta pl ur aI ity of fluid
inlet conduits 88 __and/or pl urﬂ d%/ fluid,ex ust réldbu ceng\%

Further, a singl e P§WF dAi ‘Wl‘sé‘lateﬁﬁ) g jdistribysion MFmpSL, é’of)’ ﬂ 14 f1uid

i nl et ports Yow Adikh &R Mdnber dNMdARPARRD e éﬁ:cé‘s@mgaﬁ)elznchmdﬁoa plurality
of fluid exhaust conduits 92 and a single fluid ﬁé{\gést C%det 92 can

i ncl ude a pl uisifibutipngrembesit 06 ispamigelarly Siited fgpxda AAGPORE nunber  of

fluid ndui f bl mRRIbESI O6 s ABockRAPRAK U Il permits a
gr eat erqge r rgss@%r%%%#%r%%?qsﬁducon ditions of the fluid at the surface

of the waf er iBicdhidyiyped 6@0\”Silsalt@ﬂ@%m‘:@éeftméﬂfaﬁss%'aé%@ with theflig sxhavit ar
shaped pr OceSSI Qﬂt.tﬁ%eﬂow distribution member 106 can be positioned at the inner edge 98 of

the flow containment plate or can be closer to the wall of the processing tube 24.
Figure 7B is a side view of a flow distribution member 106. A plurality of holes 108

20 are formed through the flow distribution member 106. The holes 108 preferably
have a diameter between .01-.1 inches, more preferably between .15-0.02 inches and
most preferably between .02-.03 inches. The holes 108 are preferably spaced to
achieve a plug type flow from the flow distribution member. The holes 108 can
have different sizes to encourage 2 more even flow. For instance, the holes 108

25 directly in front of the fluid inlet port can have a smaller diameter than the bholec 108
at the periphery of the fluid inlet port. The smaller diameter encourages a flow of
fluid o the holes 108 at the periphery. Other cmbediments of flow distnbution
members 106 include, but are not limited to, mesh screens and wire grids. The
number, size and arrangement of the holes 108 in a flow distribution member 106

30 associated with a fluid inlet conduit can be the same as or different from the number

of holes 108 in a flow distribution member 106 associated with a fluid exhaust

conduit,




30 24 | ooking downward into the heating chanber 18 at the axis labeled Ain
Figure 6A The apparatus 10 includes a plurality of fluid inlet ports
positi oned above a flow containment nmenber 94. Each fluid inlet part..isS
aligned with a fluid exhaust 12 FEB 2004 WD 01/13054 PCT/ US00/ 22, 7@@'
port on a ite side of the fluid flow region 96. Th joby Of
fluid inl SY&E'@@?%‘ and fluid exhaust ports can increase ?ﬁg"”g‘{"%gi"?l ow
characteristic of the fluid flow across the surface of the wafer 28.
Figure 6D illustrates an apparatus 1@lhaving a plurality of flow

contai nment 5 nenbers 94 arranged on 0pposi n% sides of the heati ng chanber
18. The inner edgeTheggallgf teaprmceEsipgiube Af arhihe HewsisypRirion member Hoaghpe

conpl ement ary - PRk ey N8RS 2 AGHTBLRR: Th

Addi ti onal | y,to%ﬁlel&ﬂﬁﬁ%&aag@]g]ghggadg?g%%%ﬁ%%%}conétﬁg? nment  menter .94ci S

| ar ger than tfiew@triiuton dfantbee] Mahereaspethe aee domt whiskhfleid entefsghsflaide i s

conplenentary, As a result, each.flow t ai npent...menber, 94.can .be 10

posi ti oned ad?%‘ﬁé‘?‘&mﬁge%ﬁ’t‘:f fh8ﬁr°8fwhé°h\%?"}i$gf2 & eﬁwgm&';%e @8‘6%]358’?}‘7%‘ "bet ween
the wafer 28 afchbehelol M36w erlefoulsn Sanible! fd iwako bt &rmee Blountafieid 94.
Figure 7A illustrates a flow distributjon_nenber §0'6§§OSI tioned between the
f1 ow cont ai nneheustepibes o distgbytiw champerdi 0 pround,p Hridexhaiigt RUILEDSHYC The f1 ow

di stribution geahel odQfe hisw BRIkl GV Rkt Ml 18 rb8bn 0K Ak feair, atigNlow.

at nospheric 15 pressure processing. & flow distribution nenber 106 is
associ at ed wi diktribhonf dhaintler cam prevens dhredfiid withip the fuid owiregipn BofPBn menber 106
is associated with:t f 1 Olfl T ] brSdHainBbi on nenber
106 can be po%(intV %rghngg?g'tc @L&gexﬁ%%g#%dgec éggwo‘#ﬁhet% ﬁs@wufg%r?#;i nnment pl ate
or can Hé cl obHrfotmed dreundahd flafl inlérgopraod dedludychanier f21aned Fpypdribe fiBdj s a

side view of a.flow distribution er 106, .A. pl | f 108 20
or et or mod t HPSB PERE P Pt OF PITBUE Mt repaie pEER et s B,
preferably havfacaofthawefee28 between . 01-.1 inches, nmore preferably between
are preferably. spabdamaisin chantel pPEE B PRIPREL I CRErer e
di stribution r@Thince thendwireiblién GrambenEN&:2Al bt fiRédwith 8 pbress inediebcour age a

nore even flow._ For instance, the holes 108 25 directly in front of the
fluid idPet péffusisgmaierplsugh SRFPIADIRS aneter than the holes 108 at the

periphery of the fguidg 7008 £troBNettiondNEewdBh bRk esHing fRf24 HanspuraGesd a 1 ow
of fluid to the holes 108 at the peri pherY. O her enbodi nents of flow
di stribution crosssection. The flow distribution chamber 110 around the fluid inlet port and the

flow distribution chamber 110 around the fluid exhaust port have arc shapes.
Although the flow distribution chambers 110 are illustrated as arcing over a 180°

20 range, flow distribution chambers 110 arcing over smaller angular ranges are also
contemplated.

Figure 7D illustrates a processing tube 24 with a rounded cross section and
flow distribution members 106 with a straight contour. This geometry has the
advantage that the flow distribution chambers 110 are equidistant along their ength.

25 As a result, the distance a fluid travels between the flow distribution chambers 110 is
more uniform than is possible when the flow distribution member 106 has a curved
contour. The increased uniformity can increase the similanty between the fluid flow
conditions experienced by the center of the wafer 28 and the conditions experienced
at the edge of the wafer 28 midway between the two flow distnbution chambers 110.

30 Figure 7E is a cross sectional view of a processing tube 24 having a
rectangular cross section. The flow distribution members 106 both have a straight

contour. This geometry has the advantages associated with flow distnbution




menbers 106 include, but are not Iimted to, nmesh screens and wire grids.
The nunber, size and arrangenent of the holes 108 in a flow distribution
menber 106 30 associated with a fluid inlet conduit can be the $3"R gefior
different fromthe nunber of holes 108 in a flow distribution nenber [XOG

associ at eQyhizoé fluid exhaust conduit. 12 FEB 2004 WOpRtadad2sh:
PCT/ US00122202 21 The wal |, of the processing tube 24 and the flow

di stribution nmenber 106 act together_to forma fluid flow distribution
chanber 110 around a fluid inlet portz.2 The flow distribution chanber 110
i ncreases the area fromwhich fluid enters.the fluid flow region 96 over
the area whi c Eﬁsdlgé"hﬁ@éﬁ ?ﬂ“éA{Wr{tﬁgﬂg th[eﬁgenlg}how di stribution 5 chanber
110. A flow di strihuidugh Fiipertyar 76 don aanrat 6 Ginpe ffuﬁﬁﬂiﬂiﬂfa;ﬂ @uthasigglé | ui d
exhaust port- A flow di'stribution chamber 110 around a t] uid_ exhaust port

can serve toflwgrabaasiourt ssnsiatqdotittorach flow distribatomehamber Hbrahdlodv regi on
96. As a res“&ihgib%' rchbinBY 1191c8h bd 2SR GATPBFaISAY I EWEA hoddUdfok Ui d

within the flul ow region 96 fromconverging at" the fluid exhaust port.
The ef f eét ofaphality dfluld sthaidpoiton chanbers 10 110 forned around the fluid

inlet port and the, fluid chanber d aro t j port is
to increase the plﬁsgﬂlf‘lf%wdéﬂ?f%ﬁ %3%3825?\%@15# &?%eﬁf%l-" &%‘? lg I%’\?Vﬁgg#%&slg t he
surface of théfined BY a 2&ond\1b @whtaingieritdnibeoHd eherixgy invikl fean thalstle obe
constructed in different ways. _For_ instance, the flow.di sé&i butilﬁn chanber

110 can be fitheBEPCHSI8 Ubersy Jibe fawdlisinbguon membex Ki6Js pasivened PPEeifith as

netal chips. fégusRaidfEehtSndntiet 98 and@e tdcoitPllow taMaifheR idniee 951 TIE t ube 24
having a rounded cross section. The flow distribution chamber 110 around

the fluild i nlseonsdiaw eqmpirment mambar o conopienally inciiiaRIeresItrIar BGFYUC t he
fluid exhaustypeide m\ﬁgatﬁfg$l§9§@e§s aﬁi{gg%%gc&nh%w MRSt RibEOR chamber s

110 are illustrat®ed as arcCing over a _ range, flow distribution
chambers 110 @mehpppricheheatingblasr2taigaheating alateald cap sit fustvagagshibenpl at ed.

Figure 7D illustrate rocessin 4.3 S .5gction and
flow distri bﬁrfécﬁg%%g? goﬁﬁhmvﬁp%agggfo rnéiedg ﬁ%&‘ﬁ?éﬁ‘?’?@ﬂﬁ@%&#@t ry has
t he advant ague héming phaee Id. ow di stri buti on chanbers 110 are equi di stant

ta Lgnfg | E) Idlr S![ ?In ghpﬁx Bizﬁglgﬁgﬁglg:cggr%ﬁ%’lﬁégneim Iu§et s%@gr%] ﬁlov]:' ldl%ln%u&&?‘&%sberget ween
110 positioned at different heights. As a result, a wafer 28 can be treated at different
distances from the upper end of the heating chamber 18.
Figure 9A provides a cross section of a heat treatment apparatus 10 having

an enlarged fluid inlet port and an enlarged fluid exhaust port. During treatment of a

20 wafer, the wafer is preferably positioned adjacent the lowest point of the fluid inlet
port. A portion of the fluid inlet conduit, the fluid flow region and a portion of the
fluid exhaust conduit combine to form a fluid flow passage 112 with a substantially
constant cross sectional geometry extending through the portion of the fluid inlet
conduit, the fluid flow region and the portion of the fluid exhaust conduit. The

25 substantially constant cross sectional geometry means the fluid flow pattern in one
portion of the flow passage 112 is substantially retained through the flow passage
112. This allows the flow pattern in the fluid inlet port to be retained across the
fluid flow region. As a result, when a plug type flow is created in the fluid inlet
port, the plug type flow is substantially retained through the fluid flow region.

30 Figure 9B is a cross section of the processing tube 24 looking down inlto the
tube at the axis marked A and figure 9C is a cross section of the processing tube 24

looking up into the processing tube 24 at the axis marked B. The fluid flow region



nore uniformthan is possible when the flow distribution nenber 106 has a
curved contour. The increased uniformty can increase the simlarity
between the fluid now conditions experienced by the center of théradfisk 28
and the conditions experienced at the edge of the wafer 28 m dway between
the two flygyg@isedar i buti on chanbers 110. 30 Figure 7E i sper/osmasosecti onal
view of a processing tube 24 having a rectangul ar cross section. The flow
di stribution nmenbers 106 both have a.straight contour- This geonetry has

t he advantages associated with flow ?J?stri bution 1 2 FEB 2004 WO 01/ 13054

PCT/ US00/ 222CQ. .22 S, L. 10 whi.ch are equi di st ar ng their |ength.
Al t hough Fi g%é%pﬁg%ggggl%l’y ?]Pt‘i'g?%’%ﬂ%e%glngiw%gﬂsgﬁ?%iﬂkn%\ %?ppf)’(l%&?% and a
single fluidigsbainstlopoklioAsTREaw agion definiggohlls | Dicadihste d ateiyarf chanber
110, each flow distribution_chanmber 110 can be  associ at ed vig'th a plurality
of fluid inl QOSiHERYElatigope fimdgnig) cepdipif and thg ﬂ‘f‘Pﬁ?‘*&F“é‘fﬁa‘ﬁ%‘t Bbrts. As

I11ustrated iiﬁ'stﬂc@}ﬁi%fr@@[)tibﬁ cio!s?é’&c@érﬁ&fraiﬁ?bgegg% ©berDRRerd e floMYefien partial ly

defined by a second Tl ow contai nment nenber 94 extending inward fromthe
si de of 5t he dsfivweyesilndl4 eesizedto seppsatt thefiudd niet ponguitdiermibe iy exbryst s

posi ti oned bec }é\@gp the flow containnent nenber 94 and the second fl ow
cont ai nnent nenber 94. The 10 second fl ow contai nment nmenber 94 can
optional |y incl ude\ fiowdisgritsition pewhberol 06de positioned wighisdorelod idetigerduitng pl at e
26. As a resuyl.t he secand. f | ow cont ajnnent... Yo ort the
neati g pl at & BHR REG AR EE F0E KL PREN Sl e 1R LAHRE

processi ng t whaddd A a RBulgiarflogedisttioutionehirobarad0 bebmsanvithirethp flogleslei ng t ube

24 and _the heating plate 26, 15 A single ating. chanber 18 ¢ i ncl ude
several 1P owcﬁp‘%‘{“rm&‘%ﬁﬂ@ﬁ‘é‘ﬁtﬁh@s‘i uﬁ'oEF‘f b%‘ﬁgﬁg&"{}g} 'Flfrgseerﬁ?%ei ghts.
Asa resul t, aWBE BbsitdShed aNthb Buidrisiel kh dHalddigfifcleRiih of tik Stidrarasf rom t he
upper end of the heating chanber 18. Fi ﬁ)ure 9A provi de@uig cross section of

a heat treat rrenguibphedlov distobutionmepbers Hosarvade etead ths Buif RO and an

enl arged fl uige &xdRbSthe BRItinleRUniRDadd R MBNE eHaug cordhitnafseiresulti@e waf er i s
preferably positioned adjacent the | owest point of the fluid inlet port. A

portion of tHoW distrigution membess i moourpge Fplbg tyYPe flow ip Byt BoVIP2S386r ti on of
the flykd exhaust conduit conmbine to forma fluid flow passage 112 with a

substantial ly ““constant cross sectional geometry extending through the
portion of the fl dihd fiufd iptet conduit and the fluid exhaust conduit have a shape matched to

the shape of the fluid flow region 96. As illustrated, the fluid flow region 96 has
width about the width of the wafer 28. As a result, the fluid inlet conduit and the
fluid exhaust conduit have widths, W, on the order of the wafer diameter. Similarly,
20 the fluid flow region 96 has a thickness about the thickness of the fluid inlet port.
As a result, the fluid inlet conduit and the fluid exhaust conduit have a thickness, T,
which approximates the thickness of the fluid inlet port. The constant shapes of the
fluid inlet conduit, the fluid flow region 96 and the fluid exhaust condut aliows the
fluid to retain a similar flow pattern in each of the fluid inlet conduit, the fluid flow
25 region 96 and the fluid exhaust conduit. As a result, the fluid flow pattern at the
wafer surface can be controlled by controlling the fluid flow pattern in the fiuid inlet
conduit.
Although illustrated as being integral with the process tube, a fluid inlet
conduit and a flnid exhaust conduit can have shapes matched ta the fluid flow region
30 96 and can be independent of the processing tube 24.

A single processing tube 24 can include a combination of the above fluid

delivery sysiems. For instance, a single apparatus 10 can include fluid ports 70




conduit, the fluid flow region and the portion of the fluid exhaust
conduit. The 25 substantially constant cross sectional geonetry neans the
fluid flow pattern in one portion of the flow passage 112 is s&ﬂs&%ﬂ‘ally
retained through the fl ow passage 112. This allows the flow pattern in the
fluid inl ®o@aBes4at o be retained across the fluid flow rBgi/BH2%482 5 result,
when a plug type flowis created in the fluid inlet port, the plug type
flowis substantially retained through the fluid flow region. 30 Figure 9B
is a cross section of the processing tube 24 | ooking down into the tube at

the axis marked, eyl ' ifileP&RdSiess ke Mid tRRuResEHI2Ng t ube
24 | ooking up |€%dgﬂgﬁéét%g8ga£§’h§uﬁjg% 24 at the axils ma;lkecd B The fluid

fl ow regi on bBsitioddion opposinglBO5Hf POTAIREOERPRES- 23 96 is partially defined

by flow region deftining walls, 114 .positi-qn i i f the flow
regi on. The flow égdﬁr%gmd@”roiv F?\%S’\‘}\g 'Fg Oi%f?tg%;saﬁiggg&a t\Q/ rroiwccadtey or A posi ti ons
rel ative to tialdtbdi Thé sHuetr 5208 cetistruaaatifrérh @ phiralitg ocEmbmbigt 1 toSditatle  For
instance, Figure 9D is a cross section a _processing .t ube 24 re the
low regl on iEiaiohoraENLE s 2rabas 3 Lo eBOCERErsPd BB bl I ot
condui t fromchiged IndhlgtofX SRttt carti@Etighe qviarizlapivideddinid Mhe arenttersber 106 i s
positioned within the fluid inlet conguit. Simlarly, a flow distribution

member 106 i d1pew avangrsdol lewst partiplly define apearagiet | L LRhueRnR 28 g result, a
1 ow di SLT1 Dyt s CPATARE LI By b8, 1 BETRG ARIRANE, (g ) s 105 condi
uld ex

and within the aust conduit. The flow distribution nenbers 106
can be posi t iadd&emaslly inenlftiveiptopeniceto thoshutter 5231 ong the | ength of the fluid

exhaust , . conduit. .Jhe fl|ow di | but i o EweniSreshgad the
fluid fi®w out ov "*"P?{’eﬂ‘waﬁffﬂ*%f?“?%é’g‘%ﬂ}?‘ﬁ@%ﬁ’é%g%%ﬁgdﬁ e 1 i d
exhaust conduhd thiokResa of &&HniembiehEl 6. fThewpeti st bfithe e zapnidralow®Beencour age
a plug type flowip the fluid fl ow sage, . 11 T, W i nlet conduit
and the fluid ‘é%%lgjs‘toqtﬁdﬂﬁﬁ?cﬂoﬁ%{&é agﬂi‘ﬁ‘é“g%d 1%%?%%%(130 %'ogﬁtcﬁiecylé dpe of the
fluid fl ow r?@hw’m A%ne Asutted IS kidbBdeceivea vithiti dpdiionofagibens@Ber@s  wi dt h
about the w dt

h of the wafer 28. As a resul he fluid inlet duit and
the fluid exX¥BRsenesBMifiPe *%Fézé%blwaf*ﬁ"s‘{, ‘“\H“"&)FF Sﬁ’Ht C‘é?d‘@? mepogys o1t o
di anet efs Si 'h@éixkg?'shuagxtﬁﬁmfférmlﬂdé Lo B @ine Bndlker hasrder thhiveiitiess about t he
t hi ckness of e flfuid inlet port. As a result, the fluid inlet conduit

and the fl ui dredustionse! nagisaiates imthe seapngichapbredg: T,

Figure 11A provides a top view of the shutters 52 when they are positioned
in the obstructing position illustrated in Figure 1C. The shutters 52 include recesses
120 which have a geometry matched to the size and shape of the shaft 48 coupled
20 with the wafer holder 38. Accordingly, when the wafer holder 38 is positioned in
the heating chamber 18 the shutters 52 can be moved together so they form a
passageway 54 with a shape approximating the shape of the shaft 48. Because the
passageway 54 has a shape which is complementary to the shaft 48, the shaft 48 fits
snugly within the passageway 54 to reduce exchange of gasses between the heating
25 chamber 18 and the cooling chamber 32 and to reduce radiative heat transfer from
the heating chamber 18 to the cooling chamber 32. This shape can also serve to
reduce radiative heat transfer from the heating chamber 18 to the cooling chamber
32.
Figure 11B provides a top view of the shutters 52 when they occupy an
30 obstructing position such as the position of the shutters 52 illustrated in Figure 1A.

The shutters 52 are slid far enough together to effectively close the passageway 54.

When the wafer holder 38 is positioned within the cooling chamber 32, the




whi ch approxi mates the thickness of the fluid inlet port. The constant
shapes of the fluid inlet conduit, the fluid flow region 96 and Ftrgﬁ'e 6Iuid
exhaust conduit allows the fluid to retain a simlar flow patﬂezr i Weach
of the fluid inlet conduit, the fluid now 25 region 96 and the fluid
exhaust cqopg@yifssASs a result, the fluid flow pattern at pheuswphsn surface
can be controlled by controlling the fluid flow pattern in the fluid inlet
conduit. Although illustrated as being integral with the process tube, a
fluid inlet conduit and a fluid exh@gst conduit can have shapes matched to

the fluid flow region 30 96 _and can be independent of the processing tube
24. A singl e PRSEAEEWEY pycanhssiosed @dﬁch%EWd‘ée”galdﬁcﬁﬂloﬁé’tf it}t?rfof’)]F“gt he above

fluid deli Ve&tﬁénﬁxﬁi;eﬁﬁ-thfﬁéanh%&{aﬁmﬁﬁls.a,q&bfaﬂlzg? FARRAG@ ¢onfldradA of Ncl ude
fluid ports 70 12FEB70 WD 01/ 13054 PCT/ USOQ 2. (32“24 arranged in a heating
plate 26, a fFigint lilBliedesirabldwinen &8 wafra halder 38 1d pesivengd in ke peRling 92
posi tioned on h(&gﬁgﬁjﬁg sides of a fluid flow region 96. Figure 10A provides
a side view of shuttérs 52 desi gned to provide thermal insulation. The
shutter 52 is consFiguretl¢Q ifustateaa ghele ahuttey SDWhick nbeesus¢d ®.defing thabize 5
materials for constructi t hese mengbers .116.incl ud but .are.not, Iimted
to, quartz co?fép%ﬂpqnﬁ'@ul-rg’?&ngl,e SE‘?‘WS@H’C@’QF%? desp re(‘?ﬁs:fé&gw Cgrrfrzewéz?]g]cf used
silica. The ngmhers wHehGh@dRtar 9230p8kidned af anl B®aSictipgpbdiedn and def wafer open air
gaps 118 between adj acent nenbers 116. Because air has a I_oweéh {rral

”’S Yoperti es

conduct i vi t y, haldes S8 inpasitioapd wihip dherheatingehgmprrelSndbe yeceiicdP % Br

to the shutte , i Qa0 Bl piesthe S
preferably s|‘?°§ﬁt‘2‘1"§/‘9g?'ég%§’r°%? arr]%,'[é%rgé{? 'djall%smgg?ﬁaeéa%cﬁgneﬁber 116. The open

I ckness _
nature dP t hecamiing ghavsbel 31Bam thobgating ehandisut § when thowalsr belderddhied t oget her as

illustrated in Fi e.10 Speci Lical a portion of one shutter 52 is
slidably rece]im\/sétl \%/:‘,15 H%‘ﬁ%éc}begﬁltg %hr?&%*:‘l iéltgr'lot her shutter 52. Wien one shutter
52 is slidably recBieshduérnsailostheed is Figwesr1 182} 1G indudembegls rasesstlfe 15

opposi ng shutters 52 preferably.,do nof touch on nojher | der to avoid
the producti ﬁa"cﬁomﬁ%fﬁﬁ“b?tﬂ %?hé" Sicﬂup??#ewﬁlé Fi't gerf‘ﬁ@ﬁ%.iesr’]ﬁ%‘?vgﬁ?%cur e 11A

provi des a t ofhuute@W?2@fn bRd6hplutaitysofhecesire 120 foe yccamenqating 4 Wmmtbity dfn t he
obstructing position illustrated in, Fi gure | C. The shutters 52 include

recessed’ 1205Mahs 4fcopplad withyowast idstdfched to the size and shape of the
shaft 48 coupl ed Although the shutters 52 illustrated above are constructed from a plurality of

members 116, each shutter 52 can be constructed fro a single member 116.
Additionally, each passageway 54 illustrated above is constructed from two shutters
52: however, the apparatus 10 can include three or more shutters 52 which define 2
20 single passageway 54. In another embodiment, seven shutters 52 are used which
move Into one recess.
Figures 12A-12D illustrate possible arrangements for the heating elements
20 used with the apparatuses 10 disclosed above. The heating elements 20 are each
arranged in concentric heating zones 122. The heating elements 20 in a particular
25 heating zone 122 can be arranged in concentric circles as illustrated in Figure 12A.
Alternatively, a single heating element 20 with a rounded geometry can occupy 2
heating zone 122 as illustrated in F igure 12B. The heating elements 20 in different
heating zones 122 are preferably controlled independently. When multipie heating
elements 20 are included in a particular heating zone 122, the heating elements 20
30 can be eclectically connected in series or in parallel or can be independently
controlled. Thermocouples may be placed in the center of each zone to provide

temperature fecdback.



20 with the wafer holder 38_ Accordingly, when the wafer holder 38 is
positioned in the heating chanber 18 the shutters 52 can be rrﬁégﬁé)ﬁ&et her
so they forma passageway 54 with a shape approxi mating the s he
shaft 48. Because the passageway 54 has a shape which is conplenentary to
the shaft $84:14436 shaft 48 fits snugly within the passaggwrofRd0 reduce
exchange of gasses between the heating 25 chanber 18 and the cooling
chanber 32 and to reduce radiative heat transfer from the heating chanber
18 to the cooling chanber 32. This sﬁﬁpe can al so serve to reduce

radi ati ve heat transfer fromthe heating chanber 18 t%éhhe cool i ng chanber
32. Figure | | B pristngdsolafion bamprseha Gam bepostioned betweepthgResHng B occupy an

30 obstruct i ngponEFiisaRd HHERuRS 26N sPAREhe@h AfulkNEDS e ilefh iSAatioh| ust rat ed
in Figure 1 A The shutterS 52 are slid far enough together to effectively

cl ose the pastumeadl4 & extewhfumt thethpmiad inshisioddf 1@8rd hepiasessingrivbt 24i t hi n t he
cool i ng chanber, 32, the E B 200 1/ . 25
S pe IpHia RN A SRR a2, 2

B
passageway 54 I 1C I'SO
cool i ng schanb&aticbantéls | Teexi@dtiiongthe hataden bward Neadnglplagl2p,ant bay shut t er
configuration of igure 11B iﬁ deési rabl e when the wafer holder 38 is

Fi
positioned i nbec‘}?ép]@%g? the featipg 32. 5 Figure 11 Cillustrates a single

shutter 52 which cpR the@mdFieslatd WhaidriE24 QR r&duZ€the @fost ik GMkNhdag. The single
shutter 52 includes a deep recess 120 which receives the shutter 52 when

the shutter Soduscdbyiheihsaiing slaments 2058 diirsent hepting 3PS dA2-aftél2 F9RILRE er

hol der 38 is i 1] L1 hi . I : Beese 2620 is
preferably d'%gﬁ‘l”{e’?]‘g‘%gﬂ‘ %%{ié%&@%w%?? Iéér [%ZISQS%%(t? %ﬁrg Igégfeggggﬁhe
passagevifty Sdorhld pveesssiti tibt @4 c dotdrdiggly haimsener@2madedo kipartiselat heagng hanber 18
when the wafer, hol der .S _.positioned.Wthi.n t eat,) n 18. The
shutters 52 (IPHSt PleadtphmerBPLR-RRs I bt PR 2SR U HpEORIREE 171

f or accommodald wigick akladfatend theabjuplee Heating Blehfeat 2afiera hallgére tBBmahowever, the
shutters 52 can i ncl ude lural it recess r dating a

olur ali by of Sasiabapes e Hetear B SRR GEoNGT 887 H8TSA Y hough ¢ he
shutters 52 iddhiitibhadvREn ARMEEHR hamOBSIS. yaiedeH Figites 1 PAURBilligrarefa menber s
116, each shutter 52 can be constructed fro a single nenber 116,
processing tube 24 having a rounded cross section, the heating elements 20 and
thermal isolation barriers 124 can be adapted to processing tubes 24 having a
rectangular cross section.
Figure 13 illustrates an apparatus 10 having a shaft conduit 126 extending
from the cooling chamber 32. The shaft conduit 126 encloses a portion of the shafi
20 48 extending below the cooling chamber 32. The shaft conduit 126 can be integral
with the frame of the cooling chamber 32 or can be an independent picce which 1s
attached to the frame of the cooling chamber 32. Alternatively, the shaft conduit
126 can be a bellows (not shown), having an “accordion” shape. Any of the
apparatuses 10 disclosed above can be adapted for use with the shaft conduit 126.
25 A ceal 128 ic formed between the shaft conduit 126 and the shaft 48 at a
position which is remote from the cooling chamber 32. The seal 128 serves to
reduce the escape of fluids from the cooling chamber 32 and/or to reduce the entry
of fluids from the atmosphere into the cooling chamber 32. As a result, the seal 128
helps to 1ncrease the thermal and physical 15¢lation of the cooling ¢chamber 32 from
30 the aimosphere, This isolation enhances the controlability of the mmosphere within

the cooling chamber 32.

The remote location of the seal 128 reduces the heat to which the seal 128 is



Additionally, each passageway 54 illustrated above is constructed fromtwo
shutters 52; however, the apparatus 10 can include three or npre 2 ters
52 which define a 20 single passageway 54. In another enbodi meht Fﬁé @ n
shutters 52 are used which nove into one recess. Figures 12A-12D
ilTustratguppsshdll € arrangenents for the heating el enent perdSoosngl W th the
appar atuses 10 di scl osed above. The heating el enents 20 are each arranged
in concentric heating zones 122. The_heating elenments 20 in a particular 25
heati ng zone 122 can be arranged in ébncentric circles as illustrated in
Figure 12A. Alternatively, a single_heating element 20 wth rounded
geometry can G®edy Far mptasge; while e waiepss 5o ‘F’P‘Eféit‘?"a?’éﬁ’eihﬁmﬁ’iggcﬁ%bﬁizB. The
heating el emepd headridh dfufd S6R R4 wilhiBahd RAEOORELLZES Ria pr Howvead] y

controll ed i ndependently. When nultiple heating elenents 20 are i ncl uded
in a parti cullawehpationsgf thersball @ retaiheookts tanineeptareebecanss thy argrrages epe

eclectically connected in series or .| %ﬂrﬁ)g ent |
controll ed. yﬁ?@ﬂ%% reg& ?‘F@{Pr%%caﬂ eatégdg%?%ﬁeﬁsgk%gfﬁ]ttggﬂegpﬁ%gc Zg{]&g to Y
provi de st enpiejiosiiien begeledt k28 AafotEzom WO codlirig30BrmbECENBONE 2PaP2suR6 Ther nal
isolation barriers 1 24 can be posi t#lonegtlg t ween %he h.?ﬂ{l ng légnes 122 as
i | lustrated i%f s gal 2310 dowenportiopsfithesha 3R WANEOFID! MeRE AR

i sol ation  baggdk&fihinkahdfRéh fthe Bsbiing eRarite 32 hak AedsuittEetheitih of thet owar d t he

processing tube 24 and can be coupled to the processi n&] t;a?i %é In
anot her enbodiealel8 rempte fromethragoline ichasnbsr P eangryeite PRoterd ihessd AU P Pom t he

insul ation t%{}&’mﬁa&l@% &#gcmr@ﬁ@g%@es%gt}ﬁ%&l 188 eRUML@ELtT tHeeathegt i Ng

pl ate 26. The ther I solatron riers 124 can reduce the cross tal k of
t he heatl0 pr ooayefcbrithetchelingshtinhey 38lieprefstably2@upkio gbe\t dheandxIMBRt | ng zones

122. As a resuylt, the eat oduced. | I eating zone 122 is
directed tom‘#{ﬁ‘a‘?cﬁé’b}ﬁ‘@a‘tﬁfﬁbﬂﬁg{ga geng%m%gh%}r)&? h%k%a%b%éégi ng tube 24.
Accordi ngly, adj usk semnt3s caade formed apthe hinctidras! theatoling chastbtendhend2be af f ect
primarily the portign of the heatin | ate 26 or the processing.tube 24
which are adj %‘égr‘ﬁg' I%H%h %ﬁﬁah]szﬁéﬂ%ﬂﬁ?‘laﬁﬁc 0 ¥ Eh eﬁffg '%Eoﬂu?cégﬂrltgf]’ l#%e
thermal i sol abi @3 Hefdeh BieshdR48 GRT tHesHal conduie$e t he degree of control
over the thermal conditions within the hea%i ng chaﬁber 18. 1AI E)hou h

Fi gur es 182A- 12D i | Thedbyeatien alsorsiatgsde amethod of aprdatylg heAPAB™s 1PoNEBY cross

section, the (el AQf G hERHesmreRt pratus 10 the wafer holder 38 can be positioned
anywhere within the heating chamber 18 during the ramp up of the wafer 28
temperature. However, the wafer 28 is preferably positioned so close to the heating
plate 26 that the heat is conducted to the wafer 28 through the air between the

20 heating plate 26 and the wafer 28. Because the wafer 28 is also receiving the heat

rays radiated from the heating plate 26, the close proximmity of the wafer 28 and the
heating plate 26 causes the wafer 28 to be concurrently heated by both radiation and
conduction. These two heat transfer mechanisms provide an accelerated temperature

ramp up. The invention is not limited however, and the heat treatment apparatus

33 may Ba opesated in a non-conductive mode where the walier i3 away fraim s kst
plate.
During temperature yamp up and when the wafer 28 is close enough to the
heating plate 26 for conduchon to occur, the percentage of haat transferred 10 the
wafor 28 by conduction is preferably 20-90%, more preferably between 20-70%.
30 During the temperature ramp up the wafer 28 is preferably positioned within 2 mm

of ihe heatung plaic 26 and more preferably within 1 mm of the Realing piate 30.
However, the distance between the wafer 28 and the heating plate 26 which is



thermal isolation barriers 124 can be adapted to processing tubes 24 having
a rectangular cross section. Figure 13 illustrates an apparatus 10 havi ng
a shaft conduit 126 extending fromthe cooling chanber 32. The shaf;ﬂ)&B
conduit 126 encloses a portion of the shaft 20 48 extending bell bhkY s
cool i ng chaooerie82. The shaft conduit 126 can be integraPCWBH/2RMWR frame of
the cooling chanber 32 or can be an independent piece which is attached to
the frame of the cooling chanmber 32.,Alternatively, the shaft conduit 126
can be a bellows (not shown), having an "accordi on" shape. Any of the

appar at uses 1@%19}68% 086 e aRAMR LA P AUSRIBShfdrRY bK%SnndiiJSh fsRgurchad t
conduit 126. 25 A seal 128 is fornmed between the shaft conduit 126 And the

shaft 48 at &°f throlsiprawrediteheating pipte26. Foramstanse vhsalthetgmpsiawtet! 2. The
seal 128 serwes,: / fl 14l : i chanber 32
BRI P1a ol v&@p}%@ggg{@ggﬁg&he s i pon ; e & ARLENY

and/or to re e entr romthe at €re Into the cooling
chanber 32. Asitkin2asmlof thethhatingeddte 2@ SHoweslep svhew thetgmpezaiurerch thethidingal  and
physi cal .i sol atign.o h |l r re. This

i solati o% enhpg%tggg lst{?gl;oggﬂ%i?lglspgﬁ’ ﬁ?ﬁgﬁ %rfmfI %%&%?%%gggcﬁ{zﬁﬁﬁmet he

cool i ng chantham d@2he Heating a6, The disiande befweeh theveddr 2828d thedwatey pldve heat to
whi ch the se 128 is. MO 01/ 130\‘-}4? PCT/ US00/ 22202 %7 e?eoﬁse%e For

i nst ance, whi{%PREV 5 redmeRIqT theoaler MOENT 19 PAROBEITHE Efanber 18,
the portion Oﬁortiﬁk@an%élaﬁéraﬂ% upirktB cih Bdigcrbaad bnfhocifa Heewafddldiestb sheup.

However, |ower portions of the shaft 48 retain cool er tenperatures because
they are nearlsatipglatc2gol i ng chanber 32 and/or because they spend less tine

in the Reating chanbek 14 Biusfarddi@e ROS Nlk 88k ©FadidiRnSBAbaré@ &ith @EHesr from t he
cooling chamber 32 fesults in exposure of the seal 128 to | ower, gortl ons

of the shaft %8 dusde comsiupipngs ve differephdisndacgments of thgafer fomHPHPGP N dj acent

to the cooling,champel 34 feﬁ%c@rs%ﬁ%ﬂ& by rdddGoR MSWEL @ asflusidaRd, theal 128
renote fromthe cooling cTHa er 32 can serve to protect the seal 128 from

heat danmage arrkeotuge atiot funfioy corducboniacresses wahproxmgty afiibe Wrist @ik of t he
seal 128 10 h j ' I - a to about
%?%élgfé‘z% o ﬁ%hllé&gﬁgpﬁ%fd Stnd gorﬂ_u?ef 1t Ma@dahe

t he maxi num ce "whi C S extends into the heating chanber
18. A sdal 12@acfivx e tb oomiediiatis bt jwmibirdoof the totahbeat Hok.i Hgwedsatber 32 and

E: gﬁ i u ?\2? T E) n4\?\?({0ﬁ¢ %{11%2 msn? %‘lom]l%g héa%ng Qlaél 2t6,etrhg ﬁ&e{t Yiix E‘h?e to%%n&ﬁﬂoxpﬁ used in

reduced to about one third of the total heat flux. As a result, a wafer must be placed
in close proximity to the heating plate 26 in order (o obtain the benefits of
conductive heat flux.

20 Once a target condition has been achieved at the wafer 28, the wafer 28 can
be treated. For instance, once the wafer 28 reaches a target temperature, a fluid can
be delivered into the heating chamber 18. Altematively, once the target condition
has been achieved at the wafer 28, the wafer 28 can be backed away from the
heating plate 26. Backing the wafer 28 away from the heating plate 26 can serve to

25 move the wafer 28 under a fluid inlet port 90 coupled with a fluid inlet conduit 88 or
can provide improved flow charactenistics of a flwd over the wafer 28 by increasing
the clearance between the wafer 28 and the heating plate 26.

During treatment of the wafer 28, the wafer 28 can be rotated by rotating the
wafer holder 38, When the wafer 28 is rotated, the wafer 28 is preferably rotated at

30 0 10 600 r.p.m. and more preferably at 5 to 15 r.p.m. The rotation of the water 28
can serve to provide a more uniform exposure of the wafer 28 to fluids delivered

into the heating chamber 18 during the treatment of the wafer 28. The rotation of



seal 128 between the shaft 48 and the shaft conduit 126. 15 The invention
also relates to a nethod of operating the apparatus 10. During operation
of the heat treatnent apparatus 10 the wafer hol der 38 can be pOfitkgqﬁg
anywhere within the heating chanber 18 during the ranp up of the &é rev'28

t enper at urgq olippever, the wafer 28 is preferably positiopegauseeicese to the
heating plate 26 that the heat is conducted to the wafer 28 through the
air between the 20 heating plate 26 %gd t he wafer 28. Because the wafer 28
is also receiving the heat rays radi‘dted fromthe heating plate 26, the

close proximty of, the wafer 28 and the, heatin | gt e 26 causes the wafer
28 to be concﬂ%r‘?f{?rlzg Cﬁ%mgkﬁaroﬁiﬁcﬁd?%t?la&rgﬁﬁ agth‘%gg‘(éonducti on. These two
heat transfer nmechapisHe wRfep?s He tbn fatal wilti ¢ Heainpehanberd 8, thanp up. The
invention is not limted however, and_the hg&t tge%t
ot bY

rrerét. taglg)ar aﬁus ~~ ~F, s
£3 3~Fi ~L-Lt Shutlerst§2e2p bpopenediprdihapater il JEFLrIPEIERRSE fram 1h9
hAT plate. Q40935 CARSLAIShE ibHER thiM tRNGhiv AN iHaeval@l28befdBe the Cl ose

enough to the eating plate 26 for conduction_to occur,@c%g@l%g%eci ttagc of

heat transfer mafdr 28 i remevediigra thepgafesholdshfy Jrar dnstanse. fhesy %-90% nore

preferably be ik ' LRUPaLRUHE RafePPPistemdvee wafer 28
is preferabl yﬁ%ﬁggﬁtﬁ%ﬁé gﬁagg?%}{gﬂg%ﬁlg‘?mt he heat | ngaSI atlg 26 and nore

preferably W tiilermthe wefer hdldef3& he heal Itig pina .26. However, the distance

bet ween the wafer 28 and ) [ ; ' [ 04433854 28 12
FEB 2064 PCT/ usoof‘b"é‘é‘gﬁr%‘gg%‘?ﬁ%;d 0? %@Eﬁ%@\b@%@é??ﬁaﬁrg\r@edegr ee of heat

transferred byrestendtapbiatusicsnfagutadne picomte mbretundomehgsenaelihe wafert he heat i ng
o ot oy R e i b PRl RO e 26
the heating plhedi@redénen M is Woeided Which minimizat teendfstresses ihgmtwaly 5 plate
0.8 mn of t REUREHRRgIH ol ekt BT RO TR IR 08 and e
heating pl at e w28 if &R HeRingahh@berdhy jenighdril@agd®mhe whfet Will haaf @y mbre or der to
(t:)ont rol the h?at_l lngh r attt e. t Foir_ i nsétfance, Lt pe ramp up r‘gtc e "écﬂaf‘gr ped Lncr eased
y movi ng t he remflethas|theseanter gf the valere Silglypfiupng ©o8lng e pFRIFE
iITustrages theealfefdiWeoSRvwnndra tpaily #an BREBREES N W itet MEnebeat
differences in temperature between the edge and the center of the wafer create
thermal stresses within the wafer. Such thermal stresses are problematic,
particularly at high temperatures, and can lead to failure of the semiconductor
devices formed on the wafer.
20 To address this problem, the wafer holder and apparatus of the present
invention is configured to slow down the thermal ramp rate of the peripheral edge of
the wafer. This is accomplished by employing a wafer holder having an edge effect
member located proximate to at least a portion of the peripheral edge of the wafer.
One embodiment of a wafer holder having an edge effect member in accordance
25 with the present invention is illustrated in Fig. 15. The wafer holder 138 generally
includes one or more wafer support members 140 and an edge effect member 142.
The one or more wafer support members 140 retain the wafer 28 in the wafer holder
138 and support the wafer in a substantially planar manner. The wafer support
members 140 may be any suitable support members and are not limited to any
30 particular design. Examples of suitable support members 140 include, but are not
limited to, a plurality of upwardly extending pins, a flat base plate, 2 recessed base

plate, an annular ring, a guard ring, and the like. Preferably, the wafer support



flux due to conduction at two different displacenents of the wafer fromthe
heating plate 26. Heat transfer occurs mainly by radiation, however; as
illustrated, the percentage of heat flux from conduction )i ncAgacdsXN t h
proximty of the wafer to the heating plate 26. For instance, at 900' C and
.2 mm fromthe heating plate 26, the 15 heat flux due to_conduction is
about two YRPVHE4f the total heat flux. However, at 908TESENE*™ rm from
the heating plate 26, the heat flux due to conduction is reduced to about
one third of the total heat flux. Asia result, a wafer nust be placed in
close proximty to the heating plate 26 in order to obtain the benefits of
conduct i ve heatmbdrsix40 @i fomdéx far tcangetppodadd tatantomafthbwelfer durliigeved at t he
waf er 28, the wafer

8 can be treated. r.ipnstance, aonc er 28
reaches a tarGibopa 81’”3?"6?‘8’?"‘5‘ ﬁ%‘?’%grcrﬁ’ié%r E)ieﬂ(ﬁg?li'p\&;%r“é&eiSﬁ?%ﬁfﬁ}é\@%eati ng
chanber 18. Alatses fiatlbwak yhe vl @oldbewitian gehe @Retndchipparhias 1been achi eved at
the wafer 28, the wafer 28 can be backed awa f,r? the heating plate 26.

Vasintisles o

Backi ng the waf er Qiaghialpr pevantees, thepedar halder B&'R to 25 nove

the wafers 2~ ypdesr 132 Wobelchittdsh ARGELdBR eRMPRAAYY dffecBmémbtr d42 adtet  condui t
BR or can provide inproved flow characteristics of a fluid over the wafer

28 by i ncr eastorgininipethe fencrtire diiereniia that preunltapentie wHer 498 REHE ng plate
26. During tr@e%fﬁ% Qharel R 'ﬁﬂ%\ﬁné&d bOE BN wAE if 82 HR& tehRhed by
r RO der 38 e thevvg

rotating the wafe \ fer 28 is rotated, the wafer 28

i s preferabl yappetaatse Juming agdin O Fig. BOhenvater roldantBshayias pr edee bty at 5 to 15
r-p.m The rotatjon,of the wafer - t ' A1 8ugRi form
exposure of t H&™ rpg?a‘écﬁrcﬁn VY?IOE? gﬁl?oggrﬁ%\t/%%éé&n'i m%cﬁge}gﬁdgatﬁg ghanber 18
during tiee treatppemmenibert 46 comprsed 882 fldvaserpdata s othatakiewdd d £18054 29 12 FEB

2001, PCT] USOBL B0 AOS LSl of S, BB i e o e
the shutt er sp&itionedindagthe pereeigand thdtasapifter 4 hollterig8efferameipberi 1dder ed i nt o
e 09011 19, CSTRSLy e LA PR ORI AR 0 L0
i nstance, thejamsi esmpithed afa Bifticall P Gticheed (1.€ noirhditotha waferngérealar Yaad ghdt
tenper atl%r ©s Exei‘ln%g gp\gar}gly\,}ﬁ:];netrhe Egse ip?ater ]%qg\lqg gncirfc{e(s)g; rgnr]ges'\ a%"f%‘is‘?% pcr)]r%!)rqg 38.
the peripheral edge of the wafer 28. Preferably, the edge effect member 142
encircles the substantial peripheral edge of the wafer, and most preferably the edge
effect member 142 encircles the entire periphery of the wafer. The edge effect
member 142 may be formed integral with the base plate 141 or can be an
20 independent piece that is attached to the base plate141 via known techniques such as
welding. In this embodiment, the edge effect member 142 extends above the
position of the wafer, thereby creating a thermal barrier around the peniphery of the
wafer. Thus, in addition to providing a thermal mass ncar the edge of the wafer, the
edge effect member 142 also blocks any radiation emanating from the side walls of
25 the heating chamber.
The edee effect member 142 provides a thermal mags located near the
peripherai edge of the wafer. This thermal mass will draw heat away from the edge
of the wafer during heating if the temperature of the thermal masg jage behind the
temperature of the wafer during heating. To promote this behavior, the wafer holder
a0 with edge effect member is designed to have a thermal mass to energy absorption
ratio larger than that of the wafer (or other substrate material). The wafer holder and

its edge effect members will have a thickness, specifically t, and t, as illustrated n



I n anot her enbodi nent of the present invention, a wafer holder and heat
treatnent apparatus configured to pronote nore uniform heating of the wafer
10 supported by the wafer holder is provided. Mre specifically ﬂﬁiﬂ@ﬁr
hol der and heat treatnent apparatus is provided which mnim ze!

stresses in the wafer during heating and cooling in the t ment
appar at us. MW" heati ng of the wafer in the heating C#;ﬁg:tmu}z 2ﬁ€

peri pheral edge of the wafer will heat up nore rapidly than the center of
the wafer. Simlarly, during cooling3ihe peripheral edge 15 of the wafer
will cool down nore rapidly than the center of the wafer. These

di fferences i Iﬁlg. eﬁrpéfaﬁrMDHematvmwhlhbWéttgeVldmjSltﬂl’élblﬁé‘@ﬁ’ﬂ@rmaé-’f inglyde waf er
create ther stresse e c re

probl emati c, n%ﬁtaar’?f’ 31”5?‘? é‘f]arﬂ SIEC':{“ 1 Jca’f&gﬁégu gcla%dﬁ?éﬂr}& lgg)g%?%nf@al |ure of
the sem conducnhenvafedﬁwereﬁdit@reﬂ@dcf&m mhﬂbmvalfeeypzcaﬂQ farmed dithe syng h| s problem

t he wafer hol der and a%arat us t he g@ . |tnr\l/aS oL ":s%v {gured to
sl ow down t he &R0 ‘F%Ta@ 1f°rf“ﬁ8 F) rﬁﬂéPa edge oF vvdfer Thi s

i's acconpd i shegy/by yTMeayifethotleMRbonillpah e a smammglem1 eﬁ@euemﬂmt rrerrber
| ocat ed proximate fo at least a portion of the E w12’(;£)hera§ %é%?] of

wafer. One erradichgheut dto 14 g wpremEfeatly maf Fged 9GP ‘P?él?wb
accordance 25, gfaow&‘oup? (?§ﬁ‘>rﬁmh1rﬁéﬁ@td1&9pﬂeﬁnbﬁ|M%llﬁé%aﬂeﬂ tEhigse 4f5. The
wafer hol der 1 gener al i ncl udes one or nore wafer sugg‘?rt menbers 140

and an edge efofdipary ﬁleﬂweﬁheimzhatIWOWSWC%?’@“W#C%% Henbers 140
retain the wafg {m@&usoﬁ‘v&nﬁe%{rﬁkm& S e hiriAfarilBRaLd odimsiaf er 10 2

substanti al | y anar nanner e waf er pport nenbers 140 Efi/ be any
sui t abl el@uppepztcxfnﬁwbnemlsanw ardgefinstivity Wtbédﬂiﬁwdéﬂyf@ewﬁh? desuef] ar deS| gn.

Exanpl es of S yOD ée%)%gg g?ga%;l?‘au]o%d't%glt]’réqﬁmréaL{Em}?errﬁur@Q}oﬁlé imted to,

a plurality of ellj’BWa asefp ate, a recessed base
pl ate, an annuktmes thé wgfer aangmamlﬂJrerdL rﬂj courmd diffveent fykes o ﬁ?ﬁéﬁ@%ﬁyﬂms% waf er

ort 17 FEB.2004 WD 01113054 PCI/ JLBIES e rovi de
;‘5 lcJ)rIOIosecure supHEF e S ?Pw Wt 6 "HE R Hﬁ%%?ﬁ%@g ?‘ rotfg}%cl]%!% g‘féct hg w\a/t:‘ er

support. The wadnter hRdrdeilictB®aies tlmﬂxpniadcbbleotlvﬁetwhaﬂt togenigpieee rai ses and
:Og\rNtelr iuf 2§ gg&%ﬁlfeg%‘lég \é\ﬁ%ﬁg‘i’ QP E‘gl ??? ﬂ 8@%&]"31 e{%ggﬂ{dgﬁdy%mggj anng toc 5 menber
142. As descr ithedhé Rddelbfletianenttet ﬂ;lchxph&b«bw prothete ed?gelnejlfyemﬁomh@gpg 142 acts
and cooling across the wafer.
In the preferred embodiment, the edge effect member according to the
present invention is comprised of an opaque or partially opaque material. This
20 provides the additional advantage of selectively blocking radiative heat transfer from
the heating source to the edges of the wafer. The edge effect member may be placed
in a variety of orientations relative to the wafer to tailor the blocking of the radiative
heat transfer. For example, as described in more detail below, the edge effect
member may be placed above the peripheral edge of the wafer thereby blocking
25 radiation from the edge of the wafer that cmanates from the heating source in the
upper end of the heating chamber. Preferred materials that provide an opaque or
partially opaque material include, but are not hmmted to, quartz, silicon, silicon
carbide, or fused silica
For all the embodiments described herein, the edge effect member is spaced
30 apart from the peripheral edge of the wafer by a distance d, as illustrated in Figs 13
and 16A to 16D. To provide the desired therma affect, the edge effect member

should be placed at a distance “d” of up to approximately onc inch from the



to mnimze the tenperature differential that occur between the wafer edge,
and the center of the wafer, during heating and cooling of the wafer in
the heat treatnment apparatus. Turning again to Fig. 15, the wafer hol der
138 having an edge effect nenber 142 according to one enbodi meht? FE§ Hfjown.
The wafer hol der 138 includes 10 a support nmenber 140 conprised of a flat
base pl at eV ¥t extends the entire diameter of the Rﬁ‘f‘éﬁn‘,}aﬁ d an
upwar dl y extendi ng edge effect nenber 142 positioned near the outer edges
of the base plate 141. The edge effe&x nenber 142 is spaced apart fromthe
peri pheral edge of the wafer 28. The edge effect nenber 142 is conprised
of a verti cal petipherabadgedf the wefer Morheferably, thh edgeeeffert)maniber islpdacedzind, t hat 15

extends upwardly fr t he .ba te 141 and_enci.r ri t least a
portion of t ét\‘/”bcérqoqgjﬁg?r&“mé%g“e&go%@h \]ﬁéj et?leﬁg?p hﬁ%‘e?%‘rcgghﬁ, %ﬁ%ﬁedge
ef fect nenber 142 weh€onensdinat Fulsddgatifat mpabérph2isilluedegd ioFigt he waf er,
and nost preferably the ed effe nmenber 142 epcircles t entire
peri phery of i%éhwgﬁqrat*ﬂ’?g’?gﬁﬁgg%ﬁfcfée@d?%rlr%ye’ina&{jfge s eO%Wﬁéd i nt egral
wi th the sbaseRbakevebhbo@imesd Bre@BovdilindBgd. N6l RETEEE NI g 6GA 4 Water i s attached
to the base plate] 41 via known techni ques such as. wel din In this

enbodi ment ,  t heldeschji asmidgconfigirgien suthalahewh i gV eIFRed N 4 on of the
wafer, thereby, i FotiBflateg LAYE LRk R AR &Eiﬁafng%ﬁ%eﬁﬂ%rmagmeywmnt he

wafer. Thus, in addition to providing a therimal mass near the edge of the
waf er, the echseptah fhacembpdimiest, thesRprorsoenien d K issApPREE oA YO TEHENat i ng from

the side wall g of 'n%é@?%gﬁ‘ﬁ%@hﬁgﬁ%mﬁ& S% 51 BHUB S LIRE s BREbAr 142

provides a thérna near the peripheral edge of the wafer.
This theromal opsednb e bt base hlatet 143 Way exteraianiiereatieddpmetesiol theavaf@if er duri ng
heating if the tenperature of th - R ' ey t€Mperature
of the wafer ge}FT’ﬁtgveh'égh[eisufgnfgemgjféiﬂlg@% |s§%g¢1%?3??mtp Egnwaf grr hol der 30
wi th edge ef f ggg 14Ba(Fe il 7) vhicesipgme dhe waftraalangatsipeepheal. mass t o ener gy

absorption ratio larger than that of the f.e I {
material). The waf &f° %lbelnli’i'y © P ()eftd]beewggarfhé)?:c{cg %r)rr\é,?rﬁ’gée‘g'{samv]\;§ #%?ﬁ%gﬁedea
t hi ckness, spest.f Tihakifyr HoldeANE it 2ormsrised bissduppdreniember 126 FEBDQGgd WO 01/ 13054

L L M T
carbi de, Al120Fomfthsgdiphérhlicdge ofihd waen28 ot iv@nanisal of a Hoszawdl grorigkdier and
the edge eff e%iFe. ggrgﬁaﬂo lﬁé v.eraftel)s %grgu :lirlenJ t?ngt%%f?ircqgs art n:eastsaa}‘)grqion or the
peripheral edge of the wafer. Preferably, the edge effect member 148 encircles the
substantial peripheral edge of the wafer 28, and most preferably it encircles the
20 entire periphery of the wafer. The edge effect member 148 may be placed either
underncath the peripheral edge of the wafer as illustrated in Fig. 16B, or above the
peripheral edge of the wafer as illustrated in Fig. 16C. When the edge effect
member is positioned above the peripheral edge of the wafer, the wafer holder
provides the added effect of preventing radiative heat transfer to the edge of the
25 wafer from the heating source in the upper end of the heating chamber. This, in
addition to the thermal affect of the edge effect member, helps to slow the heat up of
the cdge of the wafer and thus brings the ramp rate of the edge of the wafer closer to
that of the center of the wafer, thereby reducing the temperature non-uniformity
within the wafer 28.
30 To provide the desirable thermal mass affect to the edge of the wafer, when
the edge effect member 148 is positioned parallel to the wafer, either above or below

the wafer, the ¢dge effect member 148 should extend over the wafer edge. The



material. However they can be forned of different materials. Thickness
values (t, 5 and/or t) of the wafer holder that wll provide a suitable
thermal mass are in the range of about 0 to 10 nm nore preferabQyEBiilihe
range of about 0.5 to 4 rum wth a range of about 0.75 to 2 nm bei ng nost

preferred. It will be apparent to those of ordinary ski art, that
t he above YR8E¥Pfed paranmeters, such as the design conc]J({degﬁ(gizg@ vol une

and thickness and the material characteristics of density, 10 specific

heat, emissivity and reflectivity caid be selected to produce the desired
thermal mass to energy absorption ratio and thus the desired tenperature
profile acr osige tffiet wafber 188 mwilbextend dvor @uundex, agtbe ease mayibe) e 848 A ypes of

neati ng appar et use a0 b SLEDE KRS 01 M BRI OLEGYs omid o on

sizes and pl e efrec or a srlicon wafer, the
desired obj ecdflamasmablteyﬁpp@ﬁl |F361 é)ﬁmlpdenmrﬁ]geﬁﬁ méertShet eelgp effest membefevi at i on

otge of f oct  ndaRosi Eneh Ry B 1 oAEPe T SBET 44D AP i 8r m hoat | ng

and cool kng A othtﬁaxg}ﬁfpﬁfslsd)ﬂ:htcharep:lﬁﬂﬂ‘eebyerdieﬂrdnd)dpwﬂtﬁorrttﬂle edge ef f ect
menber accor

ng to the present invention is .co n opaque or
partial |y opdwpreonacdss gfect mpanlerigé R%?&?g}éﬂf“ﬂgsagﬂﬁlt?‘f’gﬁ% gdvant age of
sel ectively by :ﬂglyrmelbras b&ﬁdb@%&r@%ﬁtﬁénﬁ@ﬂﬁ} eit&iﬂlﬂkmﬂ@ source to
the edges of t waf er he edge effect nenber i.n a variety

nmy
of orientati mhsmbe"lve?tllﬁ veopnesedie beiag exmedpxths sdse eff?Fé“l? Erkl‘nhbﬂ%?m% he

radi ati ve firysedOr exanple, as described in nore detail bel ow,
t he edge efferﬂ[g ms)r%‘g&been‘%e be pl aced above the 8er| pheral edge of the wafer

t her eby 1Bl ocki ng I@Blemadmamvcmbpﬁmwhéwédg%géﬁ pheredhe e e emanat es
fromthe heat)ng,gqug %%o&:ﬂoﬁe*&%boWﬂvaﬁP%e%p&oh%éﬁﬁf& | 1gis GhapiRa of Pr ef erred

materi al s tha]’trl de "an opaque or part opaque material include, but
are not |inmi tzed_—tsh;tpedqmambtzr 153 Filrne@w thg qugC@{fPFt lé%Wbichéa“gérﬁoffl}%Bd%l lica For

oL CTDOd e e ST 1R SOBLRIDpro i AR SHcTRIBL wides Gpaced 30

apart fromthef erlp era a distance d, as illustrated
in Figs 15 a\nderlﬁmuetoowzhﬁd]yp?ﬁgﬁcpng)mrd@ tﬂﬁencrlllm;iﬁe'@fathhe?fms affect, the edge

L e e R 3 ) 0o it g an el
m the art, the support member 140 may take a variety of configurations, and is not
limited to the exact embodiments shown here. The only limitation is that the
support member provide secure support of the wafer.

Another embodiment of the present invention is illustrated in Fig. 16D. In
20 this embodiment, the edge effect member 148 is comprised on twa portions, an
upper 156a and lower 156b portion, and resembles an upside-down L shaped band
that encircles at least a portion of the wafer. The upper portion 156a is parallel to
the horizontal plane of the wafer, and is positioned spaced apart and above the
wafer. The upper portion 156a extends over the wafer edge and thus provides the
25 additional affect of blocking at least a portion of the radiative heat transfer from the
heat source in the upper end of the chamber 1o the wafer edge. Coupled to the upper
portion 156a is the lower portion 156b. The lower portion 156b is vertically
oriented, normal to the horizontal piane of the wafer, and is positioned spaced apart
from the wafer. The upper and lower portions may be formed in one integral piece,
30 or alternatively the two portions may be formed of separate pieces and then attached
10 each other via known techniques such as welding. Of particular advantage, this

embodiment of the wafer holder provides the dual effect of (1) slowing the heating



peri pheral edge of the wafer 28. Preferably, the edge effect nenber is

pl aced at a distance d of approximately 0.5 to 10 mm from the peri pheral
edge of the wafer 28. Wiile one enbodi nent of the edge effect mm z’h42 is
illustrated in Fig. 15, the configuration of the edge effect B itk
may take auWﬂ]g(st of forms. 5 Alternative enbodi nents p¢Egusdiewsz in Figs.
16A to 16B. In Fig. 16A a wafer holder with a simlar configuration as that
shown in Fig. 15 is illustrated with_a vertically orientated edge effect
menber encircling the peripheral edg%‘4 of the wafer; except in this

enmbodi nent, the support nenber 14Q i§ conprised o Wwo out war. dl.
ext endi ng, opﬁ@s‘t—?ﬂﬁ nongiEt i‘ﬁ’ﬂt‘?fdﬂg’fﬁag?/mﬁ%nwgﬁg’ﬁc}h tthfWéa?Wﬁ?seDro s1g¥rgﬁg its
edges as 10 opnpaRQdioftthewitind(@apslofdint £ lchédh dohivh ofieentiaive heatentire

di aneter of the wafer. Alternatively, the su(Pport rreargber 140 is conprised
of a circul artransfrpem the eppensnd of theghamber tathe edee Pf NGRS supports the waf er

al ong its_peri pher ), fiQmBbdiREMal tRpreaR Htllehotis sitfwmtih gigdaiand hel der are
shown in Figs. 16B and 16C. The wafer holder 138 is conprised of a support

menber 146 anbh this emtigdimest the Weler holdarinshudesegwaleilifi pisemblyid 6 Thetaferhe edge

ef fect menber,. 148 i - o BIEN M SHRE vRAfant he wafer 28
and is corrpri]sﬂif Ssg#glgﬁﬁg%?n%{)@? g#ﬁﬁwde%%ﬂg%laélggofpﬁ .r@_ par:':al ?el vt oant he wafer)
circul ar bandeltvunir redti4: Freferably, theelstata rggbgoniags tnee siiolies qopracisHér al edge of

the wafer. Preferably. d ef.fe Cl.L.G e

subst anti al p@f‘?e’dﬁgf é’fls i@geﬁg% %F énﬁé‘%eggg%,%ﬁsﬁﬁg%@t&pgﬁgﬁé?g ly it

enci rcl es t hesuwpgoficinber PO riveayd divet the watef @8.. Foflegampigdo efcéiect nmenber 148
may be pl aced either undernpeath the peripher ed h as

i |lustratled iH? TE’.‘ p%ﬁ,smé’rtg%@%?fé’m{sﬁé cx%@?‘?}hpﬁ%rtg wg%bgg’ﬁ%m? %ﬁ%fvc\g]!yer as

il lustrated ipy midend t86tor\i@nBhéde ©ggstictkd eive ireitpeand iten pixséd anohed above

the peripheral edge of the wafer, the fer haol der.. provides the, added
effect of prePEfRFEHEN-alh Bt ?"\}"’é’%ﬁ‘%%‘ls"’t"f’é\ﬁ%?l@? XY tahdéSt%(ﬁ;&%bogf ﬁlc bt

he waf er
from the heat g fnge sqpélefEctimtnitde upper and of the heating chanber. This, in

addition to the thernmal affect of the edge effect nber, helps to slow the
heat up of the edbeProfest he ’éLe'é%dpP’ﬁ aB‘rtF’r?{j%h{%E(gper"mFﬁ"Pg e of the edge
of the vgfer glRs@metBer (40Aherédy bhilging Bietvifer & rebid tiedupport inbbelay reduci ng

t he tenperature non-uniform:t rovi de the

desirabl e t heflsiratediad i%fl7-e6ﬁgﬁﬂ5xmﬁe%£éggﬂ’t§3?‘8¥g{‘%a\2ﬁ%x§%$“Jﬂ?lgﬂthet‘vﬁ T edge
ef fect nmenber ;48 tieeapOstdei MBABEr BAE Ak Wafer tsGehbrdwaf er, either above or
bel ow the wafer, the edge effect nenber 148 shoul d ext eHdurgt\:/o?lg mtahe waf er
edge- The 1 2 FEB b (5@ be understood that any variety of support member contig y
be used, and that any one of the different support members illustrated in the figures
20 may be combined with the different edge effect member embodiments illustrated in
the figures. Fig. 19 shows one embodiment of the wafer holder positioned within
the heat treatment apparatus according to one embodiment of the present invention.
The wafer holder 138 includes the wafer support member 140 and the edge effect
member 142. The edge effect member 142 is adjacent and spaced apart from the
25 flow containment member 94, with a gap formed between the outer diameter of thc
wafer holder 138 and the inner diameter of the flow containment membcer 94.
In another aspect of the present mvention, the heat treatment apparatus
provides improved containment of the gases within the processing tube, and in
particular within the heating chamber 18. Refemng to Fig. 20, as the process gases
360 arc delivered to the surface of the wafer 28 by the fluid delivery system, it is

desirable to contain these gases within the region surrounding the wafer and within

the hot section (i.e. the heating chamber) of the heat ireatrnent apparatus.



WO 01113054 PCTI USOD4122202 33 edge effect nenber 148 will extend over (or
under, as the case may be) the edge of the wafer by approximately 0-10 mm
The support nmenmber 140 may be conprised of any suitable support 2 FEBr00
exanple, in Fig. 16B where the edge effect nenber 148 is positioned bel ow
the wafer, port nmenber 140 is conprised of a 5 plpk@ddoby2@f Straight
pi ns 150 \/\H%@E”%?g carried by and extend upward fromthe horizontal edge
ef fect menber 148 to engage the underside of the wafer 28. Alternatively,
the pins could be carried by another Sfrenber ext endi ng fromthe chanber
wal | s as opposed to _being carried by the edge effec#é(rre er, Alretai ni ng
ring may al soSBeififaln,in 2diitien 1o peviditehabenipamenb SeishEHE BP9 16C
where the edgg, &f bsed $@ninShdiR3kld ARAGLraBOVE: dreembadigent, t he
support nenbe?o%é?ga%f@cgé&npggrgi%sse_ed o? an L-1 gh_aped menber 152 carrjed by the
edge effect 148s istarkievedangovidiegs el gsggel” aftherrpcoranhivbe Bterdle an
outwardly projecting,porti ' ' ShitdeS addngen MBfira The
outwardly pro}b%tg & Hg‘hgéﬂ?"t“{”gﬁh%f‘g’%’W%’@ﬁﬁ%@f?'&?ﬁura| {jty of gi nsll 4 to 15
engage the ungernsigaefraf thelookvefabamid 32 Aso thichbatipg chaspler &b threughthfgiRe of
ordinary skill . in the ar he support  eahe I riety of
configurati ong ér?&esflgeﬁg{-mnﬁl%ﬁrﬁPélig'pafngdtbﬁe ex%%fléhgm O%?@ﬁé&s own here.
The only |i m tRdmbess, withthgiressire in thel pading cienboe? minpdremerdeanthe support of

t he wafer. Another enpodi nent. of t resent i nvention.ihS;i rated in
Fig. 16D. In P‘Zesutr?ﬂ"gg"e?ﬁﬁ‘%ﬁ ﬂ’é‘ﬁ'ﬁ’f’r' Bﬁ'&gé’asdté"cé’fr?sé'gf 'Sr%tr‘?‘glésrh%ihﬂ&ygeconpri sed
on two porti ORRueRR?, kR Bbolih @Bartitd of MORET hdlhiy yourhd, Omhichaagkes eenbl es an

upsi de-down L shaped band that encircles at |east ortion. of the wafer-
The uppet? por PrEE asEIoMsini9dheheapne "t}’am'bfrhé\ %?B?W%zgé‘ﬂtggf'ﬁﬁ E’gﬂrem"odfa : t he waf er,

and i s positi gpedespacasbsiRahkic N RPENRrdREL’s VWAL BIshouldiBe mjheizedor t i on 156a
extends over the wafer ‘edge and thus provjdes the addi tional, affect of

25
bl ocki ng at | &4eeaps giepe pbarearelerphly pmeli sorthyj dapuege 825 JREFHF MM Phe  heat

source in the ypperc eRth.aht i SRt RATEREnd Q st ereeity inablgangGatupbed to the
upper portiorﬁ’ 156a 1's the lower portion 15 6b. The |ower portion 156b is
vertically oi0i08Ate@l5mebssal to the horizontal plane of the wafer, and is
posi ti oned spaced apariner LhoihE, SR SinentifroVRABEEy PhthahoMENcqnddry ONS Ry
be fornmed in one int egraf pi ece, 30 or alternatively the two portions may
be formed of sepainment. Phesseendanytontaiamentis ke une 24 d5sERed " dPher via known

techni ques SUGH, AS;,8) SHhidfing GhraBapH, UGN pAHYERY B Eep & Nchween the

bottom of the heating chamber and the top of the shutter and by maintaining positive

pressure below the shutter. Primary containment of the process gases is achieved by
20 providing a pressure differential across the flow containment member 94. In this
embodiment, the pressure below the flow containment member 94 is greater than the
pressure above the member 94 which causes the purge gas (o flow through the gap
100 formed between the wafer 28 and the inner edge 98 of the flow containment
member, and into the region above the flow containment member 94. This region is
25 where the process gases are delivered 1o the wafer, and the containment scheme
gescribed promotes isolation and contamnment of the process £ases within thig
TCEI0M.
To minimize disruption to the process gases, it 1s preferred that the pressure
differentials be small. such as around & oW incheg of water cotumn. Further, it s
30 . preferred that the purge gases are inert and ultra pure to minrmize mpact oft the
process gascs.

In yet another embodiment of the present invention, the heal treatment



enbodi nent of the wafer holder provides the dual effect of (1) slowng the
heating 12 FEB 2004 WD 01113054 PCT/ US00/ 22202 34 and cool i ng non
uniformties in the edge of the wafer by the thernal mass posit{Qrf¢d illear
the edge of the wafer, and (2) blocking at |east a portion of the radiative
heat transfer fromthe upper end of the chanber to the edge of the wafer.
Anot her en¥8&M¥t of the present invention is shown in ¥geS003220nd 18. 5
In this enbodi ment the wafer holder includes a wafer |lift assenbly 170. The
wafer |ift assenbly 170 generally ingludes a plurality of lifter pins 172
coupled via an elevator rod 174. Preferably, the elevator rod contains
three spokes gpan@aigd dntploy dira@ditibhd tedlinpistatorl TRe adbiveonki dobkng graties ext end
and retract throggh gpeni ng_‘[sE in the siggpor%neanfr 14Q to rai se and | ower
the wafer 28. MEHPCBSEAADF! e 3vaieE B1rs,BPd Y gy e o W“ﬂ?‘%&"eg MYy, the lifter
pins are extepgpdranaddfor BeanWad RNow 8s robmItEmSdatt YRipfidkinyatelPY3 elydpsurd ef f ect or
(not shown) is positioned above the_pins and then placed on the extended

pins. In the Wditsdpmeve! Fomy the PparatunePisfarbly thegiopling station IHoegkdve t he hei ght

of the edge eff: - 10 eolatditim ofige r €t r act
t hr ough ?he o%%%ﬁ%htgtg?%%%ﬁgﬂ% iﬁgg‘f’?i’%@ﬁ%@%ﬁ“@ ?hgraeeby bri r?gigng t he

waf er to rest clombehs?. sThepoalisokatinh §pmasolirig dhamber 32 &efps to 1xilaje thepoolmet er
processing, the.lifte i i d-hj ; f: ove the edge
ef f ect rrerrber“l'lgtﬁod] hnéghﬁ%{%‘?ts ?@ﬁ% ch?ﬁé‘%ﬁ%bt%n i sTlh It: g&ollolggl %ﬁ%@rlgélg%%gt hat any
vari ety of supuding meemtfor fugberfcbgjingalf ilerveafomny setabsedelingmeanhmay by one of
the different sypport nenbers illustrat i h . QU be

conbi ned wit huieﬁeﬁlg%’ P U SR OB ETSF ?]5‘??]%%%" ee”trmg?%%%%”r]r@ﬁ]ta § ’i%Ia ug]t rated in
the figurtes. Wwa@grcdb®dghaws acithe Bireb ddsayemtectfe ¢dobngpabahras hsharer oposi ti oned
within the heat treatnent apparatus according to one enbodi nent of the
present i nvenPI8E MPRE &P er hol der 138 includes the wafer support nember
140 and the edge effa@6ther difssireni«fihe prieneidgatied, iledteatmematmant dpparalus adj acent
and spaced aparéﬁdfromthe 25 fl.ow cont ai npent, .menber t34}1 wi.ith a gap forned
bet ween the offtBfesf RIfRAELANON. FRASOMRAPRICA NS AEF MPSB G "5 ¥ hner di amet er
of the flow coffamnempératiRPadTc 4 cerlaih @mpiranre wisgoed Tofs it tpepalysernrt

invention, the heat treatnent apparatus. provides inproyed containnent of
the gase® wit Whep ?rﬁ‘écswé&s&ﬁ%ff?%’éelmaw& i[fFf“PiS%{P‘Ff g%F'Ei‘Ym\‘i\ft%ﬁi"ﬁWt he beating

chanber 18- Rgfigfrin 486vd sboli @0 206 praent idvepte effass gro@ing, in one

embodiment, a preheating or pre-conditioning chamber is provided. The
preheating/pre-conditioning chamber can be used in two ways. First, the chamber
can be used as a simple preheater when the wafer is heated to a stabilization

20 temperature. This stabilization temperature would be below the temperature where
thermal uniformity becomes critical. After achieving the stabilization temperature,
the wafer is then inserted into the hotier portion of the apparatus, such as the heating
chamber 18, and ramped up the desired temperature in a substantially uniform
manner. This method helps to improve the within wafer thermal uniformity at

25 higher temperatures which it iz moxt enical

Sesand. anathar methad 12 18 uee the prefeaupre-conditioning chamber 1o

create a desired iemperature profile on the wafer io compensaic for odes heating
offocts on the waler, Thé ayatem 18 ¢onfigurad 1o provide temperature diciribution 10
the wafer during heating. The distribution of heating to the wafer can vary as much

30 as 50 °C hotter at the center of the wafer than the edge-of the wafer. Of particular
advantage, the within wafer temperature variations are minimized in the temperature

window of most interest, from about 600 10 1100 °C.



30 are delivered to the surface of the wafer 28 by the fluid delivery
system it is desirable to contain these gases wthin the reg'i(}r‘:
surrounding the wafer and within the hot section (i.e. the he tirE@zum
chanber) of the heat treatnent apparatus. 12 FEB 2004 WD 01/13054
PCTNSOQ' 22202 35 Specifically, in addition to providing ai nment ,
the shutte¥3i8B%% e enployed to contain the process gaspggﬁ%o&%ig% t he
heati ng chanber 18. In one enbodinent, this is achieved by providing a
small gap "gl" in the processing tub& between the bottom of the process
chanber 18 and the top of the shutter 52 and then flowng a 5 purge gas
fromthe cooling chapbdreatde-conivioning chaetter hep is Mlanvyein Fig2 . iihgghdnkere gap

gl. Apressurg differential is maintain bet ween. i i and
cooling 32 cHiBepdes ogf ?W“‘E%B%‘P%é%’lf? égf%reféﬁa\éﬁcﬁéghgﬁeg&%ﬂhyn@gﬁ %5 bei ng
greater than ifirapiedasidlspmimbtrichigy. IEaah bNife efivprharindcpndsnt tposdréturee pressur e
is established below the shutter 52, in the cooling chanmber or shutter
housi ng vol uneentgl pich t@éﬁ@@@‘[‘?@“fﬁsﬂiﬁnﬁﬂygﬁgedt% afdlln%vql ﬂetm@ PR heat i ng
chanber. sA segioaR Ebpdiire Ronddheitldcragent partivear tidweafenpagicagt shutters 52
but preferably it's length should be mnimzed. The ga&g.ﬂgébatﬁd g2 are
preferably snigmpersgrashgtemprwtuse fegdbaghafor e3B! FeRNES SaPT &' Provi de

cont ai nnment | | and g2 are preferably in the range of about
0.040 to O. 15§ﬁengwggoc?{5}ﬂ?% anot her enbodi ment, contai nment i s provided by
primary and secondimopher emhediinemteithe pTisent SBEBHRIHF Shoarenid BigHFrE AL a?‘gﬁche sane

as described pn the ingedigtel bO§ aRECcAGH AP the iftBAb1 dofapBenaf OVi di ng
the gap gl be %:lieaﬁ?¥%%§ruﬁglfiﬁ%%co?rp§ﬁﬁgs%ﬂgatl ng chanbermand tﬁept op of the
shutter 1@nd bare mai showi.nOfigarpogireivastagprie $uuemebodinenly thebudGiaincWge 2 pri mar y
contai nment of the pro N ' Og bl RPsHRWRAESSUr e
differential ?i“é’?tﬁrscgel%gﬁ?tﬁg%%ﬁﬁ?%?%%ﬁé gﬁrﬁgﬂ%}gﬁeéfﬁcn t](ri#’s ) enb(;di ment ,
the pressure heteaistatllieFigum@3qorta shrters anqeerheed ot clasity) opaerarore RhHet he

ressure above th nmber,,94. whi ¢h t eini h th
Gap. 100 for nEATREURER PAE- R8s RRE T e TP R B POl 1

contai nment  gediiRe Ehap@ Bethitnd evhtihepposig ehuttalsdV@ areleipséd, the sheer gdvitrent menber
and 1 he Kont af Rsstmed e DEeERI a0 3annae e gl PR amdi kS, It o
the process gasesinpitiedlestdagier 138)iTOR shutter cavity allows for the wafer carrier (o be
positioned therein, and is suitable for preheating of the wafer prior to being
positioned within the heating chamber 18 for processing
This embodiment is particularly suitable for annealing processing. For
20 example, during the anneal process, temperatures may reach about 900 to 1200°C,
depending on the type of wafer being processed. The shutter cavity 192 provides an
enclosed area where the wafer can be preheated prior to entering the heating
chamber 18. This allows the center of the wafer to be heated prior to being exposed
1o the full annealing temperatures, which improves the within wafer uniformity at
25 these higher temperatures.
The rececced chuters 138 and the shutter cavily may bs sonfigured 1@
accommodate any of the various wafar zarrier emeodiments deccribed berein. .
Ansther embadiment of the wafer carricr is shown i Figures 24A-24C, I thig
embodiment, the edge effoct member 142 is part of # flat plate which extends
30 beyond the edge of the wafer. Also, a different pin 173 configuration may be used.
Pins 173 arc larger and have a rounded surface to engage the wafer, as compared to

pins 172. The wafer carrier in this embodiment provides a narrower profile than



To minimze disruption to the process gases, it is preferred that the
pressure differentials be small. such a6 around a few | nches A4f V@;n@r
colum- runner, it is 30 preferred that the purge gases are inert1 Z&P‘e
pure to minimze inpact on the process gases. In yet another enbodi nent of
t he present invention, the heat treatnent 1 2 FEB 2004 WD 01/13054

PCT/ US00/ 29831384 appar at us may enpl oy an addi tional coof$HY %84 on. The
additional cooling station my be used to cool the wafer nore rapidly,
and/or to cool the wafer to a | ower 3% enperature ( for exanple as |ow as
roomtenperate at approximately 23 C) prior to its renoval fromthe

appar at us. Prsiherabheqthdr embobmkningorgtiaemen withintbe shutteneshts Belyexesnt t he

cool i ng chamber_ 3 but i r ef er.apl hermal | v isolated {r l'ing
chanber 32_ Tﬁésrtﬂéf: u?%ﬁioa@iﬂg%a?x%@%c%%l%ri cﬁﬁneéﬁrggﬁ)dé?mgﬁm%%f’%%&w gg%s?ol ate the
cool i ng st atwhhinfthexkutidr@awifyfiogt s of the heating chanber. The cooling
station includes ool ing nmeans, for further cooling,of the wafer. Any
sui tabl e cooling Mﬁ%&ﬁﬁyg%lémﬁg@a,'s ‘Qi‘fgcﬁc‘ggy r(‘iﬁaéenﬁ? toﬁh? BefflBESr cool ed
plates, ther nagbgehédiCaitkdrhplBd taBed a3 al ik & behDavabed taomksed pl ates, and
the like. Al so, corrective coollg% such as a_shower of _nitrogen may be

used. | n anotHemplesBEdnerdsd min yipdrapycelsy thamlreivng ssnse.@f theat t r eat nent
apparat us i nGnbitiGsiatés MEGHERcamah® BombiRltioRONE BRIl cedirtOhSse skilles
inportant to have a very uniformtenperature profile for certain

t enper at ur e wintbows whighimodificaiensapd eemBinatiopewilientitvn hesews8f g the silicon
after i npl ant{,08iof GRPHE ALk GEHOSfHehdd (il be very uniform above about
600 C to prevent adverse effects, According, in one enbodinent, a
preheatilfg or pre-conditioning chanber is provided. The

preheati ng/ pre-conditioni ng chanber can be used in two ways. First, the
chanber can be used as a sinple preheater when the wafer is heated to a
stabilization 20 tenperature. This stabilization tenperature would be bel ow
the tenperature where thermal uniformty becones critical. After achieving
the stabilization tenperature, the wafer is then inserted into the hotter
portion of the apparatus, such as the heating chanber 18, and ranped up
the desired tenperature in a substantially uniform manner. This method

hel ps to inprove the within wafer thermal uniformty at 25 higher
tenperatures which it is nost critical.



Second. another nethod is to use ~geali~Fe-eapttiti(c)ning chanmhc-r to
create a desired tenperature profile on the wafer io conpensate for ed
heating; effects on the wafer. The systemisconfigured to provﬁckéFEB%%i
tenperature distribution to the wafer during heating. The distribution of
heating to the wafer can vary as nuch 30 as 50 C hotter at the center of
the wafer than the edge-of the wafer. O particular advantage, the within
waf er tenperature variations are mininmzed in the tenperature w ndow of
nost interest, fromabout 600 to 1100 C. 12 FEB 2004 WO 01113054

PCT/ US00/ 22202 37 The preheat/pre-conditioning chanber 180 is shown in Fig
21. The chanmber 180 includes one or Rgre heating zones 182 preferably
positioned bel ow the wafer and arranged axis-symetrically. Each of the
zones has independent tenperature control, such that each zone can be

sel ectively heat eLABMS different tenperature. 5 The different tenperature
zones heat different portions of the wafer to different tenperatures.
Tenperature feedback for each of the zones can be achieved by the use of
t her mocoupl esl.  AncA heat treabsht auiratQd, chiagrigih@sent invention is shown in
Figures 22 anq 23. .For. clarity only the heating chanber is shown and
certain of t Uegschanbeg baviag aheat somBear e not shown. OF parti cul ar

advant age, i 1 doBiise SRR o Lhe. shutters inclyde a shutter cavity 192
formed within a p%%tlon opggﬁ%mg *8&&%3@@?‘?3%@{%‘%%&@0 npr e
detai|l Bowreg;gure 23 (the top shutters are renoved for clarity) one or nore

of the internal. shutters_190 include a |arge recess 191. The recess 191 is
pref erabl y aagreaﬁrﬁlo!cﬁq cantigured toyaovg baiwedithe apalingshpubéemmpdthehéating chaberr ©

cl osed, ﬂi&g&ﬁ&pﬁs&?ﬂ& bti | i The.shutter cavity 192
is of a size and mrr&%r%ﬁ%%%‘lze ?oéﬂéﬁgéw%gﬂ‘fﬁs“ nE souiger pndk 138,
The shutter eB&9nmors shutiers ﬂeﬁningmamﬁfmparsk@whpdwbciﬁeﬁiowm@%wegﬁégi n,
and is ?%htrﬁ%}%nfv%rﬁgﬁiﬁﬁ&'@? of the fer prior to being positione
within the ‘heating ¢ tqrerhiplder can pass duopghythe passagesvayed o abstracting

parti cupasition which dbfigesfafassizaRay | RigTe® | e, during the
anneal process, terrperz;"?fj_r!zdsg m&%g%%g%t O%gﬁioss%%ﬁ'gg%gﬁﬂ%dp‘gﬂﬁth@ on
the typtuBer 1538 the apsn pesifiem vehezein at IEass oné of the one ewinbye shAfers Lidhidi $wd by

encl os 1 f b reheat.ed prioy to entering the
heat i @‘““?L‘Q%‘é@? poihoifeaB g 1ciF n BRAGE 2 St n¥ ek bottper adios werirmiersd
prior to beifg eX’Pﬁ’eS&%arams of claim 1, wherein the heating source is a heating plate positioned

adjacent to a plurality of heating elements, the heating plate configured to receive heat from the
heating ¢lements and re-radiate heat into the heating chamber.

3. The apparatus of claim 2, wherein a processing tube defines the heating chamber
and the heating plate is positioned outside the processing tube,

4, The apparatus of claim 2, wherein the heating chamber is defined by a processing
tube which includes the heating plate.

5. The apparatus of claim 4, wherein a path from the heating plate to the wafer
holder is unobstructed.

6. The apparatus of claim 1, wherein a processing tube defines the heating chamber

and an upper end of the processing tube includes a plurality of fluid ports configured to deliver a
fluid into the heating chamber.



to the full annealing tenperatures, which inproves the within wafer
uniformty at 25 these higher tenperatures Tt,n recr5Sed 6uttErs 116 and
the shultcr cn |y may ba aanlij+.ir to acconmodaia any of thu -1@iRER N#f ar
caM r gtnipt3inments described hcrc.in_ ,g,tgother enbodi nent of the wafer
carrier A shown in Figures 24A-24C, hi this enbodi nent, the edge effect
menber 142 is part of a flat plate which extends 30 beyond the edge of the
wafer. Also, a different pin 173 configuration may be used. Pins 173 arc

| arger and have a rounded surface to engage the wafer, as conpared to pins
172. The wafer carrier in this enbodidffent provides a narrower profile than
12 FEB 2004 WO 01/13054 PCT/ US00/22202 38 sone of the other enbodi nents,
for placenment within the shutter cavity. However, it is to be understood
that any of the wafer carrier enbodi ments may be positioned wthin the

shutter cavit¥ 192TheNppasatasef o MEhetaiy Byatfl ference
to the pé' eﬁrred enbodl ment s m exanpl es %%%lggégﬁggnﬁtégcﬁégk

under st o YRPeL exanples are intended in an illustrative rather than
limting sense, as | t is contenplated that nodifications and conbi nations
will readily % ccurTheappamsis of lelaime whereirt the ﬂardpond‘alr&ﬁbsmdieﬁ'sﬁéimﬂﬁﬂd

conbi nat4 Oﬁ‘ewﬁlc ﬂfqi th of the invention and the scope o

t he appeeg C alhlrr@(é MB%‘%EEMWEWWT%QbK%£%M|MMt us,
conpri siover theavadfirat i ng chanber having a heat source; a cooling chanber
positioned adjacent to the heating chanber and including a cooling source;

a waf er hol d& coheavpadhdserPRUE and th
heat i ng ngq r thr%h a %gssagg\j\hggll&%%&Q%gﬁﬂb‘e%%ﬁ“{%q?éﬁ?%f@ource
and t he"@ n&ﬁb Yy sopdurt andia sscondplunaity of fluitlperts atebuplead with \Esesbiengh t he

passagepwgyafnd being novabl e between an open position where the wafer
hol der can pass through the passageway and an obstructi ng

10.  The apparatus of claim 1, wherein the cooling source is positioned adjacent to a
bottom of the cooling chamber.

11.  The apparatus of claim 1, wherein the cooling source is positioned beneath the
lowest position that the wafer holder can occupy within the cooling chamber,

12. The apparatus of claim 1, wherein the cooling source includes a cooling fluid
conduit or delivering a cooling fluid into the cooling chamber.

13.  The apparatus of claim 1, wherein the cooling source is a cooling plate having one
or more conduits for transporting a cooling fluid through the cooling plate.

14.  The apparatus of claim 1, wherein the cooling source is a cooling plate positioned
adjacent to one or more conduits configured 1o carry cooling fluid.

15.  The apparatus of claim 1, wherein the cooling source is a cooling platc including

one or more apettures, cach aperture configured to slidably receive a shaft which supports the
wafer holder.

16.  The apparatus of claim 1, wherein the cooling source is a cooling plate positioned

approximately concentric with wafers held by the wafer holder.



position which defines a passageway which is snmaller than the passageway
defi ned when the shutter is in the open position, wherein at Ieasi%dmezmn
the one or nore shutters includes two or nore nmenbers positioned to define
at least a portion of an air gap between adjacent nenbers. 2. The apparatus
of claim1l, wherein the heating source is a heating plate positioned

adj acent to a plurality of heating elenents, the heating plate configured
to receive heat fromthe heating elenents and re-radiate heat into the
heati ng chanber. 3. The apparatus of clahr12, wherein a processing tube
defines the heating chanber and the heatlng plate is positioned outside
the processing tube. 4. The apparatus of claim2, wherein the heating
chanber is defined by a processing tube which includes the heating plate.
5. The apparatus o( claim4. wherein a path fromthe heating plate to the
waf er  hol deriids ulghdgpakitised caim NN YheRpRh : L.m ., whenein,
processi ng tube defines the heg%tuinnléevchanber@wgl#gsgﬁ}%ﬁgépa%lhn Pdﬁcf‘ﬂ'g‘m

pr ocessiwge&%@w heYing a surfags| acacicesding the suifat eapsat of acbattbirpsurfabélof DtyaRki ver

a flui Wﬂfatﬁﬂe?ﬂ%l %Wg&)er. 12FEB2004 40 7. The apparatus of claim
e flurd ports ar %

6, wherein th venly distributed across the closed upper
end. 8. The par atus of clai.m 6, wherejn the fluid ports arc positioned
such that a ?I%Ui dalth(?eaPPVE%(?fa%ltWge‘l‘!'\!hﬁl“ﬁfﬁfhgl%ﬁlcenﬁmdémhdd&t onto a
waf er hm@thﬂhﬁaﬂ@ﬁﬁibé‘ﬁ&%neﬁ%fﬂinﬁx‘bﬁ&niw&f%@w{f{ng%b Tge appar at us of

e ul a

claim6, wherein a first plurality of "t por re coupled wth a

first fluid qonduirhed gfgﬁgn I | T 1 oLt e coupled with
a second fluid condU|B . 10. The gb%é%ﬁ"t%%&%‘%hﬁf%#ﬁ@%ﬁ“ﬂf@“@%ﬂ? ng
sour ce ™afesdsing heidbly thdjwafertiold. a bott om of the cooling chamber. 11. The
apparatus of claim1l1, wherein the cooling source is positioned beneath the

| owest posit28n t Aat apperatusbelaind | (ehereiaRhOeiimote shithrs R&oSBREA R slide
chanber . 12 Thgl aratgi i)f claim1l, wherein the cooling soufce I ncludes
alfchetzoial p

acooliH’g“F‘F’m optasPlage| i vering a cooling fluid into the cooling
chanmber. 13. _The gpparatus of claim 1, wherein the cooling source is a
cool i ng pl at 8l-havifAg 2ppasatusef ¢lainel,ovmein the dnsrormoxe sindters is gonstaeaidifiog & Ui d

t hr oughhédpenicfailg MgeRLA! ©-

22.  The apparatus of cleim 1, wherein the one or more shutters are configured to
occupy an obstructing position when the wafer holder is positioned within the heating chamber.

23.  The apparatus of claim 1, wherein a shaft supports the wafer holder and at least
one of the one or more shutters has a side with a recess, the recess having a shape which is
complementary to a cross sectional contour of the shaft.

24.  The apparatus of claim 23, wherein the one or more shutters is configured to
Imove to an obstructing position where the shaft is accommodated within the at least one recess.

25.  The apparatus of claim 1, wherein the two or more members arc constructed from
2 quartz covered thermal insulator, or plain opaque quartz.

26.  The apparatus of claim 1, wherein the one or more shutters includes two shutters

positioned on opposing sides of the passageway, the two shutters being movable toward and
away from one another.



14. The apparatus of claim11l, wherein the cooling source is a cooling plate
positioned adjacent to one or nore conduits configured to carry cooling
fluid. 15. The apparatus of claim1l, wherein the cooling source iﬁ FEByml
cooling plate including one or nore apertures, each aperture configured t
slidably receive a shaft which supports the wafer holder. 16. The
apparatus of claiml1l, wherein the cooling source is a cooling plate
positioned approximtely concentric with wafers held by the wafer hol der.
1 2 FEB 2004 41 IT The apparatus of claim1l, wherein the cooling source is
a cooling plate with an upper surface haﬁing a surface area exceeding the
surface area of a bottomsurface of a typical wafer to be held by the
waf er hol der. 18. The apparatus of claim1l, wherein the wafer holder is
configured to hold the wafer so the wafer can be positioned wthin

proximty of 2he h¥he appmaratosisflaiml . whebdn aPR&T 3F U D@éic'rﬁéﬁhg%%mﬁ};/\shﬁ L\r/]vapce)r

portion g{ﬁh{)g’e waf e, Vﬁ‘)'l der extends above a wafer

hol der . A0HEA g angtherplithepne onghereshuttarie one or nore shutters is
configured to _slide in a substantially horizontal plane. 21. The apparatus
of claim1, werei Fhe apamies oficlainy ks vdierein @ fisst shutee Belédted 66 the 68 &¢ thb8AL

shi el di | ppatatus,.Qqf claim1l, wherein the one or nore

shut t er;&ﬁe%%ﬁ%‘ %@@J%%W%%?ﬁﬁ?&ﬂ%&%mmmmm er

hol der ithcﬁm'shﬂmaddmctsbédhdtdhﬁn&%ﬁh@gt1g£ﬁg‘93ﬁigg%ﬁ1'.[gﬁ§8par atus of claim
at Teast™

1, wherein a shaft supports the wafer hol der "an one of the one

or nore shuttd®s hmépﬂaﬂﬁdﬁcia'i}nﬁ,wﬁﬁﬁﬁﬁhemgo{@gﬁﬁs ug?ar\éicggo%ls’?a e which

is conplenentary to a cross sectional contour o e

appar at \fSTEHCURE PORIon Whigheeamplctelysclones therpasagewshut ters is configured to
nove to an obstructing position where the shaft is acconmmodated within the
at | east one 3Pecedde apparaisef alajm i afurthedoniprising: 1, wherein the two or nore

menber s ucted from.a quartz covered thermal insulator, or plain
opaque c?ﬁérg{ I%'Bpé%&a%lép%?&dwé{qﬂge‘gp ‘iq%’XFrrﬁ wd jpte the heating chamberr nor e
shutters incl,udes, two shutters _positjioned on opposing sides of the
passageway, Che t it 2RRAratas of glaim 30, heaeina mesoler ¢xtends intonthy heating chamber

anot her fro#va §BBoP @@ heating chamber at a height below a height of the fluid inlet port.

32.  The apparatus of claim 30, wherein a member extends into the heating chamber
from a side of the heating chamber at a height above a hei ght of the fluid inlet port.

33.  The apparatus of claim 1, wherein a member extends into the heating chamber
from a side of the heating chamber and is coupled with a heating plate,

34.  The apparatus of claim 33, wherein the member supports the heating plate.

35.  The apparatus of claim 1, wherein a member extends into the heating chamber
from a side of the chamber, the member having an edge with a shape which is complementary to
the perimeter of a portion of wafer to be treated in the apparatus.

36.  The apparatus of claim 35, wherein a length of the edge is larger than the portion
of the perimeter to which the edge is complementary.

37.  The apparatus of claim 31, further comprising a flow distribution chamber which
distributes a flow of fluid from the one or more fluid inlet ports, the flow distribution chamber



42 27, The apparatus of claim1l, wherein at |east of the one or nore
shuttcrs can be slidably received within another of the one or nore
shutters. 28. The apparatus of claim 1, wherein a first shutter select ([1’
fromthe one of the one or nore shutters can be slidably recei védzgfﬂiﬂh a
second of the one or nore shutters such that the first shutter and the
second shutter define at |east a portion of an air gap. 29. The apparatus
of claim1l, wherein the one or nore shutters can occupy an obstructing
position which conpletely closes the passageway. 30. The apparatus of claim
1, further conprising: one or nore fluid i43 et ports positioned to deliver
a fluid into the heating chanber. 31, The apparatus of claim 30, wherein a
menber extends into the heating chanber froma side of the heating chanber
at a height below a height of the fluid inlet port. 32. The apparatus of

cl ai m 30positivmed isochatharMiie fros the TREA infdt Bojt hoi L il O side of
t he heat i.ng,chanher at a hei ght above g°m?‘5ﬁf‘%?‘%ﬁ‘§¢%ﬁ&'%“&?"&oﬁw 33.
The appa utiop 1, wherein a nenber extends into the heating chanber

froma side of the heating chanber and is coupled with a heating plate. 34.

The appar at us3®hf cThs sppadtussifetaitnri, ﬁhﬁeﬂwmﬂﬁs@@ﬂﬁﬁtésﬁiﬂﬁﬁw& frate.
35. The m'ﬁ?ﬁ"g‘f w“ﬂi n@%i erein a nepher extends into the heating
chanber “Trom & srag ol R 8Re OF Jpgr Bxletipovts the fowadistebutianchambenpe
whi ch i spositionedsEAttRdtIvi® frotn tBe ARId 3P cfdmuafer 10,0
treated j.n.the apparatus. 36. gl'he éﬁ%ﬁf@?%’%ﬁﬁ%’ﬁ?éﬁ@%éﬁamwﬁwgm
of the éiéﬁ@b‘ité"“l‘fl\‘g@ﬁ-than the portion of the perimeter to which the edge

is conpl enentary 37. The apparatus of claim 31, further conprising a flow
di stri buti on 3@nEheappardtiscef clatirs!, fudtheresmprifihgw of fluid from the one or

nore fl Uigd,: or t. fl.ow disfrihution chamber 1 2 FEB 2004 43

posi ti olrzfletgmguc Wi’fm‘ WFW@ m&fh"ﬂmcm;mﬂers t he heating
chanber atflomodigtributien thaiber ordistHbotid g0 - TG Al of £laim
1, further conprising a_flow distribut |€€%gﬁg@bﬁ£§%rﬂ%8ﬁ€%hécm

f1 ow of FrESPaTh the fom distribusion ebarabéripositioned sich tiuat flajd frbva thié Betislp shartigt i ON
chanber gndQshe B L, fromthe fluid inlet port enters the
heat i nge%hanber t hroug Bﬁ%%?@wﬂeg‘f’&&%’ﬁ%c er.

40.  The apparatus of claim 38, wherein the flow distribution chamber includes 2 flow

distribution member positioned between a wall of the heating chamber and a member extending
mto the heating chamber from a side of the heating chamber.

41.  The apparatus of claim 38, wherein the flow distribution chamber includes a flow
distribution member positioned between a first member extending into the heating chamber from

a side of the chamber and a second member extending into the heating chamber from the side of
the heating chamber. .

42. The spparatus of claim 1, further comprising:
onc or more fluid iniet ports positioned to deliver a Auid into the heating chamber: and
one or more flmid exhaust ports positioned to withdraw a fluid into the heating chamber, the one

oF more flmd exhaust ports positioned such that a fluid flowing from thc one or more fluid inlet
ports 1o the one or more fluid exhaust ports flows across the heating chamber.

43. A heat treatment apparatus, comprising;
a heating chamber having a heat source;



39. The apparatus O claim1, further conprising; a fluid exhaust port for
withdrawing fluid fromthe heating chanber; and a flow distribution chanber
for distributing a flow of fluid fromthe beating chanber to the’iktﬁ’gﬂ
exhaust port, the flow distribution chanber positioned such that 0§ r om
t he heating chanber enters the fluid exhaust port through the flow

di stribution chanber. 40. The apparatus of claim 38, wherein the flow

di stribution chanber includes a flow distribution nmenber positioned
between a wall of the heating chanber and a mggber extending into the
heati ng chanber froma side of the heating chanber. 41. The apparatus of
claim 38, wherein the flow distribution chanber includes a flow

di stribution member positioned between a first nmenber extending into the
heat i ng chanber from a_side of the chanber and a second nenber extending
into the heat fgPlerhsmber pasitioned adiackat tof the hbstinRAhinBer #haAGGding 4 2oolHle
appar at ug, gpé .claiml, further conprising: one or nore fluid inlet ports
posi tione to deliver a fluid into the heating chanber and one or nore

fluid exhausta wafer holdestdr th PnoVielbeEV W 11 éJoYih?chaﬂﬁl? ﬁg}?e}l t; n?‘g”f‘?bﬁ'd

chanber, ,the_one or nore fluid exhaust ports posTtione
f1 owi ng Wﬁwwm@emmmhdmmsmamdtmemm Qoureey € fluid

exhaust port I e beat i anber. 43. A heat treatnent
appar at us, cgorr%rdl?\giﬁor{g 'ﬂéiéth& & %5 ﬁﬁgﬁ'et?éﬁaﬁ@”%)’ﬂ@ammmmeFE&QOM

44 a cocﬂﬂlqlvgnphatltmzwhpmsthé mfb&ﬂomdi- Cdinidks ﬂn?odéﬁ‘ihé‘ﬁ&kéaé&%& hagasT bm

I ncl udlr},gg é‘ﬁ“fﬂg"t"ﬁﬁﬁ a, waf er hol der configured to”"nove B t he
cool i ng FERAMB ™S E@ﬁﬁj’oﬂﬁah%wﬂlmhhm@hnaaMMgwhmbﬁsmbl oned
bet ween obkteudting posit gﬁﬁ@a?;gsa ne or nore utters
defi ni nghthe 5| ze o?ﬁtghe pa sagg yf (fhggmﬁ%}%m&gﬁmséamﬁ“da Mhehen
positio %héﬁetﬂmtmrmcnpohdm can pass through t he passageway and an
obstructing i.le t waf er is positioned within the
heating and CBQ? #ﬁcﬂ%ﬁﬁww"ﬁ‘ s’c%@?‘r lﬁg%ﬂ@ﬂﬂferﬁhdb&ahngshmlmssageway
whi ch i snsoapdnbey fhiil aRhduiEpdtRSSRRRNEY hdtsd dihen is.in the
open pomho&ﬁtﬁigne or m)trel(’a fluird inl g{j‘e{)orts p03|t|one %a%@ Weﬁ fluid

into t halg shamber ppsitionad sieh that theifkidbfromuhe ﬂnﬂr:h&tp@ﬁ ik dRaRAdo
W t hdr ayy #hh &2%9{?&% aflo stribution chanber
p05|t|onet?zl1 gﬁ%h that the um¢%ﬂ1‘ﬁ%€%ﬁFWW& Abptedite theiexbayshperts

through the flow distribution chamber; and

one or more flow containment members extending into the heating chamber from a side
of the heating chamber, the member having an edge with a shape which is complementary to a
perimeter of a portion of a wafer supported in the wafer holder.

44.  The heat treatment apparatus of claim 43 wherein, the cooling chamber is
maintained at a pressure greater than a pressure in the heating chamber, and

a purge gas is flowed from the cooling chamber to the heating chamber to provide
containment of process gases in the heating chamber.

45.  The heat treatment apparatus of claim 43 further comprising:

a cooling station positioned adjacent the cooling chamber and thermally isolated from the
cooling chamber.

46.  The heat treatment apparatus of claim 43 further comprising:

a preheat/pre-conditioning station having one or more heatin g zoncs positioned below a




to the heating chanber and the fluid fromthe heating chanber is
distributed to the exhaust ports through the flow distribution chanber,
and one or nore flow contai nment nmenbers extending into the heatqngQWQMber
froma side of the heating chanmber, the nmenber having an edge with a shape
which is conplenentary to a perlneter of a portion of a wafer supported in
the wafer holder. 44. The heat treatnent apparatus of claim43 wherein, the
cooling chanmber is maintained at a pressure greater than a pressure in the
heati ng chanber, and a purge gas is flowed fromthe cooling chanber to the
heati ng chanber to provide containners of process gases in the heating
chanber. 45. The heat treatnent apparatus of claim43 further conprising: a
cooling station positioned adjacent the cooling chanber and thermally
isolated fromthe cooling chanber. 46. The heat treatnent apparatus of
cl ai m 43wiigr atrbin theral relation toah@wafegat / pre- condi tioni ng station having one
or nore heatln zones BP&ﬁh@gned bel ow a 12 FEB 2004 45 wafer and in
thermal rel atT 8 RF WPHSNOHHGWW mﬂ@méamtﬂg:a'ﬂmonﬁnnmuﬂ ed
to an Irﬁﬂ%ﬂﬂﬁ&dhn&%ﬁ@l’:ﬁ{?’c}f&l&ﬂ?él?%atﬂ l?l een teach heat| ng zone can be
Ifferen

selectively heated to a enper a



