WD 01/ 13054 PCTJUS00122202 HOT WALL RAPI D THERMAL PROCESSCR | .
RELATI ONSHI P TO CO- PENDI NG APPLI CATIONS 5 This application is a

continuati ewpémsggart of U S. Application Serial No. 09/ 3&3a88fkdsk! ed on
August 12, 1999 entitled "Hot Wall Rapid Thermal Processor” and U. S

Provi si onal Patent Appli I Iyl il.ed on July 7, 2000 -
entitled "Hot Wall Rapi d%’&?ﬁéﬁﬂ?@%@@éﬁ&@é%{@% scl osures of all
are hereby incorporated by reference herein. 10 FIELD OF THE | NVENTI ON The,
present invention rel at t appar af f ﬁé—m&g& to wafers and
nore particularly to anﬁgﬁ}é&l@@%f %(??: :;?EL%& €¥si ng of wafers.

15 BACKGRGUND OF THEhid AyEbEtoph Heatinlatieaiiipntiorapeansilats: Sg Ntsed in a
variety of i nd(gg?%i %Séj ncl udi ng the man&uf e}%urve of sem conduct or devi ces.
These heat tre rit i pavEs o AFPisatitleds 9t V31 RepdiarmaProressemt
fabrication pr@ﬁ‘iﬁsQ%oﬁ%ﬂal%tehh&?ﬂﬁ&tiaﬂ@&ﬁﬂmd?90/2iJ/]?Ilrfﬁéd ofluanNhog ther mal
chem cal vapor deposition, thermal oxidation and thermal 20 nitridation.

These treat mertnsitied et WaliBameé Therame! Rraeessasnthereatitsrdisclopures ofailarc seby el evat ed
to as high as 3a@fsr308¢ hetqer0d during the treatnment. Further, these
treatnments often require that one or nore fluids be delivered to the wafer.
There ardfseveral design challenges to neeting the thermal requirenents of

heat treatment apparatuses. Forgig @R6eE iNivengri@it en desirable to quickly
perature of ""‘“11{'“‘

ranp up 25 and/or down the tenper awaier to be treated. During
these rapid tenper ditgpeeserianugaiion thiates trasepparatrefop piovidmgibegt tofvafersandaf er

shoul d be suffjigci : =\Y : far s often cannot
tol erate even As’%g??}utc{é%ﬁ%%a uaﬁgimtg?g’? gdﬁie&nt? F’g{g{sepr ur ‘ﬁ‘dgo hi'gh™t enperature
processing. For instance, a tenperature difference above I -2C/ cmat 1200C
can causg.enough stress to ] o%hhi" ' \-shhi cON crystal of
certain \?/gfers. The resul ti %}95 \I&T,ﬁ pt auugf%ﬁéﬁ“mgyy any devices through

whi ch they pass. Déldawtetaymaft afdardntbes are tded inabeietcalindakigies clasiegthedesi gn
chal | enges. For 'n§tan e wafer to the fluid should be

.the exposure.of th
uni f or m acr osSP¥HECRES &rseiron V&qrgeﬂﬁeévgﬁesf’ﬁ“%azt’rﬁgetf?feml’i&%aﬁtl’?s ‘Bt her,
fluids wthin dskiefohesderat tiERtneRbr cEpAp@EetSes 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
differentials during high temperature processing. For instance, a temperature
difference above 1°-2°C/em at 1200°C can cause enough stress to produce slip in the
30 silicon crystal of certain wafers. The resulting slip 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 shouid be uniform across the wafer to
avoid uneven treatment resulis. Further, fluids within the heat treatinent apparatus

35 must often be rapidly evacuat2d from the heat treatment apparatus. Another



35 nust often be rapidly evacuated fromthe heat treatnent apparatus.

Anot her WD 01/ 13054 PCT1USOQ 22202 2 chal lenge derived fromfluid delivery
is the repl atmantosof fluids within the heating chanber wwdtusossmez fl ui ds.
Thi s exchange of fluids nust often occur with mnimal interaction between
the original and replacenent fluids. 5 SUMVARY OF THE | NVENTI ON The
invention relates to a heat treatnent apparatus. The apparatus includes a
heating chanber chﬂl@n@@d@xv@@%m%Mrcﬁﬁverf‘xsciﬂé}leblg&nféﬁmfds'w?thﬂxocﬁé hd0Red

adj acent to the heatln% chanmber and 1ncl udes ooling source. A wafe

hol der is confi GifBReer *th offisy Buifet Thisexchange ebfbiidsroust plavinseurarith mmgnaheatl ng

charber thr oudh cRRaRRIRY e latHSnlolIBLERULEr S, dofine the size of

t he passageway and are nova open position where the wafer

hol der can pass through the passageway and an obstructing position which
defines a passageway which is Sky 88 geway defined when the
shutter is 1n the open positiom. age, the shutters

pronote thermal isol @hé 'mmcrainnl raizhasrti) ¢ atat irsminattiapperafs. tThe aﬂ;ﬁrdnmhém@s ghanber

d I h odj t of th t d heat i
end €001 1, gl SRRLDGE SIS, ARAL 8Ll SRR Byl e, . oot "0

configured to belmﬂmsmtgwhmbbrlmd inbledesfa(wblﬁﬂggo@xhanb@hfe@holaeﬂ19&&&'@&@%l tion
where the wafer can, bhe repov omthe wafer holder. The wafer holder is

movabl e bet ween T8 PEFEM Hgo? eﬁ%ﬂ@@?ﬂ#ﬂf&ﬁ%@%m%gﬂewéemsagwaaoo| i ng

source suchd as @neopmbRGhittedd RfihSthPeiSE bf tAOSLAsdgBwiBid 26ORbVaDE LERREPE! SO as
to be positioned beneath the wafer hol der when the wafer holder is

positioned in t ﬁgewp@alapwhgs&etwa&s holdginap gpss Siperl thenssagewatrad appar at us

i ncludes a heat bbhgruehargesitionivhidh definet AR MRRENhBNHL. snévlé}'twn%é ty of heating
el ements are positioned gbove the closed 25 ‘upper end of the heating

chanber. The upp&F2EEHEY ernedwherdhe shygerdmihepren petitiene Ofpartisaler ng pl at e
which is confi gh'd\:%ﬁka%é) tHe%Eﬂ{chepr&H&E ﬂﬁl‘mﬁ fdi¥n Eﬁ@c{f)}bm@x 1?:?%0'11%9‘(}166" ement s

and distribute the thermal energy In st ant or m manner over a
surface oflhe h@éﬁ’smplaﬁnécﬂﬁmgﬁhmbepom tioned w t hin the heating

chamber. The | heat | Ny Bl e e dpRliahides Shel bl bicROLL S LN are

configured to be co source
configured to b@lmﬁfﬁ agmmgmrmme A eafear hglderohemtfigured tocdie pokidbned invekker hel d

by the wafer holgegr: LBGREVAS 1dda %og%n' YELE e WD I 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
ciosed 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
elements and distribute the thermal energy in a substantially uniform manner over a
surface of the heating plate which is positioned within the heating 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.



heati ng chanber through the fluid ports. WO 01/ 13054 PCT/ US00/ 22202 3

Anot her enbodi nent of the apparatus includes a cooling sitioned
adj acent W@ W14t ng chanber. A wafer holder is coupl e%&ﬁ@ﬁd}zﬁﬁgl east one
shaft which is driven so as to nove the wafer hol der between the cooling
chanber and the heating chanber thrdugh a passageway. Two or nore shutters
are positioned 5 adjacent to the passageway and are novable within a

hori zontal pl ane dwothsr erabadiéshent ef the pppartusdnciides p goqling shybeaposiiied t wo or
more shutter Y Bk e, D Safel fidllid19s coRPRRl Wi WaghRe i two or nore
shutters encgarﬁl‘%g%st t%e altgFeastr'one S?Eaft co‘ﬁp?%d lwith tr?eewaf er hol der.
The i nvent i orwhittsis driv¢resoms to move the wafer haldar betvweem he spelingsharaberged @eheat i ng
10 chanber and_one o Ehttelsla¥esoditohe fluid into

t he heating %%ﬁté%ocgg&b%q%‘ﬁ%ﬂeﬁgﬁg%ﬁé Ipﬁ{%ﬁl‘%g lheatsian? clhan%er froma side
of the heat i rgjacahaonihe passbgesvai endyire moedbiswithineihgtizontdl plahesd 4sup defingl et port .

The nmenber has an edge w th a.shape which, i.s coml :
perineter of tge f%cr?fﬂg%p%fagf"ﬁ%y‘ v@'\‘eg&o PO Shlfnfeésa"}ree °?£r§{]¢?2"5‘§8%§‘r° g s. A
waf er hol der gositioh whble@hddwiolur fnokdihuheatricompads aivee feastruie tiafiomopledve t he
waf er adj acent. t tgf’ geq‘oer to define a fluid flowregion within the
heati ng chanp¥ith haxafenbeldeny o di nent of a heat treat nent appar at us havi ng
heating chanber ame iveetid alsdaeRtek tolk ikbal trdamhenpappamatifsdiavitighiheating of a fl u
into the heating chanber includes a flaw dj.stributi.on chanber which

di stribdPes hrMBRY 2BF ORY of TBOTE i 1RIGEPOTY °r2161“6?fy ﬂ’ﬁ%é‘“?ﬂﬁ? H’eiq%ﬁg‘? ports. The

f1 ow di stri budhh@Bert PamBRberickteR@Sihiol thyteadtisp hambératont b sidelof the heatinge 1 ui d
inlet port enters the heating chanber tggi?ilfq%h the flow distribution
f

chanber . The. GRS aBcigBPelaephe Bt pLe i0ppigt Rprts e emOsE R 57 G9Ee

wi thdraw ng flim fshabt Qfich i A ABrERANIRNinRRE ofa PREGNES tht WafelioHer | but i on
chanber for distributing a 25 flowof fluid fromthe heating chanber to

the fluid extsssted ipBeapparstes. oo helias mpable Wiin Bis herBBFEATPE 2bsi ti oned
such that f1ulf @M el BB GOARRBE S BLBIS: Adid Aok kepich Giauet port
through the flow distribution chamber. A flow distribution chanber
associ at ed wilteating ghamber. i nl et port can include a flow distribution menber
posi ti oned such t ook B brbisSlerabSikatBORdvir i IRffing BAmblte heat i ng
chanber through t@kﬁ%yvhd? St rgl?]lgut |ﬁ%n rcha?rbe*)l.%alSi m | gfrag:.%( a gf | ow

and one or more fluid inlet ports for delivery of a fluid into the heating chamber

a
id

includes a flow distribution chamber which distributes 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 to the fluid exhaust port. The second flow
distribution chamber is positioned such that fluid from the heating chamber enters
the fluid exhaust port through the flow distribution chamber.
A flow distribution chamber associated with a fluid inlet 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

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



di stribution chanber associated with a fluid exhaust port can include a
flow distribution nmenber positioned such that fluid fromthe heating
chanber ent ¥PSMIE WO 01/ 13054 PCTI USOO 22202 4 fluid e¥FAFSEVBRt t hr ough
the flow distribution chanber. The invention also relates to a nethod for
rapid thermal processing of a wafer. 4The nethod includes providing a

heati ng chanber having a heating plate and heating the heating plate. The
met hod al so i nBhidadesupgsitthronghthe Bowdiswibution hambdrer 5 hol der and novi ng t he
waf er hol der toward.the heati.n ate until.the. wafer, i ositioned cl ose
enough to the heat drshded?‘@élg?noﬁﬂsqr%%{es {Ooa %%B%Aofﬁﬁﬁag{d\ggﬂﬁ? 10% %eﬁ%n%‘gﬁti ng plate
to the wafer. Whafer. Michadhaldnclades providigideatigadimnber hdny@hatinhpbdand anay
fromthe heati{;%r gl aée aftﬁr g_tar et condj tion has. been_.achieved at the
wafer and del i VEHMhEICReging Pite) g he Rebiof Ao MSBOFSRYSWUATAR A ™ 2FF BYA ¥H%ve t he

waf er hol der. héldanrad Beving Seeedfor hblder tBwaIeHY hehtiNpaité Oftil HeOMifgles a waf er

hol der and heat _tre(?t ment apparatus confjgured to prorr& e npre uniform
heating of thepmwéﬁ.cfoﬁeﬁnwﬁ % RGtFRS BOSIaE Reat 1ohs cprdete éorflrﬂé%heﬁ@?&

appar at us provpeeso fHewaeyed contai nment of the gases within the heating
chanmber by establishing a pressure 15 differential between the heating and
cool i ng chambers anthempedigdisgn alspinelyde bagking tpryafr hpdgyapfiooNbo=alitgE FI GURES
Figure lAis a i : . eat S .0 a heating
chanber adj ace_Fr’litg {e? géraas'tg%(%ﬂl c?ﬁ%ﬁ%mlgasnfgg%ach &@i ag%r@ é”a?agelﬁ({s@éggé}%?s{ﬂ@cti on of a
heat tr eatOrent inggpipahesting chimbenigora altvatheeyalérholdan open position. Figure | C
IS a cross section f L RbAE } r in an
obstructing positi olg.anﬁ?%%%cé{&gggeg%@%}vg@gﬂgect| SH%§¥epg°Iﬁg§9?%éga?chanber

havi ng a heat i meptpérd pepardE cpolgurédon prbnmig wpndaindorpy kegngsifiee waftre. Fi gure 2B
IS a cross section I I I ) posi ti oned
i nsi de a processi ng!ﬂ?atﬁag&ﬁ%déﬁegtéﬁg%@%ﬁg t%%ggggé@ﬁghéoggeglh@%@eﬁ ng chanber
havi ng a cool i soytdinmentdof thogaes witinthededtingehaniigr by esteblishigg 4 prassdret 0 a waf er .

30 Filgur g s4A 1 52 hol Lt 604, linBhdBRRY G501 ofh ASAL DGghATDET - A

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A is a cross section of a heat treatment apparatus having a heating

chamber adjacent to a cooling chamber.
20 Figure 1B is a cross section 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 scction of a heating chamber having a heating plate
25 positioned outside a processing tube.
Figure 2B is a cross section of a heating chamber having a heating plate
positioned inside a processing tube.,
Figure 3 is a cross section of a cooling chamber having a cooling fluid
conduit for delivering a cooling fluid to a wafer.
30 Figure 4A is a bottom view of an upper end of a heating chamber. A
plurality of fluid ports are formed in the upper end.

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



plurality of fluid ports are forned in the upper end. Figure 4B is a cross
section of wypiHgREer end of a heating chanber. The upper YErRijoh3se4

PCTI USOQ' 22202 5 end includes a |unen coupled with a plurality of fluid
ports. Figure 4Cis a cross section of an upper end of a heating chanber
showing a plurality of fluid ports ext endi ng through the upper end. Figure
S5A illustrates a.fluid deliver te i.t h fluid inlet port and a fluid
5 exhaust portcnggg:h%’r’%ﬁ ef’(?"‘ﬁ%‘?fﬁ%@ba “E‘%‘B%‘%Xﬁ%‘ilﬁnéw of fluid within the
heating chanber. Figyms 4C 3R ordss satioRbsm uppéd entl df albtativg chantysshemingd h a
fluid inlet port and ﬁ'fl ui d %églauﬁhggééugosm oned to produce a downward

flow of fluid RWeHYST{Wg PRESFXiTmethg ; "B%9ure 6A illustrates a fluid
del i very system haviguge s filetmateanfiid BeTRBEy sysemivath £Mlie fddt port and Hfléiae
heati ng chanber fromthe processing tube. Figure 6B .illustrates the fluid

del i very 3yst &hast poripesitiopsd tp grogdues adovayapiloy ghlluidiwithinghe Bestipgd cr oss
section. Figuraferi | | ustrates the fluid delivery systemof Figure 6A in a
processing 15 tube with a rectangul ar cross section. Figure 6D illustrates
a fluid delivery syiguenthilstriess fhiididelivenysygemmithiadflyidindst porand afledd a
plurality of fddide soriiilon®Obbiodubd Sdwhwaf 14 UBhEALWRRIARE héskiflg de! i very
systemwi th a flow'distribution chanber positioned adjacent to a fluid

fl ow regi on. Zbambgure 7B is a side view of a flow distribution menber for
use in ajflow di skt ' nb&ld adil bbb s et Esta@nlehi d delivery
system h:}t{)/i ng an atfs:éu%%ggmﬁ?%w dcllg%ﬂrvlgﬁ'trjsﬁf%ﬁhrréh%gr Fi gﬁreel%D

il lustrates a ridmbedexteddingintp thylating ¢ramberfrom thegrodessing tibest r i bution 25
member in a round %Eg%ﬁeééll@&mxéﬁt%ﬁe glﬁh%{v%sée 'o?%ggu?é &R irfa r};&gsgrﬁgel | very
system having a fla ow di stribution er in rectangul ar ocessi ng
t ube. Fi gure 8ubewitlsd roandsesi ceost bagtion.del | very system having a fl ow

contai nment  nmenbe Ii:ig%(r)eu&ll ﬁﬁlst\rl\gté[s'}héi ﬂlpls %Eﬁvrég' S%Lt%‘;[n%f 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 distribution 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
member coupled with a heating plate.
30 Figures 9A-9D illustrate a fluid delivery system having a fluid flow passage
defined by a portion of an inlet port, a fluid flow region and a portion of the fluid

exhaust region.



30 Figures 9A-9D illustrate a fluid delivery systemhaving a fluid flow
passage defined by a portion of an inlet port, a fluid flow region and a
portion of WREMWIME d exhaust region. WO 01/ 13054 FCTI USASTABNRE2026 Fi gur e
| A is a cross section of a shutter in an open position. Figurel OBis a
cross section of a shutter in an obstraucting position. Figure 11 Ais a
top view of shutters in an obstructing position which is preferred when a
waf er hol der i s posFigineried is acrasshheaioh Bfa sHuserie tn ofenipbgtisre 11 B is a top
view of shutters in_one . exanple of an pbstructin sition. Figure 11 Cis
% plan view of a shEEREAORAA Fasaesian Qe T ARSI IABERO T (- Figure 12A
illustrates a plurafighy 104 ifeabvie dsRIRALS 2R6Hsa0@RE pbaticowgenisri ¢ 10
heating zones. Figure 12B i]lustrates heating el enents arranged

concentri cal | y?@&@éi%nﬁﬁafebh@d%ﬁ%ﬁ%@f‘%’dﬁé BAURE ChaF5he enbodi ment of the
present inyention. FoGdnes i ARG ok Shdtiekslit 8Ad RhuBple bh& dWBlrudimg! at i on
barriers arranged_between heating zones according to one exanple of the
present invent PORIOMS5 Figure 13 illustrates a shaft conduit extending from
a cooling chamber. gl Qyie iddsihd bilebF 2likfeliiCink § rélbdsUEcohPiddatidpl | ONS  Of
heat transfer from !?é)nductli o% anld radlgrglftfon. nélggureS 150A and1 B are cross
sectional viewshaff a wafer hol der according to one enbodi nent of the

present invention. 2Q FEi.gur X . i l.oNdeEiys Of the
waf er hol der accor dlgjglcjllg 1? }(!)d 1@%3%&@%élﬁ@?}:@ﬁf%ﬁxg%@@?ﬁ%%fzfsnhg@tcﬁe epr esent

i nventi onl0 Fi gheating Zories an cross sectional view showing a portion of the
waf er hol der and waf, £ senbly LN acco e di ment of
the present i nven}tl\lﬁﬁﬁlj.é 1%% ﬂIEi“l'c’g'%reSe 1 ﬁcég%en%@éﬁp%gt% ?V\éﬁ%lpaé&/qgﬁt?vé\ﬁﬁg t he
waf er hol der i pnegotedanadingitd tne earboldinent efitieqoiésamntvenfiort he present

apparat us and. waf S ENE (T o 2RI GPASh R HeBHC AL BT RER b <o

present i nvent héing zones according to one example of the present invention.

15 Figure 13 illustrates a shaft conduit extending from a cooling chamber.

Figure 14 illustrates the relative contributions of heat transfer from
conduction and radiation.

Figure 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 scctional views of the wafer holder according
to four alternative embodiments of the present invention.

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

25 Figure 18 is a perspective view showing the wafer holder in accordance with
another embodiment of the present invention.

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

Figure 20 is an partial cross sectional view of the heat 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.



Figure 20 is an partial cross sectional view of the heat treatnent
apparatus 30 showi ng the flow and contai nnent of gases within the

appar atus. MaY{IP¥421 is a cross sectional view of a heat PREZHRE2Ror a
preheat chanber in accordance with one enbodi nent of the present

i nvention. WO 01/ 13054 PCT/USOQ 222027 7 Figure 22 is a perspective
cross-sectional view of a portion of the heat treatnent apparatus

accordi ng to anot héigunPbidiapsrspeatifve tioss-gsetinneintiew nfepartiomof théheptire 23 is a
cut away persp - - i qportion of
Foure 20, 5 P s R EEhIRRR anbh et ol SOME bR P BNLIEDY | "o
bott om perspecti v&Figureddbis arcampay perspEciive adssaeaivha viesndfabie shetier ca¥itt he waf er
carrier of the ention. DETAI LED DESCRI PTION 10 The present

i nvention relaﬁétg ﬁ%e treatment apparatus. The heat treatnent

agpar at ussi ncl udels mgﬁaﬁnw 2@0afémh dSss\Mednhnﬂ ﬂaﬁpér's;sugnmﬂ(bettmsi ti oned

adj acent toacoom chanmber wi | Sour c tus al so

i ncl udes a C%’(Yfg'éf@?"’scr(??ﬂc%‘(fiyeag‘lmé’ “ﬂlg‘iﬁé‘ae"é&f% ?elrﬁig'ﬁ Qjhtﬂi’ehg chamber
and the cooli r;geseﬁham“n,t hrough a passageway. A shutter is positioned to
control the size of the 15 passageway. The shutter can be noved between an
open position where the passageway is defined | arge enough for the wafer

hol der to pass through and a plpEERILED DESCRIBTIONtI Ng positions where a
smal | er passageway i s defined. The shutter can be positioned in the

obstruct itflg posi ti JH& PIRRET MYEtRdelpies &2 heal retmend apnsEAyst iTBABERtwI t hi n t he
cooling Chanb%eaﬁ’ﬁen%ﬁﬂﬂ}aﬂlstlﬂé?ucﬁg§Bba{iﬂgQﬁ‘ﬁﬁﬂ%ﬂv:th 2Qeating s&ﬂb’é p&Rltiochdl be
constructed as a thermal insulator. Accordingly, when the shutter is

posi ti oned i n asiacense 2 eroling ghaseher witha coqlm squree-t Ehe apparatgeslseinelydssiicr ease
the thermal i, %&Pc&ﬁ%ﬁﬁ@oﬁé‘ﬁo%%iv&b%%%ﬁﬁx cﬂﬁﬁbér'ﬁﬁdﬁx@%dl& chanber
above the degree of ther isolation which is aChievable w thoul the
shutter. The idhemberslrgugh ipaspagewis oh shutignis apsivongt kaosestrplghe sire ofithe eased
differen bet e tngcﬁ,g ng chanber
and the g?/er ade tge&zhr g?ér@%ﬁ%?%% &E%%o mg%‘ﬂg t%?%ﬁégfth% nst ance, for
a given averagasstae«rmnadczfmdmgqmugie@tthngrafechalﬁtretp passitiroeghaindag chanber

G TAYe & L Uiy S OOEL AIRRLALH O GoR bilaiePRESHALE 1 hout Lhe

shutter. Reduci erature 1n
shutter can be positioned in the obstructing positions whether the wafer holder is

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 isolation 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 shutter. Reducing the average temperature in the cooling
chamber permits an increased temperature ramp down rate when the wafer is

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

when the wafer is within the heating chamber. Increasing the temperature ramp up



chanber permts an increased tenperature ranp down rate when the wafer is
30 positioned within the cooling chanber. Simlarly, increasing the average
t enper at ure YA®WH&4heati ng chanber pernits increased tenpBFEUSHE23%m up
rates when the wafer is within the heating chanber. Increasing the
tenperature ranp up WO 01/13054 PCT1USB0/ 22202 8 and ranp down rates
allows for quicker wafer treatnent rates and accordingly quicker
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heati ng chanber. However, the wafer holder is preferably positioned such

that a wafer w 4ifffiRutiosacingy e hosgngiplatei Incepasing B apifaryity pHibe thermalt he heat i ng
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rate above the t€mperature ramp up rate achieved by apparatuses relying primarily

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 directly
to the wafer without being delayed by transfer through some intervening medium.

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 control the



plate, such as changes in the tenperature of the heating plate, are

transferrggogifse&it!y to the wafer w thout being del ayedpdiyudobhass ©F
t hrough sone 1 ntervening nmedium 30 A relationship between the tenperature

of the heating plate and the terrperature of the wafer surface can be
devel oped for a particular di spl acengnt of the wafer fromthe heati ng

plate. This relation sed contr ol e, WD 01 13 54
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wafer in 15 th er, ev m@en ositi.oned in close
. o\fvﬁx eanng cn%fn% : ?\hrl'ém canb neh\&eﬁcd to tﬁc L%A'tsué%c Ber

prommtytoet € upper e g Uld ports can
be unifornmy throapl tlmeeﬂhuﬂpmusﬁkaﬁdsethamﬂﬁdm arenpasmzbasd At@hd uppemse t he

uniformty of er h crease iformty
Sl ove T or a ey CtemBep 5P iddin b Frire ato g YEperBHERG DTS PABH Hoat |
chanber 18 O\Nal‘tﬁe whfer hellieever®windnitiie tvifetis pbsinored irdélost praNiMity apthel upifer evacuat i on
of fluid fromth at.i ng. chanb Eurt her pl type.flow all ows the
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I evel of i ntihe agiet il inetde R InérbRe SheaNEDGEE dmﬁﬁd déhivegao tiavdig@at i ng pl ate
can be included .in the upper end of the heating nber, the f|UId ports

can be i ncl udE Ngieasebuy 5?1‘%6“%55%“?]}5%5’6?QPWQW‘W‘ I‘?@“‘Z‘b"']‘@‘&ff"’ﬁl@ pl ate can

be used for dgtheshyciiinbelovaiiags waRe A blbz@pelafiowd for Waddé raptiovever  this is

j ust one _exanple and ot her configurations can be used.
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 a cooling plate.
The cooling plate can be positioned so that an upper surface of the cooling plate is
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 so the



The cooling source within the cooling chanber can include a cooling plate.
The cooling plate can be positioned so that an upper surface of the cooling
plate is adyamentssto a wafer on the wafer hol der when t heCwesoer22b| der
occupi es one or nore 30 | oading positions within the cooling chanber. The

| oadi ng positions are positions whichgthe wafer hol der can occupy while
wafers are | oaded and unl oaded fromthe wafer holder. The cooling plate
preferably has 3,00 4{HBNR m&%ﬂ%@% e}”sxfrﬁéccg&"cﬂé"&)om% Rt 1302 digh
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tube 24. A heating plate 26 defines the upper end 22 of the heating

chanber 18. Th étt?féa‘i Ofgherpiabingulaiey 19pdiagend oy anppaengd? ehihe Beating ge enough to

cover a wafer 28, pasigi %ﬁgle%gatﬁglc%%% 2b %ctdae Haeak h&gmlﬂ{eﬁ%@ résBtivd he
heating plate 26 can be construc fromt 'sane materials as the rest of

t he procedsi ng healisg clements coupledoditicmosier m@dommiw byik toropuiert(netat eri al s.
Further, the hept rpg plate 26 can be forned integrally with the renmainder
of the proce55| ng tube 24 or can be attached to the renmi nder of the
processing tube 24. TBuhdatid ehamberdBiigpastidliyrdefiing hyraguesssingguadde 24 i ncl ude,

but. are 25 Ot i i ePscrilhhe B! ot 294R e S8kl 14 Che¥lind |1 O

carbide. Furthe
plate 26 has a perimeter which is large enough to cover a wafer 28 positioned

20 adjacent to the heating plate 26. The heating plate 26 can be constructed from the
same 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 materials for the processing tube 24 include, but are

25 not limited to, high purity quartz, fused silica and silicon carbide. Further, the
heating plate 26 is preferably constructed from materials 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 use 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 is distributed through the heating



heating plate 26 is preferably constructed frommaterials with a high

t her mal qp,ggy%g“vi ty such as silicon carbide and graphil;@r,gﬁ%hgp wth

silicon carbide. The heating plate 26 and heating el enments 20 serve as an
exanple of a heat source for use with the apparatus 10. The heating plate
26 receives heat rays 30 radiated fr In the heat i ng elenments 20 and radi ates
secondary heat, rays into the heating chanber 18. The heating plate 26 can
have a hi gh tW@tF%é conductivity so the heat received fromthe heating
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better tenperafaiber 1nfi% Hhieve bbier e RliformitheIn JHedkidide Gh&Ment s may be
of a resistive type. The apparatus 10 al so includes a cooling chanber 32

posi ti oned adpestieg¢lemends maybg ofagedstivaipe. 18. Figure |A illustrates a wafer
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fromthe bottom of the cooling che he cooli'ng nber 32 can be
accessed fronkegtingehdmbecl®. dtignre bA illusrategphwalexs?§ nestingl opat plslityof weféer to | oad

d/ | oad i NS bet j
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wafer 28 is i¢dolisg ehatriber 32cahibgaccessed\from adead/locligembet thiough aslgivalval i ty of
wafers 15 28 fé‘ﬁo &r?onBﬁ’é){r{d%il u%a% ?%&’gi%ﬁﬁ%{%& S?‘h?i&% ﬁiﬁs sficgordingly,

t he heat treainen appar at us resent rnve can ‘be used to
concurrent |y tobetitarm cph bie edetl toyload andnmlaad shedGafer28dftnme the prirasl Sdthbdghust rat es a

vater ol der Sk befe RS BBH b1 B0 Bt bR B 20 10 o
i s | oadad on Z&ckhobe safpbrttdien thefvafer supppio pins pt.nAcidindlhthehéaetredmatsier 38 can
e 2,11 19, hRs 2 PuP bR SRR WL B SRR BT o5
to nove bet weesfers2B8e cool i ng chanber 32 and the heating chanber 18. A
cooling source 40 ljigsurg ?ﬁiaisio ?]rl]uesg‘at\é\é :«E \Q'iafgr Itloq(?ergg?rl ; ggdigg ggs?t?orn b?érzlea%?thgs to be
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 ring shape, or a plate/disk shape, which encompasses the pins. As will be
described in more detail below, the wafer holder 38 is configured to move between
the cooling chamber 32 and the heating chamber 18.
A cooling source 40 is 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 is preferably positioned 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 cooling fluid conduits 44 as
illustrated in Figure 1A. Altemnatively, a cooling plate 42 can include one or more

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



25 beneath the wafer hol der 38 when the wafer holder 38 is positioned
within the _cooling chanber 32. The cooling source 40 is ref ?

posi ti oned aﬁraﬁﬂﬁ to the bottom of the cooling chanber éﬁﬁf %5 nost
preferably positioned beneath the wafer 28 when the wafer holder 38 is in
a |l oading position. The cooling sourcé240 preferably includes a cooling

pl ate 42. The cooli pl ate 42 can be positioned adjacent to one or

n
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waf er 28 in or gedferhifly REVoHE uSptb 8Bl 4@k hivh KRLELLMIGORdBO R die onaf er 28.
However, the cooling ﬁl ate 42 can include a plurality of apertures which

are large enotffivaler ZBde srispreyidersubsipntialy %%HBF?OHSBI‘%‘}‘SZW@F 28he wafer

support pins 34—10%961'1@6@@011@‘;5&&9@c‘i‘xfn@ﬁlﬁéy ﬁipahw‘iﬁ‘aﬁaﬁﬁésvﬁﬂéﬂﬁ@ﬁr #6 of the
cooling plate 42. The upper ~surface 4 F he cool mgfp ate 42é£referabl y

has a peri neteienoashit@wcp@npéatg@pwtafﬂawwnrép@eﬁﬂ pethe vass suphert ias & cang
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concentric with wafers osi t upport pins 34 or with
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waf er 28. The ro &g o0l ing pra §t'f 6ned such
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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 concentric positioning combined with the increased diameter
of the cooling plate 42 relative to the wafer 28 causes the perimeter of the cooling
25 plate 42 to extend beyond the perimeter of the wafer 28.
The wafer holder 38 is coupled with 2 shaft 48. The shaft 48 can be coupled
with an elevator mechanism (not shown) which can provide the shaft 48 with an
upward and downward motion. The upward motion of the shaft 48 elevates the
wafer holder 38 as illustrated in Figure 1B. When the wafer holder 38 is in a load
30 position as illustrated in Figure 1A, elevation of the wafer holder 38 lifis the wafer

28 from the wafer support pins 34 and can move the wafer holder 38 from the

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



of the cooling plate 42 relative to the wafer 28 causes the perineter of
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waf er holder 38 is coupled with a shaft 48. The shaft 48 can be coupl ed
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i ncluding, but_ not limt to, t hree and four shafts 48. Further,
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bet ween {he ceplhng )& Naiaiuads At ReHds a&%o&ﬁ@d@ﬁ% enlhe shutters

52 illustrated in Figure 1B are positioned In an 05|t|on V\/nere t he
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move the 15 skipmterd2.52 in a horizontal plane as illustrated by the arrow
| abel ed B. Accordi t ructi ng
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Figure 1C is shetepriebeobsatcting 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 to 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
in 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



configuration for the apparatus 10 during the treatnment of the wafer 28.
Treatnment of the wafer 28 can include delivering a fluid, a gas or vapor to
the 25 waf &0 ®@83d5% t he heati ng chanber 18. The obstruct irEFAgRg2R20N of t he
shutter 52 illustrated in Figure IC can also serve to reduce and even
prevent entry of the fluids fromthe;heating chanber 18 into the cooling
chanber 32. Accordingly, the shutters 52 can prevent these fluids from
foul i ng mechaniceBoet 18 ht¥eth€ Qhihg ehakiBa e Thd thcRbsed kibrafl is38108 kldvadiol 0ad/ | ock
chanmber. 30 The shutter 52 can also be constructed to act as a thernal

i nsul at or. e incfrased femnegaturs diffesenehetwsen dieaycrage EMPFARFR athshedNg t he
shutter 52 is lhanfiir P9I HELJeRGe %eﬁ{ﬂ%‘a O thd 3Gl Uk BEr 322 SE&LNERY,L O
increase the thermal |solationof the heating Wtc) 01/13054 PCT/'US00/ 22202
14 chanber 18 #ifdatichel teawyeragetepiparatyes in 3 hedting charabes 48 éxthe hiveragal i sol ati on
allows fors angd i : ge

t enper at ur% i nteﬁ(n%g %ggﬁi ﬁ%gdggﬁ%%?g{bgﬁ% Jaa{llgé ?ﬁgﬁé%?%gﬂtb%%%%ﬁﬁe in the
cool i ng chanbesh@@r 5%5pked fehuaiteyyafer £8 earrbethiegtedindidn eociedemagquickimienat ure in

t he heating ch r . er t-enper re 1n: . |.i ng chamber
32 can be hi ghg‘{mﬁ?gkgfsﬁb?%%gﬁgﬁﬁ’g S@m%%ﬁ%zm eﬁ%cre%é%tfﬁ?”en? : lg(g%mi@%g result, the
waf er 28 can besdnestiecnand! dienagplegoiradns Reef thecdvbyigd famperainvmxiih thebe possi bl e
wi t hout the shutter 52.. The i.ncreased.thermal .jsolation also reduces the
amount of eneré?ﬁt’i"%ﬁlﬂﬁn?bgﬁ %’d@%??oﬁ%cwg?’%&’?‘%‘éeﬁé’f’d?”@ei n the heating
chanber 18 and t he voel thaghtleasbess 232 iirhliifkuRtceahé shufter A0 serdés When t he
shutter 52 actg as a.thermal insulator, ”lgx shutter ‘:'{2 al sop serves to
decrease the t SFPEFRIE FERSFAGES BOP REYen the shuHER SHUBPIRE ffeat i ng pl ate

26.  Accor di nglagcordifgly} i0enRehalathirCadidbR @R tbp MBe iHRRerGE clbitetoshelbdilatd S cl oser
to the hot plate te rature than coul d be achieved w thout the shutter

52. As a resul {mpeRaE g achieyssd WHeuHBhuRe Zhavsdrsultghappr oaches

i sother mal whi &Iﬂ'lpg}aﬁﬁafsin_rti}@%aﬁx‘ﬂ%:é@nhém@leﬁgad%g ik b dwiitn YRésSise temper at ure
and run-to-run_ repeatability urt her, e near i1sothermal nature of the

heating chanbefmpravedasiipanityof watshismpeniue adawnstonen mpeaietiitre Juitherthfe heat i ng
chanber 18. Thgeg %?H@Hzggatgﬂ% é}?gleqlxeﬁﬁgtc%ﬁxﬁﬂgpfQ&ﬁﬁgﬁ%%&pﬁﬂﬂ?ﬂots gpEformty in

the plane of the wafer ) et wee e top and bottom of the wafer 28.
20 Wi |l e Fi gur &smpdin)the keatitg ¢Hambert 18a {The reductiap pragcdd spotsimiprayed thelthampah shut t er

52, certain efRgLIPH fie fhnd (Gnhd WYEYs A8 vllvedn BOTop HE MR & SIWIEST 52
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 elements 20. Accordingly, the heating plate 26 serves to provide a more even
thermal distribution than can be provided by the processing tube 24 alone.
Figure 2B illustrates another embodiment of an apparatus 10 where the
heating plate 26 and the processing tube 24 are independent of one another. The
heating plate 26 is positioned inside the processing tube 24 so the heating plate 25
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



Figure 2A illustrates another enbodi nent of the heat treatnent apparatus
10. The heatl n late 26 and processing tube 24 are independent of one
anot her. TR@O g)éfl ng plate 26 is positioned between theP ET’Hé@&?"ﬁg t ube 24
and the heating 25 elenments 20. Accordingly, the heating plate 26 serves to
provide a nore even thermal distribubion than can be provided by the
processing tube 24 alone. Figure 2B illustrates another enbodi nent of an
appar at us 10 Whe2é ot hreaihgaptdan fe frirmedbelgearttie plocespinptibs 24 pufd thebeating ar e

i ndependent o - Lt side the
processi ng tuh %}R‘%&g{b g{}ﬁtsopﬁ’l@%%g @g?dgggpggk%ﬁggﬁgep%p end 22
of the heati nglmlmlybth:cdcﬂmg,ému'osmrbgIeymxdamdtﬁohrmﬂrlhmbhéatemgfel ements 20

passes through th roc are di. st i byt ed y the
heating pl at e 28 e‘é tﬁgerﬁ?c’ Fgerég?@g APRETE usfllrbagﬁsugﬁgluhs’lguﬁ hlé’bpr ocessi ng
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il lustrated i APaEYSE %orscp E?ﬁ‘éve& cPHie, 5ﬁ°qllﬁ&F'?gJ’E8’°é37pi‘t&r]8‘?ai‘lP‘§/ of

cool i ng fl ui dwaRGitchotd Bdm BRIWwateng. of a cooI ing fluid. The cooling fluid
conduits_can be directed so as to be pointed toward the surface of wafer

28 withi ¥ the coolf*ﬁﬁ}'“m%%ﬁ’é@@@gé]m‘&%ﬂ?d%P%ﬁhﬂ?@a%:’bE’PPH’g‘ B uid into the

cool ing Chanbsémﬁaelaéxcé%din@%’éﬂeﬂﬂuete%f ﬂigvda?er B@lﬁ&tﬁ fI‘thob@ﬁap‘é@f:&flmgs 10
Al ternatively, the cooling f conduit can be shaped th a

op Wi
peri net er exc@éﬂmgdltwrrén pe P?Sf#fét"éﬁ’ inghe eoplingghamben 3¢ iﬂethe ysfcr fméerﬂécsﬁn s haped
cooling fluigsGondslich t}?@d&oﬁﬁ‘g ﬂ\ﬁ& b&ddﬁﬂ%eb thelWier&BRk! T6is € § wafer SO the

waf er hol der 38 can "nove through the cooling fluid conduit en the wafer
hol der 38 is é&rAgditignally,the oop smed papding flovdzponduit qap bavegoplingipédortsool i ng
fluid copduit DAy L £ 188 tFhetB o AR I‘ghl,f‘ége t he perineter
of the | oop. %’lﬁ%&goo ?%dg:]ﬂ?k l-ﬂgﬂcljaolrilnﬂge %?‘\?ergl con‘éeaﬁrbr%en . froma
plurality of mIfoHeq:rébtﬁ‘mmbluméﬂ)f¢flﬁlfﬂerpm|cc’<shﬂgdluabmr§\7@atheyhe ewPf cool i ng
fluid onto a X‘@Jlﬁ%ﬂﬁ?ﬂéﬁ:&i‘&?f&f@ (R er3%: ThPSho \9@ ef fect
produces a nore u orm coo ‘f’oawaer A< s achlevable wth

di screte coobtorigcefs la uxogie mufmimcbe;lmgaqd vafdr @8ghahas bt vabdewil tliseetecool i ng. 20

/(?Ioz)lh?ﬁgh Fi gucoohng ﬂulducon ulls, Shd al]oool” | comyecfjonc(%rc]) 1rlxjgl.t used wi thout a

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 discloses 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



pl ate 42, one or nore cooling fluid conduits can be used in conjunction
with a cooling plate to increase the tenperature ranp down of a wafer 28.
As descri be®OM63084 treatnent of a wafer 28 in the waf er MVERSP2RBE can
include delivery of a fluid to a surface of a wafer 28 in the heating
chanber 18. The 25 follow ng discussign discloses a variety of fluid
delivery systens. Each of the apparatuses 10 illustrated above can be
adapted for useOMTkd3e filtid pbitiird fipbd R heatiySilQBB6 SLRGKd f10eksHig] be 24

Addi tionally, the above g{:}ﬁCUSSI on illustrates that t upper end 22 of
the heating ch4fR5afing 8t ¥hethed %?qe%tBV%%gﬁheﬁtﬁ‘g&lﬁ?éé%"célasg‘ﬁ t he
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includes a plurali ports 01/ 13054 PCT/ U500/ 22202 1 70.

These fluid poﬁ’tesﬂ“éf{@$89rr§b? Ii’%lflphefﬁéﬂtﬂldmgﬂﬁﬂ%w@fﬁ’s“@ferﬂﬁpﬁfﬁétsﬁroceSS| ng
tube 24 d t | at
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26 serves as t upper en eat i ng anber | uid ports
70 are in fl ui condeiofmet Hlustztéd) nantictpositored dn either e tdaling choulrec 8% or ke f | ui d
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and/ or the cooling position of
t he fl ui difort Suid@xiagetrcotdist m@fe&tabl?ﬁpqsﬂbm'dix&axahe Bb)mrv\ﬂ”rthie tidatimg of fluid from

can be-posi t1 oREIEH RGO R e et L AR ceaBPt phihe bR Bt g
chanber 18 for Thzepmmmg;ftl’mefhﬁd euhdusdﬁcbrtmmdvdmtm)eMte:isaatrmggeﬂhmer 18. A
10 fluid exhaust can ef er.abl 0S ed n botto f the
heating chanb fg‘-'g c%ﬁ:?est Bé)é dgﬁlf"ﬁw}stﬁ%@ ‘h&h‘é’g pogs ﬁﬁﬁ &%‘eﬁﬂ’%ﬁﬁl?gz ment of
the wafer 28. sy mmﬁarmwﬂ]ehhﬁcé blthlweh 2B the il edustbat i ve to the
28 causes the fluid delivered from

waf er 28 urlng treﬁﬁ H’fep t he waf er
the fluid ports 70 145 (EPREIP FHPeAvarle disEibuied aqrps e pRAVEE G2 GUBE t he

surface of thensBheEnadBed B dshﬁls{ritbuﬂlr@gimtfcﬂ%s&ancéﬁhelﬂﬂﬁd b cRerts 70
can be evenly distributed across the zgi) end 22 of the eati ng chanber
Usme

18 as il | ustr abedrapEedan gog @f saygral dffergn Alerns|ps IF QOUPBUFOIPHENO can  be
arranged in ongaeds T8NELA anhﬁJtﬁﬁ%F&eh%kz‘oﬁf?(?&?g&%%é &xﬂffox'rrf‘ﬂ:ﬁQ”CE”t ric

georetric shapes. This even distributio ports 70 encourages
uni form 1 ui d deliEeryperess the plaresofiteavaftrR§and tantsheourgearluypmove afthencour age

a plug type | 8\d @hmiRSupper 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 inches.

In one example, Figure 4B provides a cross scction 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 used to withdraw fluid from the heating chamber 18 through



20 fluid fromthe upper end 22 of the heating chanber 18 toward the wafer

28. This waighRfsdty can be vital in processes such as cpefisimlaieapor
deposition where a non- uniformdistribution of fluids across the wafer 28

can result in uneven deposition res%ts. The nunber of fluid ports 70 in
the heating plate 26 is preferably fromO to 1000, nore preferably from
200- 800 and MRSt B efr%rﬂbl y 550-650. The di stance 25 between adjacent fluid
ports 70 is prefera%‘fy pbetween 0.0 and 0.5 inches and is nore preferably
bet ween 0.1 and 0. Bigiwrect@idlusttares amethe xzampleof the gppeeertBR2ufaviedteg a Cr 0SS

ti f th d 22, of h | nber 18 .havi . it f
Frul d port s 7aHRE S T8 Bors 0 en rghef IR Rion ot o ek SBOS o o
the heating plefifingthe ugpe efdIToA the KAtihgehainbat 185 Adlextmat imext84rie 82 which is

configured to be coupled wth a fluid conduit. The fluid onduit can be
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ports 70 and/ @yin @Rl ddghmisRdtibOwith thdfaw gor7od from t he heating chanmber 18
t hrough WD 01/ 13054 PCTI US00/ 22202 17 the fluid quts 70. Figure 4C

i I'lustrates anot heFfh&Suiflpris can be divided intp a &gty sopp of luid perts Thad achanber 18.

The fluid port&od®g@ip eﬂﬁhiaPBﬂJmetﬁhﬁgmptomﬂid%n& hecheaeAsidng tube 24
defining the upper end 22 of the heating chanbér 18. An external |unen 84

is 5 coupled FemmHECAtNY Wih & first Afipeonduin andihe srcoptigroppef fuigpetiaidser 18 such
that thejd Unee iy ffuid BorhthhiEatoR WM sk RidMchBuifAih slildefotRhdor i The
fluid ports can be divided into a first grpup of fluid ports 70 and a
second group &fst flpidicangiy: tRiffereptefluidsrogn beydediypred throwgh the finst flwid pendgin be in
fluid comuni I i . ESty LI i t up of
Fluid ports 78 onn ag™ aaZoiddis he stiol £RRELL 0@ QA RE IR conaui
whi ch i s i ndepfiwsheeup obfluit iperts 7¢ then isfdelivededcfooml thetsecomil gfoup ehfluiflpaitds can be
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aresult, a d??l'f Ig]rtéelﬂ%“{eh{uﬁ% ‘%%lrflfu@e&g@'ﬁﬁ/a&elrbgg&?r%%af hgﬁlgp Fhrtzé'%hlé é‘rg%tﬁl of fluid
ports 70l% hanchantdel$ whiletdic fgcond flid cemingnsiusgd cuitipdraw Fuiddropothes  70.

Al ternatively, _t.he f1r15s | uid conduit can be used to deliver fluid into

t he heati ng 1geag'ﬁgﬁ%drﬁbe&é§'Mi |l e the second fluid conduit is used to

wi t hdraw fl ui d froRigtiecsA illesitates g flnfiedebieery Sfktent-wtere ¢hedati thdatesdnr at es a fl ui d
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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
is defined between the wafer and the upper end of the heating chamber during
treatment of the wafer.

As illustrated in Figure 5B, a fluid 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



a fluid exhaust conduit 92 termnating in a fluid exhaust port 93. The
fluid inlet port 20 90 and the fluid exhaust port 93 can be positioned
anywhere wi tWDf1/t3% heating chanber 18. However, the fl uipdTiusbeztzmort 90
and the fluid exhaust port 93 are preferably at a height which allows them
to be above the surface of the wafer 2§ during treatment of the wafer 28.
This position of the fluid inlet port and the fluid exhaust port permts

the fluid to becdhligiwedn bé %&tmnfré&)éﬂsgsd Ak BhiaRAdust rtt9f3 i :h)%v% fe??S exhaust

port 93 across the surface of the wafer 28. Accor

ngly
region is defifE@sFespeeof theavafpi2s anding ﬂtlﬁenlamérgoeﬁbﬂw &teh’@ﬁh@&tl ng
chanber during gih %%@h 2t fer. As illustrated in Figure SB, a
fluid inlet port 98 can 0 géf%r\g%ed above the wafer 28 during treatnent
of the wafer 28 and Fagm@td ugixdien retteatingy char@Ber d 8 whinh i80udsssiflbwoned bel ow t he

wafer 28 iR the, F%l r r- Wwithin the.coglin cha 32. ThIS
position of the P urd i n?ﬁ}?&}?ﬁe;{é@%@ 1(131¥‘\/|5rtdiqcr\?lem é‘%ggﬁgp‘*‘?@%&esg%%%p ‘port
creates a domvﬁsléluéttatnddafvhfbmz& qan bl positimtd inghelvatifpehatBer 18lsb @tenadfdrvel v, the
fluid W61/130 PCT/ t 2202 c ts .can b rated in reverse so
the fluid exha?;gt %géct&&fm a"ﬁ'be&VBe‘P?Fé%&g?é‘Paé%""efcftﬂ%i"ﬁgﬁt‘% ISP of t he
waf er 28 an]g trl‘]%\httm the hedtief cmmerm) SulﬁtlamehﬁWnElbﬁJrWﬁdcﬁw Q&ttanﬁﬂd'r?% ng Wi ch
treatnment of the gur e illustrates a heating chanber 18 iC
i ncl udes a fl OVW%”V\%B% ’eﬁcﬁ‘p@ e A W‘@ﬁ t%itﬂéﬁ&tﬁgw%&sad fliGAng lcYs de of

t he proced$i ng datbhi. Z“ﬁe ﬂo%omthbhﬁﬁtrn@énﬂﬁr 9BcBE ﬁﬁe%?ﬁ vaRNhdFoRRshd ugned in
the heating ch er fer 28 and the flow contai nnent nenber 94

SQ
define a | over %i%&% ea&“? ea?ntglequpgme PREAGRSHIO thegregetsemuliad Weresmigughanber
18. Suitabl e mabeidsatendidr the flow containment menmber 94 include, but are
not limted to, high purity quartz, fused silica and silicon 10 car bi de.
The flow cont ai nmenfigHERASHP 2gwstseational Yiew efprasessing wbe %iopk@gé@\snw@ t ube 24
or can be an lﬂﬂi@lﬂ%ﬂﬂ@t cﬁtuﬁs&1@%&%@&5&9:%9&!&%%&&%@'&9@
t echni ques such as wel Figure 6B is a cross sectiona
processi ng> tubéhezﬂpwwr@m@ena r9&ha$mham¢v@mh@mnmgtodhraﬂbmofh8 at t he
axes | abel ed AjhRicFbLOE S n cont ai nment
menber 94 has gbslﬁape conp mn?ﬁetgr gﬁﬁuﬁ?‘ﬁ@ &gﬂ%redéégé Qﬁh% hg%v of the wafer
perimeter. Addicentgnaentynembiseds uriﬁger@‘dageheg&rtam df He Wdf@wenmamtalwhnmm menber

94 is larger t rﬁ?eﬂnﬁe?@dé%% tSdnsmen?JntaS}heHygaJtﬁé’rex% in trﬁegjgx{meter 51Ze oﬂi!xe 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 containment member 94 in order to evacuate fluids which escape from the fluid
flow region 96 from the heating chamber 18.

The flow containment member 94 is sized 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



the inner edge is conplenentary. The difference in the perineter size of
the wafer @8, aigh the perineter size of the inner edge 98-pfisdoBSd ! Ui d
contai nment plate allows a 20 wafer 28 to be positioned adjacent to the

fl ow contai nnent nenber 94 with a gag 100 forned between the wafer 28 and
the inner edge 98 of the flow contai frent  menber 94. This gap 100 provides
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can sinplify ?ﬁ%%arﬁ%%gg%mgg%ﬁ%ﬁ%%%é’ h}ggaefisgs)wegﬁv?nﬂ{%f ﬁlll?lt%'h‘ifeﬁ(fl%g ?rlr’llgvé% anber 18
whi | e reduci nfjuid miletrcasduiian thecfluiderhatsh eorglai.s Apluglifiey patierdallodd oht gay r egi on 96

preferably ha substanti al | onst.ant. di st.ance. bet ween the battom si de of
Phe 1 aic 1 ol PUSY BTG el SRR et e e 3881 G BRhoer 15,
The conslsant fluids @ikia tieenfhod flog esgich 98 daf bé bloivgablyt fowing o fluldnbrotighithd f | ow ng
fromthe flupd.inlet .co it.ta the flui haust condui t. A.pl fl ow
pattern allo "lgﬁgwdg%longglg?r&‘qag% E‘ﬁ&ﬁeﬂfﬂbagéu "’P{V%}%Fvﬂﬁfyﬁfﬂﬁa% tH%teracti on
of the two gafiowsf andtheflidshibiigh th&Aihill WlodSegibh B6.NTé Fuethéd redute idterdetiongi on 96
can be changed by f]o Q a fluid through the fluid.flowregLon 96,

toide e Pe oy of

termnating tPEVE © g bF @ timsdeley hetkerrnismipatinedne fiay 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 plurality 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. Increasing the number of fluid
conduits and the number of fluid ports in an apparatus 10 permits a greater 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



flow of another fluid through the fluid flow region 96. To further reduce
interaction between the fluids, there can be a tinme delay between

t er mi nat i ngWPHYIPFow of the first fluid and commenci ng tR&EUSPURRBf t he
second fluid. 20 Although Figures 6A-6B illustrate a single fluid exhaust
conduit 92 having a single fluid exhagst port 93 and/or a single fluid
inlet conduit 88 with a single fluid inlet port 90, the apparatus 10 can

i ncl ude a pl ur abit biyarobppbkitsl sitie af tretflugbiivhicbon 88. Thndhmlityaf flidrialki goyts of 1 ui d

exhaust conduits, 92. Further, a.single fJuid iplet caondujit . . can have a

o arar Tty or 1 P i st ge i gmreaskibe PRB ARy S Etants By doRS chn 55

i ncl ude a pl ur a¢rbdsyhedfuribdedfeheexdtapgt conduits 92 and a single fluid exhaust

conduit 92 can include ,BI urality of fluid _exhalusf, parts 93.. | ncreasing
ey o iy

the nunber of fl ui ofFBEE pslrales o $RRATAS B 87 ViR 2 Rl SPY sortpnmants hhar at us

10 permtss a gpRALES 96@&&%%@&@@%5 §iQks TRkt cRikh: 1 8.0 iherel® fluid at
the surface of the wafer Z28. Figure 6Cis a cross sectional view of a

rectangul ar shapeteaph Sewsentrgmentmembgdbips pskARE AYTRIBWFIEY & BAESPE Al heating
chanber 18 at L B6raxbpink ARt Sl ARLBUARlY, BinndMAgAIPSBlHRWL0 | Nl udes a

plurality of f 1 inlet ports positioned above a Tlow contai nnent nmenber
94. Each fl ui de¢nwimnenssrembesd4is faggee thanghelpogiof jofiihd wafeh aersretsyty ohick 3054

PCT/ US00/ 22202 pRsS] ' AN jon 96.
The plural ity S PR THfonbPrRel Syt LR dih ekl sttt LAUCT ace
the plug Td ow ptriticaed adjicsnti apopfontdie waFa 28 withewap H¥f) fogsedtbisbvesutheaméerof t he

waf er 28. Fi ggﬁﬁ%“%{?g%lé‘k%ffhg‘?%‘g‘?}fg@%ﬂ&pg& %gﬁ%tkgmg \g4pg a plurality of flow

cont ai nnent on o% osing srdes of the heating chanber
18. The inner edge Fig8eGA ibatatet i Gow dantbaiiomaathbadidpesitbdedlasweenstmape

conpl ementary {0 the .shape of rtio t he waf er iaeter.

Adar ¢ onal Ty’ T EPTAERER s Fohe sl hons wese e eb it AIRSEY 04 1 <

| ar gler than t heislpieﬂfﬁdrﬂﬁerlﬂferﬂb@is\ﬁ@r]\:cilelﬂaﬂbﬁdditﬂﬂ?foebxiﬁﬂio%i;r%ﬂmoﬁwﬁﬁs hape is
conplenentary. As a result, eac Qw.cont ai nnent nenber 94 can.pe 10

oot t [ onols ot BESHIE Bote ohhot R Hr e moRb R h s 4 G B GG bet een
the wafer 28 afgkttdiRiuitanes 166derB8He mbhber 10OW 2606k @H AAE He MROBSRuYS.
Figure 7A illustrates a_ flow distribution nenber 106, positioned between the

fI ow cont ai nmefRdWE b gy disiRhutaransgher 1 QFcap e Poitineed &b 5de % of The 1 ow
di stribution magipel cbRinkieniiRktt bithBE bMsed t e drafl 8F the ¥ice@kihg iband,

at nospheric 15_pressure processing. A flow distribution nenber 106 is
associ at ed wi t higuasd Brip gpide 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 a more even flow. For instance, the holes 108
25 directly in front of the fluid inlet port can have a smaller diameter than the holes 108
at the periphery of the fluid inlet port. The smaller diameter encourages a flow of
fluid to the holes 108 at the periphery. Other embodiments of flow distribution
members 106 include, but arc 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.



inlet conduit and a flow distribution nmenber 106 is associated with the
fluid exhaust conduit. The flow distribution nmenber 106 can be positioned
at the i nnEPOEHE¥ 98 of the flow containment plate or cEAB¥RIBEer to the
wal | of the processing tube 24. Figure 7B is a side view of a flow

di stribution nenber 106. A plurality2dsf holes 108 20 are forned through the
flow distribution nmenber 106. The holes 108 preferably have a dianeter

bet ween . 01-. 1 i ncHaswalhefitke proesssingitvby 24 atdtbe Aow disiltioR memberdd6artd  nost

pref er abI y be 0 f ced to
achi eve a pl ug t%grtb?%mw ér’g%% ﬁdz gﬂnfb% %ﬁﬁ:@\?\rﬁg@ﬂﬁ%&ﬁ{l&%% ﬁ@ es 108
can have di fﬂewelmmlmtmmshmdmehmmﬂages the arer Gomwehicl fluidienteithd fhgd ance, t he

G amat er 1 han PR 28t e i ould Bty S5 PieRE e PR oGS0t The

smal ler & arreb}@immﬂcm.lrmgeﬁ dﬂ;trfﬂuﬁm’l afamba lJlIOd:aﬁ @lsé befomab®srodida fMiid t he

peri phery. Oh enbod E str but i gerr%‘frs 106 include, but
are not limt a’t‘ﬁmﬁe ‘été‘ ‘é“ 19 propad “ﬁ‘l‘ CXPAYSIROF CaB SFYE and
arrangenent ofo dphiadland tﬁéﬂa&)%f nﬁidaeawn@\t\hedmﬁa nb\bu&gnmme&m@xresumﬁus?ﬂbw
associated with a fluid inlet conduit_ can beﬂgﬁ:\ﬁ me as or glfferent from
the nunmber ofiskibpten ehembenran prevent, the Ad wishinitslyid fpwregions 968 uBci at ed with

a fluid exhaugdnve tHeﬂuW%:éﬂMsi-é&EW&Tﬂe&l%@}m&smgﬂn&%mﬁ@&é of the

processi ng tube 24 and the fl ow distribution nmenber 106 act together to

forma fi%id #1&Rmedareyndihe Buid dnetpeeand the fuidehambder formgderounddie hd t . The
flow distri buE}Uﬁﬂst%Bﬁ% ncheade fhgﬁfue%‘%‘vschkﬂéteﬁétﬁéo{ &x@ﬁhi‘ﬁ*ﬂo@ﬁacﬁdsk‘l}ﬂ enters
the fluid flow region 96 over e area h woul d be possible w thout the
f1 ow di stri busurfage sftheafee?8.110. A fl ow di stribution chanber 110 can al so
be formed around afol iR UAlmiRed fo ca aish%wcg[xsﬁ&awwdl Befibagber 110
around a fluid exhaust port can serve to sprea | ow o fI ui d
| eavi ng t he fFefl igstatcethe Bow dxstrgagtlom@ambp@sl@mn be fAlled withosporgissmediden i on
chanber gan pgy the fluid flow region 96 from
convergi ng at t%gg%fr}tflﬂglafe%( agssrtmt%)ﬂcyrh&s The effect of the flow distribution
chanbers 10 110 f oFiges 7&ripamss deetidnklniclv pfid piocgseing twbn @4 himang 4 wuodedhanber
fornmed around e [ %}d?% ' e
characteristi E‘IS?EE Ethl%" %PF%Q 0%9581%%% SS ei ﬁled ﬂéx&nﬁﬁg%%&ngnlﬁ g aM & 28. A
flow di stri bufloerdistftauie chatiber b@mralnﬂaldﬁxi@@dmmmmtthdvqa@ shaﬁdser ent ways.
ﬁg{ji ;”3? ance, AffSighRhdl SidoRlidn ARmEA2 THPEre MiRiritalaiFeihd biefd 144t N @ porous
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 length.

25 As aresult, 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 similarity 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 distribution 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 distribution



15 diffusing material such as nmetal chips. Figure 7Cis a cross sectional
view of a processing tube 24 having a rounded cross section. The flow

di stributi owothastser 110 around the fluid inlet port and rdwusebiaoe

di stribution chanber 110 around the fluid exhaust port have arc shapes.

Al t hough the flow distribution chanberg 110 are illustrated as arcing over
a 180 20 range, flow distribution chanbers 110 arcing over snaller angul ar

ranges are al SQhakeeM m@@@gee@“ggma%g)g&%%%at es a processing tube 24
with a rounded cross section and di stribution nmenbers 106, vvlth a

strai ght contour. THi @OWW%&% €%°hé1usﬁ%i?éﬁﬂég§“ldha}t3‘ RFeang a sifgle
di stribution Cmg{hﬁus%?a?rpasg&?at%}g f, BN d%@rﬁgﬁbrﬁ{ﬁh&r 180%abh e AS @

result, the distance a travels et ween t ow di stribution chanbers
110 is nore uriifidruten pkambies ] [oss bohssoameshwitttreplpiably of luidrinisinars Andrember 106

has a curved qﬁ‘h?%“-ﬂrm %}pdt(agtg)nﬁgd uniformty can increase the simlarity

between the fl ul S experienced by the center of the wafer
28 and the conditi ors ilspsed mrigade 8.dbe fidvedisdyaicnfchirhleerwad ean 12 Panialimay

bet ween the two d| st ri,buti on charrbe Figure 7E is.a Cross
sectional Vi ewdggme% ﬁé&%"é‘é?‘ﬂy PLBTTSH R eﬁégg‘tﬁn§3’§é% atﬁjgrf’m%e A% ngctl on.
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geonetry has t advant a d wit | ow di stribu 01/ 13054
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Al t hough [ gur escord\lé® ceReiimieht! rbkitenb£can oplidiglipinkludt 8lrdcas8lzePRirtcedd a

i i t associated with each flow distribution_chanber

single fluid e hadgs

110, each fl ow!™&f9%8EP{ %Wi‘%ﬁ?’@ﬁ&%éfaﬁ‘é‘ éngrtetpad fow sepiamment fpgppes | urality
of fluid inlet c@x@ﬁpﬁor@ﬂl‘éﬁa@d’tmg?la@eﬁ uthahbdivg Elfatcfizlﬁlélaﬁszﬁﬂﬁbﬁlé dindd@et S.
illustrated in Figure 8 | ow di stribution chanber can_be partlally

defined by a sé&%ﬁﬂm&t@ﬁﬁ?é@ﬁﬁlamhmanhéfﬁm @@”@%ﬁ*@rﬁ?%&%gw‘\ﬂh‘?%ﬂ #om t he
side of the prRORsSidWaitdbe 24. The flow distribution menber 106 is
positioned between the flow containment nenber 94 and the second flow

cont ai nmekt nenber B4ingEteating chambatd 8 thincludarevsrairfiomt distEhiion chambesn
optionally i nC'l‘ﬂG‘?ﬂexJn‘é&&%?ﬁ?%r&ﬂg S A?E%M?av&%ﬁﬁ@%&&a@d'&@cﬁﬁh@ﬂ plate

26. As a result secon ont al nnent’ can support the
heating plate Zlﬂtanmé'rm%wumrpﬂfbﬂfehezl@amhwberﬂﬁush agai nst the

processing be 24 or pl A 1 BAResGHosE SecliOf SEheRGHARERe 4f3EraRE Q6 BRAG'Y LUDE 24

and
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 into 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



the heating plate 26. 15 A single heating chanber 18 can include several

flow distr chanbers 110 positioned at different j a
resul t, ‘{Xgﬁf can be treated at different di stancegg#lﬁg’hﬁ?ﬂésupper
end of the heati ng chanber 18. Figure 9A provides a cross section of a heat

treat ment apparatus 10 having an enR3rged fluid inlet port and an enl arged
fluid exhaust é)ort During treatnent of . a 20 wafer, the wafer is
preferably po2d isiparially Q‘Eﬁ%ééﬁt‘h‘fvﬁégl?fb@@étngﬁbﬁuﬁtll‘bPOSE‘H@e‘? PRPRPOFIAS et port. A

portion of thgafddthel Ad & %mﬁoﬁﬁé’ﬂ&wrégﬂﬁcfehHi'nEvJahQsz &AL AR opOr ti on of
the fluid exhaust condui nbine to forma flui sagé 112 with a

S
subst ant i al | ypositions raative &g s Sluisdnlet eonduit gedhefivig e@b@xetrmmg@} /¥ ough t he
portion of th I portion
of the fluid @x%g%sslgg%rﬁﬁst&%gwcgg‘ (Sﬁg’r%éaeﬁu &aﬁ%é;ﬁcgﬁ% gﬁt@g’?o Eﬁs ecti onal
geonet ry Smeandefinirg Willsild4 ftecvre &t separate the fondinle contduisdroof the Auidfekimnstpassage
112 is substa H,ll 1 Iy ret ai néd through the flow passage 112. This allows
the flow pattern | 'n the fluid inlet port to be retained across the fluid
flow region. As a Aélswldlstnlv\hmn na:rrﬂuleul;ﬁtxypmttdned\mthmaheﬁméthletnortdue fluid
inlet port, the,plug,type oW i s anti ugh the fluid
fl ow region. %W'Eﬂé %O%E' nst,’u O%ngéerggétwgﬁlﬁg? mkhgc dSelxﬁ ét;]ube 24
| ooki ng down ¢duidait.t Aea rdsulpe fidw mletabm@nehmbéfedoik fal‘mbdfmgnktfheﬂ(ﬁdnﬁlea Cross
section f t he processin e,2 I ng i nt,0 roc tube 24
at the dfi s nEeu *F‘Hg‘}tel%ﬁt‘b ’ﬁ? 'étjt oﬁﬂsﬁ?‘tﬁﬂs&’é’(ﬂ%ﬁ‘? BEFPOSHY 20202 23
96 is partl al tan Héq;tmﬁeﬁhdhymfelmm ihREpEordinigNhd lgn MR bt Gie Tl eRpik | oned on
opposi ng sides of e fl 8W reqgi on. Thebggt ow re% %l def i n| nﬂ wal | s 114 can
have a vari et PRt Tty diiobpdonmeryhers 106 ygeverte fprepditht 24id SR AT eVennd t he
fluid exhaust the igttiof thefRid iniePSdndfi€ End/dritBMiEd Skhalist cOndUitO RS aSesulti e Of a
processi ng tube 24 where the flowregion 5 defining walls 114 are sized to

separ at e t he fPvdistibyfigr mephers o frtcewﬁter?eplflt trea tlawna theflud-Ravypassage A 11 ow
di stributsi on gpnber 106 is positioned within the fluid inlet conduit.
Simlarly, a flowdistribution menber 106 is Eosit_i oned wthin the fluid

exhaust ~conduit. e fhid wdgycenduy apd the flyidsaxhaustieqngduit havgsbape matehed tor or ned

within the fl H'xbghdp@lo?{hemlmtﬁkn@@d&%ﬁﬂlr&ea hige filidl ndweedidtgd nagondui t . The
flow distribution nenbers can be positioned at the fluid inlet port or

al ong the | enytdth gfout the “1“#1] pﬂthemém 38. Agarsuitithe fiyd ifleteandyitapd thsut i on
nmenbers 106 Sﬁﬁlﬁ%xﬂﬂs%ﬁmﬁt{\/g Gn(ftflsl,JW:! 0;1 It}%‘%r&)élltof éeSbafer diameter. Similarly,

20 the fluid flow region 96 has a thickness about the thickness of the fluid inlet port.

()

L(_)

As aresult, 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 conduit allows 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 fluid inlet
conduit.
Although illustrated as being integral with the process tube, a fluid inlet
conduit and a fluid exhaust conduit can have shapes matched to 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 abave fluid

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



the wwdth of the fluid inlet conduit and/or the fluid exhaust conduit. As a
result, the flow distribution nmenbers 106 encourage a plug type flowin
the fluid fPOABHEEage 15 112. The fluid inlet conduit é’ﬁg‘ﬂ{% 2282y d
exhaust conduit have a shape matched to the shape of the fluid flow region
96. As illustrated, the fluid flow  region 96 has w dth about the w dth of
the wafer 28. As a result, the fluid inlet conduit and the fluid exhaust
conduit have wauldrgsd inlWheating fiae 28, dduidafilet tvadwin®eandchi fhubexbaust Sinduk 82 | y, 20
the fluid flow{r)e@c%ﬂon 96 has a thifcﬁnasfg about %he t hi ckness of the fluid
inlet port. ASCHTPELET PPPopiRg St A4 A B EBIRAAPt and the fluid exhaust
colndui t have ﬁ t hi CK@%SOAEmvidH@h?ibe ﬁiﬁ@roﬁ)l&iuﬂgrtsesldédi@xe& tu'd;srkﬂes&;:]mrfa” hedeJi d
inlet port. The constant shapes. of the uid inlet conduit, e ui ow
region 96 and frﬁéla??%?@eé‘%ﬁ‘ﬁgg is T Ed S AR ril‘l‘bé"f‘?‘f’%}?e&; ks %"%‘@B‘Fn a

simlar flow paatesicB fdrRo@BabtingfindsbRiefbits 814 Rtigle, 6NN linfite@tdf hund f 1 ow 25
region 96 and the fluid exhaust conduit. As a result, the fluid flow

pattern at theSoifERddrsulbinry. sbieoncarbidre oRaghe R e fisedcdirer She PAROThe f1 uid
flow pattern imid be afdngbdhol el parfi@Ritishe ofth 2R tiglkidabs Aljgdmas bei ng
integral with the process tube, "a fl'uid inlet "conduit and a flui d exhaust
conduit can haVemBpapts Paseisn el hese iowdharmel canduchvity, gpatpen 30 286 1dhd can be
i ndependent of a(ﬁﬁﬁerﬂﬁ%?ﬁﬁh@&;&%@ﬁiegf&théb‘sh%k ng,e processing tube 24 can

t he ve urd c}

include a conbination of t I elTvery systems. For instance, a
si ngl e apPhrat us 10Thsaomen sicapd @18 hayee d hpightvehictOis pefadahiy Sbdy RGEL 18O 22202
24 arranged in I 6 Luid inle duj fluid
exhaust condui %h%lga&tﬁ%)%gf?%ﬁée b%ﬁ“é%ﬂf%’%? eg”{sﬁ gaesftgfﬁbé%p%la?%ﬂ&%\}v&r egi on 96.
Figure | QA pr svitess2 & =i deshed epetiodr astiusttagrdsn 5RudeldBg iSpecifaliprovi de t her mal

insulation. Th er 1S, con ucted,froma pluralit f ers 116.
Suitable 5 ma %$$§§ion 8‘?5‘1%{85%25’? P ]ﬂ%a%{yﬁacefvﬁ%?'é&%arﬁ? re o?f%m%(eﬁg?uﬁpgg?but are
not limted toWhgnand shute\seiedidaig teceivalia anahdrisinater 62t enbetpadiee quart z

and fused silica. .The ne rs 6.,are arranged to. at.|least.partially
define opeh ai Pppﬁﬁfﬁ%%%’ggZW%eé#j%ﬁ? 'éﬂ?é‘?ﬂd[”’ FRgHeE i PTdeT tcBae"(‘?ger% air has a

| ow thermal cop@dadion bf partidulbesen OB @Latiag Eha®Rs1818 add thernally insulative
properties to the shutter 52. 10 The_ open air 118 have a, hei ght which

gaps
is preferably slighPBye it gevidehaior viemerltsn %R?\"é%gz BRenhOR R AR 16. The
open nature of irfthe€otditrictBa pssidokBliAdila@Wen FiBfe 1C. The shutters 52 include reccsses

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 shuiters 52 can be moved together so they forma
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



shutters 52 to be neshed together as illustrated in Figure | OB.
Specifically, a ortion of one shutter 52 is slidably received within a
portion ofwér‘?yﬂ?é‘{) shutter 52. \When one shutter 52 is SFFHHB‘?"W@écei ved in
anot her shutter 52, the nenbers of the 15 opposing shutters 52 preferably
do not touch one another in order to2avoid the production of particul ates
in the heating chanber 18. Figure 1 | A provides a top view of the shutters
52 when t hey passagsway 64 oanct claspd tolincredss thetesrinalgsqiasivntof the codlingst rat ed i n

Figure I C. The sh ks € . i metry
mat ched to the si zgggﬁ{ﬁggg%gggk%g{g%a@%gﬁggbé%ﬁ}@gy%ﬁgﬁ%%ﬁaﬁfﬁgpmf er
hol der 38. Ac€wgudh Hdl iy desiable whiem theafafer hhidexdt is &sitioneposthe cantiegd i n t he
heat i ng chanbgﬁm% %rgfle shutters 52 can be noved together so they forma
passageway 54 W hn a 'shape approxi mating the shape of the shaft 48. Because

the passageway 54Figas 1aCdlastateshsiafle isbuteofpiveick nircbeyustdtotdeinsthatize 48, t he

shaft 48 fits nugly wi.thin th assa 4 tor ce.exchan of gasses
bet ween t he hggﬁ‘f" ﬂ{g"@- ﬁﬁ‘gte sﬁ%tpeéﬁzlr%ﬁ%@%%‘iqep ﬁﬁeﬁﬁgﬁﬁ’z‘?&fﬁ’eﬁ'ﬁg&?o reduce
g gdi $th ive Eea'ﬁhﬂtﬂ’eﬁﬂ&fvﬂén thé sHilted $26is b@sgadne@im B ctiﬁ%pésﬂlidn@dﬂ?@bdf?g Chahrrber
: is shape can al so.serye.to  reduce radi ati eat transfer fromthe
heat i ng chanbg?ldirgxst’ p‘ﬁ‘l‘é’"&‘gm‘f“ﬂ?dhmﬂ’lﬁa‘iha’"g?lsFi\% Grees I%OEHS?%VPI%S a top

view of the shsdpteabsghiBat\Wieihuitd?SY cACOUEA aafbss;ﬂmeg_&ségreway b BetROdi the On such as
the position of the shutters 52 illustrated in The shutters 52

] igure | A

are slid%ar é?ﬂi‘lﬁéﬁh%‘ﬁtifé?%é‘i‘dﬁﬁjhﬁ‘f‘é&@%?WWFMeWﬁérb‘é{g%réééﬁmay 54. \Men
t he wafer hol ﬂgg;ﬁ&,%divﬁthmggggagﬁgglmbgmgj t he cooling chanber 32, the WO
01/ 13054 PCT/ US00/ 22202 25 passageway 54 can be closed to increase the
t hermal isol ation &he shyiers §iiustgptedin dngyses 13- HiCoinelnde nungle regessRdtber 18.
Accordi ngly, ShLdEE Radr.at i j i i abl e when
the wafer hol 5%5038 ii‘ﬁ{l%é;?ﬁag%g&g?ﬂ%%gﬁglggaﬁgad%’#ﬁ%%‘?eggﬁ% Figure 11 C
illustrates ashitigrgl5@ caminciude a phurajfty effreeesses B0 {ps eetommodatingaplumgbityof ze  of
t he openjig. Iﬁ%ﬁtsib@de?eds‘%d{&%ﬁ%l%&%.“des a deep recess 120 which

S 2 en the

recei ves the utter "5 shutter 52 is positioned in an
obstructing positi &ithensh therbutigss &% illusiratedeaboggare eonstudted fsered plurality of t he

heat i ng. chambgiodfs 1THSaLPAERS. b b cAEIGLAN YoindleRRmBEOUgN thal t he

shutter 52 can exte across the passageway e en the 10 cooling
chanber 32 anddditiendlyaeichgasshgewiap 64 il Bistrdtechatiomeis\waiistuctad Frdertwa 8hutters

52; however, the apparatus 10 can include three or more shutters 52 which define a

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 a
heating zone 122 as illustrated in Figure 12B. The heating elements 20 in different
heating zones 122 are preferably controlled independently. When multiple 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 feedback.



positioned within the heating chanber 18. The shutters 52 illustrated in
Figures I Al ICinclude a single recess 120 for accomobdating a shaft 48
coupl ed wi t wadiasesaf er hol der 38; however, the shutters B2rassp2izoc| ude a
plurality of recesses 120 for accommodating a plurality of 15 shafts 48
coupled with a wafer holder 38. Al thoygh the shutters 52 illustrated above
are constructed froma plurality of nenbers 116, each shutter 52 can be

constructed fro a S'I‘Héﬂnﬁhﬁﬁmrba%@1246Qﬁ$éﬁo%ﬁ@$Jd>benﬁ@§melB@§§x§Q&%y 54
illustrated above is constructed fromtwo shutters 52; howeveéer, the

apparatus 10 cadr2pridnsigtedimFigared2Cnds dllustiaied @r@%?i%ltwhm} igelation20 si ngl e
passagevay 54. gl fx.angk E&r ex%%%%@@&iﬁﬁ?}é%aép% & B e‘%sx & i ch
I gures A1 I

nove i nto one recess. ustrate possi angenents for
the heating el @n@cﬁméﬁlewgd&anmdqmmmm@admamemOOChmmi,ltb%@dmalﬂ)ove The

heati ng el gnen . r 0 ri ngﬁ 122. The
heating el gmeng‘%l%lgn ?gnrﬁ%rgggb?xlt%ﬁlﬁgmg%?rﬁ&a On%&%rgﬁé’%itg’g%m e(agfgr?anged in

concentric cir &kesupls to tHelsdtingtpbek 260 Fi gur e 12A Alternatively, a single

heating el ement 20 wth a rounded geo ry can ogcu ating zone 122
as illustrated in F%%&Mﬁ&aﬁ?@aﬁéeéﬁg%ﬂcgﬁ%cﬁg Crg%% t*ﬁ’tﬁ"gﬁ%? %’%ﬁ‘ ent heating
zones 122 are prozhedddiylthe mamig sdnhentk 20ria aifferaiedatiyg zdﬂkmmﬂstairadua theat i ng

el ements 20 ar |ncldud% in a particular ati.neﬂ éone % E t6' ng
elenents 20 33°¢EPIBEIAR R BUTFHAIESHNE SRR direpted &9va ‘8?“’%“??36 A el or
can be Ind@pendemkbbbc@@iﬁklhﬁie|2ﬂdAc£ﬂ@fx%I9%ﬁﬁﬁﬁbﬁtsﬂﬁdehﬁaﬁﬂx@&xﬁﬂhhdﬂmghe center
of each zone to pI’OVI de.  tenperature feed W) 01113054 PCTI US00/ 22202
26 Ther mal i solflMedtOstiestipamariyhe porionf thoksptingites 26 1 Mo BRCeshiBe Hbst i ng

zones 122 as ihkashiaad QAthcém el AphE@Rd hdiing A8mbhil20S Wk at&dt ithe thbedar € 12D, the
thermal isolation barriers 124 can extend fromthe thernmal insulator 16

toward the prodselspmbarrierpd2oservedp increasy thadegmgsr eantobovehbeghesddssi ng t ube
24. In_anot her oAl Wad il \GEBL: 18 ixs@babiap-habil otsiidAcaxt end from

the insulation toward a heating plate and can ~be coupled to the heating
pl ate 26.15he Prosessiag tubséﬂaﬂmmawchd@r@s seztiors ¢ heatingetements 28epds tal k of

the heat  pr odugeruiNdieuingt 198 IR @B Bt bt Pauia | o Zones

122. As a resu t he eat produce ticu eating-zone 122 is
di rect ed t owar tectahgulivezass sagtipl. at e 26

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 shaft

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 piece which is
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 seal 128 is formed between the shaft conduit 126 and the shaft 48 ata
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 increase the thermal and physical isolation of the cooling chamber 32 from

30 the atmosphere. This isolation enhances the controllability of the atmosphere within
the cooling chamber 32.

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



10 or the processing tube 24. Accordingly, adjustnents nade to a particul ar
heating elenent 20 affect primarily the portion of the heatin | ate 26 or
the proces¥PAY¥he 24 which are adjacent the adjusted ﬁ%ﬂpﬂqu’g? enent 20.
As a result, the thermal isolation barriers 124 serve to increase the
degree of control over the thermal @&nditions within the heating chanber
18. Although Figures 12A-12D illustrate a 15 processing tube 24 having a
rounded cr ossexpoged: dior inshapce, whil¢ thg wafes gd istposifionedrwithin the haatingichanker i on

barriers 124 ?@,Eﬁx%@&i@‘tﬁﬁ&ﬂ 4BGABASRL H&tiﬂ%?rﬁﬁab@r”’lm\é{sfh _ Bowkik! angul ar

cross section. . ustrates an apparatus 10 having a shaft conduit
126 ext endi nglover pertipmsofdipshiafi g8 edtaimbenier 3dnpetdteres beshuse thayded neartPheenc| oses

a portion of . shaf t 4 ' . ' 32. The
shaft condui tqugl@ggginmkﬁég?ﬁ?‘gﬁrfb)é%a%\gﬁ%%g?pﬁgd @%ﬁr@g@ﬁg %%Hg%%%shanber 32
or can be an [Thelpp@tivdaifthepeade! vdmatdifrom theadoblgvhdmber 2hresults Anexpadurd he

cool i ng chanbey,, 32. ernativel e.s condujt 126 ca a bell ows
(ot shown)  RGUF Ris! 24F SIRRrmarsht otshEsBR Wit el feeucyEthe sl 126 %10

di scl osed abowerecaithiber djipritas the @bolihgehiwhben 32.NA&s 3 baalikt, thopuditioh ofte. 25 A
seal 128 is for bet ween the shaft conduit 126 and the sh 48 at a
bosi 11 on i CR LE4 BROIEm R CoNBECHBRTR 42 CHLAFHES BBt e S8 A58 el ves
to reduce theef£8&ARLR 288 cdd 4b6lainklyprestie t1zQed1i1D8 Thodifieiced2thaRel @28 t O
reduce the entr fluids fromthe at rmsg?ere into the cooling chanber

of >
32. As al% esuF“f’%/y froa theroplingehamien 33ds prsterahby eayaldo At thedRBMUMNd physi cal

i sol ation of 4hEANSOPkibIthe ShATIRXtAEs Tl BAibpenayapsaher e. This isol ation
enhances the controllability of the at m)sg_here wi thin _ the cooling chanber

32. The renote | ochtsFA2dranbedomnsgjat the gune de ERENHRMOELI AN t he seal
128 is WO 01/ {3@58. RGdd MRP{ 2842 A alteflatife ROSEDn bE 9£ed'ix'i‘§6n?ﬂﬁﬁon Whh ke t he
h the h g chanber , the

wafer 28 is positioned wthin eatin 18 portion of the

shaft 48 wi t hFesl 1ifebetiueenithrshaf 4fed the shaftcardnitA?6- However, | ower portions
of the shaft 48 retRl f.G®oh Blo Pe‘?d?&%ﬁ@h’r&h%ﬁ ogﬁ;fegélﬁﬁ tﬁr{ﬁ%aﬁfu@l&eﬁﬁx‘?ﬁg the

cool i ng chanber 32 and/or because they spen SsS tl I n the heatlng
chanber 18. Somsetion®siheihsat trehtmentapperatus 10 therveaferthelder Pheanths pegibenedg chanber

than woul d oot e ibin B Hefe3libek 18 dhing YEmAR Sl 28 18 2001 ing
chanber 32. Atemperagmel Howeven throwafed 28s plefardbdy pastimined stecleseriothe heatiom t he
cooling ch aan{ate??% i TheIREE cduBELlTHL lelgerSStﬁmacluglJr %ﬁ ailI vetleen 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 proximity 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
25 may be operated in a non-conductive mode where the wafer is away from the hot
plate.
During temperature ramp up and when the wafer 28 is close enough to the
heating plate 26 for conduction to occur, the percentage of heat transferred to the
wafer 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 the heating plate 26 and more preferably within 1 mm of the heating plate 26.

However, the distance between the wafer 28 and the heating plate 26 which is



heat damage and can accordingly preserve the seal 128. The di stance of the
seal 128 10 away fromthe cooling chanber 32 is preferably equal to about
t he maxi numwﬂlﬂg'l?’&?‘i‘ce whi ch the shaft 48 extends into thePE8&ISING202hanber
18. A seal 128 can be forned at the junction of the cooling chanber 32 and
the shaft 48. Such a seal 128 is an glgternative to, or can be used in
conjunction with, the seal 128 between the shaft 48 and the shaft conduit
126. 15 The i nveqtitedto ahige p pirtitida degreaofbthndsiokedtyeoadicich & Aguabpar at us
10. During ope i,on of the.,heat. treat t apparatus 10 the wafer, hol der
38 can be posi t%fgé\eéglnpeéﬁtng%%ﬁﬁt’f‘ﬁ?ﬁtet#g%ﬂé’ﬁg%’ e B YRS  he
ranp up of the heafigypl@826 IseppokiatattlyeI00POWRY Wifer 1916 poRtDly pRitiosedr ef erably

positioned so cvlv. se.to tpg eati&g QI te 26 that the heat i s conducted to
the wafer 28 thr%ﬁ’b%%g‘t\a cafpg NAE ROt Hewerrnydish tiederpresatwe obthg hertiBe waf er

28. Becausé t hglual@fs aBfrokimattlypSDOPCARE Whiknd B gref®aly pdsAbRed wihiabgd fromthe
heating plate 26, Wgte close proximty of the wafer 2p8 and the heating

plate 26 causes™ g pipts 2p- Jae éé%ﬁmepﬁ%@éé apyth besiing altiaat i on
and _ conduct i 016 cHiBs furleuiidleald ANSHAL whBCARRIC HoRt A VidiRaG) B CC! o7 at ed

tenperature ranp up. The invention Is not |limted however, he heat
treat nent apparf®f in§lapes, theyarppumsiscan belincisased hy moviog thectdfereloswdethsher e t he

waf er is away fh%ﬂmg:]ph‘é?ef@t plate. During tenperature ranp up and when the
wafer 28 is close e€nough to the heating plate 26 for conduction to occur,

the percehfage of hEure 4dHestreies thd head fuk due tnaidiatioR Sorbyarebmithutht hen i s

preferably 20- Q% 0R" : - 10% . 30 i ng the.
t enperature rag ug?t?)hcgn%ﬁ Iérira&g‘g& ?{]sfg%ﬁﬁé\?lgp?%%%ﬁmggitﬁ Y’%f%é%"%%%emeﬁ“’% nm of
the heating pl &tae 26 Baatiransfeeouesinmindp by radiatibn, hodevemasfiiisirsed)@rt i ng pl at e

26. However, ISt vween the wafer 28. and the at i | ate 26

which is WO 01/&) %ﬁ%ﬁ@?@gwﬁf%&uc&@ NGRS Wi PIB’”QB%OE%‘ ril%é‘?ihif’cul ar

degree of heat htatmgplaty 26 FobinseasrgiO00Wands? mnf fiis tHe®Batingfpldd B, iRPer at ur e
e tenperature of the heating

at the heating,plate.26. For jnstance en th
pl ate 26 ?gs apggacg)?(liuﬁ'&’t‘ee‘iofo@f%’ﬁ@n?%@W%&“@%"fﬁ%ﬁ tofeklicat B3t ops¥e: #oned
Wi thin 2 nm of 9607€ dndatrmndropl thé ReaBifi plHIRWEVEE heaBNddchS cdr@iRRA Ur e of the

heating 5 plate 26 .S approx) el 00C, the wafer 28 is preferably
posi tioned wit ﬁﬁ%ﬁceg.t%ab i ‘f“‘ﬂg}th"eéfﬁ AfPt PBlat s essultrp wafer ausihedlased ween t he

waf er 28 and t heclbeatdxigitplodh@heads MR 266 M1 GhtaiH i WndhiEsd ment of the
wafer in order cgn%ugt?vrgthgglﬂu;he heating rate.

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. Alternatively, 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 characteristics of a fluid 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 to 600 r.p.m. and more preferably at 5 to 15 r.p.m. The rotation of the wafer 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



For instance, the ranp up rate can be increased by noving the wafer closer
to the heatin |late 26. 10 Figure 14 illustrates the heat flux due to
radi ati on ‘EBHBg’Pgd with the heat flux due to conducti onPGYUMB228% f f er ent
di spl acenents of the wafer fromthe heating plate 26. Heat transfer occurs
mai nly by radiation, however; as illa8trated, the percentage of heat flux
from conduction increases with proximty of the wafer to the heating plate
26. For i nst atheevafert28 gan@seaprdvide a mord yndierm therhdduidgy pl ate 26, the 15 heat
flux due to conduckj 4 ; ux. However,
at 900C and 1 mm i){r‘%%héf ﬁeéﬁfe%;{mtb@& t? teg@,itg?ftp %g%%lég%ﬂﬁg&g?%ﬁﬁeé to

conducti on isshmwdd@@mbmmbwmddkmwaﬂaihodﬁeo% tdncbet lowered imtathefcbalmg As a

result, a wafer st, b | ced in_c OXI 't t i.ng pl ate 26
in order to ogl?agfmér%%ﬁe‘gﬁag% Foqdétmé‘fcanggﬂgug? RS ﬁte'é?wgfe be% fce a tar get
condi ti ors haswhgeDd8 Aatmewddroni the hafenhdlder 388 Foi instakidf e wAfr 286an Hze treat ed.
For instance, % t he, waf er og. reaches a t rget te erzgture adnfluid can
be delivered FEEEFIRYTHIDARRS of (ATt &gmPEratureg Yelorn e WAF 28 iSRevEhe t ar get
condi tion hasohaksiwafehhdldedsat the wafer 28, the wafer 28 can be backed

o o D sor g olnigoReemhodiant f i PronDEeTaE: 2 Wale! GEr b Bt Dot 60 2

coupl ed with &eaftﬂnﬁht@p?aﬁﬁtﬁi con@igied to &Smetre m&aﬁmwrﬁ\heskﬂlgl dTieOvazet 1 ow

characterjistics of a over the wafer by |nc}r‘rgaa5| nglo t he cl earance
Walg

bet ween tthe wéirepriesdythe wafseholderds PfQVlSFdatMorzepe%ﬁﬁail eptndof t he
waf er 28, thephy{tmés o ?ﬁ&atﬁ?xsrp%ﬁdcﬁdvﬂ?éh hialrfkéstBeriiaPsireRE B thd@h@er 38.
When the wafer 28 is rotated wafer 28 is preferably rotated at 30 O
to 600 r.p. m during heating gad sp@mgrn thedeatitreptmentppagtus, Dyreg hegting ofotheof t he
wafer 28 can {gfyh th@h&'hag/b}gﬁnb%rfﬁ%&r#ﬁ@faf Qfg%?ﬁ;@%%r%mleétﬁﬁxﬁﬂ?é er 28 to

fluids delivered into the heatin during the treatnent of the

waf er 28. Therap&lnathia@ﬁle@ﬁntmfme/wg’gsﬁln@wlmgomm;zg thegeripherahadasr 28 can
al so proy de gﬂqg Rk b £T TRRe Nas been

treated wthin the eat|'gl)({;?lirg{’1‘91?1%l a@wgﬁa!nth 3Fe{e?§e\gg¥ec'an e opened and
t he waf er hol dléfereaeesommmmbwgen the elgeland thootnterpf thehwafrerea8?. A t ar get

condi ti on cany 1%99% %F%%rhslyﬁlgé\%&ert %cly\’ﬁlfe al gt?esp faPJ ;\%gl}lgﬁatgcgwaf er 28 is

renoved fromt For "1 nstance, can be
reduced to wi partienlarty zthigh tcxhpetramgetandearﬁeardatpuﬁmblse Qfdh@semntdméuwa’f er 28 is
r enoved

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, a recessed base

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



fromthe wafer holder 38. In another enbodi nent of the present invention, a
waf er hol der and heat treatnent apparatus configured to pronpte nore

uni f or m heaworng/issb4 t he waf er 10 supported by the wafer hotatarseém2qr ovi ded.
More specifically, a wafer holder and heat treatnent apparatus is provided
whi ch mnimzes thermal stresses in the wafer during heating and cooling
in the heat treatnent apparatus. During heating of the wafer in the

heating chamber,d igrsngs 'wﬂh%@‘ilde ﬁgg&ugfsug;m AR REnbh bfm@aarer B0 € ! api dl'y
than the center of the wafer. Simlarl during cooling eri pheral edge

15 of the waf eroteliqniof thsaovafetsweportoThe walst klder f hhis cw}?éeddémeéha #8 whish waf er .
These differe yoisl) enter of the
waf er create %ermﬁllogv?ress‘ziépv}ﬁ%(%fﬁwﬁe vvalg‘%er. uﬁi’g“&@?n&al stresses are
probl ematic, parti GGPMMramdvahtagh tlteemfmfmdqrh"ﬁimdms emedgeetfertt o failure of

the semc Oﬂ d uc 1;m F4\él %%%e e S&gglfl ﬁ%rﬁx Qesaé nc{w the 3‘3%% %fegﬂmeﬁée% 1&?&1&3 probl em

the wafer hol det & and appara I'nv configured to
sl ow down t he tdminimize t}&n@n;matﬁredfffet-dnéalpm bmebeﬂve@dgewafe. edghendvdfeer . This

is acconplished | oyi n fer e effect nenber

| ocat ed pr oxi nﬁ?’gé/rtc’g@tw B FSW gﬂ&@ rdﬂéq'ci%méﬁﬁt@e& t he

waf erd One enbgﬁrhmntruﬁfngaag‘ﬂ@ftemghm @l&rwdﬁél\hbllailerm}ﬁdxgga;eécfgeeffedrenber hi n
accordance 25 with t ent inventjon is illustrate The
waf er hol der 138MHENL QE&F‘P"&E‘“@ W&“EB’@E ‘Jé‘ﬁémbsrs hegie LGy el Cl?l.f%bégtqm ers 140
and an edge ef hegipofRrdader M%ompﬁ&ao@agamasegmﬁtsmaﬁh@trex&um«e&nﬂarenbers 140
retain the wafer 28 in_the wafer hol der and support the wafer in a

substantial |y @leEgEr olhnafer and an ey adly syisping edsgeierd membarni4day be any

sui tabl e suppokbsifGRRDesS 1R 1REGNHthd balL bBd 140 WWed3Deat himbd-aun desi gn.
Exanpl es of suitable support nmembers 140 include, but are not |imted to,

a plurality of iafpeasdapa ieom Searrigheps pdge of the [wafer B&.s Ehandge effecamembissed base

pl ate, an annul f t waf er
Cuppor t w0 01/ 1 S0 e R B Pl O AEe s e Bl el oo B i e

support akd regxmdsopwetiytinem thaibeﬂe p@m 141gnd eupirales orrings at lnest apdréen efupport .
the wafer nol doF PR cHREPIERAR 8 2t P cfthe p BRI TN, (ol ar
advant age, t heem@mbs tHacsthaal?psnphﬂaﬁ edieof tha m&gﬂnéiﬁoemefﬁrahbnmdgaﬂ As
described in f gffécrt]%%m er 1%5 lencxrcles Yie enr| 2 pe peri pg]%ryec}cfft}%cvgafg'e npne edge it ts
member 142 may be formed integral with the base plate 141 or can be an
20 independent piece that is attached to the base platel41 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 periphery of the
wafer. Thus, in addition to providing a thermal mass near 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 edge effect member 142 provides a thermal mass located near the
peripheral 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 mass lags behind the
temperature of the wafer during heating. To promote this behavior, the wafer holder
30 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 in



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 treKe apparatus Turning again to Fig. 15, PLRSQMER hol der
138 having an edge effect nenber 142 according to one enbodi nent i s shown.
The wafer hol der 138 includes 10 a sWdport nenber 140 conprised of a flat
base plate 141 that extends the entire dianeter of the wafer, and an

upwar dl y ext e hd Bfaks heldermatenalntybich wilp propids i shitablethermal messanciudeer  edges
of the base p'b@tta‘???r&]hmﬁm?o ‘ﬁqg@z gﬂll&e edlgg‘g?zpélﬂéedé SQ@&) doRBkdic.f rom t he

peri pheral edge of the wafé ‘ct me 2 is conprised
of a vertical The ereholéct a(ndth;eda@cﬂmr mtmbériaes twpxbdly)focnqdmﬂﬂwrsamand that 15

ext ende Upvar dhll O %, BERER 2 ek b PSS BlL Bl AR BL o=t
ef fect mefrber addt@r tz)e:.fcther\nzifashoﬂdeet}mu\bﬂltmmmeai sxmeblephanﬂlmasdgé imthet he wafer,
and nost preferabl 142 en |rc e _ent

peri phery of ﬁ?@e\%g? ?0 %ndg)%@g@mé’fwge&?ﬁxé%&ngiﬁ L&géo {IW& i nt egral
with the baseap&r@befa.txbhtovs &eawmhebe&rgra&tpmanﬁeﬁnbpum&nthahoswfattached
to the base pI e 141 v u uch as welding., Ln this
enmbodi ment, git é‘g H"Z&é SD&aHWS'SVeS‘F#éSthESEﬁ‘ﬂ on of the
waf er, thereb)toxecn@cﬁislomgolamahﬂfm&kn&aaﬁdmé mafefilNBatabrerigties ofdeasiyy, of the

waf er. Thus, |n a}ddltlon t.o, provid c&rg a thernmal rrass@gear t.he edge of the

waf er, tHe }Fétcfm’r?@ﬁ%’é?“dlra&e ibpca bgsrlectep pr F"a‘thFSFF"éﬁanatl ng from
the side wal I ﬂ]e%al mas idhe§abionstion el thubhee RIBAI BhpashraPromer 142

provi des a thermal mass | ocated near the peripheral edge of t he waf er.
This thernal A8 WF Vrfepsanberaloreda Rfironrse dilffament bpgee! brlnmharrafusanduri ng

heating if theifRRepal o eardh mlah) SedultS BifRleni RS sh@PRcdiRiAl Htint bifse cfrgiPEr at ur e

of the wafer during heating. To pronote this behavior, the wafer hol der 30
with edge ef f Eembgeninsa silisorjwafey telesizedpbiestive is miqely tqraEemize thener gy

absorptipn r @énll&rdtlﬁ% qg&xaﬁdﬁ%tlﬁﬁ"@ﬁ waker 1haeb¥i@f3§1r thé ge@idithe SRS, bt
material). The wafer der and |tse fect menbers wll avea

t hi ckness, spémsﬂhecadgeyeffsct aguebet i5 eawlqyr: mrma@te@ubsﬁnvwwfymsmng

PCT/ US00/ 22202, ggohﬁ%ﬂcros"sﬁhe% hol der materials which will provide a
sui tabl e therma I nclude ut are not limted to, quartz, silicon
carbi de, A1203, f ubetie piefdared embodimentnthe edgecdfectrnanber F4verdmegf teithehol der and

B

20 provndes the additional advantage of selectively blocking radxatwe 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 emanates from the heating source in the
upper end of the heating chamber. Preferrcd materials that provide an opaque or
partially opaque material include, but are not limited 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 cdge of the wafer by a distance d, as illustrated in Figs 15

and 16A to 16D. To provide the desired thermal affect, the edge effect member

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



5 and/or t2) of the wafer holder that will provide a suitable thermal nass
are in the range of about O to 10 mm nore preferably in the range of
about 0.5 twoiiesss with a range of about 0.75 to 2 nmm bEiTASOVEERD2
preferred. It will be apparent to those of ordinary skill in the art, that
the above described paraneters, such gp the design conditions of volune
and thickness and the material characteristics of density, 10 specific

heat, eni ssi Vi b¥rigReh é&gteloe&tewre& ¥8.CRRfepB1S me%eg@dfeﬁﬂn@ﬁ&égqﬁacem adesi red
thermal mass to ener%ﬁa sorption ratio and thus the desired tenperature

profile acrosé&istaes ‘@Pr"éé}?ﬁt%ﬁéoﬁﬁ 1%‘?‘@0&“@3’3@6@?@@1 eqgeof Beasferefpes of

heating apparatus aggileghd én%o@ﬂx‘ien¥ YRSt cHEh RlcmbBB2 LEAMTaRaGh Efzer ent
si zes and pl acenent of the edge effect “nenmber. For a silicon wafer, the

desired obj ect il§h¢ eonfigyatien afyheredge Frichinermbari 42 may taéﬁpémmfefomw at i on
wi thin thes Waf%)eﬁ!an@ee P%ﬁ% &&ﬁo&g&eﬁéﬁqglxw?ﬁé:eg{ﬁﬁé)l’sA dhus the

edge effect ne I's enployed to pronot& substanti uni orm heati ng
and cool i ng acholdsr witiea marilerconﬂiguratheapmafﬁpmm Bghldds ﬁhstra,tedt\wél ®dge effect
menber accor di NgLS o, the

Nt i.nvention. i.s Je or
partial ly opaquée ma{ye nemfi@ es?%fﬁ mﬁf“%\?‘f%’ggdf% eg‘%&??ﬁ% a afgt\’/ana}éa}ge of
sel ectivel y bl exdeptig thxaetnhxtdnmﬁlt JEedupporamehber 180 Groomphied o€ ad mywardhyr ceto
t he edges of the fer, ed ef D a vari ety
of Cor | ot at 1 ondtP T PoReREPIRe e P53 wiER Fipe T BSRE g "
radi ativeio heabp;ﬁd’séti‘l&aftbafﬁat baxe peaealmltlﬁat e@6ndd @sCantifeatihnhdter O the wiﬁral I beI ow,
t he edge effect nenber be pl aced bove t he ri.pheral e, of the wafer
t her eby bl ocki ﬁétcmﬁgve}%ﬁ%f‘?ﬁﬂ?ﬁ”? 14iis cergerissd °t %, g? Pc\ﬂgf ﬂ‘rpp?’illg kK ¥manat es
fromthe heati gy SPUEGE wmﬁ:E&esupMQﬁeﬁﬁ@rﬂéngt;ﬂq;ehﬁﬁw ng chanber Preferred

materials that provide an opaque or partial aque mat erj al include, but
are not limted to, Typaligmative FIPP%HS’“%‘PMP%B#&‘ Pﬁého"tﬂ’ Inf u@eb@s'ﬂ i ca For

all the embodi gt $héi@§f€mdnﬁmmg@mpnswsf£ ﬁore&éﬁsérm@aibﬁinadgesr)aced 30
apart fromthe P_EI‘I pheral edge of the wafer di stance d, as_illustrated

in Figs 1B an@ifasmemgerigd Ivénﬁothﬂida@nmeeé&esqfﬂe@rdn%WFmlsawafs%t%pmt he edge

effect menber ﬁ%ﬁxqgéjgerf%ﬁer&'eﬂ E6k (R v e SIARCRmhseddF a%BnE&htﬂi?Bﬁ%édmt ely
one inch fromthe /1305 PCT/ US40/ 22202 [)erl pheral édge of the

waf er 28. Pref &reapirgilel tohe walign cewl@daandw@mmqui@ ableasi @gporion gr thi st ance d of
opBr OXLTEL oY Bkl B AR BlGiR) il leialerpat. Vo
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
undemeath 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 edge 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 parallei to the wafer, cither above or below

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



15, the configuration of the edge effect nmenber 142 nmay take a variety of
forms. 5 Alternative enbodi nents are shown in Figs. 16A to 16B. In Fig.
16A a waf eVOOHYfer with a similar configuration as that PEHUSY2?392Fi g. 15
is illustrated with a vertically orientated edge effect nenber encircling
the peripheral edge of the wafer; ef%ept in this enbodi nent, the support
menber 140 is conprised of two outwardly extending, opposed plates 144 and
145 whi ch supfsée etfechmemhercld8ayill sxtend eves thyandencs e cappyoawhkr) the edgeof | at base
plate 141 th I €0 Qi nafively,
Phe. support  mosReie 0 Sk JEmel d- R e ik Spndl sl Blchay b ROl | 20 Y 143
(Fig. 17) whiaoflang sipigbletsupnionte Raaéxampld, onifjgi 168 wherd thhedge.effEvtonantieer nat i ve
enbodi nent s of .t r e [ i ; 6C. The wafer
hol der 138 igl4§é§§?s\i(¥§°fé‘§‘{ %%ig‘léggu%%%’r (o2 e oyl Pa0 18 %ﬁm@%g%“}% ef f ect
menber 148. |pumkhiysfembgdipmsito whehadgaredibgand exeddarpwbdBfrors thepaced apart

fromthe peripheral of .t r 28 dis ¢ | se f. @ horizontally
oriented (i .}g).n Z%Ig?lﬁﬁg%%fetcgmteﬂgerﬁ% gor 3ng8 eﬁgﬁ%dr%rsbgnghte% e@r%‘ci rcles at

| east a port iAlternativelyethe pis icplié batargetDiey abtheh@embdr extendingfremald y, the edge
effect menber . 148 encircles the, substaniial peripheral edge of.the wafer
28, and nost %rr%agllsﬁs PRPO{YP tbﬁ‘lnggarf'ﬁ‘g{’&@e§$ﬁeier‘€°tp5’é‘?‘?kﬁﬁeg§etﬁlf““lghe waf er .
The edge ef f efrig MBI behd&8d.may be placed either underneath the peripheral
edge of the wafer _as illustrated jn Fig. 16B, .or, above the eri pheral edge
of the Wfer as il'P H?t"’&‘ﬁ‘t“@tél"? Wﬁpf”&.‘e“iﬁ’&“%@ﬁ ltsﬁé"afi?lif'gtée E‘?ﬂcéggct nmenber is

posi ti oned ahawfibdrnes pglokiabfdidalbortEe wafer, tSupRiremhembdia 40vaf @mpheddder
provi des t he added %{fec{) of_preventing radiative heat transrer to the edge

of the 25 waf®-FtBf PRECHA? FHgedButhe £dgeriicrd 48 pbish hangs fm theedgreat i ng
chamber. Thi Seffebtnerfibld ahd R ah%u@vﬂx?dl#' B@E&abg piigscis3ofnidhsopeeendk firct
menber, helps to slow the _heat up of | the edge of the wafer and thus brings
the ranp rat ev&fgr tThe outigedly projastingegriien Ei3gadpdes g plurlity ofming 4 teent er of the

vaf er, yher emﬁg%ﬁqﬂgﬁﬂ?ﬂmtcﬂ%ﬂt@%&%p I s Wit UBhdrait 1 thise dFotdiidty L Vaf er
28. 30 To provi fect to the edge of the

vide the desirable thermal nass_ af t
waf er, when ipjke a5t supFosioperplanihéd may Bke 8 vaiely of conligirgionaiandis nop t he

waf er, - eit her;RhaMs uRf xR leMbodiefis WRIVAT herd. hﬁe%qgain%taﬁisms «iRARer 148 shoul d
extend over the wafer edge. The WO 01/ 13054 PCT/USO0/ 22202 33 edge effect

mermber 148 wisuppaskmemberpyaiide sseurepuppert ofibe Makr.case may be) the edge of the
waf er by approxi e piner Onthhifbe of B pPadBR HvendBrTP fiusttA% 8Yg REpC qPr i sed

20 this embodiment, the edge effect member 148 is comprised on two 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 to 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 plane of the wafer, and is positioned spaced apart
from the wafer. The upper and lower portions may be formed in onc integral piece,

30 or alternatively the two portions may be formed of separate pieces and then attached
to 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



of any suitable support. For exanple, in Fig. 16B where the edge effect
menber 148 is positioned below the wafer, the support nmenber 140 is
conprised of WO8UIPHrality of straight pins 150 which are EGFPEWA238Y and
extend upward fromthe horizontal edge effect nenber 148 to engage the
undersi de of the wafer 28. Alternativaghy, the pins could be carried by
anot her nenber extending fromthe chanber walls as opposed to being
carried by the eflfjecotihf aed uriferhgies infhd dbabMthd\Fafef bynfe thesmaAhmes gesitiugdd. 10

In the alternative enbodi pent sho in Fi.g 16C where t edge. ef f ect

ronber 1481 o pOETIIHEROLEO VB A (APIaFking fidems\mEran ShrE SR ge

conprised of amahsfelTapetie iBFERERd JfIke dhambéras g uedggeref f ect 148 which

hangs fromthe edge _effect nmenber and has .an qutwardly, %_r oj ecti Eg portion
i

153 whi ch projects uﬁﬁ%‘?‘er_teﬁ@miéﬁ?@fﬁhem%se%‘dﬂﬁéﬁ%ﬂ‘?“ﬁﬁ’r"ﬁ‘j‘%_ 55y BeAfi on 153

i ncludes a pl ur @l ikYerModenBind 3Aset Rold h@ﬂgﬁgﬁwﬁfé@li:&'EQ%@F\;@%,C’fhetWh?erV"af er

28. As will be apparent to those of ordinary skill in the art, the support
menber 140 may tiglaeseablalOgescrdly indudes g glumlitoelslifterminsild2 pewpledviadnt ed to t he
exact enbodi ment.f.,ShowE 19 Ber: LT W cToRe! Bl doRfected WppoOr t
menber provide s%?:’ute supp')olfrte e;cl)épstﬁlglep\fév\é%tgp?& ndéé't é%l%ee%%odsl_rrentm oltx'cpt he
present inventi ¢ned kfter pingd 72 athedifienpifs extenti@dd refmct ti2Qughtipsningtintlienent , t he
edge effect ne i J: L ORS, . 6a and
over 1566, port S Syt CRTBHIASH: Wbl WBaAGE oh OB er i (BREE L P10,
encircles 8 | easfer forporceisog, ibe lifttrpinsafextendth andipe waisol§, caned Hbmaliys
parallel to the horizontal plane aof.the.wafer. and.is pasitioned spaced
bpart and above Y A riigraror Giitmlcis pasdtE abaredlt rinsanfitEn platc n B Y0,
edge and thus pegtenrddé pinkhin 1BSeacded paiimh, thé pas extafd ddinaie migpvathelheight a
portion of the rg‘ﬁj‘ia ivgf t}eat transfer fromthe heat source in the upper
end of the chanBE®FEAHEEF Y edge. Coupled to the upper portion 156a is
the | ower portion 158bproddie e, tpOlifidr@ins kafbt thduptemt opalidgy in the i ent ed,

normal to e hori zont al ne qf .the wafer, and is positioned spaced apart
fromthe wg] er. SWS“HEH@FPL@GW “5‘8%\?}13 er RS *‘?%-‘r“ﬁ%‘a“ PAMBRES | nt egr al
pi ece, 30 or al iipkshatd weiy 17hantMRodesitd, MR 3ifeRYindRamkiRdanf lifcepaaft €

pi eces and then attached to each other via,known techniques such as
vel di ng. OF par 8PQV6MEe0g-stEaSt meraber gpd e wafh SdPReYE: of the wafer hol der

provi des the dual eff@aqh60fndedstoodliinOvatiBS o@@%bﬂ%eﬁ@e&%ﬂg&ﬁéﬁéﬂms may

PCT/ USCQ 22202 34 and cooling non uniformties in the edge of the wafer by
the thernmal nasie pwsiang greany 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 cdge 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 the
wafer holder 138 and the inner diameter of the flow containment member 94.

In another aspect of the present invention, the heat treatment apparatus
provides improved containment of the gases within the processing tube, and in
particular within the heating chamber 18. Referring to Fig. 20, as the process gases

30 are 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 treatment apparatus.



near the edge of the wafer, and (2) blocking at |east a portion of the

radi ati ve ransfer fromthe upper end of the cha edge of

t he vvaferYJ& n}é?oﬁxer enbodi ment of the present inventi onn?g*@%@@h%?n Figs. 17
and 18. 5 In this enbodi nent the wafer holder includes a wafer |ift
assenbly 170. The wafer |ift assenBPy 170 generally includes a plurality

of lifter pins 172 cqugqlifﬁd via an, elevator rod 174. Preferably, the
el evat or r od SBEfHcH N pfiten topapiding higheautainmang the shutters 52 preepplaved 172 The

lifter pins exédtsh MBgdrdcedspases withihAhoheaBRENaRBer 18] 1H6ne ShRARNNt, TEMber 140
to raise and |ower the wafer 28. For exanple to receive a 10 wafer for
processing, fHeisErhieved byiprayidinge emalbgancal” it pivecsiiag &ibcbgtweenthei ed
typically bxo@amopmépx%fcés@%mﬁbeéﬁls)aﬁthtewg)omﬁs %é%t%l?ﬂeﬁﬁwl‘%ﬁfahe. pins and

then placed on the extended pins. exten osition, the pins

ext end & di sPuige @l thetchelingaihginber 33fintp tie hoaling chambert! 8¥enobghy the Zap pr ocess
the wafer, the Lift ' o : openi [WoRE 15 support
menber 140 t e'rétf{; SEIEIFﬁg&ﬁeg&?jﬁéﬁ%&%ﬁ%ﬁﬁg@g@@ggﬁ t elggﬁ%lf)%rhgjgfgr%nber as

i |lustrated rchanfbegs, withl theAfressure prr the esding ghanttive 32 béinggregtentbanathai n ext end and
lift the waf QQS f e . f i enmoved. |t
is to be undgﬁegiugéé%\{?%%{aﬁgy vggl]i(' g?l gﬁggg g%p%gsr%@%rlrge& agﬁg’c?glr’}fﬁo%ut%%ti ons may
be used, andshitet 5231rythe neolinfg chimabet bf Shattartibudngppadurhe, vehithecagsestheust rat ed i n
the figyres _20 nm combi ned..wi th the different_ ed effect. menber
enbodi phiht o PREG S adi TR P AT b o oo SR R e e ot of ¢ he
waf er hol der bpreser the opgbsitigtshitters 32ttt preferably #'a lengthi shayid e afinimizdcor di ng to
one enbodi e of the present .inventi.on. he wafer hol der 138 jncludes the
eafer suppor EPREMSED b Rar L dua B pa Pl s AT 5E reieklage. of fect
menber 142 i proailieaomainm2ids SRR and gpaidig2faro prefdisbly in the fivgeofubantnment nenber
94, with a gﬁ% {)orgfg. bet ween the outer dianeter of the wafer holder 138
and the inneP% jnchs t he f1ow contai nment menber 94. In anot her aspect

of the pyesent i nupMbineNemtdatndebnthinfRhiTEPlovRlBPBY Privfary RidA¥isA@syi Nproved
contai nment of the gases within the prqc&;m ng tube, and in particular

within the hERWAGRH fongary cpptpiamenty the sampe g5 desgsibed i thge process gases
30 are deliveh@edikelylpiéeesitls baegat, tHabR bP@tidinSthe ¥ag SebdtWedndhelel i very
system it is desirable to contain these gases wthin the region
surroundi ng PAtemhaf e beatgs Ghanthenand thetop of the shittepand by maintapingRositive

chanber) of LRGuRAEEIoW ERIMRAL PARRCELhiBmeMOBr b/ pht Q8 BETL MERELR202 35

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 to 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 to the wafer, and the containment scheme
described promotes isolation and containment of the process gases within this
region.
To minimize disruption to the process gases, it is preferred that the pressure
differentials be small, such as around a few inches of water column. Further, it is
30 preferred that the purge gases are inert and ultra pure to minimize impact on the
process gases.

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



Specifically, in addition to providing heat containnent, the shutters 52
are enployed to contain the process gases within the heating chanber 18.
I n one enbodwo®m3ies4 this is achieved by providing a smal | rgawsigi2iezi n t he
processi ng tube between the bottom of the process chanber 18 and the top
of the shutter 52 and then flow ng a 536{)ur ge gas fromthe cooling chanber
32 into the heating chanber 18 through"the gap gl. A pressure differential

i's maintai ned bgiueen ngag%nﬁﬁﬁrta'nQ@dx&%ﬂamhﬁpﬁgﬁoﬁlg'l‘]%zaddﬁllaﬂﬂ*e@cﬁﬁg skt the

pressure in the cool i ng chanber eing greater than th ssure in the
heati ng chanbermayhgused frogpiot ihv@a&re@mfnmdlwﬁané@rmopbﬁev/afwombowwe shutter

52, L0 Lhe cool ihgoGRANORE ot NUIGSEs HAHSLGIoh WiolR/p108Y 358, Lhe 10

purge gas to flow Into seco & provi ded
bet ween t he oppt@stsngns'hhfwmnlm @Earbtus lfm%fablyathbyoqimgstah@rmgmhslmdlI d be

m nim zed. The 2 fer I h urge gas
flowrate reqw r‘g%@% tge %}ro gg% %amg ﬁﬁ agl l*?érﬁn?llysg %m}n olf are
preferably in tttmmbaripe I&xfermdbe:sutatzoyﬁfr&lﬁ@odlmo@hahﬁber m:lmmo iﬂatmhamﬂxhgr
enbodi ment, cont and secondar, cont ai nnent .
The secondary c%%l é‘ﬁoﬁ% g ‘Hjéh“g?fﬁ’é‘ygafg‘a‘a ‘gcrﬁfecd"’f’?ig {4fion ineldesd at el v
precedi ng par agd,‘cﬁsﬂlhg mcfitfon fartipy cmﬁgbﬂihﬂglafeheAﬂ)aﬂmglble b&dhng @tadslifay deot t om of
t he heating cha r dtheto of t utt taini positive
pressure bel ow 't‘sﬁg' sé‘%lﬁstc’@F or @P ?Fﬁ’rgﬁfm‘?ffecl’%é;@%%%ssgarg es is
achi eved by 20 Wﬁt@Ndo@leﬂQla@esPirﬂSMﬂ@ Alldof RRPtve@bolRG! Q8B ad Hdholvbiow

contai nnent nenber 94. In this enbodi rrent the pressure below the flow

cont ai nment nen‘b‘érPgeQ‘éfnqysbeg‘lséiater than the pressure above the nenber 94

whi ch causes the purgendfs emgé&nemotfh{e%&tt;mnt%pme%@ﬂnfeaﬁaemppﬁmeen t he
waf er 28 and the inner edge 98 of th | ow cont ai nnent nenber, and into

the regi on aboviBciufes AfArRAlERIOR ’Fﬁfém?e WW“@&IS IPRPYATE [1a8Ra VY 25 wher e
the process gasﬁﬁfo%%nﬁkdh}?ef)ﬁ:‘ﬁlet Br E%xn‘@@ﬁﬂatu@%&% SRR IRNY naghene

descri bed pronotes isolation and contal nnment of process gases wthin
this regildn. Tuhenmpaepsing He shenntaftenimplanting m@@@%eswg@g! mﬁStbq wrpref erred

that the pressuggrlbbdRLEAKLHYEC ROAIR JietiiHoAS ABLONAS ifdeew [ nches of

wat er colum. Furt prieferred he pur gases are inert
and ultra pure mmmnmamehem@r percondidoning chember igpoesied. I’Fheyet anot her
Eg?_? ﬂ'sgltz 2ggzt ;Q'gheo &r?j]:?r@—tcon t\zlt%%gl c%axhbetrl?:gn lg]eeu%gd %nrt\%g twra?)?sntFxrs , the Iham 4
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 hotter 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 is most critical.
Second, another method is to use the preheat/pre-conditioning chamber to
create a desired temperature profile on the wafer to compensate for edge heating
effects on the wafer. The system is configured to provide temperature distribution to
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 temperaturc

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



36 apparatus nmay enpl oy an additional cooling station. The additional
cooling station nmay be used to cool the wafer nore rapidly, and/or to cool
t he waf er WUA3Mdwer tenperature ( for exanple as | ow REWEINR2perate at
approximately 23 C prior to its renoval fromthe apparatus. Preferably,
the cooling station is positioned 5 3dj acent the cooling chanber 32, but is
preferably thermally isolated fromcooling chanber 32. Thermal isolation
from cool i ng chanfibe pi8Reat'ptepmniitionisg tletmbet RO is staiwinnig Figs2 lat Therwhdmigam t he

effects of t heat.i ng chanber. .The coolJ ng.station includes a _coolin
reans for f unPREFTIASEREE PEPE borstb ooty Bdicrethineen fbsleit e Reteh oy be
used, such asnéaeanged axis-eynivmtteitallyo Bacltofth@idss hisliedepamestatmpaatafi | | pl at es,
paral l el 10 vvater1 cottl)hﬁed g%at es, ﬁmdlt he lhke'd Al ?C corrective cooling,
such as a sh&RRFOLGHCh that saghzone can be,selqstiyely heafed 1o AARErenL IFTWSTAMFt of t he
present § nverithedifferdnd entjRfkurt tehrt e HifRAPOHGHIbS of tHRGAfla6 diffepneheat

station. For sone applications jt _is jnportant to have a, ver uni form

t enper at ur e ﬁ?’B‘F‘?’?“é‘ggo:Te@B?’P‘&f#e‘fdé’ﬁﬂ%fP‘é?%‘}L 8? e gensgan lﬂel"ﬁcg‘e?’%dyl@'s‘b%ci ally
true 15 when yg¢ euiR&RIoBEUpIRE Silicon after inplanting. Tenperatures general
must be very uniform above about 600 C to prevent adverse effects.
According, in oneAnghgoumbadiment af the presant invention ipvhewadmbisures A2 ard Thanber is
provi ded. Th&q BaEHRAL MOhRKiRE CIRRME fsgmmaﬁ@mﬂsfﬁ@%%al%ﬁgoﬁ tst WO Ways.
First, the chanber "can be use%i as a sinple preheater en the wafer is
heated 19 a dremitshow iQfpapgulappdyantage, incthiseribediment theishuttaroncludamer at ur e
woul d be bel Qutdea\iGTBS kil G it fortidn B hutil. | SPeBrt P ECHIRA wer | ti cal .
After achieving thae. t_gt e}g?l Izat i on t%m’)erat urel,l th%;?mﬁ%er}plgés: then inserted
into the hot treqre geail indrigwe 23 (the wpshutieryase remoypd o5 clanity) heeerimaye ofthanber 18,
and ranped u ' g re..l tipall Lfarm manner .
Thi's mothod NAFAS Gk 650 hOURPL Bhidifeatd 1, THE R D Pl pre b ERIT "o

hi gher t enpercitulamshapssuctnthat when oppssingshittérs 490 arSelosadgithe amuteheavityet hod is to
use the preh A - canditi oni h [ ir tenper at ure
profile Ign tﬁgE\‘/\sgf% g?c#gerglghpq‘g%é}gltﬁgr (fag'ir? fé%% °ﬁ§%{?‘?a%“§ d%‘e"?e?%é l‘s‘?aq)é)ent%f he wafer.
The syst em i geccorig theweftr torigrld8i TThe thattpemeitysllowdifatthe afer canri¢rdo be he waf er
during heating...Th istrihuti of. heatin th fer .can vary as much
30 s°50° ¢ hdPrur Mty w8 wf? For Ak ot e MR HECERERE, TIY Varer o
particul ar  gpdeidonedgeibit the hedtingichanizet €8 farempessagur e vari ations are
rl"'lgbmczed In the LRmmehabilleg is BuRoaW i for S EHSS Srocdslige AROUt 600 to

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

to the full annealing temperatures, which improves the within wafer uniformity at
25 these higher temperatures.

The recessed shutters 190 and the shutter cavity may be configured to
accommodate any of the various wafer carrier embodiments described herein.
Another embodiment of the wafer carrier is shown in Figures 24A-24C. In this
embodiment, the edge effect member 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 are 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



WO 01/ 13054 PCT/ USOCQ 22202 37 The preheat/pre-conditioning chanber 180 is
shown in Fig 21. The chanber 180 includes one or nore heating zones 182
pref erably pasigitnsed bel ow the wafer and arranged axi s- yeanRboeal | y.
Each of the zones has independent tenperature control, such that each zone
can be selectively heated to a differ% t tenperature. 5 The different
tenperature zones heat different porti'ons of the wafer to different
tenperatures. T 1 zan hi eved by
the use of i herags e e LARRRAGS. LR et pluh o A R RGBT, O
shown in Fi gur gsis2@bamrdleE®od tHaobmyolf theivtafer omtiyr dnfhedineatsimey belpasiberedi s shown
and certain of t'%nhg%:EeQ&w 0 nents 10 are not shown. O particul ar
advant age, in thi's enbodinent; ie shutters include a shutter cavity 192

formed within a portWiiie thé predest intratibek disciBpdbyfrefe@hdepto tiepreflieadn in nore
detail in Eigure.23. (the top shutters are renoyed for clari.t one or nore
of the infer nafimbé’ﬁﬁ‘éet“graé‘é f%@“ﬁl"ﬁéfﬂﬁ‘&eél °Yeafté%t°¥’88’é‘£"§°t%éf€atﬂ% recess 191 is
preferably a sesemples fretiteided hapellstatvelritndr tAeioRREdeNg isRUt ters 190 are
[ 15 192 is forned . .therein. The shutter vity 192

cl osed, the shutter cavit ) . .

s of & size arfanimRAR sERiTRIws prgrcombialionsiWif reaidy dRerele tose fiilled 133
The shutter cavihiie aad, Waith rdo@ifichitRs Waf @bRAESAseil be wiBin tRO&bpd sred therein,
and is suitable for preheating of the wafer prior to being positioned

wi thin the heatPYfgtiehanddhe scope ¢fhe gppended elpigs. This enbodiment is

particul anpy suitable for annealing processing. For 20 exanple, during the
anneal process, tenperatures may reach about 900 to 1200C, depending on
the type of wafer being processed. The shutter cavity 192 provi des an

encl osed area where the wafer can be preheated prior to entering the
heating chanber 18. This allows the center of the wafer to be heated prior
to being exposed to the full annealing tenperatures, which inproves the
within wafer uniformty at 25 these higher tenperatures. The recessed
shutters 190 and the shutter cavity nmay be configured to accommopdate any
of the various wafer carrier enbodi ments described herein. Another

enbodi nent of the wafer carrier is shown in Figures 24A-24C. In this
enbodi ment, the edge effect nmenber 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 are |arger and have a rounded surface
to engage the wafer, as conpared to



pins 172. The wafer carrier in this enbodi nent provides a narrower profile
than WO O PCTI USOQx 22202 38 sone of the other e { , for

pl acenent&/v(\lnjogﬁlg)%“the shutter cavity. However, it is togg?ﬂsﬁ?gir%tood t hat
any of the wafer carrier enbodiments may be positioned wthin the shutter
cavity 192. Wile the present invent¥fon is disclosed by reference to the
preferred 5 enbodi nents and exanpl eml ed above, it is to be
understood that these exanples are dinan illustrative rather than
i mting sensghat &kldihed ®: contenpl ated that nodifications and comnbi nati ons
will readily occur to those skilled in the art, which nodifications and
conbi nat i ons twi | | Adwalifealment paraliBoPEPHFINEhe | nventi on and the scope of

the appended cl ai gReatihf ¥R LA BRGS0 22202 39 CLAIMS Wat is
clainmed is: |I. A heat Treatnent apparatus, conprising:. a heating chanber

havi ng & heat soupeeoling chamakss ppsifipnes adigrept ta dhe heptinesanberaad HcludBigt he
heating cha iAcl uding a cooling source; a wafer hol der configured
to nove bet %&%01?‘[%0{&%% i ng chanber and the heating chanber through a
passageway positi emater beldevrenfigired foaraviehotween the soading chamber aasbthe ng sour ce;

and 10 one_of (IR, 0N LGS ab O G iSidiSehlech 1 BATRAIREEANT bl ng

novabl e between®an open p e er hol der "can pass through
t he passagewahe coaling soarcejasidr ucti ng position which defines a passageway

which is,smaller than the assage: i wal Sndhuttd Shvab I N the
open poz?ti on. 15°%F or_ﬁ;]oere51;)%51;5&1[%%121‘{‘:%%%?3;&0%@1 ,p wﬁ%r e?n t%‘a“%ea\{ai ng source
i s a heati ng bplvakean pEsipbsitoredtherdtieoeiér hoklencaplpassahriotigh e paseageivay el enent s,
the heating plate configured to,.receiv j gl ements and
re-radiate h@&?a’i’ ﬂlfsgm‘ft pﬁ%'g{ B céﬁgﬁ ser P Qs&ggewf‘?ggmac%g%rrgﬁefgfsiho " aim 2,
wherei n a pr gasagiwig defitied wleh ithesshuttdrds inelat apeg p@Xiamhanber and the heating
plate is positioned outside the processing tube.

15 2. The apparatus 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 elements and re-radiate heat into the heating chamber.

3. The apparatus of claim 2, wherein a processing tube defines the heating
20 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.

25 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

30 configured to deliver a fluid into the heating chamber.

7. The apparatus of claim 6, wherein the fluid ports are evenly distributed

OO



4. The apparatus of claim2, wherein the heating chanber is defined by a
processi ng tube which includes the heating plate. 25 5. The apparat us of
claim4, wh&ePH3¥4path fromthe heating plate to the waf BFT/USSLHE: s
unobstructed. 6. The apparatus of claim1l, wherein a processing tube
defines the heating chanber and an ugper end of the processing tube
includes a plurality of fluid ports 30 configured to deliver a fluid into
t he heati ng chanberthe dlosellvgpappdr at us of claim6, wherein the fluid ports
are evenly distributed Ililill 212222 (1t el 11 101 MS W 01/ 13054
PCTI USOQ' 22202 40 across the cl osed upper end. 8. The apparatus of claim
6, wherein the & | ui Thogphstudbecipass, WwheRetths f16iH pbfiedre positidnud shicHetat vered from

the fluid ports d be_deljvered onto .er held by t fer hol der
from over the \XB‘%‘#&”@"?‘?W ﬂé?pfg“é((f aqrtﬁé"%%da‘avdg{*?ﬁ%{ﬁo%%}%ﬁ%@d ?X %ﬁgt plurality
of the flusd peydfs halder s&RYRrad wisdrh a first fluid conduit and a second
plurality of fluid ports are coupled wth a second fluid conduit. 10 10.

The apparatus of claim1l, wherein the cooling source is positioned adjacent

to a bottom of ot he ¢ROIJpRQNGBANRE 6, whirein': sﬂﬁﬂ%lﬁt?b!@'ﬁxe%idcﬂoﬁ% HMel, Wwherein
the cooling source is positioned beneath 15 the lowest position that the

waf er hol der c&pumedcwidya fifst Ruid condait eesb seaepdatvaaliie of fluid porthare epipledat us of

claim1l, wherei e 8% ggurce includes a cooling fluid conduit or
delivering a cooiingmﬁlq#éngﬁto’the cool ing chanber. 20 13. The apparatus

of claim 19 wherein the cooling source is a cooling plate having one or

nore conduits figr t I C i i l: ] pl at e.
14. The apparaggs Oﬁﬁgﬁggﬁﬁipﬁﬁﬁg}gﬁ%m@ﬁg£%§%ﬂyé§ﬁ§§3$%§ﬂﬁg&g£%80 ing plate
25 positioned aujbotont ofithe aongehambere conduits configured to carry cooling
fluid. 15. The apparatus of claim1, wherein the cooling source is a

cooling plate including one or nore apertures, each aperture configured to
slidably recei ué a Shadpparatus of claim 1, wherein the cooling source is positioned beneath

15 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.

20 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.

i4. The apparatus of claim 1, wherein the cooling source is a cooling plate

25 positioned adjacent to one or more conduits configured to carry cooling fluid.

15.  The apparatus of claim 1, wherein the cooling source is a cooling plate
including one or more apertures, each aperture configured to slidably receive a shaft
which supports the wafer holder.

30
16.  The apparatus of claim 1, wherein the cooling source is a cooling plate

positioned approximately concentric with wafers held by the wafer holder.

A
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whi ch supports the wafer holder. 30 16. The apparatus of claim1l1l, wherein
the cooling source is a cooling plate positioned approxi el oncentric
with waf eP"g%’é?"é‘ by the wafer holder. 1 1 11 111 11 1 15‘3&%%""1%?% 111 11
11 1 11 CL ;4 s WO 01/13054 PCT/US0Q0/ 22202 41 17. The apparatus of claim
1, wherein the cooling source is a cdoling plate with an upper surface
having a surface area exceeding the surface area of a bottom surface of a
typi cal waf erl7t o Bbe ppulathtusyof clan haflercin tie geolingourge isprreolinglta™its of cl ai m
1, wherein t j ' : o the wafer
can be posi tiqgr‘fggér\?\nﬁrtf%?Irlllg‘g{l%é?urﬁﬁ?é;)%a{cﬁ%lﬁég?%%ci%gar%%HO?B?SThe appar at us
of claim 1, whedaceiofiatypiqabwaiento boteldlby theatvafer hoddeder ext ends above a waf er
bei ng held by the wafer holder. 10 20. The apparatus of claim1l, wherein
the one or nore shutters is configured to slide in a substantially

hori zont &l pli&ne. TR4 apphtratusayfjphinal pshepéin deawafer hpldehis cenfrgutaddo bold ther nor e
shutters is cor%str cte 15 front1 a cﬂeqﬁ. shi el (ili nﬂ nﬁéa%ﬁi zsagmezz. The

appar at us of St WalFrSAR b, PRsifiengs ¥ ithip Proxiraity lipy Asang pOUICE, 1t i qured to
occupy an obstructing position when the wafer holder is positioned within

the heating gha r. 20 23.. The appar.atus af claim erejn,a shaft
supports the fg&?‘ﬁﬁmﬂéarmsﬁﬁlaﬁ?l’ &?PHBH%'%B?°{tﬁgw8€i’5h%yaerr%tc§dsshutters has
a side W th abbRCERSer b KehCBshe Wakt Bgld@d. shape which is conplenmentary to
a cross _sectional contour of the shaft. 25 24. The apparatus of claim 23,
wherei n1®he one or nore shutters is configured to nove to an obstructing
posi tion wherg® t heng hgdatathsofRfaR TTPEERES theWnk bf MofeltButtdrs ks @adfiguredie recess.
25. The apparatus of claiml, wherein at |east one of the one or nore
shutters 30 Sifginagabstatigily horiaepel Platber s positioned to define at |east a
portion of an air gap between adjacent nenbers.

21.  The apparatus of claim 1, wherein the one or more shutters is constructed
15 from a heat shielding material.
22.  The apparatus of claim 1, wherein the one or more shutters are configured to

occupy an obstructing position when the wafer holder is positioned within the
heating chamber.

20
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.

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

one recess.
25. The apparatus of claim 1, wherein at least one of the one or more shutters

30 includes two or more members positioned to define at least a portion of an air gap

between adjacent members.

RTH R
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26. The apparatus of claim25, wherein the two or nore nenbers are

const ruct ed WPROYH08 quartz covered thernmal insulator, or FCAUSIMZGue
quartz. 27. The apparatus of claim1, wherein the one or nore shutters
includes two 5 shutters positioned ongppposing sides of the passageway,
the two shutters being novable toward and away from one another. 28. The
appar atus of cl as.m 1TheMppsi@iub ofdlaineBsih@tin tHeawo BEMOTE nigtersSidcnatfigtetan be
slidably received within another of the one or nore shutters. 10 29. The
appar atus of cl gPﬁ‘lalq,u%%?"éfeﬁ‘W?lﬁ%sﬂllawpgfn%’éﬁ‘@&“éﬂz'fromthe one of the
one or nore shutters can be slidably received within a second of the one or
nore shutters such that the first shutter and the second shutter define at
| east a portion2bf Hef apperaiyapl clam l3whereiidhegys oF metpshuereinglidss e wher ei n

Lhe one o g10r itk Bh 0B QEERY s o ORSIEHELIAN0UERSM RBapBLED

conpletely closes the passage 1. The apparatus of claiml1,

conprising: 20 oweatde to lawpyifrpmloae ang8iet-s positioned to deliver a fluid
into the heating chanber. 32. The apparatus of claim 31, wherein a nmenber
extends into the heating chanber froma side of the heating chanber at a
hei ght bel ow a B&i ghTheopparhes 6f aldich 1, #Bereinlableagh of the oBSor iiheshagpraratgs of

claim 31, wherein er extends into t i chanber from a side of
the heat’ng ohafbgPyarorves sithmans 8’v°ggh§%’g?@ﬂ§r%t8f?‘ﬂ@ﬁs'e fluid inlet port. 30
34. The apparatus of claim1l, wherein a nmenber extends into the heating

charber from a ghde ple 4B5.1e8¢ % COANRE' Aldit: SOURGHYEE Brb iRt 1 10
one or more shutters can be slidably received within a second of the one or more
shutters such that the first shutter and the second shutter define at least a portion of
an air gap.
15
30.  The apparatus of claim 1, wherein the one or more shutters can occupy an

obstructing position which completely closes the passageway.

31.  The apparatus of claim 1, further comprising:
20 one or more fluid inlet ports positioned to deliver a fluid into the heating

chamber.

32.  The apparatus of claim 31, wherein a member extends into the heating
chamber from a side of the heating chamber at a height below a height of the fluid
25 inlet port.

33.  The apparatus of claim 31, wherein a member extends into the heating
chamber from a side of the heating chamber at a height above a height of the fluid
inlet port.

30
34.  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.

\\\\\\\\C\\\\\\\\\\\\\\\\\\\ \
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WD 01113054 PCT/ US00/ 22202 43 35. The apparatus of claim 34, wherein the

menber s he heating plate. 36. The apparatus Opcfli3dofhzhe Wherein a
menber e;‘ggﬁl}ggﬂf{lto the heating chanber froma side of the chanber, the

menber having an edge with a shape which 5 is conplenentary to the
perineter of a portion of wafer to B2 treated in the apparatus. 37. The

apparatus of ¢l aijmn 36, whergin | epgt.h .of the edge.,i r an the
portion of tfre pe erﬁ??@f‘mf%fe%?l "fvﬂ 2R hbe&s)lrlf% rétsnélﬁbgir@)gp%QS& The

apparatus of claim 31, further conprising a flow distribution chanber

which distributes_a flow of _fl.uid fromthe one or,nore flui.d inlet ports,
the flow di g i bTH‘ia@ﬁ”&‘ﬂ%ﬂ%ﬁ“&o?ﬁ‘?’iﬁwm&?ﬁéﬁ"?ﬁ‘ﬂit‘“‘??‘tﬁ‘%‘faﬁ’%m the fluid

inlet port egfaéiber AHR a slieat ih8 GhaiRATRY mehiber hgVing hreedge ouithdi shipe wahieti on
chanmber. 15 39. The apparatus of claim1, further conprising a flow

di stri bdt i oniscRERIsEIEnTERfto the RerimelsTof aRprigeiiTalRt to be ¥FaddR A% m t he one or
nmore fluid iglatnports, the flow distribution chanber positioned such that
fluid fromthe fluid inlet port enters the heating chanber through the
flow distribution chanber. 20 40. The apparatus of claim11, further

conprising; g;flupgh %PMM?M AGht36f Qﬁer%tah%{ﬁ%ﬂgc édgg'léjlalfg"epﬂﬂhﬁ fhe heating

chanber; and a flow distribution chanber for distributing a flow of fluid
from t he heapértign otthe pérmeterdo whishthe ddge iscRmplsmep@nt | the flow di stribution
chanber,yosi tioned such that 25 fluid fromthe heating chanber enters the
fluid exhaust port through the flow distribution chanber. 41. The

appar at us of 38| ai Tine3@paratue p¢laim He furthongodipsising b flowahistabiiop ehambeg| udes a

flow distribution. e r [ td t i &Rt Ng chanber
and a 30 rreﬁ'%“ecg%ésgeb g}rP]e ia%%dﬂ@g?ﬁ%ﬁ%;?@ﬁgmgﬁ%%}n% P %ﬁng?é gll%de of the
heat i ng chanbitribufion/hatibériR6ifidnddGRENBAOLAR RO thedfluid inlet Phd eatgppdhat us of

claim 39, V\'hgéa%jnrg] cflaqneoe]; lh(r)(%gg ithsettll’oiwb 1tstiri81rﬁio%hc%£';3§ér. Includes a
15
39.  The apparatus of claim 1, further comprising a flow distribution chamber for
distributing the flow of fluid from the one or more fluid inlet ports, the flow
distribution chamber positioned such that fluid from the fluid inlet port enters the
heating chamber through the flow distribution chamber.
20
40.  The apparatus of claim 1, further comprising;
a fluid exhaust port for withdrawing fluid from the heating chamber; and
a flow distribution chamber for distributing a flow of fluid from the heating
chamber to the fluid exhaust port, the flow distribution chamber positioned such that
25 fluid from the heating chamber enters the fluid exhaust port through the flow

distribution chamber.
41.  The apparatus of claim 39, wherein the flow distribution chamber includes a

flow distribution member positioned between a wall of the heating chamber and a

30 member extending into the heating chamber from a side of the heating chamber.

L



flow distribution nmenber positioned between a first nenber extending into
chanber froma side of the chanber and a second nenber

the heatin

extendi ng | WOPUWH& heating chanber fromthe side of the HE4PHE2®hanber. 5

43. The apparatus of claim1, further conprising: one or nore fluid inlet
ports positioned to deliver a fluid i4to the heating chanber; and one or
nore fluid exhaust ports positioned to withdraw a fluid into the

10

heat i ng chanbe42. t Heheapperans ofiagm BPuvidrax tha dlsw dismitusiopdentbenindddsuch t hat a
fluid flow ngafr he one or nore id inlet rts.ta.the one or
oot o88hding bifufen Ay Simiiti ol o

fluid exhaust PoOF

appar at us, conatisg ¢tginberlfforfa Bidabf thciahdsima akecshd embiieaiendiag frfethe a
cool i ng chanber positioned adj acenf to the heating chanmber and i ncluding
heagnwg‘gerh%‘?“&lg{“@ﬁﬁhhag?a%gf Ve between the cooling

heati ng chanber through a passageway positioned between

cool ing sourc

€]
chanber amd the

the heating source and 20 the gooligg source; one or nore shutters

defining the stXe offcPARAHUSYLHEnRAy M

nor e

d CPePHE &ovabl e between an open

posi tion where the gabemoRILMERIEAHRBS R0l i OUI el iR RESROEMRAYNg and an

obstructing position which defines a passageway which is smaller than the

fat "t reat nent

a

passageway def¢hdsciardh t he shutter is in the open position; 25 one or nore

fluid Tnl et ports sk H9A91hid SRk biRpoBblelidhidlih L BENRBHANG _chamber

one or nore fluid exhaust ports pos

raw t

luid fromthe

heati ng cdfanbeheating shamperdthsons erumere fuideardvstrope pesiticopdsic theha fikidt the fluid

fromthe quidﬂ(i}
the fluid fromt

eating c | Istribute e exhau

\ﬂég ?;rom‘?(ge (B%ro% grxr?%cZi}\géi S‘iert h@éﬂs‘t@. elfde épﬁgﬁsﬁ&d &%&P@c{ﬂéer

ports

and

t hrough t he f | Bewsdicsiss thohedting chdmsheber ; and one or nore flow contai nnent

menbers extending into the heating chanber ////// 111//] MS i~ WO

01/ 13054 PCT/ USQQO 22202

15

20

25

30

44, A heat treatment apparatus, comprising:

a heating chamber having a heat source;

a cooling chamber positioned adjacent to the heating chambcr and including
a cooling source;

a wafer holder configured to move between the cooling chamber and the
heating chamber through a passageway positioned between the heating source and
the cooling source;

one or more shutters defining the size of the passageway and being movable
between an open position where the wafer holder can pass through the passageway
and an obstructing position which defines a passageway which is smaller than the
passageway defined when the shutter is in the open position;

one or more fluid inlet ports positioned to deliver a fluid into the heating
chamber;

one or more fluid exhaust ports positioned to withdraw the fluid from the
heating chamber;

a flow distribution chamber positioned such that the fluid from the fluid inlet
ports is distributed to the heating chamber and the fiuid from the heating chamber is
distributed to the exhaust ports through the flow distribution chamber; and

one or more flow containment members extending into the heating chamber



45 from a side of the heating chanber, the nenber having an edge with a
shape which is conplenentary to a perineter of a portion of a wafer
supported YRWH®S4afer holder. 5 45. A nethod of heat tFPEHPFNE2282 waf er,
conprising the steps of positioning the wafer proximte to a heat source;
and heating the wafer concurrently b4s both radi ati on and conduction, and
where the percentage of heat transferred to the wafer by conduction is in
the range of fadaside 80the beatipgchabiben dhe MitreberbvinglaroédgEiwathrm shapewwtache t he

f. waf . i S i h
of about 405 YRGB FEb RS or b PO FL vl AP Mabalir e of "ot

transferred tlwldet5 t he wafer by conduction is in the range of about 50 to
70% 48. The method of Caim45 further including varying the distance of
the wafer proximate to the heat source during heating of the wafer. 20 49.

The nmethed of C aids 45 Awhehe&d of heltarenafged wiflr, paaprisinpRelstepstdti n 30  nm of the
heat source. 50. The .nmethod of Cl aim45 wherein the distance is varied over
the range of 2nmPPYueR water BroXimale IO ARRLRPUSF: B ai m 48 wherein the

di stance is vari ethefit@lthd Vsfer dAELTenfly by B k4dlifiod AHA conductibifandmiteed of C aim
45 further congrlm ng the steps of: 30 delivering a fluid to the wafer;

ep
and rotating ‘PHETERRIASE of qaf trapgfegred to, the waief by conduction iginjtheange afgpent/ 13054
PCT/ USO0/ 22201 1046%53. The method of C aim 45 wherein the wafer is rotated
at a speed in the range of 5to 15 r.p.m 54. A wafer holder for
supportilﬂg a wafer in a heat treatnent apparatus;

46.  The method of Claim 45 where the percentage of heat transferred to

the wafer by conduction is in the range of about 40 to 80%.

47.  The method of Claim 45 where the percentage of heat transferred to

15 the wafer by conduction is in the range of about 50 to 70%.

48.  The method of Claim 45 further including varying the distance of the

wafer proximate to the heat source during heating of the wafer.

20 49, The method of Claim 45 wherein the wafer is positioned within 30

mm of the heat source.

50.  The method of Claim 45 wherein the distance is varied over the range

of 2mm to 0.2mm.

25
51.  The method of Claim 48 wherein the distance is varied over the range
of 2mm to 0.2mm.
52.  The method of Claim 45 further comprising the steps of:
30 delivering a fluid to the wafer; and

rotating the wafer.

L



5 conprising: a support nenber having a surface to support the wafer; an
edge effect nenber |ocated proxi mate and spaced apart from at | east at

| east a portwon/ados4 he peri pheral edge of the wafer; whergchadsheegge
effect menber is configured to slow the thermal ranp rate 10 of the

peri pheral edge of the wafer. 55. The 4I%eat treatment apparatus of claim!]l
wherein, the cooling chanber is maintained at a pressure greater than a

pressure in the heatgng ﬁ%ﬁs‘% %@%gla“% &@%a%‘e?is%&%é?%o% Lom $.he. cooling

chanber to the heating c provi de contai nie process gases
in the heating retggwbéito 156p.mThe heat treatment apparatus of claim| further
conprising: a cooling station positioned adjacent the cooling chanber and
thermally isolated fromthe cooling chanber. 20 57. The heat treatnent
appar atus of cl ai m $4f ur Alveaferhiolipr fossupportinga pafehiaathepneanentippaning

station hayi ng Qne.or more heati ng zones positioned below a wafer and in
thermal relation to tfie wafer; wherein each of the heati ng zones is coupled

to an independent tesggoamuber RAfHzRelfagieCiipbiiathe @@tk heating zone can be
selectively heated to d'iffer ent 25 tenperature.
KIThLii///TLITinl ﬁlﬂe%ﬁe}" Gt member located proximate and spaced apart from at least at
least a portion of the peripheral edge of the wafer;
wherein the edge effect member is configured to slow the thermal ramp rate

10 of the peripheral edge of the wafer.

55.  The heat treatment apparatus of claim 1 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

15 provide containment of process gases in the heating chamber.

56.  The heat treatment apparatus of claim 1 further comprising:

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

20 57.  The heat treatment apparatus of claim 1 further comprising:

a preheat/pre-conditioning station having one or more heating zones
positioned below a wafer and in thermal relation to the wafer;

wherein each of the heating zones is coupled to an independent temperature
control, such that each heating zone can be selectively heated to a different

25 temperature.
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