;e3eT4 6TT]e 2 0 MAY 2082 FAST HEATI NG AND COCLI NG APPARYUS FO% Y 200
SEM ‘CONDUCTOR WAFFERS Field of the Invention The present invent Q)rWig
‘generally directed to nethods and apparatus as given in the preanbl es of
claims "1, 2, 9 and 10. Background of the Invention A thernal g '
chanber as used herein refers to a device that rapidly heats mw&mm Wlmﬂﬂ
as sem conductor wafers. Such devicestypically include a substratghal der
for hol ding a sem conductor wafer and a thermal - energy source, such as a

| i ght source that em g7 gRhTERE" A)D | AhoAR: | ApARMrydnaf er . ﬂmm

treatment, the sem conductor wafers are.heated under controll ummw ﬁmm
according to a preset tenp&PRt GEMICONPURTOR-GARARS toring the tenpggahire of
t he sem conduct or wafer during heat treatnent, thermal processing c anber s
al so typically include tenperature sensing devices, such as pyroneters,
that sense the radiation beFmgldnaftEnbkggﬁéﬁtﬁmwhconductor waf er at a

sel ected band of wavel engt hs. sensin theligernal radi ati on bei ng

emtted by th&? ﬁaPEFsePFelpgﬁBE gRui8 GENERBLWKr Blreshere teamahhodsd wit h
reasonabhﬁda%?sa%szusl RetldBrdint iy et REDpLERBIEs WESI@adw OF N addition
to using radiation sensing devices, thermal processing chamber s can al so
contai n andér&®ecoupl es for nonitoring the tenperature of the wafers.

Ther nocoupl es nmeasure the tenperature of objects by direct contact. ., 2
0 MAY 2002 WO 00/ 31777 2 PCT/1899/01832 Many semi conductor heating
processes require a waf el areuinda he entt orper at ures so that various
chem cal and C k | ace_as the wafer. is fabricated
into a devi cefr%iéfn%l pe’%'greasg?qéigt %@‘ra%F% ggcg‘gs?ngfrﬁﬁpcﬁeffsr&té t?pe of

device that rapidly heats objects, such as semiconductor

B aicCH

wafers. Such devices typically include a substrate holder
for holding a semiconductor wafer and a thermal energy
source, such as a light source that emits light energy for
heating the- wafer. During heat treatment, the semiconductor
wafers are. heated under controlled conditions according to a
preset temperature regime. For monitoring the temperature of
the semiconductor wafer during heat treatment, thermal
processing chambers also typically include temperature
sensing devices, such as pyrometers, that sense the
radiation being emitted by the semiconductor wafer at a
selected band of wavelengths. By sensing the thermal
radiation being emitted by the wafer, the temperature of the
wafer can be calculated with reasonable accuracy.

In alternative embodiments, instead of or in addition
to using radiation sensing devices, thermal processing
chambers can also contain thermocouples for monitoring the
temperature of the wafers. Thermocouples measure the

temperature of objects by direct contact.



_processing, semiconductor wafers are typically heated , by arrays uf May 9t S
to tenperatures, for instance, from about 400C to about 1,200C, for tines
Which are typically less than a few m nutes. During these 10 _processes, one
main goal | WAWNE: the wafers as unifornly as possible. NpPET/IBOISIZ:
particularly, in the past, sem conductorawafers were heated according to a
predeterm ned heating cycle. For instance, the wafers were 15 typically
heated from an i ni Maaly semieatductdro heatdnigr pttotespesarequiate a very fast
heating rate. %gg vv%fe aetecf]g:% qﬁ t@egl%grgrtukgg gSSitﬁ'x% t enperature
for a time sulficrent e5| red processes ace. For instance,
during these Naxions @}n@lnesatlh@r@’o pharrsmcglcanabtlenﬁeaa@dt@ka/@rla@@s
coatings and bl FReCaAe dRPABALANL (hE WahRkTcesuC Bullngh: de f1] M.

In order to conplete the heating cyc | i ght sources are“sw tched off
and th® waf er 52pdfe theraadd procassiingt whishi 4§ eBPnEYPRe@fat a desired 25
tenperature fas.-oéears%%t eIEMIRG rid i Qlfafbkgearbntgﬁﬁééih]y h@at\é@fers ver e

allowed to cool naturally by sinply renmoving or turnin heat i ng
source. |n paP¥i 8gFays ofe Mahdiss tooherress ul§9sth§°Fo§§SGP“€ﬁer gy through

radi ation fronamhabthdMOo?mt@namhtSQ QboB@}Erﬂb’rtf\ﬁheiﬂ,Swlhﬂél& arem the
wafer is prop rtlon& Sé;he |ffere ce bet en tB enp% ature of the

waf er and t he “¥BAFaL¥Y udtHG8r noSPhéPe ﬁ?equently,

duri ngot hese processes, idne ardn Ig;parlatis toohethethef wagers mel at i vel y fast
at high tenpeggtigt 5_and t | ows down exponentially as the

t enperat ure 'ﬁﬁﬁg a%b&f%¥¥%ﬁ%he waf er decrease. Recently, enphasis
has been pl aced upvnraopmnﬁ}Qwaagmate@ &hecppss, haemhgonﬁuﬁﬁer and nore
uni form | ayer gakbsh Feee el i &%@dtbegu&ea&egﬁ@%@ to operate.

In this regard, recent focus has turned to not only nore precisely formng

coatings and PRREENGENCYFEral Fr.?r"oe‘é’%%%h&ﬁﬁe?@fﬁﬁﬁ YWPES on reducing the

I'engtpsof timeyplichaligs hled t@AHInE ah h@au:uag eyﬁbaraaut-betahanber
Unf ort unat el y,,_however, convei\nt | On%t nmet hod fers n ther mal

processi ng ch3ffar S HaFEMPAFS e YELEb; Eégreggglfi W%?t an&8e
descri bed abovefetsnwemhlamdn|maﬂnhtanbdratothengeaatedstempehetngb
processi ng chaBers cigee & dAadenay 4. GeLdthy pREEEasEs B8 thite 1t takes

to conplete a eatlng cycle wt he waters are

cool ed rel ati PéRges| ofRy. imgtanse, (ﬁ!ﬂlﬂﬁg Fhﬁ§esh6#éaﬁl FHglpRa¥Beof the
cgcl ezo;mwa]p]g thféﬂﬁffbﬁl@l' l:g[tnf&xﬁ{b)éil é@'or{ Q&Q‘hbﬁascétaﬁlﬁéﬁuﬁgu?E?ihmﬁ?n .
adversely affec e .el ectrica rtie coatjngs and .fi ormed on
the seni conduERBr Lﬁa?@P"ﬁ‘ﬁeﬁDD B’S’ %eﬁsl'aﬁﬁcé %ﬁaf’?‘ﬁgeasgz}“&t'us and
met hod for anneal | In arsen mrmchmtp]reusafthle heatingl ogelle, Atbeolightgas i s
cont o, ' ofar b sBuBBEP R licded U Al 2ndCRLEBIsSLER A ILAER" IS &

center of -th a stea
to cool after belng malntalned at a desired

.

25 temperature for a predetermined amount of time. 1In
general, the wafers were allowed to cool naturally by
simply removing or turning off the heating source. 1In
particular, the wafers would cool by the loss of
energy through radiation from a hot body. The amount

30 of energy that is 'lost from the wafer is proportional
to the difference between the temperature of the wafer
and the temperature of the surrounding atmosphere.
Consequently, during these processes, the cooling rate
of the wafers is relatively fast at high temperatures

35 and then slows down exponentially as the temperature



A tenperature control systemthat quickly responds to the change in
‘tenperature of a substrate being processed is shown in EP-A-0 695 Y 2002
‘Alternative cooling neans for cooling a senm conductor wafer are descrlé (9
in PATENT ABSTRACTS OF JAPAN vol. 016, no. 482 (E-1275)) 7 October 1992
(1992-10-07)-& JP 04 176121 A and PATENT ABSTRACTS OF JAPAN vol. 010, no.
359 (E-460), 3 Decenber 1986 (1986-12-083)-& JP 61 156814 A. As such, a need
currently exists for an inproved apparatus and process for cooling wafers

in rapid t&erdmel v%rfggeg§b?gagganbers In particular, a need currently

exists far a rapid thermal processing chanber that is capable of actively
cool i ng senm coR@FenSLYnat SPRASLE r HA%| yPaeRer PLRESHar diRChavECHREE
heat ed. ﬁauegﬁtgaoaﬁfbnﬁwgmwvn{g t tileinmese Nnahd N mblre prrﬂsﬁintm | hargets on
recogni ze r S 994,59 a e e rior
art constftu Q;loaﬁge a'}r?ldis ?EP%""{ tgc%r1 rgf;ﬁ?gg EL_.QQ %’OQ{SL' C}EJ‘ és?%ie é.|c;resent
i nvent i on X iy #€IaRd}) m¥esras Cﬂtﬁ:l W §BF§f-’-ét = fB@t hezdyt reqxid ng
obj ect s, wlaélyerﬂo&aﬁd@ctﬁawmg@ sand\npiles ehj aerafall hereeassity
nvent i on dnbrB BUE 8188, DAPLEYSHL ADPALE s lf JPalid o (ke by

e y.oStil |

sem conduct ers capa f coo ¥eF s r apl
anot her olsjosplese t%effﬁﬂé’f}é’lﬁ Fﬁvéﬁtl-bfh itdhe oc P@bﬂae anfomrwnatelappar at us

for heat howevery cenvenBdoRhdr meBheds Ebat cobllingewaZeteolimanlrtiaqe that

actively @9%28{5??%"‘@13%&@“&5% tﬂﬁ.\s)‘t@fa% e Qﬁ EebSQQBQE%SQ These and

ot her obj Eresent I nvent1on are rOV|d|n met hods
and appar at us EeEoARPRANES. cPi He ?b&’NGrZ com'@n&amat Spe used

}‘orI var i ofisropiclliing swafehs agrf othm_ |pﬁdcw'§.ﬁi§ afHambedis Iﬂdilv? Ia

i mpl ant at r n e atings, i Lms on
soni conduSERashEp od' ot Ele £ BGHAdd T AN e B o Lol

i nsul atoréeaﬁhﬂgséﬁ%dﬂéﬁh% FReer Fhgmberrhdng thatt thei n‘&?i@l‘é% &rﬁhermal

processi ngoobedbeelatipéty sbowby! aFarsher coddringr thbbeslowAcddlihgat e

hol der CaanE? C&f‘té‘# Qyéf‘%:é h'ﬁz&é}&éd‘et{]l{@rhc%ﬁo%?ﬁs s&'&%ﬁb?eac%&oﬁg' di ng

and rot at eatl sour.ce can

;
pl aced i nC@R®mABAFBAL i &E’l\ﬁht h 93% t Y?f‘é?elé’r %y chBfberclerkEifads

sour ce capropertiss iohteoacings @Eng diiilms (fbrm:Rpsnvvltﬂ'leh semitcondecoalr | i ght
energy. |paggeordance with the present invention, the apparatus further

(el udes 2 CO04 TER A2 ofed 90K S MR BLE et 1S URE L 2l oD O
processi ngoxzhmllﬁeacagmingn@mtve vafendes discbbsed. ndriceplihgch
defines agad efst PSRN CEBWaPHsS CAA RS phelyCiofC Wt iwiEex CORl Angebtyhd. such
as a step and towards a center of -the wafer in a steady state
step.

A temperature control system that quickly responds to
the change in temperature of a substrate being processed is
shown in EP-A-0 €95 922,

Alternative cooling means for cooling a semiconductor
wafer are described in PATENT ABSTRACTS OF JAPAN wvol. 01s,
no. 482 (E-1275), 7 October 1992 (1992-10-07)-& JP 04 176121
A and PATENT ABSTRACTS OF JAPAN vol. 010, no. 359 (E-460), 3
December 1986 (1986-12-03)-& JP 61 156814 A.

As such, a need currently exists for an improved
apparatus and process for cooling wafers in rapid thermal
processing chambers. In particular, a need currently exists
for a rapid thermal processing chamber that is capable of
actively cooling semiconductor wafers very rapidly after the
wafers have been heated.



2 0 MAY 2002 WO 00/31777 5 PCT/1B99/01832 liquid. In particular, by
circulating a cooling fluid through the cooling menber, the cooling( MAY 7002
devicemaintains a relatively low tenperature that is thenused to coo

sem conduct or wafers through convecti on5and conduction.' Preferably, the---
cool ing device of the presentinvention is only used to cool the

sem conductorwafers at selected tines, guch as after the wafershave been
heated to a predeterm ned naxi numlOt enperature. For instance, in one

enbodi nent, thecooling devi can j NGl t mechani sm fvrnovi ng
t he cooling device between a'%ﬁlj:r %&E‘%ﬂ%@@%ﬁ@ﬁd a non- engagenent

position. In ti&engRFERERt pdBYENRBEONt REqaEMiizes dapdceafdresaesdislelj acent
to and postdddgeing di Iddadiatitagiesw t ndhesethegrductalr Waieilorhel dawn the

substrate hol der forcooljng fer. In the non-engagenent position,
ont he ot hét® g%a'?tgﬁggc ic’)l iﬁégggélgée i s spaced adeterm ned di stance from

t he sem conduchecordinglnditdoes @t oblect anfi &hey pregentheinegntian

i nterferewd hpgreidel eanWhijproedvenethdd bidg dpsdackdd t erdiat inealyy

i nst ead of th%.cool bng gew ce llt‘)el ngnov.abl %Pi't %\\%%r dsfand away fromthe

sut bst r at EHFGEI8F PBISEFRet PUBH 2R SHTIITPANE REr ¥PLCERe substrate

hol der 25can beAnother e objeetdPianthavpyesensin inventbdn ngdewoc praviae urt her

enbodi mentypOfimpReveaCafPhrhBMBNELBNhERE €AOAL 1K dfathfdorditddy Madr@nary

and can Inf‘lﬁ' deon(_e:aorb re g%as fﬁgsahg’ees f%r Ci I‘CU|.8§:I ng a

gas30t her &RFot§hS Pﬂ~g§r?fc PAr Y nE' G A8 “558s58839C¥n bedesi gned such that

a gas flowi ng 8hidlglanatherssehiect sofodihel byesant cdaivient iy &is béiong

g! rcult a& etg&bir@aeh tBa coQmprgveayi c?ppﬁl_sraeuﬁoolt €er t][meaﬁsl ga:&féwinge
irecte [ an ac ngduct or .er . on the

substrat e® %’?agﬁdﬁéﬁof v a&%%k\( %%g 3&%%%? 5%7737 €°\é@ff‘1959‘§?’6’1%2tt?‘88l i ng

t he waf er actheelty ook dehe wafaxs afgeri fheanwateraphave| beemiheatpsh or

hel : um In ordehies® Qndy ctlr tolbjei£r ofit thel gntersbrit NBAvehbEon | QWegf "

cooling g o n iGE ped and,starte en

desired. ??\ﬁg%\tégér ;%ré %‘gvg%#o%gfg%?‘\égg t%?prggggﬁ?‘:ﬁ%ve%c?%%ﬁ}%e‘:o

appar at usC}aine?, i H tHeand 3 enfhe ARRAFaFVSSCAG beyeeds dorn¥arioneng t he

t enper at uppepit forsemamilucor fuf erammeaidngedwaifeltsn hfrebe kher meh

i : bgedu xebe shergsh
emper at Eg%ﬁﬁéfg%ﬂfnlgﬁé\éﬁ‘??” S o UpraR CTARY, o8, PRARHTLEG PBRFINAE | oc

. an g
source andP?hEilBB| PRg 3&5&"8@. ugher; walsrpy, sURE Ashtthpeermade FEERi ve
t enper at ucendudtiirvent | ovatfendmlE t henemdpeozsyr e andsi ngetdebnduatntlyebased

on such ipfadRdion, MR ApgrRitwa! [HhcAREEO! at NenReah1SOREEEe8R8nG he
cool i ng d%l e ford heatéjoﬁ"%’r and .cool i (}gﬂwaf Srs accor |ng tg angr edeterm ned
{onper at (BATRE AAaREed, TG FTNGAIT FTHERPAUEEPE o WaF 675 18t SHBBETRRE 20
control | _elnomr becmecbetoqmaém owigbdneathet héhauma_iht proceesimg ener gy
3el ng eni éﬁ@ﬁ:éln';ﬂr?zt h%lﬁﬂ'i‘lgf@i@cﬁdtht\li?bethd Wwageph! ?rbtnﬁéﬁfﬁoezbé n? .
evi ce, on e ot he n e c r L_ca e confiqure 0 contro e
Tovenent %ﬁf?ﬁé C%OF‘Fﬁg CLou::}n]:e 8&% Be %la%ea Q.n comm 1c&10n with

the thermal processing chamber. The heat source can be, for

instance, a plurality of lamps which emit thermal 1light

enerqgy.

In accordance with the present invention, the apparatus
further includes a cooling device located proximate
to the substrate holder for selectively cooling

semiconductor wafers contained in the thermal

processing chamber. The cooling device includes a
cooling wmember which defines at least one cooling
channel for circulating a cooling fluid, such as a



25 device and/or the flow of the cooling fluids in and out of the gﬂpgiﬂﬂmz
devicte. Ot her objects, features and aspects of the present inventi A

di scussed in greater detail below. 30 Brief Description of the Drawings A
full and enaMPOMY7M scl osure of the present invention, includidTyBetmasizest
node thereof, directed p to one of ordinary skill in the art, is set forth
nore particularly in the renmai nder of t Re specification, 35 which nmakes

reference to.t.he .appended figures in 2.0 v 2002 WO 00/ 31777, ..
bCT | 997 01833 cN BRGIE U 4 Pi/HRE AL A SPehiBd SHEMbodi rent

of an appar atths-oluah hbet cooddnign gRaib e diind aodMifrRf sdéwiegcor dance with
t he present5inventi.on; Fiqure 2 is a.cross-sectional M ew of gneenbodi nent
of a cool i nglm(‘il TERATEh & %ﬁd‘?tﬂ'@%‘s‘"e&c%murper oS 1y BHeber in
accor dance wuskdt epcesdnisemivendumtdd Riafiers Throwltrossveetcidwnal vi ew

of thg cooli e Lhl.ustrated in Figure 2;Figure 4 is an alternative
enbodi nent o?%§c§gﬁ?H§E&§3rce that nay be used in a thernmal processing

chanber in accor d&nes exabi v, h&her exeitirel destideoef fiuFipresesis a tine
and tenper at yrgeat3phi 'ilkuﬁhﬁ%fj 'u%%dt R& @ofofﬁe%c%e*ﬂﬁt ctor

conventional heating cycles a eating cycles that may be used ina thernmal

processi ng cNa#sErs Akdeelgciecotdiese WUGR &shefeas dlhe (WaksHs on. Repeat

use of referpagespebar Aeheed th bheARtRrmSPRE WaSalh@ and drawings is
|nte38ed torgg%esen% same or anal ogous features or e|lenents ofthe

i nvefti on. 254EPRFFBG BEscr FREI dRSERNGEne 1B ON6r FER IS Ied® 8t is to be
under st ood bygooléngf devdceaerns indiudel he maviemehat nduhaitiesefordi scussi on

i s adescriptians I emiaodi.nen Ly, _.and i ot i ntended as
limting theh§95§ e?ﬁ§g§8§?é“SPHFﬁég%b%§§§%F£iﬁ@e%ﬂi%ﬁ%miﬂnch br oader
aspects are @npéuiedinndhe orarphgegepentt pestitdonl.n Jandid , the present
i nvention isedyhgeheft! 8L RRBA atr%%r %g%gﬁtﬁhagyfi% heatdngend cool ing

waf ersin a thefmal procéssing cha . ~ heati ng35sem conduct or wafers,
the tRermal PHR3REEBENGOCARADLBPSSIDLY NBYAiggstwWorDEasE, With the

semiconductor wafer held on the substrate holder for
cooling the wafer. In the non-engagement position, on
the other hand, the cooling device is spaced a
determined distance from the semiconductor wafer and
20 does not substantially cool the wafer or interfere
with the wafer while the wafer is being heated.
Alternatively, instead of the cooling device being
movable towards and away from the substrate holder for
selectively cooling the wafer, the substrate holder
25 can be movable towards and away from the cooling
device.

In a further embodiment of the present invention,
the cooling device can be stationary and can include
one or more gas passages for circulating a gas

30 therethrough. In particular, the gas passages can be
designed such that a gas flowing through the passages
is cooled by the cooling fluid being circulated
through the cooling device. Once cooled, the gas can
then be directed towards and can contact a

35 semiconductor wafer held on the substrate holder for



PCTI 1 B99/ 01832 can contai n conventional heating sources, such as a 720 MAY 2002
pl urality of lanps that emt radiant energy. In accordance with the present
I nvention, the apparatus further contains a cooling device that actively
cool s 5 the W@R¥3GAtHuct or wafers after the wafers have been RETUBP/O1FRe
cool ing device can take on various forns and can function in different
manners. For instance, in one enbodi mentg the cooling device can include a
cool i ng nenber which receives a cooling fluid for 10 mai ntaining the
cooling devi ceoall ing ¥R YLF@E! altHE coblE PN WLee £ furt her
i nclude a nechanismthat is configured to cooh1 he wafelgs qc;_r-ygei/{:a{{ﬂasel ect ed
times. Vari oudNSEERGEagIO eI n 31098 9%c “15 “tthr t
appar ?t uz andolh_IlQCeg}‘aal_OftHdl&vd)I&_S%ﬁ_édl\éﬂl}tédominiésr, :msetamnﬁ; dfhr ough Ithe_
use of the coaqli evice, the ti i.t takes to.comnplete a. heating cycle in*
an appar at us 8f’°?gr§’gplg&s§rﬁ 'ir}h‘fé‘fﬁr}?owq §°§§l}§‘f§aﬁitelvdﬁey Fhf%d. By reducing
t he | eBgt h of sReppiede and tstieastdd wmmpldetsd radheat i ng cycl e, thernal
processi ng chanbers_nade in cordan f+ h ent_ | tion are
particularly well E&aﬁtngd Rt %%éee%%é’\gllﬁu@gtta%ggg;ﬁ n%roéf&é‘}nmge and
activation of inventripngnttdce iagparatiws further dncludes teo form 25 ultrathin
coatings and ft!ehgéf%.u%%m HeyI¥e 'Eor ﬁPﬂi %ﬂ@{'!faéémet hin filns,
Irnsula y e

conductive or ting, IC re previous eposl on sen conduct or

waf ers. The tkemparafurecf iy serinanduetorhyagesseantainast Mikbiia al so
capabyg of foEReNgnkema1UHIHESthe hlambas.and ton-aiildt icap eed

el ectri cal proagrtl es. In partjcul ar, a%ﬁorgl ng to th% resent i nvention,
semi conduct or PRAFERs 18, G WY Fakd Qe M) tha 5181 geWﬁFﬁ'ﬁ‘ FeELESLNGhe

chem cal and geysiceahndeacin Glisdtbe donFliguespetat coatiriedt thieeheaturring in
35 the chanber_ _Ln _other rds, .cQoling.she [ I 2 MAY 2002 WO
00/31777 0 PCTPETESOPRR 55 Rk &eg&é%ﬁt‘smgﬁgcﬁﬁﬁgﬁﬁtlé’ rufimEnt ed and
undesi r edchentoatraddephysirc ateqesdiast itempetrs tureud nforimad iome fetont i vel y sl ow
cool ggwn phaggeofe Eévxd%ﬁ&teﬁys‘?érﬁsi f eliBg hfak fgu@adlonasmtem general |y

10 made5i n accor dance | e present invention for heattreating a wafer
nmade from a séRfesmatdoNve apt A@YtaMadicR1AY SPREEBA, the heplsFPRESES. System

10 incl udes aghacessi BeollMP HevizeaFapt BdatOngeanlveodlinr ahgsgech as a
waf er 14 for condugti ng, vari ous pr.ocesse .§0AS shgwn, waf gr 14 is

posi ti oned on*§°8RBLPFaLe ﬁolﬂf&‘%:‘?eﬂ‘dé’e r SAFBeF et iEl ¥¥s8rati ng materi al
such asquartz. ChaBhecohZriodldesj dihed heatheaureeaf efots iastanger, aphe rat es
and uggder car trQl C i4i.an eL,-1 e from

vari og§15rrat eg{:gﬂgq%& &%‘l&ng’%rreq{%d; .tgFgﬁl C?Egtggné]é-, ag%g-lr%ggr% %ggan be made
from st ai nl es3mensE| ofpthermal AnencyubenRgneBhikBEr onLo $hgpde from a heat

conduct i venat gendkonBekRraklardrle amaebatrbitingesna eeolliingsystem Far
i nstance, as agown in Figure 1 chanberZ% 2 |ncgggﬁfg cool hng conduit 16

wr apped ar ound®YhERer PRe Sthetre handnhEhe €oR £&Ma88pt ed
tocircul ate aconsligugetll ttiod caritfvlatheameremahtchfi sheedobdimgi ntai n t he

| f ch . t | gLl . E I
ol (2 o gacdikice Spa7k Tyl Sl 8 HBUTELOHEhE, STAtAS IR akd, 1T The”
chanber and/ or ofibr offakheaicaaiginichalestigeber wi thin a preset pressure range.

For instance, a gaégg?gr l&%jél@trso,d %‘11.59%]9 qhambepedest Broygl gas inlet 18

for reaction w th30warl Inorder_to form  for exanple, oxidecoatings,
conduct i ve | apERg§entt nvemdd Qi fuees SdgCuUERedadncarerken Hetadacuat ed from
t he chanber upkmngwgasoutlet 20. Alternatively, an inert gas can be fed to

chanb% 35 12 through gas [nlet e%<8: foir:_gr ev;e_r&lieng a‘_in")/i unwant ed or
A full and enabling disclosure of the present
invention, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth more
particularly in the remainder of the specification,

35 which makes reference to the appended figures in



2 0 MAY 2002 WO 00/31777 10 PCfF11 B99/01832 undesirable side reactions from
‘occurring within the chanber. .In a further enbodinent, gas inlet 182&rAY 7002
gas outl et e used to pressurize chanber 12. A vacuu be
created in\§§3§§Q7P12 when desired, 5 using gas outlet 20 o?kgﬂﬂgﬁbigiona

| arger outlet positioned beneath the |evel of the wafer. During processing,
substrate hol der 15, in one enbodinent,‘kan be adapted to rotate wafer 14
using a wafer rotation nmechanism 21. Rotating the wafer to pronotes greater
tenperature LWH*%Pnity over the surface of the wafer and pronotes enhanced
contact between wafiguid andsaaycgasessestionarediéewtof tdmeechanber. |t
shoul d be under.st ood owever, _that besides wafer nber 12 is al so
adapted to pr%ﬁ%@ 10 n%p&?cgﬁ BBP?E?Q¥FIﬁ%F ??%gré?eggg% ns, and ot her
substrat es hasemicanjupboti wafarsshapaccardante swititetive praseny devi ce
generq;ly 22 iﬁvéﬂf& ed in communi cation with chanber 12 for heating wafer
14 during processing. Fbating device 22 20 includes a plurality of Ianps
24, such as tungstBnglaregenisafpsroas-saehmonal FriewW cofl onanps 24 are

pl aced above M&Eﬂéntlafsaoebslﬁﬂguaéeiééoeﬁatdmfdi VEd udd@l s hagps 24 may

be placed at any particular | ocation, Further, a i onal [anmps coul d be
i ncl uded 25 VFR@FR2LyRYRELSE1NG gRamPel. IThRCSEREAYRCE dilsh 2Bhes a heat

source i s gengr@séytpPigbentedn;For instance, |anps have nuch higher heating
and cooling rates fhan otheg heating devicesr,1 fuch as gl ctrica{_elenents
or cofentional fuFhEES. 3365 8nBEO% RFERt R A At PS5t r Pl Hr%cessi ng
systemthat plevide ilhkhabrabeduineRigaye 2ypically requiring a very short
and well controll ed, t ,up_peLi I . fyomlanps 24 can
al so be abruptly S?ﬁ%%gé gt93n§£t?ggggagtgﬁ%mﬁméég%ééﬁgﬁ%ﬁr%, | anps 24 35
are equi pped ewehing devdice pbakrmapnbeonsed 5 a Hzhermal

processing chamber in accordance with the present

15 invention; and

Figure 5 is a time and temperature graph
illustrating the difference between conventional
heating cycles and heating cycles that may be used in
a thermal processing chamber made in accordance with

20 the present invention.

Repeat use of references characters in the
present specification and drawings is intended to
represent same or analogous features or elements of
the invention.

25 Detajled Description of the Preferred Embodiments

It is to be understood by one of ordinary skill
in the art that the present discussion is a
description of exemplary embodiments only, and is not
intended as limiting the broader aspects of the

30 present invention, which broader aspects are embodied
in the exemplary construction.

In general, the present invention is directed to
an apparatus and method for heating and cooling wafers
in a thermal processing chamber. For heating

35 semiconductor wafers, the thermal processing chamber



2 0 MAY 2002 WO 00l 31777 |1 PCT/I B99/01832 can be used to increﬁgf 8{2 :
"decrease the radiant energy being emitted by any of the |anps.In M ‘W%
nonitor the tenperature of wafer 14during the heating process, in this
enbodi nent ,‘%‘PH&?%’I processi ng chanber 12 includes pluralitPCIBRRIEA on
sensi ng devices generally 27. Radi ati onsensi ng devices 27 include a '
plurality of opticalfibers or light pipges 28 which are, in turn,

i ncommuni cation with a plurality of correspondi ng I|ght10detectors 30.
Optical fibef3n2goptaiBofPnyentdonalcbepténghEPlaresneSyFH@N@ enitted by

wafer 14 at pparhicH abf“@!ﬁb@“&hﬁt enerapRdnanef o rag ationis then
comuni cated to |light detectors 30 which enerate a usabl e vol t age signha

for deternlnPﬁ§°Fﬂ§E§9eWﬁ§FaFGFeP6ﬁ5FﬁE &BY%F ERANeh ©0%n BP2TATYR at edbased,

in part, on PheBRE&rScbavaihB anecerhadi HBGicéaﬁhanTalcﬁﬁlvefllyb@ooa.& in
conbi pati on th a Ilghtde ector 30 coggrlses a g¥rone ener a

thermBl prock8€i AGRLAARGEFTeS WaksasoALLaPR BRE BRIRLS I%15f radi ati on

sensi ngdevi cheatéd.a whef ebbedngnhedwentanasaséown akiigwse fhrmisher nal
processi ng cha ng_a radiati Qn_sensin deV|ces t hat

er I
P ocurothy (Bcrap FuReR B tpoRut e rehY RhphBEsT o B0 AR 1ot he

t enper at ure @&h ohe ambediment,f theenbbdingi devicencieneinicdudsec t o control

the amount oLBE3inkehatnaBPkhitn deLBE LR ST cRUILAG HIGIA gps00 Of ! he

present inventlon ouI e desi suc optical fibers3028
onl yl@et ect menﬁmnmqu &heoropding éﬁvmedafsyavaléwemtemear@ttua@t ect

radi ation beirng ggbiifg B¥V2BBScAf: fhftﬁafslﬁegaae asmgt:ﬁ&hllgxd ncl udes a
filter32 mhlﬁﬁagrevents thermal radiation bei ed byl anps 24 at the

n
wavel ength a i tR FPBﬁ%gHEFQCFBr§°963§BﬁéV% gr?rB Entlr PR eSh&her 12.
Filter 32 al 8fmes2 0 NAY 2002 MD 00/31777 12 PCT/1B99/ 01832 serves to

i solate |lanps 24 {romwaf er, pre e gﬁ%anlnatlo .0f t.he chanber.

Filter 32 as sho aFﬁ°EFgﬁﬁgaTtégﬁsb3n %OEFF|8ﬁ H@FWEen chanber
12 aml heat tbnough22handppanabasnadé prom¢s$omf|hBEapceseﬁtfused silica or

quartz. I n agngLheigali veoenbadian BubBMBn24usanhespavered by a

separate filter sid usi ng |af|on sensi ng devi ces, other t enperat ure
sensi ng devi €831#ny @eveged Fhetﬁémgyéteﬁ¢%#5 FﬁeCBWE§éﬁ? Bnvention. For

instance, ONReQtinGr8ydlet RAT Hﬁcagpla@stﬁayobethacpi—aeéatednvamwme system
or, Ton o1 99 LhECkeMReATtr eal Ll Ml eLodlc fag! RS Lagal 2 1 o 2
wi t h20he waf timer itabhakesptacedmplptecat hedeingf eycleonthermkall5 t he
tenperature BégcQ§sEé&r888k8£§§-made in accordance with the
present invention are particularly well adapted to
cause effective annealing of damage and activation of
ion implanted impurities in the silicon, to form
25 ultrathin coatings and films on-semiconductor wafers,
and to anneal thin films, conductive or insulating,
which were previously deposited on semiconductor
wafers. The thermal processing chamber of the present
invention is also capable of forming very uniform
30 coatings and films with improved electrical
properties. In particular, according to the present
invention, semiconductor wafers can be cooled very
rapidly which “freezes” the chemical and physical
reactions at a high temperature that are occurring in

35 the chamber. 1In other words, cooling the wafers very



System 10 further includes a systemcontroller 50 which can be, foerU MAY 2002
instance, a mcroprocessor. Controller 50 receives voltage signals Trom

| ight detectaors 30 that represent the radiation anmounts 20 bei ng sanpl ed at
the vari ousWOM27%8ns. Based on the signals received, controf’?y&%@{q@%

configured to calculate the terrperaturegof wafer 14 at different |ocations.
System controller 50 as shown in Figure~™ can 25 also be in comrunication

ith | . t hi troll en
det ormne | neEaRiol i inde and i 2LL AR SORT GRuCET R, £O0
control the aviwemical drtbrptats byl gyedet honente tedchy dunpsg2theln this
manner, 30 i risé%{ or(yj%ﬁm L@&&%ﬁﬁaﬁf}?% ﬁpetﬁ(g?lg%%hn yEIr_ﬂg_condl tions

Wi thin reactor ) processing, In ca ? control led
limits. In one enReffemning dmiFiguee Lo 2a5Yehem Penesedlyolumadeatically

contray ot herjel oot s iid Rt H Neh S iyS4 00 i MRdnt 1\6H ap68. heart rol I er 50
can be used to 2 0 MAY 2002 wo oor~~~ 13 PCI/1B99/01832 control the flow

rate of gasestigrEinh@ daffremads R R IRBIGARAUgBiVasnakeFAaleont rol | er

50 canfurt hergdieh UsL & 410 st rid {1mndtatetad . Wewdearf 20 1Absusesaped
within the chanber.5j n agcordance \égséh thq? resent, invention, as"shown in
ARG i‘g‘g

Figure 1, syREIFATFING t LR TRRATES BB BEFRFBRed i n

t hermal processchgohaherfel? . 1Afahawnduct ing svanbous neprbcesses i ngdevi ce
60 i ocat ed, bel.ow sem_conduct or_ waf er 0i s nted, on ase 62.
ool 1 devi AF ety GAREE it s, EP e e TS SRR EF ey a2

sel ect edt i neslSindde Hirdnmer rtaiemaiceisﬁimlgptlxrmmtthl cstiah| gsafter the
waf er has be ed rdn ad; i tt_qy%g tyge,d5in
accor dance vﬁ{h e pr%%é%?f%?e?ﬁnon, cﬁﬁﬁevﬂ%e 6 %gnyﬁea%onstruct ed
in various wHerARRishiGaiesdand fqlﬂ%thﬁ%ﬂgﬁklﬁoq%?o%%%i ng

waf ers. Ref er rddig 110 JHsQU @hatidld 13 e wihedideritowfvacDeohs ng devi ce nade

in accordance with the preseni.20i nvention is ilJustrated. In this

emboditent c“&P\c’ﬁ%'gadei/i ARG TG RRER 0! i RS HRRRRE bfate-1i ke
shape. Cool i reprssdaraded fron wiesideds rgudalnnddrastd othi alnmirumesi gned to
receive the flow cog@l.l |y ].Q:H\? . i

cool i ng25nmenber 64 cé’n%glean%%a%el iq'né ggn%ﬁ%ca réorﬁfév%]{ff h@%’gﬁgf}l‘éefl uid

sour ce, such materigdeprefignadlywitshfiphes indosienh@ ¢ePLRD cool i ng

channel 66. ThagaMl i NGdd UinktHdY 2idyS dnnl sperifure pf Erahhagmenber 64
at a relatively | ow tenperature thus30al).ow n ol i Ega device 60 to
t

co
acti vy cooleniNtOiies & SRt £t & %’Ea@ TRUMANRE of t her mal
ener gy betweareditetwrrf &Jf and tdmanant. ngrerhdart 14 ide sodaesd above,

Rt o Phy SR AL L) sy WSO Uderl B8 W AadfdpCigd 1 e
used to maintain the walls of chamber 12 at a
relatively low temperature.

25 Chamber 12 can also include a gas inlet 18 and a
gas outlet 20 for introducing a gas into the chamber
and/or for maintaining the chamber within a preset
pressure range. For instance, a gas can be introduced
into chamber 12 through gas inlet 18 for reaction with

30 wafer 14 in order-to form, for example, oxide
coatings, conductive layers, etc. Once processed, the
gas can then be evacuated from the chamber using gas
outlet 20.

Alternatively, an inert gas can be fed to chamber

35 12 through gas inlet 18 for preventing any unwanted or



2 0 MAY-2002 ' PCT11B99101832 . course of a heating cycle being perfer@QQMZ
in the chanber. Consequently, as shown in Figures 2 and 3, cooling d 9'

60 can be owards and away fromwafer |4. For exanple, hase 62 as
shown in F{%ﬁaﬁgﬁwg can include a mechani sm which raises and®$HREPAIE e
cooling device at selected tines. For instance, cooling device 60 can be
novabl e between a wafer nonengagenent pa@®ition as shown in Figure 2 and a
waf er engagenent position as shown in 10 Figure 3. In the nonengagenent

posi tion, coohhdgﬂleab&e eﬁd@qmdaohﬁ:i@rrspzfm bmumaifreg Witrd rditdteance

sufficient sog not T maergéﬁ':ﬁda 9'5’ \t_i(gf‘__erga@ﬁ e'st l:iegl raglcpeat ed.
and nee

Once the mafer een eat e omever cool i ng
devi ce 60 candae Q'étiaetcag S@djradentusted tthepwafssmragastwmtherr EJZgural. 3.

Speci i cal | V. yaeRhh NGt Hh HLARPUACEHaHHACUY b HUAGH th the

waf er or can be_noved very close to waf er w t hout tou ng "t he ‘waf er
depend? ng upoRSing @ast Pléﬁllﬁl*- &pla ani eddithenadl degyam aurdeX0 engagenent

posi tion as sﬁswtwngaguaﬁe%tm@e‘:@ 1£4eusoﬁ:a2h@| Yadel ed. 1t should be
under st ood, however, that besi des cooling device 60 being novabl e towards

and away from t he RRFERT RFOSESAING| FubstEatrahoLesTddS 13coMehe 25
configured tocenby@ihéRtYatah Hesldaptedaitds ratedtanem ferOmst hg i golal ng
e

device. Furt besi des.adj usting .t he_posi n_of the cooling vice in
relation to t éfﬁﬁfE?g g%ﬁ@rmF SZ 2an bé g@@&nﬁbt§@ &e¥el y coo
waf er30 30 accprdmagesogtbatpme&smmeratawblunleamltqsmwmmethbhe flow of a

O o ol PEQUB Do EOBLLN G oAU pRBBL e ORI 65 90 con be

adj ust ed dep I ng upon anount o esire t any
particul ar t i petween vaﬁeanéé anderRNYogRERY lstneﬂuseﬁlnaao the 35 fl ow of

S&?‘i" 'B gg/g Ilglgaﬁsefool rRIsHOWIE HO unaBrltooa? Roleve2002n4P 00131777 15
besides wafers, chamber 12 is also adapted to process

15 optical parts, films, fibers, ribbons, and other
substrates having any particular shape.

A heat source or heating device generally 22 is
included in communication with chamber 12 for heating
wafer 14 during processing. Heating device 22

20 includes a plurality of lamps 24, such as tungsten-
halogen lamps. As shown in Figure 1, lamps 24 are
placed above wafer 14. It should be understood,
however, that lamps 24 may be placed at any particular
location. Further, additional lamps could be included

25 within system 10 if desired.

The use of lamps 24 as a heat source is generally
preferred. For instance, lamps have much higher
heating and cooling rates than other heating devices,
such as electrical elements or conventional furnaces.

30 Lamps 24 create a'rapid isothermal processing system
that provide instantaneous energy, typically requiring
a very short and well controlled start up period. The
flow of energy from lamps 24 can also be abruptly
stopped at any time. As shown in the figure, lamps 24

35 are equipped with a gradual power controller 25 that



.Sl owed or stopped. Conversely, when it is desired to cool the wafer, the
-flow of a cooling fluid can be increased through the cooling device. ZDrMb&ﬂ&Ul

enmbodi nent, wVohls controller 50 as shown in Figure 1 5 can Fﬁ#@ﬁﬁyﬁggzln

connunrcatron Wt coolrng device 60 for automatically adjus
position of the cooling device and/or controllrng the flow of a cooling
fluid to a device. Cooling nenber 64 of]coollng devi ce 60 can be 10 made

from vari ous _mat r|aIs Ln particul ar, COO|I er_ 64 should be made
froma conduff f’vg’ & &0 dMgreass 9k de é':??" "3% ST She
cool i ng fl ui Hedne emﬁmmeﬂdwyxzhyMﬁﬁﬂthb41dﬁpsxn5 naterrals that may be

dt t t n 41 t al h
as sl uni num st ai AoSEaste P GEntess tih e RErattrd B Wik d 4o prevent
contanlnatrodubehge&herhemmiﬂgupnnaassendmcthnSNQMbodn%@henr|ng to Figure
4, ansalter ”Ehb%@a&”’@%‘c@% T&rfqg MHarbditdbl 19d54eEe GlQnIa'ri ”%% be used in

the apparatus an cess O present invention |s rSted. Sinilar
fo the enbodrndnatnpnugenaa@g|dewmqaﬂwg9ngraﬂdy327in ﬁhdsaewbodlnent

heat [ ng devi 6gngdnbnalvdens? 0alided et ui41 iRy, SickpRsatne of more 25

cool i ng channe or circulatin cool'ing tluid, h as aliquid. In
this enbodi nERPerRofEyvaAightoRines 1°G4aFﬁntH@rt@§P|né§ at | east one

gas panﬁgte éamm@aatcaai&agm%hlas pii%&lag_ﬁf& b@dba aeﬁlgtmanéo gas
sour¢ a cul ates_a gas r ool i ng devic , gas
pass%ée 68 fﬁﬁ&g %ﬁFﬁuaﬂ COBP&&SaﬁE%B%Fr§42 Brﬁhgﬁq ﬁ@PEﬁQsta plurality of
exits that reéeaiveathesmad] anergyt beiagi enddtetiobywahderldds &t &hi s

manner , r as p i I ool i ng
furd bel ng D2bEiBRAsE yp e 4gedE? IR dRRARE BF 5Rntl Shabhelpl ey
through chanhel thenasemmuniretedi tectldghtodarastonsi d8nwbicbr wafer 14 for

cooling the yeheratdhg g3anhel Wo1kade! BigHAN @88 E@%@%ﬂ%@ﬁféﬂe' d be an
inert_gas so that no undesired chemcal feactions 5 Qccur I nst ance,

nol ekl ar n|F?E@%ﬁatSF@oﬁfthﬁeFP&#FCHHlSB G8BdPgsCphEuL’BPRNg gas. In the

enbodi ment ibasedy aiadpaptli our ®lanckoel Lag. deynceneoeﬁaadmeﬁtatl onary or
can be anabIe odlnent A

a | ustrat e es 2 and 10 3.
Preferably, rasleBESSFEEFrgg 88PbﬁBF rean%%P f%%%ﬁ processi ng
chanber, thedétemtor Bhecomprusgsgaspynbmegas passage 68 should be

cont rol [ abl e so that cbhg-gas thawgan BesLopREIcARHLELA1S CdaRt desired
times. In this regarg systémcontral Pe %
20 contain one or a plurality of radiation sensing
devices. In a preferred embodiment, as shown in
Figure 1, thermal processing chamber 12 contains a
plurality of radiation sensing devices that measure
the temperature of the wafer at different locations.
25 Knowing the temperature of the wafer at different
locations can then be used to control the amount of
heat being applied to the wafer.
During the process of the present invention,
system 10 should be designed such that optical fibers
30 28 only detect thermal radiation being emitted by
wafer 14 and not detect radiation being emitted by
lamps 24. In this regard, system 10 includes a filter
32 which prevents thermal radiation being emitted by
lamps 24 at the wavelength at which light detectors 30

35 operate from entering chamber 12. Filter 32 also



15 as shown in Figure 1 can be placed in comunication with the cool%ﬁnq,ﬁémn ,
source and can be designed to control the flow of the cooling gas fromthe
gas source weo d@gplhng device 60. It shoul d be understood thapchapbdagaat he
20 enmbodinents illustrated in the figures, cooling device 60 can be cool ed
in various other ways. For instance, inan alternative enbodi ment, an
active cooling structure can be placed ‘adj acent to or can be attached to

cool ing devi G& B8R d Qo RG] Nt gbevi&eqfdy MBMO&%%f en
Al ternatively, cooling device 60 can iInclude a cooling nmenber nade froma
t her noel ect r iGTHRMMa1qm| @f Hee nehankenr he FddAeh g heddeshavnainover

tenperature. ﬁ%&@qriém BOOY 6y i Adiy BEAIS A Otwdeh dehRBe 30150 is to

rapidly cool wafers in thermal processing chanbers in order to increase the,

speed at whi @Rt FAEFR 22 AN ELPLHOMANE FF MRS 5T | FNSFRNERanber .
Referrg ng to figd &ilid ok ARered | Ve dnP @k rma tOFY edtih Sddhe €At | NY

cycle (a) is sh in 35 co rison to heating cycle (b) that can be :
produced 2 %%%ZZW%/ ‘?ﬁ"%ﬁfl@Q@/ 5{:&;@’% r}g"iq‘%rappar atus of
tﬂe present i nven!ﬁmddﬁamﬂwg f&t{iactnm n sensdng devigdde @tﬂpafh at ES of

t hepresent inventi ramatically. jncr . COUs s e gra
illustrated &r?ﬁﬁed"g‘&éi% iséeal?%Jr@ere?r‘)éléaer%y mp&f%%sgg eodr)ﬂ%‘f er[qé s%%’%‘gbe

under st ood t heft wiheh preservo| invenisiarce dlort iasagsmy ane/ent imoret her at e of
cool i can AU S&ﬁg i @}?ﬁg ad 3 [ e

foll C)l\%gd. For l;lﬂ'?r‘t)s‘t app ‘*lgéaisti 0 ,g%glv\r}eve : %t%lﬁ%acégﬁangl d&ﬁ%‘_g&’g?ﬁ’ﬁe present
i nvention wi MeMddordag tthe dnnrgrataing ofashg yafempasidisingde cool i ng

vaf er Srapi di Wodedilo oradary geafra¥idy lo¥subatiemdst ae, besides
reduci ng the .anount of tinme it willtake t,o pr.ocess wafers, |ess undesirable

cheni cal and ceRPYas; Gan ke Riacese dir ARy SRE-aTolViddidtase of
the heating wafler Bietarmsk ghetededijbHceat the wademririn afsidwt he

present inventio b racticed b fardinary skill in the art,
W t h(;it%’t depa%ené!e?n%rﬁa&h‘gtfoscpﬁr} iehle a%‘&tr}s%géggggg't he present invention,
whi ch isnore part Sysitem \1Gdfurthear includesappsyeserncicantrdlilexnidiQion, it
shoul d be un%&%w%%w AERE G tUrldae Wahieuspeakedismpnt s may be

' ' n h

i nterchanged both inwhol € or in part. Furthernore, those of ordinary25skill
in the art wortEgdles &% reraivar iodtegsi f4gBads fE%h Hi8%y way of
exanpl e onl y detiedtiorsNQlo it etbpredenti theheatddueilonoanmrity t her

descrziobedi : %ue%.rr]lga% %.2‘) ee Caltaitq?é var%.o%s gc% Q%ntsg Wﬁ%tseids ocrl aéhrged ~ s
signals received, controller 50 is configured to
calculate the temperature of wafer 14 at different
locations. )

System controller 50 as shown in Figure 1 can

25 also be in communication with lamp power controller
25. In this arrangement, controller 50 can determine
the temperature of wafer 14, and, based on this
information, control the amount of thermal energy
being emitted by lamps 24. In this manner,

30 instantaneous adjustments can be made regarding the
conditions within reactor 12 for processing wafer 14
within carefully controlled limits.

In one embodiment, controller 50 can also be used
to automatically control other elements within the

35 system. For instance, controller 50 can be used to



1. An apparatus (10)~ for heat treating substrates (14), preferably

‘'sem conduct or wafers (14) conprising: s a thermal processing chanberzafﬂyzmz
adapted to gﬁg&ﬁ%ﬁTgt | east one substrate (14); a heat source. 22; i n
communi cati o aid thermal processing charnber (12) for PRd4BIHYSEni d
substrate (14) contained in said chanber.,(12); a substrate holder (15) for
hol ding said substrate (14) contained inh said thermal processing chanber

(12)7 ;8 o001 | BBnfeyh cenesRlol 0pakedop gLER! Bk Brafkdchiligliaty ol dor 1 o
(15) for selectively cooling sard substrate contained 1n said therm
processi ng chihsenghigps dnlatcd8li ndsdshpen, (6ontEghpLEsBAgCANcool i ng

menber (64) mpptAbBeHeOlisadl B¥CEChEPBE! BhHl BatBaAL! HR 1 BRX WE¥EPRQCESSI Ng
tenperature of the substrate, (1~t) cheraaterized in that one of said
cool i ng devi céS(totakpd wathin the,ghaRBeE- hol der (15) is novable toward

the otper of said gaohteardeMteewiEl) tRadppdsentdifivbatiahg Ael der (15) in
such a nannerfhhat the_novenent of the one_towar her causes the

d the_ e
substrate (145RP¥RpEINGFLEUFRYLcoRYSEERILIRyTUEFRE obPFﬁﬁéﬁévPce (60) and
separated froeveaiflgsabeticat eohpbdetiénéd $n theimabepsubekkdng (14) may be

cool ed whil st _separ at fromsalid subst e holder (1 and.i.ndi rect
contact with gg?ﬁgSSO??hg gﬁvfﬁgw?SO}V éﬁii,eﬁé°§b$é?§%u§°?}bfgfor heat
treating subsdeyice 604)s poeatedbbgleensenhdanductonfwateflal eodpri sing:
a thejgal progesging §§389¢£ N éﬁ?ptégoiPnﬁo&L@igea ol §8Skopne substrate
(14); a heat source F ) ~in communication wth saird thernmal processing
chanber (12) #6Eivedyi agdszprpidlyseeel tng M3fesnt4i akdseheshrd chanber

(12); a substtahesh@idRr tBe tHé&ImhPl photeésingatHagbés) rate (14) contained
in said thermal processing %hanber (12); qﬁgoolln dev| c £60 | ocat ed
proximate to EﬁFglEH _F LYt a F%FdEPe(Yaéﬁrf S jRee c??%ﬁﬁg 8ofi ng said
substrate (l4preastermtflednpsécdssiry neémperaesseéng chanmber 2 0 MAY 2002
19 (12), said cooling_device (60). risin 00] | nbe 4
naintg%ned at a Ioi raFgﬁﬁé?g%ﬁr%lﬁﬁgﬁh?réfé%§%€u§$%§%gg§§rnéogg%%grature
of the substrdeei¢e450 sandbeocdnstractvedcin carious heaysoandi aang at | east

one gas passaghciffe hPErLrOMt lelndffshd ot NEQUDInGWaPdrs. 0as passage
(68) being configured to direct ;
Referring to Figures 2 and 3, one embodiment of a
cooling device made in accordance with the present
20 invention is illustrated. In this embodiment, cooling
device 60 includes cooling member 64 having a plate-
like shape. Cooling member 64 includes cooling
channels 66 which are designed to receive the flow of
a cooling fluid therethrough. For instance, cooling
25 member 64 can be placed in communication with a
cooling fluid source, such as a water source, which
supplies a cooling fluid to cooling channel 66. The
cooling fluid maintains the temperature of cooling
member 64 at a relatively low temperature thus
30 allowing cooling device 60 to actively cool
semiconductor wafer 14 through the direct exchange of
thermal energy between the wafer and the cooling
member.
As described above, preferably cooling device 60

35 only cools the wafer at selected times during the



s said gas towards said substrate (14) characterized in that one of sal

cool ing device (60) and said substr8te holder (15) is novable tomar

ot her

of saj

manner t hat
(94) to be directly con tatted by said g gollng device (60). ~o 3. Apparatus

as defi ned in clains 1 or 2, mhereln sal

i ke
sai d

Appar

cont am ~s

Appar
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Figure 2 and a wafer engagement position as shown in
Figure 3. In the nonengagement position, cooling
device 60 should be spaced from wafer 14 a distance
sufficient so as to not interfere with the wafer as it
is being heated. Once the wafer has been heated and
needs to be cooled, however, cooling device 60 can be
placed adjacent to the wafer as shown in Figure 3.
Specifically, cooling device 60 can be placed directly
in contact with the wafer or can be moved very close
to the wafer without touchinhg the wafer depending upon
the particular application. When placed in the
engagement position as shown in Figure 3, wafer 14 is
rapidly cooled.

It should be understood, however, that besides
cooling device 60 being movable towards and away from
the wafer, alternatively, substrate holder 15 can be
configured to move the wafer itself towards and away
from the cooling device.

Further, besides adjusting the position of the
cooling device in relation to the wafer, other
controls can be used to selectively cool wafers
according to the present invention. For instance, the
flow of a cooling fluid through cooling channels 66 of
cooling device 60 can be adjusted depending upon the
amount of cooling that is desired at any particular
time. For instance, when cooling is not desired, the

flow of a cooling fluid to cooling device 60 can be



9. A nethod of heat treating substrates (14), preferably seniconductoh

‘waf ers (14} conprising: a thermal processing chanber (12) adapted tld) AY 2002
contain at | east one substrate (14); a heat source (22) in comunication
with said t QM3 Yr ocessing chanber s (12) for heating sai dPETHR9/03833 ( 14)
contained in said chanmber (12); a substrgte hol der {15) for hotdl ng said
substrate (14) contained in said t her matt processi ng chanber (12); a cooling

device (60) | ocate roxinmate .to said substrate hol.der. (15) .for. selectively
cool i ng said §38¥Faa & fﬁﬂ?PSSnta?HEHeFﬁe XFdwﬁﬁgr%gllﬁré€é§ Fﬁgiﬁhanber
(12), said cocbbigtHeviwa€effOrheofpowsbfigaacoodlingg fimidecantbe i o

mai nt ai ned at ; t u t A L UM prQC I ng tenperature
of the substrégg%gggédcﬁgggégér%ggdgﬁﬁlﬁﬁgtggg%ggf sggdgggoling devi ce (60)
and sai d subsembpdimgptdesysten) contaoldbreS0onar showhe iot Fdguste dai d
cooling deV'C%FSfEQ)BQQQe&aEH SuhRLLAEat0Bhdl3En( tabiiRgSHel i@ ”}%“er t hat
t he novenent of the one toward the other causes the substrate fl ) to be
directly cont #eregubpmahigaddyl prdgugsingethe pesyrtans &pshgted from said

substrate hol dgb1iAg) ae9itBahnhiP8rseBatisi ihd4tnanY1Be ©0hed whil st
separated from sal,d”substrate hol der (15) and”in direct contact with said

cool i ng devi cE°PEdNT AU nEPhBIIBViR8at treating substrates (14),
pLeLgrabL{Zfenhqondgalmﬁgwmémbar(34?ocoaablshqg%eﬁmca sbizaalbaaocessing
chamber adapt to_contain_at |east one_substrat . _a.heat source
(22) ﬁﬂ connuﬁ?ggt?BﬂmmY?ﬁlgﬁﬁde%EFﬁﬁisproggsg?ﬁ lEHEﬁ%eréE?g}“ﬁbr heati ng
sai d substr at mefbdy 6énshondd be madd fhambercéad@hictaveuhateatialhol der (15)
for hol di ng sajd+s rate.( c ' [ Ld.t : Qcessi ng
chanber (12);E2QEO§P?%93 e?iééaf68$Eﬁgg§§5dg%?gégﬂaggéggbggﬁggsubstrate

hol der 25 (15flpad 3edegenieppdussPrnyasardléubsVrEieusinptesindsned in

sai d thernal Bheeensyi B &Hegbeb Eéﬁkfrﬁéidcé@Pih@9m€ﬁ5E996ﬁ60) conpri sing
a cool i.ng nenher . .
15 include, for instance, a metal, such as aluminunm,

stainless steel or brass. This metal may be coated to
prevent contamination between it and the semiconductor
wafer,
Referring to Figure 4, an alternative embodiment
20 of a heating device 60 that may be used in the
apparatus and process of the present invention is
illustrated. Similar to the embodiment illustrated in
Figures 2 and 3, in this embodiment, heating device 60
includes a cooling member 64 that defines one or more
25 cooling channels 66 for circulating a cooling fluid,
such as a liquid. In this embodiment, however,
cooling member 64 further defines at least one gas
passage 68.
Gas passage 68 is designed to be connected to a
30 gas source that circulates a gas through cooling
device 60. As shown, gas passage 68 flows through
cooling member 64 and then includes a plurality of
exits that release a gas adjacent to semiconductor
wafer 14. In this manner, a gas being fed through gas
35 passage 68 is cooled by a cooling fluid being
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It should be understood that besides the
20 embodiments illustrated in the figures, cooling device

60 can be cooled in various other ways. For instance,
in an alternative embodiment, an active cooling
structure can be placed adjacent to or can be attached
to cooling device 60 for cooling the device through

25 conduction. Alternatively, coocling device 60 can
include a cooling member made from a thermoelectric
material which maintains the cooling member at a lower
temperature.

As described above, the purpose of cooling device

30 60 is to rapidly cool wafers in thermal processing
chambers in order to increase the speed at which
heating cycles can be performed on wafers in the
chamber. Referring to Figure 5, for comparative
purposes, a conventional heating cycle (a) 1is shown in

35 comparison to a heating cycle (b) that can be produced
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These and other modifications and variations to
the present invention may be practiced by those of
ordinary skill in the art, without departing from the
20 spirit and scope of the present invention, which is
more particularly set forth in the appended claims.
In addition, it should be understood that aspects of
the various embodiments may be interchanged both in
whole or in part. Furthermore, those of ordinary
25 skill in the art will appreciate that the foregoing
description is by way of example only, and is not
intended to limit the invention so further described
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in such appended claims.
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5. Apparatus according to claim 4, wherein said metal is coated to prevent contami-
15 nation between said metal and said semiconductor wafer (14).

6. Apparatus accordiﬁg to one of the previous claims, wherein said cooling device is
movable towards and away from said substrate holder (15) for selectively cooling
said substrate (14).

7. Apparatus according to one of the previous claims, wherein the said heat source
20 (22) comprises a plurality of light energy sources (24).

8. Apparatus according to one of the previous claims, wherein said cooling device
(60) further comprises a cooling fluid source for supplying a cooling fluid for cir-
culation through cooling channels (66) defined by said cooling member (64).



1 9)10%<K&()- 1 9)100/<ZIZ&()- 1Hr I rJrWardrsrtrbF410#@

>OV0% Q& ()- @#z10% Q& ()- @0% Q& ()- @0% Q& ()- 20 MAY 2002
@Flovq & () - 10#10#trrrrrrrssvwlo#vcyaovq & ()-'YUd0% Q& ()-' YWrvd0% - -
Q& () YW0% Q& ()-' YOrvd0% Q& () -

SS?S@BsXSySxX@10#YWRYY0% Q" & () - Y°/<10% Q& ()-' YWrod0% Q& ()-' YW0% Q
*2 & ()-' YUyszssSSSSSPX<410#Y%4d0% Q" & ()-' YOrvd0% Q& ()-' YOd0% Q& ()-'Y
WrYd0% Q& ()-' YUd0% Q& ()-'stt 20
tOt:t=trtsW410#Y%d0% Q& ()-' YOd0% Q& ()-' YWrvd0% Q& ()-' YVd0% Q" & (
)-' YOY40% Q& ()-'rtsttttttttxX@L0#YWoa0% Q& ()-' Y0% Q" & ()-' YA
0% Q& ()-' YVd0% Q& ()-' Yditu

UUDUEUHUPX<410#Y94.0% Q" & ()-' YO9d0% Q" & ()-' YUO0% Q" & () - YOr9%d0% Q" &
()- Y‘V&O‘VQ* & () -" Hu{u| u} uuuUUSWI410#Y%0% Q" & () - YUd0% Q" & () -' YOrYd0%

- Sorto04 o &k et gk b Ml (), VIR OB Wl R Kot 006
‘Q‘&'() "8 ()- Y09 Q& () - YWU0% Q& () - Yo0% QF &()-'v
VVVWMWFWS W 410#Y9109% Q" & ()-' YOd09% Q" & ()-' Yr9d0% Q" & ()-' YId0% Q" &

()
0% & () 3 el GrOGEnS SOk A f%%é%w%aﬁ%%téé‘% "bie- Bt &
& ()- Y%io A8 dhddrs E’:@% iR cofrh ndﬁ’éﬁ%ﬁ afd th Wéé@slﬂgﬁé}iam:&*

Y10%m( m&' &F 10% & T 10%m m&' ( 10‘V me&:
10° Q{rs( 10° 8(12Xﬁo@'r|{e|a@i}lg}qq'd mmsmqm4a o msq;( RO msypst(ra)nte

L gsion ua?i (R e ol bt n £oid trormal prcgerye
slg;ﬁigy%f Q:QF be aT&oél)M nggi%g}(g&) (Qcated brdwimﬂeub suid)S@isttate holder
@mlo% & ({15)dor péfeﬁh\iqlmoehm&d@ub%*g&#ﬁ&oo%"&w 5aigothgrmpal progess-

a1 100 () MRk 102 t%?%ﬁ%gi'%z i %ﬂw RAGHE fnember (64)
* | y$00%tr ( adintapined gttea ower(temperatar thesmaximum prooessmg temperature of
the substraté-(14) characterized In that one of said cooling device (60) and said

_Ssubstrate. holder, (15) is movable toward the other of said cooling device (60) and

said substrate holdér (15) in siich a manner that the movement of the one toward

the other causes the substrate (14) to be directly contacted by said cooling device

15 (60) and separated from said substrate holder (15) so that the substrate (14) may
be cooled whilst separated from said substrate holder (15) and in direct contact

with said cooling device (60).

10.A method of heat treating substrates (14), preferably semiconductor wafers (14)
comprising:

20 a thermal processing chamber (12) adapted to contain at least one substrate
(14); a heat source (22) in communication with said thermal processing chamber
(12) for heating said substrate (14) contained in said chamber (12); a substrate
holder (15) for holding said substrate (14) contained in said thermal processing
chamber (12); a cooling device (60) located proximate to said substrate hoider
25 (15) for selectively cooling said substrate (14) contained in said thermal process-
ing chamber (12), said cooling device (60) comprising a cooling member (64)
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passage (68) for flowing a gas therethrough and said gas passage (68) being
configured to direct said gas towards said substrate (14) characterized in that

5 one of said cooling device (60) and said substrate holder (15) is movable toward

the other of said cooling device (60) and said substrate holder (15) in such a
manner that the movement of the one toward the other causes the substrate (14)

to be directly contacted by said cooling device (60).



