WO 01/ 69656 PCT/ |1 BOL/ 00392 1 LOCALI ZED HEATI NG AND COOLI NG OF SUBSTRATES
Field of the Invention The present invention is generally directed to a
met hod amdo oapess at us heat for treating a substrate, suchrasiBv1/00392
sem conductor wafer. Background of the Invention A thermal processing
chanber as used herein refers to a device 5 that rapidly heats objects,
such as sem conductor wafers. Such devices typically include a substrate
hol der for hol ding a sem conductor waffer and a thermal energy source, such
as a light source that emts energy for heating the wafer. During heat
treatnment, the sem conductor wafers are heated under controlled conditions
according to a preset 10 tenperature reqgine. For npnitoring the tenperature
ER e'd ES

of the seni condtREMIGEPIEATINGANPLOQING O SUBSIRATES: ocessi ng
chanmbers also typically inclu f reqssensi ng devices, such as
pyroneters, that sense the raﬁ%ﬁeﬁﬁgﬁﬂgﬁé@&tted by the sem conduct or

wafer at a sel ectid phaditht diventiveliegehdkily Biressastorgmidtieod bad mal 15
radi ati on being emtted bé the wafer, the tenperature of the wafer can be
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require a wafer to be heatEd !to hi gﬂ ftgg&r aE &r ES so that various chem cal
and physical reactions ca ol . . r is fabricated into a
device. During 28 th@Rh&l grb6sdBihg BRAMBEP b8 UseWHerbinirefed® o bYRS/ i _
processi ng, sem conductor wafers are typically heated by arrays of I|ight

sourges to thatmudiytheats objects, isush ascemitonductbowafers0 Sochalevicast 1, 200 C,
for times which are typic
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PCT/ | BOL/ 009 Beating the wafer. During heat treatment, the semiconductor wafers

are heated under controlled conditions according to a preset

10 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

15 radiation being emitted by the wafer, the temperature of the wafer can be
calculated with reasonable accuracy.

Many semiconductor heating processes require a wafer to be
heated to high temperatures so that various chemical and physical
reactions can take place as the wafer is fabricated into a device. During

20 rapid thermal processing, which is one type of processing,
semiconductor wafers are typically heated by arrays of light sources to
temperatures, for instance, from about 400° C to about 1,200° C, for
times which are typically less than a few minutes.

For instance, in the past, semiconductor wafers were heated

25 according to a predetermined heating cycle. For example, the wafers

were typically heated from an initial temperature to a desired
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2 tenperature at a very fast heating rate. The wafers were then maintained
at the desired tenperature for a tine sufficient for desired processes to
t ake pl aceo oF@r6sé nst ance, during these heating cycl es thepcwasmmnsisean be
anneal ed or various coatings and filns can be deposited 5 onto the wafers,
such as oxide films. In order to conplete the heating cycle, the |ight
sources are switched off and the wafers were allowed to cool after being
mai nt ai ned at a desired tenperature faq2 a predetermned anount of tine. In
general, the wafers were allowed to cool by sinply renoving or turning off
t he heat i ngtespperatureMireeargfast meatimgerabas€be wafaie were theg devi ce was al so

used to cool the wafer ecent|ly, enphasjs has been.placed upop form ng

i nt egr at ed ”@"Pt@qusatﬁgg:a?é"?ﬂitérﬁ@ﬁgmf #?6@&"0%@%%%&9% %S'Ferd;t are nore
ef ficient [ o] ; rat: L Sy cent focus
has turnedaftg: e;sggé'gélrayﬁeﬁ@%&pfggfisg?@&é?gﬁ Eﬁﬁﬂéﬁ%%éaﬁz?%%@e%g? ﬁe?rs I n
thermal 15 paderesintse ahacdled or Vviadbusalceatings ard fithdigat be deprgitedof tine it

takes to congete a heating cycle in the chanber, e.g., tenperature
ranpbup , aonty tedyafersrssichaseride fifs. Mhardesdd cagplats thehealing t o

acconmplish th | 11 S,..t: f S I ated and
cool ed as Sﬁﬁﬁ?o&%@hgg%%z‘% i %F}esv& '@gem%/@dr méo%g%gg%?%ﬁ%“ %Q’? Hqﬁeat I ng and
cool i ng seneanghistiding Wiliftamddsat dabsitdretdraparatiabyoea pradétempleda waf er
can vary at different wafer |ocations, thereby decreasing overall heating

and cool i ngammint of tiiney . InReMesxlaths wafarhavere allawag tawoekbyeinmplyer on a
silicon wafer usi 3@& convenffi onal ﬁrocessi nqws?/?ssot ens, the terg)erature
profile of {HEO¥RIHEAUNRG A ég??‘?a_ g SQUREAtYIBIROVEF IMSPHY GRS &d uni f or m
{ emggr at ur e chiflg adliee WR 4190 Bs¥A'th 8l e idgtors, such as the type of
heaters utili1zed, geonetry of the chanber, etc.. These deviations are
typi cally | ocal i Regtentlyy emplasishiasibeenggaced upbn fdreningfirdegrdted i nst ance,

| ocal i zed tenperature deviations can _be preval ent during the ranp-down and
ranp-up st a§isuitsaying thieneareg marg unifosy Igysre thairgseneieTeiisent 00392

and require less power to operate. In this regard, recent focus has
turned to not only more precisely forming coatings and films in thermal

15 processing chambers, but also on reducing the length of time it takes to
complete a heating cycle in the chamber, e.g., temperature ramp-up , a
steady state temperature, and cooling. In general, to accomplish the
desired results, the wafers must generally be heated and cooled as
uniformly as possible.

20 However, one problem with heating and cooling semiconductor
wafers is that the temperature profile of a wafer can vary at different
wafer locations, thereby decreasing overall heating and cooling
uniformity. For example, when forming an oxide layer on a silicon wafer
using conventional processing systems, the temperature profile of the

25 wafer typically has deviations from the desired uniform temperature that
are due to a variety of factors, such as the type of heaters utilized,
geometry of the chamber, etc.. These deviations are typically localized
in only certain regions of the wafer. For instance, localized temperature

deviations can be prevalent during the ramp-down and ramp-up stages
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3 of the heat cycle. During such stages, the |localized outer regions of the
wafer tend to heat or cool faster than the localized center region. This

| eads towont/emssé ormities in tenperature profile across thermsifi®n3o2Such

| ocal i zed tenperature deviations typically have a magnitude 5 on the order
of a few degrees and are localized in regions of centineters on the wafer.
In particular, in rapid thermal processes, the deviations are usually in
the range fromabout 0.1 %to about 1®6fromthe target uniform
tenperature. For exanple, a typical |ocalized deviation in a conventional
rapi d ther naf therreeatycleg Btyrs'mgasmc'nrssmlgesxtrﬁ IGcaledeoutar gefioriofthecess
tenperature of about 100 a need currently exists for an

i mproved apyafedtt ﬁgdé%ﬂeab?b@%ﬁ@?rtﬁf t*@@bthedecw&dw&mrﬂggm etkisi n rapid
ther mal pro@%ﬁ@t&%on-mﬂt nthﬁ?&P%tﬁl’é BfofII@BPr%ggftﬁ%’Wa‘? ly exists for a
anper tha a 0

rapi d ther processing ¢ ocally cooling and/or

heating a 15 Semsxmdlu@éwzedt@mﬁdnbmréeed@vbnsltmsaliymé\,@ea hesgpatuaeur e
profile of the wafer. Summary of the Invention The present |nvention

recogni zes an@w%@cﬁ@ss‘@sfem@egr@eé@@dr@e lec/zeddntegiens ghacotimetessof pri or
art constructi,ons and neth 20 Accor is,.a ect of the

o esont | mvahteafE’ R A AT ar, TS B Rhacdsses SRS, Pt o
obj ects, sugh a@aﬂ@%q%%@fmm@é&n@ 1%&@t5wutqb%ﬁbnptfhettaﬂg&r esent

invention is to provide an apparatus and nethod for heat treating a
seni conduct onifeval températures Foapadahwlefa tyzticdl detdlingd aediatioolinag | ocal i zed

regi ons of the wafer duri redeterm n d hea Still not her

obj ect of t&REIORAL fqm@%fmgr%%m@r%% '%ﬁboﬁgé &JPD@ targg rret hod for
contpol lin regi ons of a sem conductor wafer
durﬁ(r)lg a p?%@;t%g%&ﬁgg@ggefo%m}m@gw ITUT% SHEET (RULE 26) WO 01/ 69656

PCT/ 1 BO1/ 00392  As such, a need currently exists for an improved apparatus and
process for cooling and heating wafers in rapid thermal processing
chambers. In particular, a need currently exists for a rapid thermal
processing chamber that is capable of locally cooling and/or heating a

15 semiconductor to minimize deviations in the temperature profile of the
wafer.

Summary of the Invention

The present invention recognizes and addresses the foregoing
disadvantages and others of prior art constructions and methods.

20 Accordingly, it is an object of the present invention to provide a
method and apparatus for heat treating objects, such as semiconductor
wafers.

Another object of the present invention is to provide an apparatus
and method for heat treating a semiconductor wafer that is capable of

25 heating and cooling localized regions of the wafer during a
predetermined heat cycle.

Still another object of the present invention is to provide an
apparatus and method for controlling the temperature of localized

regions of a semiconductor wafer during a predetermined heat cycle.
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4 These and ot her objects of the present invention are achieved by

provi di ng an apparatus for heat treating sem conductor wafers during the
process o¥opr/e@sci ng i ntegrated circuits. The apparatus cepor/mies®d for
vari ous operations such as for annealing wafers after an ion inplantation
5 step, or for constructing or annealing coatings and filnms on

sem conductor wafers, such as those nade from conductive nmaterials,

i nsul ators, and seniconductive nmateria4s. The apparatus includes a thernmal
processi ng chanber adapted to contain sem conductor wafers. A substrate
hol der can be coifhaesaethdwthar objebts dfitbe paésentdoesiongaré Gobievelddry f or

hol ding and rotating the wafers. For heating the wafers, a heat source can
be pl aced iﬁr%%%ﬂﬁrﬁqb%Pﬁ’Qfﬁt% %Jﬁhgﬁgtr@@,@}%qammogggggqrwfemthq he heat

_ 1_ e ot thethe
Cadi ot on. Prosse dARAIGE inEofne Bholik g RBR bl BSed BT ner

15 i ncl udesvarioey bperdtionsseehiasforaadnedlingonhiong aftec ahiige inplagiation of a
sem conductor wafer. By locally heating and/or cooling certain regions of
a waPer, de®iem o6far ¢anstieieieg &f anpae’ling eratin@srand Wmsoen subst anti al | y

br odet er i neaTREIRSER Bhateli, sui S BRbe RS BB et b s REL | T0™20
achi eve adefigaiiftoRy, @@RSserhieshlilictiveem8terial)i T Bppxiigs Mdlydeess) . the

entire wafer nust generally be maintained at this predeterm ned
t enper at ur ethexmal peocesspehiambpen adapied po eertain semitndontortwaises. devi at i ons

in the predetermnned t erature can he .adequat el corrected so that a
subst ant i al ?&ﬁl{prﬁtﬁag? W%@P%ﬁ’@%’f‘&giv\’@"? &%ffiﬁ‘éx}%Pr%SﬁW@ waf er. For
exanppl e, in p% : ; v i : i for

I chp i zed hgg?l?]r?g an cggmgoécﬁq lrr?gﬁ gﬁ\tﬂ%%fgﬁ?t Fgﬂg%’&%ng {CI:;‘\% Vtv%%\%’v\%f er. In

t hi s enmbodi heat sourkce cdevihes placad il eomeuirigetibnaivith tios thedmalprazesgimg out | et s

that can supply one_or nore gases to the wafer. Duri n,g SUBSTI TUTE SHEET
(RULE 26) \/\d?@frbé%'a“bem seucegEiobe, for instance, a plurality of lamps

which emit thermal radiation.
In accordance with the present invention, the apparatus further
15 includes a device for heating and/or cooling localized regions of a
semiconductor wafer. By locally heating and/or cooling certain regions
of a wafer, deviations in temperature can be corrected or substantially
inhibited. In particular, it is normally desired to heat a wafer to a
predetermined temperature during a certain stage of a heat cycle. To
20 achieve adequate process results (e.g., uniform oxide thickness), the
entire wafer must generally be maintained at this predetermined
temperature. As such, according to the present invention, these
deviations in the predetermined temperature can be adequately
corrected so that a substantially uniform temperature profile results for
25 the wafer.
For example, in one embodiment of the present invention, the
device for localized heating and/or cooling can be positioned below the
wafer. In this embodiment, the device can be equipped with one or more

gas outlets that can supply one or more gases to the wafer. During
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5 processing, these gases can be supplied to heat or cool the wafer. For

I nstance, when heating the wafer during the ranp-up stage, various

| ocal i zedvoegswss (e.g., outer regions) of the wafer can berarmloesh2by

t hese gases to conpensate for "over-heating”, which would otherwise 5

i nhi bit uniform heating. Mreover, a variety of control nechanisns can al so
be utilized to control the application of a gas to the wafer. For

i nstance, exanples of such control neghani sns include, but are not |imted
to, controlling the flowrates of the gases, controlling the tenperature

of the gaseprossssing)thdde yased ypebecupghsd hest drdoMhewar@r & ati f f er ent
gases, adjusting the spread Profl | e of the gas, varying the angles at
whi ch t he giy¥dancg avhes) beating h@awaiwdalflnaghe RIMPA4 s8R WaNiafs t he outl ets,

varying the e { ce between gas
outlets, rotkg:lt %&?%%OR%A/;S%Q clgﬁé'é'% rr{esél%mtrﬁé]%g%rr%ﬁ @enﬁgélf%‘ﬁ}d t he gas
outlets thrende gasds toeddreséndRe deNviover-hehting”MyhedviRbuldt dteRviged ot her
control nechanisms can be automatically adjusted utilizing a system

cont Yol | er wikihundéommbeatiag.es with one or nore tenper ature sensi ng

devi ces. In addi anot her t he Rrese nutilizes
a gas pipe for t'\}!) EPYSed YRLIGY ﬁgc%t@ (gpe@}%ﬁrﬁacama[ éf%qw red,
the 20 gasBh§ the. égib"ﬂbgﬁgrl\ bf g;%'sttb‘?ﬁ'@q/a?@rovlfortlﬁ@ta%éeéxarﬁ?le%’b?ure t hat
heating is not 1nhi ' anp, the gas pipe is generally nmade from

a transparelsthhmbBtroIachbambmsnslaﬂphbmtererncqtllamttezl toFoonthating them | ar to the
enmbodi nent discussed bove, the device of this enmbadi nrent can al so be

equi pped wi tIAWJREESPf rgéflsﬁésc%rlhtfq’lg@%th%t&f“%ﬁt%ﬁ&ﬁlt@ﬁ gAReRHVaRYPE 25 gases
at or t of the control
rechOni s G0 pPESR deBEs, Ly 48 o morg Bt paded [t el (05 oipe.

However, ot Bpreatesiofit 6fMhecrs, véfﬁ@gﬂﬁ‘a&lﬁ Iéséed/hlldh ggzwe wWith this
embodi ment . For I nstance, exanpl es such control mechani sns i nclude, but

are not |i meiested, dnamsubsngﬁm&aosmeﬁmg(mbg iieta\waoning Yas digpaater BOL/ 00392
of the gas outlets, changing the distance between gas outlets, rotating

the wafer in a certain direction, mounting the gas outlets through a
15 reflective device, etc. Moreover, these and other control mechanisms
can be automatically adjusted utilizing a system controller which
communicates with one or more temperature sensing devices.
In addition, another embodiment of the present invention utilizes a
gas pipe for localized heating and/or cooling. Although not required, the
20 gas pipe is typically positioned above the wafer. To ensure that heating
is not inhibited by the lamp, the gas pipe is generally made from a
transparent material, such as sapphire or quartz. Further, similar to the
embodiment discussed above, the device of this embodiment can also
be equipped with one or more gas outlets that can supply one or more
25 gases to heat or cool localized regions of the wafer.
Further, any of the control mechanisms mentioned above can be
used in conjunction with the gas pipe. However, other mechanisms can
also be utilized in accordance with this embodiment. For instance,

examples of such control mechanisms include, but are not limited to,

SUBSTITUTE SHEET (RULE 26)



6 varying the dianeter and/or length of the gas pipe, separating the gas
pi pe into different segnents, using multiple gas pipes (e.g., inner pipe),
usi ng nuiwopi/esebé nes or chains of gas outlets with a singbPergmaopsgpe, etc.
Further, simlar to the enbodi nent di scussed above, these and other 5
control nechani sns can be automatically adjusted utilizing a system
controll er which communi cates with one or nore tenperature sensing devices
O her objects, features and aspects ofgthe present invention are discussed
in greater detail below 10 Brief Description of the Drawings A full and
enabl i ng di satyirsyitree diamdter pne/oe fengtmoétite gas pipec keparatingtthe ghest node
thereof, directed to one of ordinary skill in the art, is set forth nore
par ti cul ar | PiRenntqdiffesprt spaspents. u$iBg SydiipleigastRiBas (§48i dPNeFENR]), ref er ence
to the appe i i i ol - ti.onal view of
one enbodi rrgg'fﬁ %o%hgf#eeg%%é;?ﬁ%ésm? 8?8#';89 H%tr%e‘é%ﬂl ﬁf%één%%gﬁ%%tégg wafers in
accordance Wurthet, gmilar gsteeternbydifionediscbbged abadvé thasé apadothéct i onal vi ew
of one enbodi nent of a device wused for |ocalized cooling or heating in
accoPdance &Phtiokmecharises:carobe autamatingly eidiisted gtilizing acsystamsect i onal

vi ew of the viece illustrated i Figure 2. Fiqure 4 is a graphical
illustrati Oﬁgﬁﬁro@{ew@gﬁ%pﬁpugllca{"ﬁsemggﬁge grm%ggg@&?{?t&ﬁ%ﬁee?'@& of anot her
enbodi ment gkyBs 25 apparatus for heat treating sem conductor wafers in
accordance with the present invention; Figure 6 is a cross-sectional view
of an anot her enbenebjects featutksvantbaspaads bbthd presentimtention arey or heat i ng
in accordance with the Qre ent] ipventi on; SUBSTI TUTE SHEET (RULE 26) WD
01/ 69656 PCHISCHEAFDHBgIEater detall below.

10 Brief Description of the Drawings

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, which makes
reference to the appended figures in which:

15 Figure 1 is a cross-sectional view of one embodiment of an
apparatus for heat treating semiconductor wafers in accordance with the
present invention;

Figure 2 is a cross-sectional view of one embodiment of a device
used for localized cooling or heating in accordance with the present

20 invention;

Figure 3 is a cross-sectional view of the device illustrated in
Figure 2,

Figure 4 is a graphical illustration of the Example;

Figure 5 is a cross-sectional view of another embodiment of an

25 apparatus for heat treating semiconductor wafers in accordance with the
present invention;

Figure 6 is a cross-sectional view of an another embodiment of a
device used for localized cooling or heating in accordance with the

present invention;
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7 Figure 7 is a cross-sectional view of the device illustrated in Figure
6; Figure 8 is a cross-sectional view of an alternative enbodi nent of a
devi ce usedof/emesé ocal i zed cooling or heating in accordancecwmBdt/obive 5
present invention; Figures 9(a) and 9(b) are illustrations of another
enbodi nent of a device used for |ocalized cooling or heating in accordance
with the present invention; and Figure 10 is a cross-sectional view of an
anot her enbodi nent of a 10 device used for |ocalized cooling or heating in
accordance with the present invention. Repeat use of references characters
in the present sp@uiréi7ciata crossaedtidnaliwiey of tite davieadrdtiated gpr esent sane or
anal ogous features or elenents of the invention. 15 Detailed Description
of the Repr E&HE& i ve Enbodinents It is to be understood by one of ordinary
skill in the art exenpl ary
enbodi nents onl y,ﬁgﬁ%é@ga %@t glss(ra?{&g%ﬂéléﬁ ﬁ'f%ﬂ.%lt%rﬁatﬂ/% %ng@g&tg&pects of
the present ai dewedd used forubéalizelirovatieg orspativg uraa@ccﬁdb@@b @athitRet he exenpl ary
construction. 20 In general, the present invention is directed to an
appaPat us aREsanbinE@Ntipbr | ocal | y cooling and/or heating wafers in a

t hermal processi I waf er s he ther mal
pr ocessi er])g chan%urgag?% dagﬁ) cac;%\a/]h'ﬁtt'%gﬁﬁ? oﬁég&%ﬁ&%g&%@gnt g{ﬂh as a
plurality OHevicérUé‘édthﬁIoc%ﬂkéd E86liRbr ﬁé&rr@ym dARbRIARE witth end her mal
processing 25 chamber can al so contain a cooling device for actively

cool i ng t he peesanténvesdioncanduct or wafer after it has been heated. In
accordance with tl;]e E §sent i nvent t he eat sour d/.or cooling
BRG]

devi ces can al so dSi an”@éﬁﬁ?ﬁh?”%‘ﬁ"‘%\‘ﬁ’ %reemgsgm%ﬂroé@tl
sree? (ru eoBEeRises Py Bicalept o ig 50 %%?gq“aéd‘%%”"%%m SLBsTi TUre

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.

15 Detailed Description of the Representative 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 present invention,
which broader aspects are embodied in the exemplary construction.

20 In general, the present invention is directed to an apparatus and
method for locally cooling and/or heating wafers in a thermal processing
chamber. For heating semiconductor wafers, the thermal processing
chamber can contain conventional heating sources, such as a plurality of
lamps that emit radiant energy. Moreover, the thermal processing

25 chamber can also contain a cooling device for actively cooling the entire
semiconductor wafer after it has been heated.

In accordance with the present invention, the heating sources
and/or cooling devices can also be used in conjunction with a device for

correcting temperature deviations along one or more “localized regions”
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8 of the wafer. For exanple, the device can typically provide hot and/or
cold gases to selected |localized regions of a sem conductor wafer to
correct 'wenpeysd ure devi ations". As used herein, a "l ocabcrebinegpon(s)"
generally refers to a 5 discrete area defined along one or nore axes of a
substrate. For exanple, a disc-shaped wafer has | ocalized regi ons defined
along its radial axes. Typically, this discrete area is |less than about
50% of the total area of a cross-sectgon of the substrate, particularly

| ess than 35% of the total area, nore particularly |l ess than 25% of the
total area, ottt wafarp$ior gxatipdel theldevicessar typicailp puavidé¥obandioe t ot al ar ea.

As used herein, "tenperature deviation(s)" _ generally refers to the
absol ute di FPEIIARES tBé@\’%“éﬁg???X'éﬁ@f%@'%?%@&gts@%%?’ﬁ‘{ﬁt%f W_ager&%fi ned by the
heat cycl e, Cgprgc ‘ SltHale & S@dure of a certain localized region

ycle.

during a stage 0 eat C n general, tenperature deviations of 15

the present invepisi@edaiarelrsss |éduinedbegivn®&Y0génerphy teferd trdy | ess than
about 50 C, nore particul arl@iq)l ess than 25 C, and nost particularly, |ess
t hanSabout 9iscretpreg gefined @gng eae ReMara @xgh Of arsubsytergFPs not  usual |y

required for erat.ur Latl SS.: . . mor e

particul arl ﬁx}arff‘@ges a[‘%'gﬁ%gggéb%ﬁéfggﬁa%%’%#%g%ﬁgﬁy&%ﬁ@v?@3’80'}5 the present
i nvention usgdlaf ied. oPRlitARM thifericréte B8 /PlessARAM BBoGBBOYAERhEN vari ous
forms and can function'in “different manners. For instance, in one

enbodi ment , tetakardavdfeecrosa-seictioh vl theyasbstests, particpady ileisnihancid%nd/ or col d
gases to localized regions of th fer, Mo ver,, i not her .enbodi nent,
the device egh"q o 'l?dga'z%‘oée BQE'%?%@E%%%%%#%% ﬁé% Itéé??f?ﬁ' st ribute hot
and/gr col d. gas [ ' fih gr . Various advantages
and1genefi ts ar ?ggiﬁl%wﬁg%gﬁﬂagsﬁg%adggaégt?a}é\&faend process of the present
invention. For i Astuseteherehr, Stephperbhee dreiatibnés)tgenemllprefehe tpthesent
invention, the tenperature profile of SUBSTITUTE SHEET (RULE 26) WD

01/ 69656 PCabs®ole diffegence between a predetermined temperature, as defined by

the heat cycle, and the actual temperature of a certain localized region
during a stage of the heat cycle. In general, temperature deviations of

15 the present invention are less than about 100° C, particularly less than
about 50° C, more particularly less than 25° C, and most particularly,
less than about 5° C. However, localized heating and/or cooling is not
usually required for temperature deviations less than about 3° C, and
more particularly, less than about 1° C.

20 In general, a device of the present invention used for localized
heating and/or cooling can take on various forms and can function in
different manners. For instance, in one embodiment, the device can
include gas jets for providing hot and/or cold gases to localized regions
of the wafer. Moreover, in another embodiment, the device can include

25 a gas pipe containing nozzles that distribute hot and/or cold gases to
localized regions of the wafer.

Various advantages and benefits are achieved through the
apparatus and process of the present invention. For instance, through

the use of a device of the present invention, the temperature profile of
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9 the sem conductor wafer can be maintained at a substantially uniform
tenperature throughout the entire heating cycle, which includes ranp- up,

st eady- stvap e1/6mb6l r anp- down stages. By maintaining the teopesmatnse profile
of the wafer at substantially uniformtenperatures, 5 the resulting therm
processi ng chanbers are particularly well adapted to cause effective
anneal i ng of damage and activation of ion inplanted inpurities in the
silicon, to formultrathin coatings angl filns on sem conductor wafers, and
to anneal thin filnms, conductive or insulating, which were previously
deposi ted omesserhimnducitoowaﬁerfmrsbe'ﬁmmdimdmtaisﬂbphautjangsunigominanber of the
present invention is al so capable of for uni f orm coati ngs and

hi ghl y
films with fempPefateredheughoy Fh%?BﬁH@rhqaé@g CYR@ Ié“fq}i‘i*hti‘qlﬁqul e 1, a system
general |y 1\%8??@%”g§t§tgc858’%§ QiR sf spr%fﬁgintéfﬁrfd] frigon for heat
er .S

treating a em con uch as silicon, is

i |l ust rat edterfyetatimelfiofife dfrthé wifer at suttastilipainifoariemptrataseant ed to
receive substrates such as a wafer 14 for conducting various processes. As

showh, waf ethelzesuglngpﬂagrmabwweéﬁng chapthersaee partigelarysvelhadaptedm a t her nal

nsul atin h r S eat wafer
oo ™ o0, AR oS R e BT RG0 abfd B BRI e oo,
12 20 can bﬁnﬁamesflhqr{é\éﬁrcbﬁuw foRalliradhin chaldedanyiiiniosnexanpl e, netal s
and/ or transparent nmaterials. For instance, in one enbodinent, all or a
portion of eaendendutrovaferss amside #nneal thinifimesonsuctive obinsskating, al uni num
Mor eover, in another enbodi ort n | s) ,of chanber
12 can be mitNCh WEHR afec"ﬂ%%ﬁ?%?ﬁ'@a?réﬁ?w r‘é’HEﬁ’ é{é‘;f?% q-[ulé‘\?l\?'}e lsapphire.
Suchga tran r r ting wafer
131 ? rom nor ER?({?%QF nra;%aglﬁ%% (\)/\fnqﬁ ﬁ ppﬁeé}ﬁrmltﬁ\/éﬁr{g)@l %t\élls&ﬂnéééleahﬂéer gfggnﬁtsﬁhiaa? I ng

| anps (e. g. highdy agidorm eogiigs amd Alomewithitmgroveat slectribal prlopettiys. 12 can al so
i nclude a cool i n% system_ For instance, as shown in Figure 1, chanber' 12

includes a SuBSRefeiTiRgdPEEIUERUITESYREMAS T2 068 5VaateTin anopr darme

with the present invention for heat treating a wafer made from a
semiconductive material, such as silicon, is illustrated. System 10

15 includes a proceséing chamber 12 adapted tov receive substrates such
as a wafer 14 for conducting various processes. As shown, wafer 14 is
positioned on a substrate holder 15 made from a thermal insulating
material such as quartz. Chamber 12 is designed to heat wafer 14 at
very rapid rates and under carefully controlled conditions. Chamber 12

20 can be made from various materials, including, for example, metals
and/or transparent materials. For instance, in one embodiment, all or a
portion of chamber 12 can be made from stainless steel, brass or
aluminum. Moreover, in another embodiment, all or a portion (e.g.,
walls) of chamber 12 can be made from a transparent material, such as

25 qguartz or sapphire. Such a transparent material can be particularly
useful when heating wafer 14 from more than one side with thermal
radiation generated by heating lamps (e.g., halogen lamps).

In some embodiments, the chamber 12 can also include a cooling

system. For instance, as shown in Figure 1, chamber'12 includes a
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10 cooling conduit 16 wapped around the perineter of the chanber. Conduit
16 is adapted to circulate a cooling fluid, such as water, which is used
to mai nt aveot/beesseral | s of chanber 12 at a relatively | ow t papEsmEioNse.

Chanber 12 can also include a gas inlet 18 and a gas outlet 20 for 5
introducing a gas into the chanber and/or for maintaining the chanber
within a preset pressure range. For instance, a gas can be introduced into
chanber 12 through gas inlet 18 for reggction with wafer 14 in order to
form for exanple, oxide coatings, conductive |layers, etc. Once processed,

t he gas cancbbliiny eenduititdi atrappdd arouniethelpenipestetisf ihg gesmbdi0 out | et 20.
Alternatively, an inert gas can be fed to chanber 12 through gas, inlet 18

for prevent dyityl 6UpRsaPtad o citgiiaisia ﬁ‘bqﬂ@gsfi% srU_ééﬂcQSi waterf Whish isccur ri ng
within the ehagheraili Praihiteer AERACLITAL: 9884l Gy 1orpafly pas outl et

20 can be us to pressurize a vacuum ¢ e 'created in

chanber 12 vpieampesi2edn diso MglgRsa gatlisiet 29 and gas adtet20fwl | ar ger
outl et positioned beneath the | evel of the wafer. During processing,

subsbrat e hiitepsiucrsy a igasdnte teaishanmhaiandierfopmaitiaiirgitheochanbee waf er 14
using a wafer, rotation nechanism 21 R

' h d
erper at ur e W B PKTS) FRverUIEirang Eor Paidliest % dal el bF oo, 8
enhanced cOR{tg&haRRierRIOhWRIH gddinIdtrh R Ye SaRMSwith WaAslUreth bifep t he

chanber. It should be understood, however, that besides wafers, chanmber 12
i s al so adapa &t dorpexaresle, oxigeiaoatingsrcanductivenayefs, mde.s Ondebbons, and

ot her substrates having an articul ar shape. 25 heat source or heating
devi ce genePH9485589, the QEH:C%/% WPPG&%%%&E@W@}?%%%%H%QQ@ for
heatijpng waf %ﬂé{l%@luri ng processing. Heating device 22 includes a plurality
of l'anps 24, 'such ‘as tungsten- hal ogen | anps. As shown in Figure 1, |anps
24 are placed abpwtervatively, ahdnertigashvanl sk ferl torchanstberotd througivegas t hat | anps

24 my be plinéllc(a:te1d 8 %r psrg\l?esrmn-l‘c_jugrﬁl L?nHv%ErI\-te(dRoUrLu%dze%)lra\éB solc:jL(/a ?gaG(g%nch%rLBOl/ 00392
occurring within the chamber. In a further embodiment, gas inlet 18 and
gas outlet 20 can be used to pressurize chamber 12. A vacuum can

15 also be created in chamber 12 when desired, using gas outlet 20 or an
additional larger outlet positioned beneath the level of the wafer.

During processing, substrate holder 15, in one embodiment, can

be adapted to rotate wafer 14 using a wafer rotation mechanism 21.
Rotating the wafer promotes greater temperature uniformity over the

20 surface of the wafer and promotes enhanced contact between wafer 14
and any gases introduced into the chamber. It should be understood,
however, that besides wafers, chamber 12 is also adapted to process
optical parts, films, fibers, ribbons, and other substrates having any
particular shape.

25 A heat source or heating device generally 22 is included in
communication with chamber 12 for heating wafer 14 during processing.
Heating device 22 includes a plurality of lamps 24, such as tungsten-
halogen lamps. As shown in Figure 1, lamps 24 are placed above wafer

14. 1t should be understood, however, that lamps 24 may be placed at

SUBSTITUTE SHEET (RULE 26)



11 any particular |location. For exanple, |anps 24 can be placed bel ow
wafer 14, on the sides of wafer 14, and conbi nations thereof. Accordingly,
addi ti onavobaegsse coul d be included within system 10 if desiamdoo®2The use
of lanps 24 as a heat source is generally preferred. For instance, |anps
have nuch hi gher heating and cooling rates than other heating devices,
such as electrical elenents or conventional furnaces. Lanps 24 create a
rapi d i sothermal processing systemthdtl provide instantaneous energy,
typically requiring a very short and well controlled 10 start up period.
The fl ow of aBy@agiculardacationpsFadexamplel onpe24lcaniid placed bpfoed at any tine.

As shown in the fjigure, | s, 24_are equi pped wi.th a gradual power
control |l er Q’@?‘?rhg’gct'hﬁ’eb%g&p@ﬁw?@mﬁePgas‘g’nwmﬁfé‘?ﬂ%@? ft he radiant energy
being emtt ; £ I it t:enper at ure of
vafor 14 durc iy, BRI S cobl B ARfyde B e A o o e

processi ng dbsindekr 12 includes plurality of radiation sensing devices

generally 27. Radi ation sensi % devi ces 27 include a plurali t,)_[ of optical
fibePs or |ight phgdsexs lampsddaea haat spurge isigenermivnietaitebnFaith a

plural |ty ofnsSRRLESBARCAGE A nURLPRLANS oR8 coitd PALS diPEmerd e

configured to receéive Tt herml ene érn 4 at a

particul ar nadghgaslles ehdaDeRttrial RMsEts of 2Bh@éhtthal furhBeds.communi cat ed
to light detectors 30 which generate a wusable voltage signal for

det er m ni nglempst2hpensie arrapigfisothermar piocgRsion system bwtqupvideat ed based, in
part, on Pl an

conbi nati on' %5ﬁ3853¥%ﬁbgﬁﬁ?géﬁgﬁﬁgégﬁﬁﬁgﬁ1ggiqﬁg%%%%§9ﬁﬁ#§5@P.gahngenera|,
Lo, BLoBIELPBERaTIN e gt n ks ipd) 1o ol o
processi ng stoppedratEhydone.aifssshowsi imrtabiftgyl,re),flampacﬂmlieoeqtspmd ngthaevi ces
that nmeasure the tenperature of the wafer at SUBSTI TUTE SHEET (RULE 26) WO
01/ 69656 PC&/dradyal controller 25 that can be used to increase or decrease
the radiant energy being emitted by any of the lamps.
In order to monitor the temperature of wafer 14 during the heating
15 cycle, in this embodiment, thermal processing chamber 12 includes
plurality of radiation sensing devices generally 27. Radiation sensing
devices 27 include a plurality of optical fibers or light pipes 28 which are,
in turn, in communication with a plurality of corresponding light detectors
30. Optical fibers 28 are configured to receive thermal energy being
20 emitted by wafer 14 at a particular wavelength. The amount of sensed
radiation is then communicated to light detectors 30 which generate a
usable voltage signal for determining the temperature of the wafer which
can be calculated based, in part, on Planck’s Law. In one embodiment,
each optical fiber 28 in combination with a light detector 30 comprises a
25 pyrometer.
In general, thermal processing chamber 12 can 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
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12 different |ocations. Knowi ng the tenperature of the wafer at different

| ocati ons can then be used to control the necessary anount of heating
and/ or coobbnepesppl ied to the wafer. During the process oPCT/mipn®aent

i nvention, system 10 should be 5 designed such that optical fibers 28 only
detect thermal radiation being emtted by wafer 14 and not detect

radi ati on being emtted by lanps 24. 1In this regard, system 10 includes a
filter 32 which prevents thermal radifation being emtted by | anps 24 at
the wavel ength at which light detectors 30 operate fromentering chanber
12. Filter difeatstdosationss Kmowidgitbetemnpetatumsof2hefwafer abdiffierdt and prevent

contam nation of the cha Filter s shown in Fi e 1 can be a

w ndow posi HC@H@BS CBEttk)\%’%Ebdﬁéﬁﬁ@rcofﬁogﬁ'@ 'P\%Cﬁss§6’lﬁ'@@“?g°d?ﬁf 8 be nade

from for ;qu&% “n%gég @{#h%awg'rerquartz In an alternative enbodi nent,
d . :

each Iarrp y a Separate filter. 15 Besides using

radi ation senSI n@@mwglthewoméseasf themmattwm\mntmansyﬁendwsnelsldr‘me/ be used
in the system of the present invention. i nst ance, one or nore

t her Bocoupl @esigagdseichibaferiical @feprﬁra&)omlméet@%h@rmaldadI@Bﬁntb@anmg t he

| ocati ons. st By SERIELAF aoB Bl SRty AENOR Refle BB MR 1 (e

wafer or cafh f#fis A ed%ﬁiémcmﬁrnctda%sv@fn@érézwmmr@bentfshﬁeﬁrﬁ@merature can
be extrapol ated. I'n addit a reflective device 26 is al so contained

wi thin chardstiatidrzbeagj eroitted hyolamifse24 aﬂthm&aV@engt\h@tdﬂvd@éga‘ﬁ i s connect ed
to light pi es 28 r as desc v nicatjon with a
25 pluralit§ @Ct‘?:réra\ﬁ;%%ﬁgﬁ ﬁan] ?’btﬁf'ngl %(?fg% 3"“%7{)5%6 ErSeYYH  pi pes 28,
pyr ters, e reflectlve
Goviile. 26 1 SOREAATRR2 .r“;?'??ﬁéf?ﬁ1??@d?%82”‘%irﬁ€@‘e¢?%”§ﬁ€4 and

reflective deainber.26jltepi32tas stedvacin Filgelre drgaertzd avandbw \paisdionkd. . | n
general , reflectlve device 26 is designed to reflect the t her mal

SUBSTI TUTE Befereen fuarbek |2 pnddeat seaesents angoandizaade from, for

instance, fused silica or quartz. In an alternative embodiment, each
lamp 24 can be covered by a separate filter.

15 Besides using radiation sensing devices, other temperature
sensing devices may be used in the system of the present invention.
For instance, one or more thermocouples may be incorporated into the
system for monitoring the temperature of the wafer at a single location or
at a plurality of locations. The thermocouples can be placed in direct

20 contact with the wafer or can be placed adjacent the wafer from which
the temperature can be extrapolated.

In addition, a reflective device 26 is also contained within

chamber 12, adjacent to wafer 14. Reflective device 26 is connected to
fight pipes 28 which are, as described above, in communication with a

25 plurality of corresponding light detectors 30. Moreover, light pipes 28,
pyrometers, and/or thermocouples can also be fed through the reflective
device 26 to detect radiation in the spaces between wafer 14 and
reflective device 26, or to detect the temperature of wafer 14..

In general, reflective device 26 is designed to reflect the thermal
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13 radiation being emtted by wafer 14 at the wavel ength at which |ight
detectors 30 operate. Reflective device 26 causes the radiation being
emtted Iwowabmss 14 to reflect nmultiple times between a sect/ama/oodo2waf er

14 and a surface of reflective device 26. 5 Reflective device 26 should
generally be placed as close as possible to wafer 14 in order to increase
the anobunt that the thermal radiation being emtted by the wafer is
reflected. Since reflective device 283is typically at a | ower tenperature
t han wafer 14, however, placing the reflective device too close to the

waf er may i radiaticar beingtémitted byeabdfend 4141 the ovaetergth mhywhictehghtt t he waf er
from bei ng heat edfa?ﬁlj) a uniformrate. hoi ce of the distance or spacing

The
bet ween waf 8ftefio PREBkt §§e°ta’@\ﬁi’%‘%°ezgg&@Héﬁﬂ%h%fﬁ%atf%b%'l‘ﬂe of wafer

_ ! _ HEALDE0 Gl of vaf
26" can be. < AR P i Cos 7 o USRS oA Sl facd B ygfe o7 o °©

parti cul arl ¥4 dnara shifacd bf veffeetive deeicer2®. | ecti ve device 26 is typically
spaced fromwafer 14 a distance of fromabout 6 nmto about 8 mm A | arger
degr 8e of spaci nReflgativedeyce2brdmuld generally herplagedas closefdsect i ve devi ce

26 should h a, ver i ref A han 0.9 at

t he wavel en§¥§s'§l[e @h\lx%%r83(“’1g){(%lé(;rﬁtki|PS{ér%s%é@%?fgﬁi@@k%a&%%ﬁ&h%erS 28 and
l'i ght det ectqiisticiP belref driffcdusy teuvsRr RSrefledted eSinBe eefidAive \GRivicU'S
materials. In one preferred enbodinent, a reflective surface is forned by

coating a nebas tipicallymta lower temparaidre thaaiwafes 44sheweyerwptasing di el ectric
film The djelectric filmcan be | ti- layer. optical,fjlmspecially

tes gned  t oltiarlectite Spus oD sitsertethe aor ey deeHers fitndbe Fedldavel ongt h
Suchnpfil ms b i ' fr ition

Sci ches, Iﬁf:&eg? gan?%p%ﬁg?fﬁ&ﬁia 6?%?21.3@%2%%59%&% @@Eﬁ% ilns, the
refl ective Fhefchoicecafithaldistahee madpadingetwegbh waied 14 had refidctive coated with

a clear protective coating, such as a clear dielectric coatjing. Such
metal s incl dawcg@%qe%@ndﬁevqorhm ﬂ?%QEW?ferSUBS'W'T‘M?f?r%H@PU('REJLE 26) WO

01769656 P@bb%iﬂ%@r%eter, in general reflective device 26 can be spaced from

about 3 mm to about 15 mm from wafer 14. More particularly, for this
15 wafer size, reflective device 26 is typically spaced from wafer 14 a
distance of from about 6 mm to about 8 mm. A larger degree of spacing
may be preferable for larger wafers.
Reflective device 26 should have a very high reflectivity,
preferably greater than 0.9 at the wavelength at which radiation is
20 sampled by optical fibers 28 and light detectors 30. Reflective device 26
can be made from various materials. In one preferred embodiment, a
reflective surface is formed by coating a metallic substrate, such as
stainless steel, with a dielectric film. The dielectric film can be a multi-
layer optical film specially designed to have the appropriate reflectivity at
25 the desired wavelength. Such films are known in the art and can be
obtained from Deposition Sciences, Inc. of Santa Rosa, California.
Besides dielectric films, the reflective surface can also be made
from highly polished metals coated with a clear protective coating, such

as a clear dielectric coating. Such metals include gold, silver, and nickel.
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14 However, for a particular desired wavel ength, netal surfaces are
typically not as reflective as the dielectric filns descri bed above. Al so,

t he met alwo neyés@use contam nation within processi ng chanber/1d@/003hen
heated to high tenperatures. The use of a reflective plate is nore 5
particularly described in U S. Patent No. 5,874,711, which is incorporated
herein by reference. A slip-free ring (or guard ring) 17 can al so be
utilized in the present invention. SH4p-free ring 17, which is usually
made fromsilicon, silicon carbide, or other simlar materials, is

general | y dddoweesr, far d paiculanuediret evavafergtii dmetal shefacedarenaf er 14 i s
positioned within the inside dianmeter of ftilhe ring 17. During operation of

the t her mal YRRVt RS relgetivseas thedielactis Himsgrssribedahovgy AePng enitt ed
by the heat 4 - ad ; - th d f
Che wat or 1 (RS madcqise LaRAMiaMdt b IpbRciRY cRARbet 321 12, Do%em Tt e

by the edgewbenliedtbe tovhigr tetfpdrattkenThetuize ofaf @fleclive phits isvprer , the
passively heated ring can conpensate for sone heat |oss at the edge of the

waf eP 14 anBartigulaslyr deiecibed di ket Patent M. iS%/ 47 11 nwhighfier when process
gases are flow ng,t h,th nber System 10 further includes a system
control | er %o%?r%ﬁeégggpegrépy r%@?&?@ e.'i nstance, a m croprocessor. Controller
50 receives vol t aA0gipsfr887ing (of %Qérﬂdl firg)t1704realsese izeRah thepr esent the
radi ati on anounts being sanpled at the various |ocations. Based on the

si gnal s recpressmt inwvesdipnolSligrfrédring 1dowhiauisaessuaty cmdaulramesitidom, t enper at ur e
of wafer 14 ocati.ons. 25 System control.ler ?0 as shown in

t diff t . . .
Figure 1 caﬁmﬁ?gﬁl""&lgé’e& @hﬁﬁﬁ'ﬁ?'@éﬁ%ﬁ”%ﬁ ﬁ_ged}%alb’o%'gﬁ%q\ Qoller 25. In
thi gparranggRBhingd tf‘Fé’Géa"fé%J 1£50 #htGRE M%%P!ﬂ]é‘ﬁoéif?@nécﬁﬂﬁﬁﬁ%ériﬁ’si@fe wafer 14,

and, based on this information, contro e anmount o ermal energy being
em tted by dlamngier 2fthd ring N7s Dmimgesperatish ahtrenthensabpjotetsiwgt S can be nade
T T e 1he ring 17 Absorbs anérgy being emitted by the heater lamps
24 and then radiates the energy back to the edges of the wafer 14. The
ring 17 can also reflect thermal radiation being emitted by the edge of
15 the wafer 14 back onto the wafer. In this manner, the passively heated
ring can compensate for some heat loss at the edge of the wafer 14 and
also reduce convective cooling of the wafer when process gases are
flowing through the chamber
System 10 further includes a system controller 50 which can be,
20 for instance, a microprocessor. Controller 50 receives voltage signals
from light detectors 30 that represent the radiation amounts being
sampled at the various locations. Based on the signals received,
controller 50 is configured to calculate the temperature of wafer 14 at
different locations.
25 System controller 50 as shown in Figure 1 can 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, instantaneous adjustments can be made
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15 regarding the conditions within reactor 12 for processing wafer 14
within carefully controlled limts. In accordance with the present

i nventi owoai/696s¢ em of the present invention al so generabtyiBmobisdes a
device for locally heating and/or 5 cooling the substrate when the wafer is
bei ng heated or cooled. Thus, in addition to controlling the output of the
heating | anps, the device for locally heating and/or cooling the substrate
can al so be used to enhance tenperatyge uniformty. For instance, in one
enbodi nent, as illustrated in Figure 1, thermal processing chanmber 12 can
i ncl ude a dexgardingGhgeoadiidng vaithih oeadtoc 82 for prooéssing avadént4 héthtni ng certai n
regions of wafer 14. In particular, as shown in Figs. 1-2, at |east one
gas outlet €areiully ¢ntrolisd liails;| e) 62 is positioned bel ow wafer 14 and

ext ends through Mﬁ&&g%bgﬁﬂﬁ\ghg?{g&rﬁym At a@g\/\g’f@ro@% bﬁge}]p di screte

sections, or locallze sem conduct or wever, it

shoul d al soinlentien andegsheatly inthides gdeviestfbelocaly heathgqandext end t hr ough
reflective device 26. In fact, the out|et 62 can be configured in any
desi Ped maAfeing Hessihstiate Wwhes the wafeoiefaing heatag oncastied-hdhpstitom sur f ace

gas to the srabBhgs Bhueliif Al B bilcting hedMu s S SRNIcRIthas in the”
nmanner i ndi gRiaR¢ habeNg antiig do@mggw giisstraié caRaal9s beIsed t8&Hhaned regi ons
of wafer 14 can be controlled. For exanple, in one enbodi nent, a cold gas

can be suppterepeijurgasitoumityt & or gstance, étlooe enleodimendras liustrateda | ocal i zed
region of the_sem %o duct? waf er odi nent, a hot gas can

r 4. In ot her e
be suppl i ed5'9YR | e3B! BRCERBING zb‘?rn@?ﬁﬁé' 29ENIC8, both hot and
col dpgases ﬁéﬂell?a‘ﬁx g?@f}%&ﬂgggﬁlti%g QHB/‘o'r‘F\Qaﬁbé%gbf‘téﬂr%yor%%f'\ﬁéf%r In general,

any type of “gas ma cool or a subStrate can be used in
t he present 14 nwveatticutar, Bx ahphesinHigs o, gieleast drivayas antlée(eus.efbti n t he
present invention include inert gases nitro on, and the |ike;

gases SUBSTPTONEZIEEET preliened el welasddsendexiendothined:
reflective device 26 such that gas is applied to discrete sections, or
localized regions, of semiconductor wafer 14. However, it should also

15 be understood that a gas outlet 62 need not extend through reflective
device 26. In fact, the outlet 62 can be configured in any desired
manner to supply a gas to a localized region of the bottom surface of
wafer 14. Moreover, the gas outlet 62 can also be configured to supply
gas to the sides or top surface of wafer 14.

20 By providing gas in the manner indicated above, the temperature
of one or more localized regions of wafer 14 can be controlled. For
example, in one embodiment, a cold gas can be supplied by gas outlets
62 to reduce the temperature of a localized region of the semiconductor
wafer 14. In another embodiment, a hot gas can be supplied by outlets

25 62. Moreover, in some embodiments, both hot and cold gases can be
simultaneously applied by different outlets. In general, any type of gas
normally used to cool or heat a substrate can be used in the present
invention. Examples of some gases that can be used in the present

invention include inert gases, e.g, nitrogen, argon, and the like; gases
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16 with high thermal conductivity, e.g, helium hydrogen, oxygen, m xtures
thereof, and the like; etc. To provide control over the tenperature of

| ocal i zedwoegewps of a wafer during a heating cycle, a vVRCT/@EBK/00592
paranmeters can generally be 5 controlled. For exanple, in one enbodinent,
t he nunber of gas outlets 62 can be increased to provide |ocalized heating
and/or cooling to nore than one discrete region of wafer 14. As a result,
the gas outlets 62 provide better congrol over the tenperature of a
variety of |localized regions of a sem conductor wafer, thereby allow ng
for better wwtbrtagh tHermadrmpedactivity, arg, heliamnt hydidgeeoorygen, migtures

enbodi nents,, the posibi ni ng of outlets 62 can also be controlled to allow
for contr ol thefephaait @g'kﬁe G ng and/or cooling. For instance, in one
enbodi ment, it [ rOX| ] . ing to the

| ocal i zed edge ?géi%ﬁgrd%%rﬁ@\%gggﬂ)@q%ﬁ%é%@ﬁP];\gfq%%!&‘%ﬂg |%r2§§t | ets can be
posi tioned nadérdunng a heatingsyoledatvarietynef parbatetedoem géndraty bef er. For
exanpl e, in one enbodi ment, as. shown in Figure 3, the outlets 62 can be
posi ©i oned E€ARGANAL. r BRI @xample, injens embrsliregnt, fag nuRwen @hBas ovtletsut | et s

i ncreases o r fr r r regv L0 t her

embod: ment . 68 G (i R By PR el o f e et br e BB i

subst anti al tparbehe WidchstewebRin sAfRF 14, |1AS s B g¥8beaflefs@At i on can al so
be utilized to control the |Iocalized heating and/or cooling of the wafer.
For exanpl eprawide battenadriroliaver theatesaperatire gl se@aridty of legatirecdugh t he
outlets and into t;;_e chanb(ﬁr havefa %\egéj@ncl t.o flow in an oKt war dl y

radi al di r ef§9'8RS OrASEMISeNgltar waferthereny alfqwing fof el e@he bot t om

sur fqace of 3reads radially, the convective cooling or
heat@ng effieégﬁp%\%ftl?%e@“mg‘rgﬁ@'w |l be maxi mum at the radial |ocations of the
waf er. On the ot Morebeer in seimererhbediweings, the pasitiongtgpdi cuthety 62 tdae
convective cooling or heati n%l‘ﬂB ffect on the wafer will be nmaximum at the

radi al annuPl8® f ContEoladt o al icentrellegiacalized heabing apgion £oabins6
PCT/ 1 BOL/ 00394 instance, in one embodiment, it may be required to provide more

cooling or heating to the localized edge regions of the wafer.

15 Accordingly, the gas outlets can be positioned radially to correspond to
the outer edges of the wafer. For example, in one embodiment, as
shown in Figure 3, the outlets 62 can be positioned through reflective
device 26 so that the number of outlets increases outwardly from the
wafer center. Moreover, in another embodiment, a gas outlet (not

20 pictured) can also be positioned substantially below the wafer center.

In addition, wafer rotation can also be utilized to control the
localized heating and/or cooling of the wafer. For example, when a
wafer is rotated, the gases flowing through the outlets and into the
chamber have a tendency to flow in an outwardly radial direction. Thus,

25 because the gas flow impinges on the bottom surface of the wafer and
spreads radially, the convective cooling or heating effect on the wafer
will be maximum at the radial locations of the wafer. On the other hand,
when the wafer remains stationary, the convective cooling or heating

effect on the wafer will be maximum at the radial annulus of the wafer
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17 | ocated above or below the gas outlet. In sone instances, the gas flow
rate of individual gas outlets can also be controlled in accordance with

t he presawo oi/ewsenti on. By controlling gas flow rates, a BgBIEMO00392t he
present invention can provide 5 enhanced control over each |ocalized region
of a wafer. For instance, as shown in Figure 2, valves 65 can be utilized
to independently control gas flowing fromoutlets 62. It should be
under st ood, however, that any gas flow control device known in the art can
be utilized in accordance with the present invention. In addition to
control | i nglgzded bbuve at belavhthel@as eotelr at ure of each gas flow ng through
the outlets can also be controlled. For instance, as shown in Fig. 2.,

heating devi ces &7SER® 'B§t3”6§§dhﬁc9%ef§lw fae Qﬁé&‘@%‘dt’@' A PELRIE SR ned
ber &t ur i b BBl AcoRREEG B Rl FyERGbA N eV o car

simlarly be uti |zed erm ned tenperature.

Furthermrecodtrbmuaggabf@as@eéaa Sy’meﬁi @ﬂhbﬁbrémiﬂm‘%httdh camprovidedl | of the
gas qutlets 62 to provide enhance control over the tenperature of the

| ocabi zed r eghaneedronthel ovgaeach lpealigadiregion, ofehwalesr Eopinsianes af gas

outlets on t refl RV evi hance t ontrol, over the
Cenper at ur e SHPWJR EUEE. valRE e o Boiltlfag e MOeBeh In B Ro Ao dRE b ecence
of the gas %erfgtﬁro@?o&fété 8bl acéhoiad BevirkRr&Bod CRENaYr thadHagad he
reflectivity of device 26 at those |ocations where the outléts extend

t hr ough t hefldeviardrol Bgvuced@mwmlg thefdrecan be wilizechin aaordandewih62 can

t her eby reduce the r at f. 1qcalized regi gns of fer 14 that
correspond PF?ege@fa'W NSFBHS %PdBE‘Pf‘gEtCPVé‘)@BQ' f@’é"b ey the outlets
62. 1gnus. i Rerididiior dRngRPho G RS e duid embls%,e&eregl ons, the gas
outlets 62 can al so anc contr | ov the tenperature of the Iocal i zed

regions by coatfotedgFbhiastameegys seblvedhdig t2), héatirey degtens7 chnilse reduct i on
in reflectivity can be particularly useful when cooling the wafer during
t he SUBSTI TUsEd $pibeat thaugasesdy anpyesieterosned ltmwmnr/eedégbould also

be understood that a cooling device can similarly be utilized to cool the
gases to a predetermined temperature. Furthermore, different gases

15 can also be supplied to some or all of the gas outlets 62 to provide
enhance control over the temperature of the localized regions of the
wafer.

In addition, the mere presence of gas outlets on the reflective

device can also enhance the control over the temperature of localized

20 regions of a wafer. For example, the presence of the gas outlets 62 on
reflective device 26 generally reduces the reflectivity of device 26 at
those locations where the outlets extend through the device. By
reducing reflectivity, the gas outlets 62 can thereby reduce the
temperature of localized regions of wafer 14 that correspond to the

25 régions of reflective device occupied by the outlets 62. Thus, in addition
to supplying gases to the localized regions, the gas outlets 62 can also
enhance control over the temperature of the localized regions by
reducing the energy reflected to those regions. This reduction in

reflectivity can be particularly useful when cooling the wafer during the
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18 heating cycle, as described above. Mreover, to further enhance the
control over the tenperature of the |ocalized regions of the wafer, the

ej ecti onvemgl/evesd each outlet relative to the object wafecTamnioado be

adj usted. For exanple, by 5 positioning a nozzle at a 90 angle with respect
to the wafer, gas will be supplied to a |localized region defined directly
above the nozzle. However, by positioning a nozzle at a 45 angle, for
exanpl e, gas can be directed away frd® the nozzle, closer to the edges of
t he wafer. Besides the enbodi nents descri bed above, |ocalized cooling 10
and/ or heat ihegtiocguoyakesas besanlpexhpbowhed in a variety of other ways. For

exanpl e, in another enbodi t of the present invention, as illustrated in
Figures 5-9, at rﬁﬁ}’erp?%ggi}é‘?rr?d"@ﬁﬁﬁﬁlé‘? ceptrol.pvey dhae terpraraturesel: a; |

above, can %é%c‘a&f%d;gé‘gfiﬁﬁs bﬁ@g\ﬁ%«?, tﬁ@%j@ﬁrbgw %?ggg%giﬁgkﬂ%ﬂepetme“ | anps

24 and wafer 1 ow ng through suc exiting 15 through

the gas out relbtive tntret olgeot waker caacaso beddjetednEonéxamele\diyer and,
thereby uniformy heat or cool the wafer. However, it should also be
undePst ood PRERICNING 3ASZHE R a0 canplamith esppeidrithe mafebgaswilbe waf er as

an al ternat Lyg,of vJ 213 Ld 980ibR qoRASH BN HOE 1L e, AROVe the wafer.
) g‘l nt mv‘é P on Ca

20 I n genera a gas pipe o e pres constructed from

a variety oHowdwer| 18 positioningernBzAe at B 4P HnghsTiedex@mipre, gabeapi pe 70 is
made froma transparent. material, such as quartz or sapphire, to mnimze
t he i nfl uenbe difectétbayay fisinpéhe norzle eeloserdoithg edgas ivbshe waderodi nents, t he

g PIPE 15 21 =0 i e e e SR St I & 1l 90 B2y rant om 21
YLD, o1, N uige b e 0 DRI ITY AnEh SRR uo ot |
ranp- down, ewamnpses in anbtiresreambioatdiment of tHeusresabkeidventidn, gasridsstiatéd di scussed
above. SUBST Holres5'S. a thermal p1ocessing chamber 12 s described i detail
above, can also include at least one gas pipe 70 positioned between
lamps 24 and wafer 14. A gas flowing through such a pipe and exiting
15 through the gas outlets can stream over localized regions of the wafer
and, thereby uniformly heat or cool the wafer. However, it should also
be understood that the gas pipe 70 can also be positioned below the
wafer as an alternative, or in addition to, positioning the pipe above the
wafer.
20 In general, a gas pipe of the present invention can be constructed
from a variety of materials. For example, in most embodiments, the pipe
70 is made from a transparent material, such as quartz or sapphire, to
minimize the influence of the gas pipe on wafer heating. In most
embodiments, the gas pipe is also utilized in conjunction with a rotation
25 mechanism 21 (described above) that can be adapted to rotate wafer 14.
Rotating the wafer can allow the gas pipe to not only heat and/or cool
localized regions of wafer 14, but also to aid in cooling the entire wafer
during ramp-down, such as in the embodiment illustrated in Figures 1-4

discussed above.
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19 Moreover, the gas pipe can al so be constructed to have any of a variety
of sizes and/or shapes. For instance, any dianeter (cross section) of the
gas pi pe wooresssgeneral |y be used. However, in nost enboBCTvEBUI®N3%Rhe

di aneter of gas pipe 70 does not exceed the dianeter 5 of the |anps,
particular when |inear |anps are utilized. Specifically, the gas pipe 70
typically has a dianmeter | ess than, or equal to, the distance between two
adj acent | anps 24 so that the pipe 7019an be positioned in the gap
parallel to the lanps 24. In addition, the pipe 70 can also generally have
any desired 10 Margover, the gas pipendardalsertiescontstreictedto Fdveaainy ebat has a

| ength large _eno gh so that one e of the pipe substantlally aligns with
the center M?”e% Sizepanqlgnghanes. | rs'Bﬁ@"Eﬁb%'gﬁ{ figmeter (gras; pe 70 need not

be | cont i nugusd) dreAgbls o 76 AMcherkl) 0B edDPRAERRL innsbei ding vl |

can be provi er o he pipe con tins two 15

segment s. Thairidimentsptiee diameatanobgas pipedtlidess hbr exgedathe diashetdr t he pi pe
and a different gas can be introduced through the other end of the pipe.

I n afidi t i onOf theelapinse pasinupraviken lireardgmpstata utilized anpeeifipally, theimber of

i ddl o and’ D L A BT B ieR RS BRh R A B8 AFERR et or and
a different baweérom&adj%@@ﬁﬁlaﬂipstMs@ﬂﬁ@tﬁhe%&(mah% p&itiGRed appl i cati on
can aid in mnimzing the "photon box effect”, which is described in nore

detai | bel othe gap garalleatq thehlampispa4.70 can al so be positioned in a variety

f t de the d d t trol. F ,
25 enbod ngnf”’vmes@aﬁm R RBe 7P deReral Neyeiany Uer B curfhce.

Mor ggver, f%%gbm%eﬁ%etr%aﬁllp@ REat’Ba&ah $h nggf;’r |§f§§anged

per pendi cuI ar Irection i near heating |la [or to the
waf er. Typi eabhgh sbhtkatdorsd and ef tie pipe qubstantially alighe withfthe centdraafe i s such
that the presence of the pipe does not influence the process results. In
SUBSTI TUTE #adgrT14- ROpcweysy, ineons eubsdinents, tBenipdI9need not be

continuous in length. For example, in one embodiment, a dividing wall
can be provided in the center of pipe 70 so that the pipe contains two

15 segments. Therefore, one gas can be introduced through one end of the
pipe and a different gas can be introduced through the other end of the
pipe. In addition, the pipe could also be segmented into any other
number of sections, such as three sections. A pipe containing three
sections (e.g. a middle and two ends) can provide one gas to the center

20 of the wafer and a different gas to the edges of the wafer. This method
of gas application can aid in minimizing the “photon box effect”, which is
described in more detail below.

In general, the pipe 70 can also be positioned in a variety of ways

to provide the desired temperature control. Forinstance, in one

25 embodiment, the pipe 70 is arranged parallel to the wafer surface.
Moreover, in some embodiments, the gas pipe 70 can also be arranged
perpendicular to the direction of the linear heating lamps and/or to the
wafer. Typically, the distance of the pipe 70 to the wafer surface is such

that the presence of the pipe does not influence the process results. In

SUBSTITUTE SHEET (RULE 26)



20 particul ar, depending on the size of the process chanber, the distance
of the pipe to the wafer surface is generally between about 0.5 cm and
about 10 wow1/6%6¢ her, the pipe 70 is preferably arranged BoTiBdibai92at | east
a b5 portion of the pipe 70 is located directly above the center of
rotation of the wafer, e.g., the center of the wafer. However, depending
on the rotation velocity (angular velocity) or whether additional pipes
are present, the pipe 70 can also be2ghifted in a direction by a certain
di stance, such as less than about 5 cmfromthe center of a wafer having 10
a di anet er pbrtadubar d@pénding onftheveizgopthe @Eweesseltmbék tipe detareeeof '
advant ageousl y arranged symetrically about the wafer center. Referring to
Figure 6, allypwero tgﬁwfeéﬁw?%ﬁq i genaraeReeenAba e gasanflit | ets 72

(e.oq, h°|eSaBBuP?§%H?S) for ejecting gas onto |ocalized regions of a wafer
surface. The supply of gas to such localized 15 regions can provide better

control over tenpeirakyrthepipd P08 prefofatiharranfed sdet thg dt heasteat i ng cycl e.
In particular, any of a variety of gases, such as described above, can be

gpﬂ Ped vi apggwmgiﬂhét%pQpriﬂﬂQaﬁ%d, ireqidy aflg@@ hiegeenenofdptationdlo or nore
i ' be th
oo "o PSS R B R B P oo ter PAEBRGERERRES (or.0° [

general , theodtigA®ieRicit)f(ahifladdslotity) &tehathBr BEditibRalsApPEs Afe can  have
different diameters. FOr instance, 1n one enbodi ment, the dianeter of the

out | et s cor pesgandihegipe 70mancaige becshified &y a direcorybeateartaiman t he

di aneter of the outlets correspondi to the center of wafer 14. By 25
Varying t he ARaRGRE uchies Rps TR HB TR B Sefsr O RAVAIeT et doun’
cor ygspond - hSCISARRE Lect e hi irch the total
heatmcapaci {a;’dlggfé'ttﬁ‘éo waf er @Pﬁ?ﬁ@aslgtsﬁ?‘ﬁﬁggﬁrg d\%\?@hﬂ}eh%@reg%rgl di st ance.
Mor eover, t aelvantdgebsslyanraiged syemectidayly @bopbtietwaleedentera variety of

ways to eject gas onto a |qcalized region of wafer 14. For instance, in
SUBSTI TUTE SHEET Refelringde)Figwse abipse’ balsriganeralyagsludes one or

more gas outlets 72 (e.g, holes or nozzles) for ejecting gas onto
localized regions of a wafer surface. The supply of gas to such localized

15 regions can provide better control over temperature uniformity of the
wafer during the heating cycle. In particular, any of a variety of gases,
such as described above, can be applied via gas outlets 72. Further, the
gas pipe may eject two or more different gases through different gas
outlets. These two gases may be the same or different hot gases,

20 coolant gases, or other process gases.

In general, the diameter of the gas outlets can be the same or can
have different diameters. For instance, in one embodiment, the diameter
of the outlets correspond‘ing to the edges of wafer 14 is greater than the
diameter of the outlets corresponding to the center of wafer 14. By

25 varying the diameter in this manner, the diameter of the outlets can
correspond to a disc-shaped object, such as a wafer, in which the total
heat capacity of the wafer increases linearly with the radial distance.

Moreover, the outlets can also generally be positioned in a variety

of ways to eject gas onto a localized region of wafer 14. For instance, in
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21 one enbodi ment, the outlets 72 can be positioned equidistant to each
other so that each outlet corresponds to a certain |localized region of

waf er 14woni/edtshber enbodi nents, the nunber of outlets corpemmnansyg to the
edges of wafer 14 can be greater than the nunber of outlets 5 corresponding
to the center of wafer 14. In addition, the distance between adjacent gas
outlets corresponding to the edges of the wafer can also be decreased in
conparison to the di stance between adpacent gas outlets corresponding to
the center of the wafer. Moreover, when surrounded by a slip-free ring (or
guar d ri ng) o€ enalsodiimant) the oltlgtsr 2 ba&bi(positidrednequitlistamttetachal to ensure
that no gas outlet is positioned directly above the gap between wafer and
guard ring QK& sedhat aach pliRhcarespanes ke arcaraun |pcalizerheedion Pet posi ti oned
direct!y ab@ifer e FRBNERLmRAIMEACIHumbUr bPGlteid cBIBEHBAgREGP esent

i nvention can al so be use 0 cool’or hea e guar& rlna separately from
the wafer. fife Efgeppf wafdradetan bogréatenthzm e midbaoftdiglegns outl ets as
descri bed above, the heating and/or cooling of the |localized regions of
waf eP can Berrespending & thecegiiteopf waferfdr laagdiian, thedistangeanp- up or

r anp- down € a_he , f.th f tend to heat or

cool fasterB(L"@\'%‘a'%| %&t'g%g@trﬁsr S%tfét?ﬁgh%gf’g&&ﬁgﬁ?éhé 8ﬁ8§§8§{*\eswﬂ€?6m as the

" phot on boxcaf affd 86 ecrebdeBARBAPRATGoN 8 thd Histattel wiween Rfjadagit, gas

outlets can be positioned or sized to distribute nore gas go t he edges of

the wafer. gFhgstletsoeoresspepding toutheogniermi-the water dMowgventwbes can be

utilized to_ control the te er.atgre of the V}@GI’ %d es, Z:nd thgreby enhance
ad» 68tS Bes

t enper at ur eSURPHRIRT Py 2 9Ip-ffee g dprguardying) gviee& above can

al sqgbe  pogi Ftin?é’vegetb%né{i&ﬁfto%ﬁ%%at%gfﬁéé Bh@et"i;§ﬁ%)§?i€n88%filjekﬁ§ to help

control tenperature unitormty. use erein, erm "spread profile"
refers genabalé yhe gap hetweerawaferaarslippsdndadirey whah coslintgpntHaeteedr by the gas
froma particular gas outlet. The spread profile of a gas ejected by a gas
out | et SUBSHHATE EATSPRDE A @5t euties)posthanedetiessdly pbpve dos gep3oay be

preferred. Further, a pipe of the present invention can also be used to

cool or heat the guard ring separately from the wafer.

15 By appropriately positioning or sizing the gas outlets as described
above, the heating and/or cooling of the localized regions of wafer can
be effectively controlled. For example, during ramp-up or ramp-down
stages of a heat cycle, the edges of the wafer tend to heat or cool faster
than the center of the wafer. This tendency is known as the “photon box

20 effect”. To compensate for this photon box effect, gas outlets can be
positioned or sized to distribute more gas to the edges of the wafer.
Thus, for example, during ramp-up, more coolant gas can be utilized to
control the temperature of the wafer edges and thereby enhance
temperature uniformity.

25 In general, the gas outlets described above can also be
positioned to eject gases at a certain “spread profile” to help control
temperature uniformity. As used herein, the term “spread profile” refers
generally to the area of a substrate that is contacted by the gas from a

particular gas outlet. The spread profile of a gas ejected by a gas outlet
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22 may be selected to additionally control the tenperature uniformty of a
wafer. In particular, the position of the gas outlets is typically chosen
such thatwo heewps ead profile of adjacent gas outlets is sbPChmdiIN0392
overlapping at the surface of the wafer. As such, the whole wafer is

cool ed and/or 5 heated with sufficient uniformty along the gas outl et
chain of the pipe such that no slip lines will occur. This overlap can be
controlled in a variety of ways, suck2as described above, e.g. by
controlling the gas flux, varying the position of the outlets along the
gas pi pe, etmay. bd-eelectetstoaamintitionallymoatrehtiediemydraturb enifarhitpof Aenper at ure
gradient in the 10 tenperature profile across the wafer should be |ess than
about 1' C/E’l%eratmt%@l”aﬁ &h%@owﬂen&ﬂ%aasayaats ig dpieal m{psgﬁm e at which

the gas out %ﬁ&ﬁtﬁéﬁﬁésﬁ exa @ Waﬂsﬁéﬂwﬁtﬂleté%Q%@Elpﬁ]veﬁggpﬁglrjte?gts 79

profil e of e, as’s ure
can be ang| adtriwmmde éhﬁedﬂ/éf@ﬁtAngu@ﬁ mf\BholéEwaif@Hstctcsmed aﬁdmdl cated by
the directional arrows in Fig. 9(a), or can be angled with the direction

of wafer rohaataﬁhwnmuffmrﬁamgrmw gleagdhe @asi wlgt chainraftee oipeFi g. 9(b). In

et T TS0 b AR SaBITeHaBISh oo Dol st

6, the gas QufitGict MR, Egéhfab(aé%@nﬁéd abg0e £§. s«;'%ﬁtrw.ﬁ@tﬁ@@a@ct to the
waf er. Moreover, in sone enbodi nents, the gas outlets 72 can al so be

rmvab:jydrmuflwed/ammgathemqsmoﬁmfﬁbeté)luﬂetstaien%aingﬁges@ipegmc -ejfertion can be
varied during, processi n%én accordance .wi th the present ion, nore
RRYIMERDd o

{han one gall 2 BRCEERRTIMERD dNE GNRITINT teER/AtTE GrAdieRhiuine For
i nsygnce, 'fbrﬁggra%ére%ﬂ@ BBk 1RSSR UML) BL ntin B,0Y: Blcrias pipe 80

can al so include an inner gas pipe arrange t the i nner pipe 86

I's connect atitashpérativesdagheritharabob700° Che outer gas pipe. Although not
required, the inner pipe 86, in this enbodinment, is positioned to
distribute gasedhecngdieabwhich the aaseutists eiechoascan@isn be Adistede phot on

box_ef fect .  SUBSTLTHTE SHEFT, (RULF29), VG- 91469656 ECT(LBAI 00392

9, the gas outlets 72 can be angled against the direction of wafer

15 rotation, as indicated by the directional arrows in Fig. 9(a), or can be
angled with the direction of wafer rotation, as indicated by the directional
arrows of Fig. 9(b). In most embodiments, the gas outlets are positioned
at an angle between about 60° to about 120° with respect to the wafer.
For instance, as shown in Fig. 6, the gas outlets are positioned at a 90°

20 angle with respect to the wafer. Moreover, in some embodiments, the
gas outlets 72 can also be movably mounted on gas pipe 70 so that the
angle of gas ejection can be varied during processing.

In accordance with the present invention, more than one gas pipe

can be utilized to supply gases to the wafer. For instance, in one

25 embodiment, as shown in Figure 8, an outer gas pipe 80 can also
include an inner gas pipe 86 arranged such that the inner pipe 86 is
connected with the gas outlets 82 of the outer gas pipe. Although not
required, the inner pipe 86, in this embodiment, is positioned to distribute

gases to the edges of a wafer to aid in minimizing the photon box effect.
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23 Specifically, a first gas flows through the outer gas pipe 80 to the
center regions of a wafer, while a second gas flows through inner gas pipe
86 to tiwoedewsé egi ons of the wafer. The first and seconBchamasoman be the
sane or different gases, and can be controlled to provide different rates 5
of cooling and/or heating. For instance, the flux and/or tenperature of
each gas can be independently controlled to provide better tenperature
uniformty for each localized region @3 the wafer. Further, in sone

enbodi nents, the gas pipe can also include nore than one |ine of gas

out |l ets. ForSpetificatlgea fiest gasdlaws thréuigiuthe dlter g4l pipes 8PitpehedCertan i ncl ude
three lines of gas ,outlets. In particular, a first line 91 of gas outlets
92 is posi t [REHRT af aprfeh YRR 8eCIh8adBowR dNPUINRRBAIIAS AR P i s

posi ti oned e f. i C ' 101

ext ends froﬁg’%f?éi%er%ﬁ%ﬁﬁggﬁgfﬁ%%g gﬁg%glgtgae&{]gé?#geg%%%t%mb% lrtllpéztddi tion, a

third |ine 3dmeextdifident gases endicaitbe cohtrbied p peovide 8iffetentaateecond end
115. In some enbodinments, the third line 111 is also positioned at

appr 8xi mat ePfceolndsanlon beghng.aEok Wetanseothe flinandior temperatwewf, second

line 101 an ird line : L4 h.t A tlets of
such |ines gg%&@?g&ﬁ&%eoﬁd%gggﬁ?&& g@?”@?%%ﬁéﬁéf.beﬁ%\%\&fépj&aﬁ@hough not
depi cted, i ngbpmitydfoP@adRdecaizeadedibatofithewdfées 20 can al so be arranged
so that the outlet's of lines 101 and/or 111 are positioned between or

adj acent to outl Eughep infsolmenembodintérds uthe gsfs pipktdapl alse invddecan general |y

rovide a suitabl e nmecghani.smfor utilizi tWwo or nore r ea of gas. In
Pt ol ar - Morethdh NG e Rdbe GHES sFOHESEse: a8 SHAND o RIOWAT T by s he

firgp line QQ p}%éo%‘éﬁgﬂﬁuéértﬁ%@mﬁ%@ HGasldifietd m”éé}%i{:]@%[,‘_’?fir%f at an angle

by the seco thir I nes. In sone“enbodi nents, I nes can al so

ej ect the ghse 9t ofdjalsfmutiets 92rig pesitiasedvat the battgandipile 98and za use of two
or nore streanms _can provide a nunber of advantages. For exanple, dependi ng
on the rot é?‘FQﬂfb!'”%lﬂBéd% pesitigred phoy@ the boltem afthira #Pssighdhaldheas a

pre- cool I ngs SR il 61 hEnks Rt ikt M@ 185 §IR2YE%lpd BIHL0392

center. In addition, a third line 111 extends from the middle of the pipe
15 90 to a second end 115. In some embodiments, the third line 111 is also
positioned at approximately the same height as the second line 101. As
shown, second line 101 and third line 111 can be positioned such that
the outlets of such lines correspond to the outlets 92 of line 91.
However, although not depicted, it should be understood that the lines
20 can also be arranged so that the outlets of lines 101 and/or 111 are
positioned between or adjacent to outlets 92 of line 91.
The use of multiple lines can generally provide a suitable
mechanism for utilizing two or more streams of gas. In particular, a first
stream of gas can be ejected onto the wafer by the first line and a
25 second stream can be ejected onto the wafer at an angle by the second
and third lines. In some embodiments, the lines can also eject the gas at
differing angles as well. In general, such a use of two or more streams
can provide a number of advantages. For example, depending on the

rotational direction of the wafer, one stream could act as a pre-cooling
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24 flux, while the other streamcould be used as a post-cooling flux. It
shoul d be understood that the lines of gas outlets can generally be

arr anged waomengséranner . For exanple, in one enbodi nent, thersmaons2 and
third Iines can be positioned directly above the first line. Mreover, 5 it
shoul d al so be understood that any nunber of |ines can be used as well.
Further, any of the lines could also be provided with an inner gas pipe,
such as illustrated in Figure 8. In aggordance with the present invention,
any process condition or paraneter, such as nentioned above, can be

aut omat i cal flyx,cohile thd etther $flebm ayad beusedtasd pest-o6olingoffuxexianpl e, as
described in nore detail above, |ight pipes 28 and detectors 30 can be
confi gured BBodldtke wnskerstaagbthed theolings efgas ouliats sapgenes@Mbe ed regi ons of

vl er L4 2" daRGETNLRT Lo HaCCHRIL 90 I8 SABARNR! nBkeckEr oaf ter.

controller an app ‘any” of "a“vari ess

condi ti ons kAdaRiFd 86és &an %%Vp@éitidm@ dufesmlyaabaﬁélth@dwétqmaer Mdué@/erFor
i nstance, in one enbodinment, the tenperature of |ocalized regions of the

waf e® can b# shoulst abpli@jurm@eramomaat any nyrrmr@étme@cam@efuw asate, type,
tenperature of the es util such cri.bed above. In
par b cul ar - el VitheBean i SR B oy ABG RS NRELHTR BhBRFERS v « n
control ler 5RheARACR@s |'H?@5tpé3!é@l§-{ PRups gnecessary. EXAMPLE The ability of the
apparatus and nethod of the presént invention to minimze tenperature

devi ati ons duri nin acterdancy slith thepreskentomezntone dny Redeassi copditorFi gure 4, a

radi al distribution of a 121-poi 5 nmeasur ement  of fhe oxide thi ckness of
a silicon waf BArAPelEr. SHEhoa$ Hfﬁ“it'eﬂe FPe¥esanpe @G’t%ﬁﬁﬁlé’% rpled c i s

1yt rat edby sgsltetﬁ'\ BoRttBfdr 8B "Eor éid}gplesgéﬁ‘égﬁﬁ@éﬁ)ﬁ %P@gé‘tsa‘ﬂd and arranged
uf éonce hape

in about fo ntric ring- ateas that were I1ndividually power
control | ed. abbee diht iphres 2$bﬁw5de1tét&or352310 pah bescopifigumsabier gaterthiner epr esent i ng

T SN emperatire at diferent loalized region's 0 81/ 5ge5e Tl 501100392
communicate such information to controller 50. Thereafter, controller 50
can appropriately adjust any of a variety of process conditions to correct

15 deviations from a desired temperature. For instance, in one
embodiment, the temperature of localized regions of the wafer can be
controlled by automatically adjusting the flow rate, type, temperature,
etc., of the gases utilized, such as described above. In particular, valves
65 and/or heating devices 67 can communicate with controller 50 and be

20 adjusted as necessary.

EXAMPLE
The ability of the apparatus and method of the present invention
to minimize temperature deviations during a heat cycle was
demonstrated. Referring to Figure 4, a radial distribution of a 121-point

25 measurement of the oxide thickness of a silicon wafer after an oxidation
process of 50 seconds at 1100° C is illustrated. In this experiment, ring-
shaped lamps were used and arranged in about four concentric ring-
shaped areas that were individually power controlled. The abscissa

shows the 121 points of measurement, representing increasing radial
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25 distance with increasing nunber. Wthout l[ocal cooling (i.e, "C osed"),
a clear step profile can be seen when heated with the |anps. This profile
correspomwig oi/weshre spatial arrangenent of the heating | anpst/sm/azsecond
experinment, localized cooling (i.e., "Open") was also 5 applied in
conjunction with heating by the sane | anps used above. Localized cooling
was applied at the bottom surface of the wafer center wth only one gas
line, ejecting e.g. nitrogen onto theagafer backside. The additiona
cooling at this localized center region was used to slightly conpensate
for high | adjstasch with dmcreasingenureirerWithsutsibosircdaying liee 1Closstitped " peaks”
in Fig. 4, localized coolingﬁinproved the radial uniformty of the oxide

t hi ckness. TFlfas siepspeiite £an b saaprwhenbaratesiwith the @Imﬁser’rﬂéilseﬁrgﬂc'il@ unihf gr n} ty
h i . f .
SRR Ea T AP

the present  Invention, such as a 15

sem conduct or waieh,seedndk&pafpftmtiotaizeanidolihg ¢fe t COpBRYNGES alkgnNper at ure
uniformty throug_hout the heating cycle. For exanple, the present

i nve’dtion capp ernjuactias with dieaging byrihe srmes lems' usk(g abgve.t enper at ur e
ranmp-up and,ranp-down st ages, reover, the use of i gher powered | anps,
Wi oy PR Tl g PERERY Rerp Bl UTads of tetkipresBeRrc: i on of
the substragth &y oﬁb%shﬁme@%%é&tiﬂ?%.é‘.sniﬁogéﬁ bhto fe whftf JalcRsigB! | nvention.
This is possibly due to the abilify Of the present 1nvention to cool the

edges of thdheafdsiitianal goalmd at this Eepized cerded tegiony wasessadnty. sligtty ti onal | y,
ot her advant ages of the present ipventjop include 25 selective cooling or
heating of PH%R%QF@VE,%FB@] lapeRira %t!%}%i‘ttB?é;enFﬁfdﬁsi TRRWBRY tBR wafer to

i npry@ve con DI LLE Y i IGT : rw - | r cool i ng during
waf ér@ cool }od\a\d/nd.e%j lreggiglelp,ﬂghg’aiéggh%g [ Pg?@ﬁfcyvega{sﬁgsrgé ove and bel ow t he

waf er can r edifeenigy oothe adides thickrigssmTUsewak dueterdn pasroderigmgotal i brati on
and a reactive gas during processing. SUBSTI TUTE SHEET (RULE 26) WO
01/ 69656 PCTadigidenmesature uniformity across the wafer.

Accordingly, as a result of the apparatus and method of the
present invention, localized regions of a substrate, such as a
15 semiconductor wafer, can be adequately controlled to enhance
temperature uniformity throughout the heating cycle. For example, the
present invention can compensate for the “photon box effect” during
temperature ramp-up and ramp-down stages. Moreover, the use of
higher powered lamps, which may allow heating to higher temperatures
20 without destruction of the substrate, can also be attained as a result of
the present invention. This is possibly due to the ability of the present
invention to cool the edges of the wafer to a uniform temperature during
heating.
Additionally, other advantages of the present invention include
25 selective cooling or heating of the wafer, localized temperature
modifications on wafer to improve controllability, increased throughput by
improved cooling during wafer cool down. Moreover, the use of different
gases above and below the wafer can reduce errors arising from use of

inert gas during calibration and a reactive gas during processing.
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26 Besides the applications described above, other applications of the
present invention are also possible. For exanple, in one enbodi nent,
process gesercwss al so be supplied to the systemthrough pgasBmneamkes. For
i nstance, the gas nozzles could also be used in copper 5 reflow processes
where the calibration of the systemis done in an inert anbient (e.g.,
nitrogen, argon, etc.) and the processing is then done in a hydrogen

anbi ent. Such a process can produce temperature deviations in calibration
due to the usage of different gases, which have different therm
conductivities. Besyddscthmecdpdibatignisdesdriben\abuiviepothermpptitstidrs df0 mai nt ai n
waf er tenperature uniformty by directly blow ng an inert gas against the

bot ]E om su][f%P@S%ﬁ@wiéﬁér%'qoep%ﬁsﬂﬁl?{ &0 6¥3MPIH B @BSs| ngI t he ]'Eoph
outl et s bet SRR bl Ga R8PS0 bSRTBH !B fho ST RRFLSTgh ency of

the gases t@aBinozERR. Forfigstaaed. thAyas nesldd codlaly bOUsd§ imtdsperg from
heat conduction fromthe wafer to the reflector plate would be elim nated.

Thes® and oréfiaw poetiasseamhaie taggalikration pbthe systemds sloaedntan inekient i on may

oo S ot B ok P 70 o7
particul arl }ﬁxaﬁfgefnoéﬁhiein@ SiRhaPpRRESsE csh dréduce nfstdhir@evidtiopgoul d  be

under st ood that “aspects of the various enbodi nents nay be i nterchanged
bot h i n wholrecalibratiopdue .to Fue ubagerof differérdgmses, whithnizave diffeidnt i n t he art

will appreciate that the foregoing description is by way of exanple only,
and is not IIRBKILANHHCYVItRS L15yS v@ﬁﬁT e§6”‘f'ﬁ?’?ﬂ%‘?n 9%”8‘@3%@ bed in such

SRRl R A S Tl BT FBRY 0002 7
said met hodgamzptiesboornhstiriicensf té wafer, while simultaneously processing
the top surface of the wafer with hydrogen gas. By locating the nozzles
of the gas outlets below the plane of the wafer, as shown in Fig. 1, the
tendency of the gases to mix can be reduced. As a result, the error
15 arising from heat conduction from the wafer to the reflector plate would
be eliminated.

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 spirit and scope of the present invention, which is

20 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
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

25 described in such appended claims.
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pl acing a sem conductor in a thermal processing chanber, said

sem conduct or wafer defining at |east one |ocalized region along a radi al
axi s; adjwevi/engsé he tenperature of said sem conductor wafRPCTARN1A0392
predeterm ned tenperature according to a predeterm ned heat cycle, said
predeterm ned heat cycle including a heating stage; during at |east one
stage of said predeterm ned heat cycle, controlling the localized
tenperature of said at | east one |ocaljd7zed region of said sem conductor
wafer to mnimze tenperature deviation fromsaid predeterm ned

t enper at ur e WHATAS@LAIMEBsISJefined in claim 1, further conprising the
steps of: nonitoring the tenperature of said at | east one | ocalized region

with a tenperat urle A8ihad forgatdreatingp semisenducios Wwadersisaly devi ce  bei ng
i n conmmuni C%étﬂ&?‘@oh{br%j@()wersqgéggz and based on information received by

said controll'ér-Trom'sai tenper ature sensing device, controlling the
temperature of saldting alseasitonditol inGRiHez@RI pRIeESINgCHANbEYshig sai d
predeterm ned heat cycle. 3. A nethod as defined in claim1l, further

conpri si ng seaieanshicyIr wafeodetining af lerst ane lacalizedgegisar alpaglayragiiait r ol t he
tenperature _of said at |east one localized region. 4. A nethod as defined
in claim3, ¥rtner conprising the step of controlling the tenperature of
said gas. 5. A mayhREingInhdedmperhtire &f HidsemiddWdulRSr WaBPEd 8i ng the step of
controlling the flowrate of said gas. 6. A nmethod as defined in claiml,
wher ei n sai gredetpeniaedriempStBETe atOEdBigEET] pRdeterP@hed\Deal LHIE56

PCT/ 1 BO1/ 00392 28  devi a 'hon is less than ab?.ut %000_ C. 7. A nmethod as
defined i n &P predeteimingd Reateysle lﬂ?ﬁé"&g armeatigg\atad8.on is 1ess than about

25 C during at least one stage of said predetermined heat cycle,

controlling the localized temperature of said at least one localized region
of said semiconductor wafer to minimize temperature deviation from said
predetermined temperature.

2. A method as defined in claim 1, further comprising the steps
of:

monitoring the temperature of said at least one localized region
with a temperature sensing device, said temperature sensing device
being in communication with a controller; and

based on information received by said controller from said
temperature sensing device, controlling the temperature of said at least
one localized region according to said predetermined heat cycle.

3. A method as defined in claim 1, further comprising the step of
providing a gas to at least partially control the temperature of said at
least one localized region.

4. A method as defined in claim 3, further comprising the step of
controlling the temperature of said gas.

5. A method as defined in claim 3, further comprising the step of
controlling the flow rate of said gas.

6. A method as defined in claim 1, wherein said temperature
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8. A nethod as defined in claim1l1l, wherein said at | east one |ocalized
regi on conprises |less than about 50% of a cross-section of said

sem condwoorcasad er. 9. A nethod as defined in claim1, wheresmn/osaed at

| east one |ocalized region conprises |ess than about 25% of a
cross-section of said sem conductor wafer. 10. A nethod as defined in
claim1, wherein said at | east one localized region conprises |ess than
about 15% of a cross-section of said28em conductor wafer. 11. A nmethod as
defined in claim1, wherein said |localized tenperature is decreased during
sai d heati ngegiaﬁge infessdhan apoeblé@@r@i ned heat cycle. 12. A nethod as
defined in clal ei, n redeterm ned . heat cycle further

conprises a cool i ngf‘giegb%d ag ef'ﬂe RMal EReRpId ferBPaiatre2, wherein

said locali aggl tlbﬁr@%sgttHéfi byt #6¢ @ased during said cooling stage of said
pr edet er m ne ﬁeat cycle 2 Xn apparatus for heat treating a

sem conduct or waBerA methpd iasidefined it biaimed, wherepssdid @t tastbae adapted to
contain at Ieast one sem conductor wafer, salod sem conduct or waf er
defi ni ng at lqc@kized &won|096wr|8@éd|e$9e@aarahg%ﬁ8 70 a§ress-86GtoN &f heat source

in conmmuni C%%fd%%éngﬁﬁ{ogm}a? mal processing chanber for heating

sem conduct |ne “in said chanber; and SUBSTI TUTE SHEET ( RULE

26) WO 01/69656 BCH hizeh69@8Hefindd @c%lﬁvﬁé}élrﬁﬁ.a%&lé@&tbhé tenperature
of said at |east one localized region, said device conprising at |east one

gas outl et fapalizegpegibngompyisestesssthian aout @88t obasrossesgdtioadfr egi on of
said sem ng%ué:érgl%oV\@LgtBT wafer.

10. A method as defined in claim 1, wherein said at least one
localized region comprises less than about 15% of a cross-section of
said semiconductor wafer.

11. A method as defined in claim 1, wherein said localized
temperature is decreased during said heating stage of said
predetermined heat cycle.

12. A method as defined in claim 1, wherein said predetermined
heat cycle further comprises a cooling stage.

13. A method as defined in claim 12, wherein said localized
temperature is increased during said cooling stage of said
predetermined heat cycle.

14. An apparatus for heat treating a semiconductor wafer
comprising:

a thermal processing chamber adapted to contain at least one
semiconductor wafer, said semiconductor wafer defining at least one
localized region along a radial axis;

a heat source in communication with said thermal processing

chamber for heating semiconductor wafers contained in said chamber,

and
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15. An apparatus as defined in claim214, wherein said device is |ocated
bel ow sai d sem conductor wafer. 16. An apparatus as defined in claim 14,
wherei n seddi/gwse outl et conprises a nozzle. 17. An apparptossagoshefi ned in
claim 14, wherein said device conprises a plurality of gas outlets. 18. An
apparatus as defined in claim17, further conprising a reflective device

| ocat ed bel ow said sem conductor wafer, wherein said plurality of gas
outlets extend through said reflectivegdevice. 19. An apparatus as defined
in claim14, wherein said device is |ocated above said sem conduct or

waf er. 20. An appafedfidgesforadilattingabe temperitoreldf, saidhat Riast saed devi ce
conprises a gas pipe havi ng a plurality of gas outlets. 21. An apparatus as
defined in Kcaliaed regighesaid deyiseraiprisieg apleasbang gassludlst foror decr easi ng

t he tenperature.o i.q_1 J i : ratus as defined in
claim 14, w%gf’)@fnrgg§%5q8tsgrogé{s%ggto%rﬁaeeE’gggﬁié@'@gafgﬁacorrpri ses |l ess than
about 50% otemisdriRRtsiagafepn of said sem conductor wafer. 23. An apparatus
as defined in claim 14, wherein said at | east one |ocalized region

conpri ses | ess tHan Aibapparabes as deficeddsclaiatidowhergin saididewae édnduct or

waf er. 24. @&ag%&%r t us .as defined .in claim14, wherein said at |east one
| ocal i zed r &Y 8@%‘?%‘ SEMUCYEIAr WAt 15% of a cross-section of said
sen conduct or waher .ArhBsdialids §E‘F|Eé_d iRk 3@% whErdlA/sGRP§Ss Bléd BOL/ 00392

30 25. An apparatus as define in claim 14, further conprisSing: a
t enper at ur ecopmsiseg adwazée for determ ning the tenperature of said at
![ZaSt o?e | ocal | ﬁ%d Ar?ggjggr;atl?sngs %eﬁr?g Enmcllafnq 1L1flw?1ce)pgmgia? éie\(/)igew th said
nmper at ure sensi'ng
comprises a plurality of gas outlets.

18. An apparatus as defined in claim 17, further comprising a
reflective device located below said semiconductor wafer, wherein said
plurality of gas outlets extend through said reflective device.

19. An apparatus as defined in claim 14, wherein said device is
located above said semiconductor wafer.

20. An apparatus as defined in claim 14, wherein said device
comprises a gas pipe having a plurality of gas outlets.

21. An apparatus as defined in claim 14, wherein said gas
comprises a coolant for decreasing the temperature of said localized
region.

22. An apparatus as defined in claim 14, wherein said at least
one localized region comprises less than about 50% of a cross-section
of said semiconductor wafer.

23. An apparatus as defined in claim 14, wherein said at least
one localized region comprises less than about 25% of a cross-section
of said semiconductor wafer.

24. An apparatus as defined in claim 14, wherein said at least

one localized region comprises less than about 15% of a cross-section

of said semiconductor wafer.
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device, said controller being adapted to adjust the tenperature of said at
| east one localized region according to a predeterm ned heat cycle based
on i nforvedboeesecei ved by said controller from said tenprCcBIBNM039%2ENSI NQ
device. 26. An apparatus as defined in claim14, wherein said heat source
conprises a plurality of |ight energy sources. 27. An apparatus for heat
treating a sem conductor wafer conprising: a thermal processing chanber
adapted to contain at |east one sem @ggnductor wafer, said sem conduct or
waf er defining at |east one |localized region along a radial axis, wherein
said at |east on25| duabppadtus agdefineonglainsd4, fietertcoaprasigit 50% of a
cross-section of said sem conduyctor wafer; a plurality of |ight energy

sources in conmuAitEaPeHRAUE Fﬁ”%ﬁg Hlevtcﬁéphﬁﬁt%mﬁgéh% nepRifbEe Afor heating
sem conductgg]I V@(flg &ﬁ:ﬁ)@% ”bns%’ngj chanber; and a plurality of gas

nozzl es for ]US HUré Of said at |east one Iocalized

region of said sammmdactnwommharcatnsmvdtrpwdaémbnramre gawingpzzl es being
| ocat ed bel ow said sem conductor wafer. 28. An apparatus as defined in

claim 27, fdevieersaidmontroilegbeing regeptas to/adjssiihedempesatete pEsad atai d

seni conduct r erein said | ur al i t | es ext end t hrough
sad ret | eclastonupealZeyeliah AetpuPad I bR RER SRS T t ner
conpri si ng: basé&BRGHRIMHaloR PEEIVE B $hkPcditFolde RS AiiNE %tueémerature of
said at |east one localized region; and SUBSTI TUTE SHEET (RULE 26) WO

01/ 69656 PCI¢h8ay/dedB®2 31 a control |l er in conmunication vvi th said

t enper at ure sensi sai rol | er  hei n ada to adjust the

d
tenperature of sgg %ﬁggb%%g‘fs gnee 'E‘)% N Glagn r@gy"g %{Eé ?@f to a
predet er m ”Egurlééaéorﬁé(ﬁéé’s aBﬁﬁ»Eﬂy%@“bH{éﬁéﬁylsgﬂrd’&CEI ved by said controller

fromsaid tenperatu
27. An apparatus for heat treating a semiconductor wafer

comprising:

a thermal processing chamber adapted to contain at least one
semiconductor wafer, said semiconductor wafer defining at least one
localized region along a radial axis, wherein said at least one localized
region comprises less than about 50% of a cross-section of said
semiconductor wafer,;

a plurality of light energy sources in communication with said
thermal processing chamber for heating semiconductor wafers contained
in said chamber; and

a plurality of gas nozzles for adjusting the temperature of said at
least one localized region of said semiconductor wafer, said plurality of
gas nozzles being located below said semiconductor wafer.

28. An apparatus as defined in claim 27, further comprising a
reflective device located below said semiconductor wafer, wherein said
plurality of gas nozzles extend through said reflective device.

29. An apparatus as define in claim 27, further comprising:

a temperature sensing device for determining the temperature of

said at least one localized region; and
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sensing device. 30. An apparatus for heat treating a sem conductor wafer
conprising: a thermal processing chanber adapted to contain at |east one
sem condweo ot/cowad er, sai d sem conduct or wafer defining atpPCEaEI/003%

| ocal i zed region along a radial axis, wherein said at | east one |ocalized
regi on conprises |less than about 50% of a cross-section of said

sem conductor wafer; a plurality of light energy sources in conmunication
with said thernmal processing chanber 3ffor heating sem conductor wafers
contained in said chanbers; and a gas pipe conprising a plurality of gas
outl ets for adjuatcomgrolleein cenmpenatativa with said dempetatasst semeng ocal i zed

regi on of said sem conductor wafer, said gas pipe being | ocated above said
seni conduct 8eViggf 8aid controjigr bpipa astapiedto %‘gﬂﬁtﬁgé temperaturs 3bsaightr ei n sai d

go5 1P 1S oA A B0TRLEL AlpRel GRS AR SERURRR 11 19

sapphire an appara fmed Iin c further

conpri si ng pas@@barinfopinatibd RedBi¢E@ By SAid SehtraNer fRRRAsEaHUSNRRraelé ned in
claim 30, wherein said gas outlets are positioned equidistantly. 34. An

appar at us asedsingmigyiden cl ai m 30, wherein said gas outlets are positioned

Puch (02 e IR o et LT BB gl | 00170

corr espondi egn{f(pisﬁyg@ent er localized region of said wafer. SUBSTI TUTE SHEET
(RULE 26) WO 01/69656 PCT/1BOL/ 00392 32 35. An apparatus as defined in

cl ai m 30, furthen thenpal moogssang ghamiber iadgpteditto camtaippdieasiongs defined in
laim 30, furth i si T ' i tiall

claim urther conprising an inner %as pi pe gﬁmneasﬁeéosztar ially

cont ai ned wSERIGPNERICEPTy¥arep SRk serlicpndyyiqr wafer d g at one

localized region along a radial axis, wherein said at least one localized
region comprises less than about 50% of a cross-section of said
semiconductor wafer;

a plurality of light energy sources in communication with said
thermal processing chamber for heating semiconductor wafers contained
in said chambers; and

a gas pipe comprising a plurality of gas outlets for adjusting the
temperature of said at least one localized region of said semiconductor
wafer, said gas pipe being located above said semiconductor wafer.

31. An apparatus as defined in claim 30, wherein said gas pipe is
made from a material selected from the group consisting of sapphire and
quartz.

32. An apparatus as defined in claim 30, further comprising a
wafer rotation mechanism.

33. An apparatus as defined in claim 30, wherein said gas outlets
are positioned equidistantly.

34. An apparatus as defined in claim 30, wherein said gas outlets
are positioned such that the number of gas outlets corresponding to an
outer localized region of said wafer is greater than the number of gas

outlets corresponding to a center localized region of said wafer.
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pi pe being positioned to distribute a gas to at | east one outer |ocalized
regi on of said sem conductor wafer. 37. An apparatus as defined in claim
30, wher av@oredetls gas pi pe conprises at |least two |ines oPCyamimoiskets. 38.
An apparatus as defined in claim30, wherein at |east one of
outlets is positioned at an angl e between about 60 to about
relation to said radial axis of said sem conductor wafer. 39.
as defined in claim 30, wherein at |e@2t one of said gas outlets is

radi al axis of said
sem conduct or waBBér Am8ppaateppadeafined ascldah i30etlrther coaiprisB®yy awherei n sai d

positioned at an angle of about 90 in relation to said

gas pipe is ggﬁhtioned bet ween a space defined by at
l'i ght ener g§y

| east t

conprising: a tergergy bba ﬁg'kéégé‘@eﬁﬁ%é\ ﬁff‘%lfai?ﬁ 3@ehﬁ-fr{8'r’&!oﬁﬂ>crfgm

said at | east one [ oca I on; conttroller

sai d gas
120 in
An appar at us

wo of said

UP@es. 41. An apparatus as define in claim27, further

Lgnperature of
nication with

sai d tenper gingrgasqipe agleadepadially santhisedivithln xid @k mipadsi gtharo adj ust
the tenperature of said at |east one |ocalized region according to a
pr edet er ni nePeneeing ppsitioneg4e sistabuterd gasie Ableasteee puterdgcalized control | er

fromsaid tgg&gﬁ%gg% sesfﬁi'aghagctgPWa?eer: SUBSTI TUTE SHEET (RULE 26)

37. An apparatus as defined in claim 30, wherein said gas pipe

comprises at least two lines of gas outlets.

38. An apparatus as defined in claim 30, wherein at least one of

said gas outlets is positioned at an angle between about 60° to about

120° in relation to said radial axis of said semiconductor wafer.

39. An apparatus as defined in claim 30, wherein at least one of

said gas outlets is positioned at an angle of about 90° in relation to said

radial axis of said semiconductor wafer.

40. An apparatus as defined in claim 30, wherein said gas pipe is

positioned between a space defined by at least two of said light energy

sources.

41. An apparatus as define in claim 27, further comprising:

a temperature sensing device for determining the temperature of

said at least one localized region; and

a controller in communication with said temperature sensing

device, said controller being adapted to adjust the temperature of said at

least one localized region according to a predetermined heat cycle

based on information received by said controller from said temperature

sensing device.
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