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CONE FOR HEATING SEMICONDUCTOR WAFERS

An apparatus for heat treating semiconductor wafers is disclosed. The apparatus includes a heating device which contains an assembly
of light energy sources for emitting light energy onto a wafer. In particular, the present invention is directed to 2 heating device that contains
at least one heating cone. The heating cone of the present invention includes a circular reflector that can be conically—shaped.. A plurality
of light energy sources are contained wihtin the reflector. The light energy sources can be vertically oriented or can be tilted slightly
towards the central axis of the heating cone. In this arrangement, it has been discovered that the heating cone produces a uniform irradiance




being emtted by the wafer, the tenperature of the waf er can be
cal cul ated with reasonabl e accuracy. In alternative
enbodi ments, instead of or in addition to using radiation sensing

devi ces, t her Meyoddna77s Processing chanbers can al so contai n ddinbesaRep! es
for nonitoring the tenperature of the wafers. Ther nocoupl es

neasure the tenperature of objects by direct contact.
Many sem conduct or heating processes require a 35 wafer to be heated

to high tenperatures SgehdiNG DEVICE OONTAYNINGQTMUZITIABAMPhYSi cal
reactirons can take pl ac 2

as the wafer is fabri caf%gaml APB g‘%&/l ces CONDSCTOR WMIl'mspl d thernmal
processi fg, which is one type dtield of the Fa¥entiRR seniconductor wafers

are typically heat edrhe reset Biveltion 96 denPally tdimsteduees, for

I nstance, 5 fro out_400C bout C whi ch are
typically | ess therm® f%’G\?‘Fﬁﬁ =3 é’d‘fﬁ‘*ﬁ% f%%zlggi'ﬂﬁé Selt[:.%onhh?&? one main
goal is to heat waﬁersmszngasadlant eneggy orml;eaaamlkﬂrém the

Probl enms have bgﬁ’:@séfﬂ?eiﬁ%ﬂ:ﬂ Nid B reatta €8 improvedmedtingni1Bfpng able
to mai nt al na chg.tflguratzons for use in thermal processing chambers.
Background of the Invention
A thermal processing chamber as used herein
refers to a device that rapidly heats objects, such as
semiconductor wafers. Such devices typically include
is a substrate holder for holding a semiconductor wafer
and a source that emits light and heat energy for
heating the wafer. During heat treatment, the
semiconductor wafers are heated under controlled
conditions according to a preset temperature regime.
20 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.
25 band of wavelengths. By sensing the thermal radiation
being emitted by the wafer, the temperature of the
wafer can be calculated with reasonable accuracy.
In alternative embodiments, instead of or in
addition to using radiation sensing devices, thermal
30 processing chambers can also contain thermocouples for
monitoring the temperature of the wafers.
Thermocouples measure the temperature of objects by
direct contact.
Many semiconductor heating processes require a
35 wafer to be heated to high temperatures so that
various chemical and physical reactions can take place



tenperature throughout the wafer and in being able to control, thes
rate at which the wafer is heated. If the waf er is heated

nonuni formy, Wae¥/Has unwant ed stresses can devel op raTBbes1vERf er .

Not being able to 15 heat the wafers unifornmly also linmts the ability
to uniformy deposit filnms on 2he wafers, to uniformy — etch
the wafers, beside linmting the ability to perform vari ous other
cheni cal and #hyRie ¥REGFoASs Sabricated 'inte andeyirers. Dyping

Tenper at ure gfaliicethermal peoceesing, wiikhnishene type ofiafer due to

vari ous a0t hoddli 1S LalIRonlBLE0 waters arbleyblBAPRPUbA aco area to

volune ratio m con have a
cooling rate by an arraﬁdoa ABBPENEC rEAperpiurefe EPFf &REFANGS1an the center
25 5 of theromfapout 1b6°ents gabalts @,pootn, cfwr acimdd hiieh are of

waf ers can al J.\étaarl Yf 5.8%%' ehahi @ned? nll%g@ggon During thdddi tionally, when

gases are cir gases can create cool er
areas on the Pr°°esseswaP§F madnt S°%J(-)n‘x%é’Pl BﬁatSBhe wafers agn the past,
various | anp widrglabkopesbibte. been proposed in order to overcone -

t he above descri b%@:obl ﬁf‘ggfi’%‘?%ﬁ? nPﬁQyﬁegé]%@bl lity to heat

waf er s moré cunt T he te Ure of the
waf erk0at varheyerocni bﬁsngTﬁB%% %Waaénﬁalnms gt have becone
I ncreasi ngl y texfdraxugddtR¥peghRoNE e wafer and in being able to

control the rate at which the wafer is heated. If the
wafer is heated nonuniformly, various unwanted
stresses can dévelop in the wafer. Not being able to

15 heat the wafers uniformly also limits the ability to
uniformly deposit films on the wafers, to uniformly
etch the wafers, beside limiting the ability to
perform various other chemical and physical processes
on the wafers.

20 Temperature gradlents can be created within the
wafer due to various factors. For instance, due to
the increased surface area to volume ratioc, the edges
of semiconductor wafers tend to have a cooling rate
and a heating rate that are different than the center

25 of the wafer. The energy absorption characteristic§
of wafers can also vary from location to location.
A&ditionally, when gases are circulated in the
chamber, the gases can create cooler areas on the
wafer due to convection.

30 In the past, various lamp configurations have
been proposed in order to overcome the above described
deficiencies and improve the ability to heat wafers
more uniformly and to control the temperature of the
wafers at various locations. These systems, however,

35 have become increasingly complex and expensive to



3 ’ - produce. For instance, sone systens can contain-well

over 100 | anps. I n US-patent 5,253,324 an _appar at us for heat
treating sem comwbiedarrs " “wafers' conprising¥a’t her nal pﬁ@ﬁﬁﬁgmﬁg]
chanber adapted to contain a sem conductor wafer is shown. A
heating device is in communication with3 sai d t hermal processrﬂg
chanber for heating a sem conductor wafer contained in said
chanber using preducermgFer i tnekanqp,. sPne A¥ateny can contaifewedd conpri ses
a heating conegyeeihigd B perpendlcular to the 10 , sem conduct or

. wafer and |ncludes plura | n [0 05|t|oned
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chamber . Accordlngsto t he %? e, f'Qf sensors t he
I
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uni f or mot y ovethahelsubquipp@dsuﬁﬂacentrOQS for va@fying the amount

of energy that is applied to the wafer at different
locations based upon the characteristics and
properties of the wafer. Such controls are especially
necessary due to the increasing demands that are being

15 placed upon the preciseness at which the semiconductor
wafers are heat-treated and at which. semiconductor
devices are fabricated.

' Su the venti

The present invention recognizes and addresses

20 the foregoing disadvantages and others of prior art
constructions and methods.:

Accordingly, it is an object of the present
invention to provide an improved thermal processing
chamber for heat treating semiconductor wafers.

25 Another object of the present invention is to
provide a thermal processing chamber having an
improved lamp configuration for heating the wafers
uniformly.

Still another object of the present invention is

30 to provide a heating device for use in thermal
processing chambers that contains a plurality of lamps
which form overlapping heating zones on a wafer being
heated.

Another object of the present invention is to

35 provide a heating device for use in thermal processing
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35 36 . In view
of the above, a need currently exists for an i nproved thernal
processi ng chawdewid4risat i s capabl e of uniformy heatnmgnmvm
conductor wafers. A need al so exists for a thermal processing -
chanber cont ai ning an i nproved4l anp heat er confi gurati on.

Further, a need eX|sts for an .i nproved raﬁpld t her processi ng
chanmber for hEBRTRRF S\&F el @asto one m“{I%'d'f 1pwpcgeRdped with

controls for varyls@.mhearmmmn object of dfhee peegenthanvestimplied to the
wafer at diffgg de a hdalG3ld QRvibaskHE mnlhhghggﬁggcterl stics and
properties of the JT Such co%rol S %. spe & )I necessary due
to the i ncreaB’F?fbeﬁféf% ?fg:a ns a plurality of lamps
5 surrounded by a conically-shaped reflector, wherein at
least some of the lamps are tilted with respect to a.
semiconductor wafer being heated.
These and other objects of the present invention
are achieved by providing an apparatus for heat
10 treating semiconductor wafers. The apparatus includes
a thermal processing chamber adapted to contain a
semiconductor wafer. For instance, a substrate holder
can be contained within the chamber upon which the
wafer is held. A heating device is placed in
15 communication with the thermal processing chamber
which emits thermal light energy onto the wafer held
on the substrate hcolder. The heating device can
include an assembly of light energy sources which are
- positioned to preferentially heat different zones of
20 the wafer..
During the heating process, either the
~ semiconductor wafer is rotated or the light energy
sources are rotated. ‘In this manner,' the light energy
sources form radial heating zones on the wafer. 1In
25 accordance with the present invention, the 1igh{:
energy sources are positioned so that most of the
light energy sources are located at different radial
locations with respect to one ancther. As such, many
different radial heating zones are formed on the wafer
30 which aid in heating the wafer uniformly and provide
good temporal control during the heating cycie.
In accordance with the present invention, the
heating device includes at least one heating cone
having an axis that is perpendicular to a
35 semiconductor wafer contained in the thermal
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conically-shaped such that the reflector gradually
increases or decreases in diameter in a direction
10 towards the semiconductor wafer.

In one embodiment, the light energy sources
contained within the'conically—shapea reflector are
arranged in a circular configuration. 1In most
applications, it is better not to place a light energy

15 source directly in the center of the conically-shaped
reflector. Typically, at least six light energy
sources are placed within the reflector. The light
energy sources can be substantially vertically
oriented or tilted with respect to the axis of the

20 heating cone. For example, in one embodiment, some of
the lamps can be vertically oriented while some of the
lamps can be tilted towards the axis. In particular,
some of the lamps can be tilted up to about 20 degrees
with respect to the axis, and particularly in an

25 amount from about 6 degrees to about 12 degrees.

Besides light energy sources, the heating cone of
the present invention can further include a reflective
top that encloses the conically-shaped reflector. The
reflective top can be flat or can be dome shaped or

30 can be cone shaped. Preferably, both the reflective
top and the conically-shaped reflector are made from
highly reflective materials. For instance, the top
and the conically-shaped reflector can be made from a
polished metal, such as gold, or from a highly

35 reflective dielectric material. In one embodiment,



chanbers that contains at |east one nulti-Ilanp cone. Still
anot her object of the present invention is to provide a heating
devi-ce for use YOOWIRES mal processi ng chanber s t hat C PeirABddR1Ao
plurality of lanmps 5 surrounded by a conically-shaped reflecteor,
wherei n at | east sone of the | &mps are tllted W th respect t6 a
sem conduct or waf er bei ng heate hese and_ ot her objects of
the present i&P&nFeblect ctive t°%1r:'es Serianedy ttﬂlbﬁrﬁ\ﬂ’?ﬁ #g98% apparatus for
heat 10 ti€fusine St ikl danicadl prshapetherefiipartairus Fael udes
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wafer. For inst a trate can ontained within
t he chanber U&SHSV\N Qifefusive, "h\?oéf"eﬁ:h? sc"rﬁ"éP&llK“ﬁé’éPFﬁg device is
ptacedsin 15 reflectnsm‘nﬂs Cadsoreharnt hog hai ffherivel .amido pastinglahbyrber
which emts t ,%iv%ntothe waf er held on the
substrate hol e heatl evi ce I n¢l ude an assenbly of

| i ght energy sourcE% Fdh '%Rémntrd the aoundnof LdohtcrBRESY | al | y heat
di f ferent zonehatfif2Cemitted ey wdfecheating device, tBer apgatdéeudieati ng
process, eithgg LHE present ﬁ%&g@quewrm\@h% bg &ahekegn r the |ight

energﬁg sources are rotat hi s nanner, t ener gy
sour c&® for m ESBPEratixe iSansidid deyice Hihighs senses she accordance wth
the present ikempératurd hef [dlghiwafer at a glerglisgubcelosatiqnsi tioned so

that most of E-‘B?Oinstance, U AR 318 beakoabedafipdlid f v ent

r

radi al cafl ons spect to one an many
di fferent radPAPTRELRY RE Ryremehersy o?‘FFE(?YG'ﬁmFFrGrV\Hf"&P mpltiple yhich aid in
heati ng the w&rﬁ.emnqn;fms,y cancbner ovi m@e thermocgupdesenpThiel control

?EL;E?I E)Ee heaehﬂgr%éa -sensing devices |d$na‘5Q05.ﬂaesﬁm%§.Qaéﬂﬁq pr esent
wzth a controller, such as a microprocessor, which

determines the temperature of the wafer. The
controller, in turn, can be in communication with the
power supply of the light energy sources for

20 controlling the amount of heat being emitted by the

" light energy sources in response to the temperature of

the wafer. The controller can be configured, for
instance, to control the amount of light energy being
emitted by each light energy source or can control

25 different groups of the light energy sources.

Besides the light energy sources contained in the
heating cone, the heating device of the present
invention can include other light energy sources such
as tungsten-halogen lamps surrounding the cone. For

30 instance, in one embodiment, the heating cone can be
placed at the center of the heating device and
concentric rings of light energy sources can surround
the heating cone. In order to maintain the lamps in
position, the lamps can be connected to a mounting

35 base that forms part of the heating device. The



heati ng device includes at |east one heating cone havi ng an axi s
that is perpendicular to a 35 sem conductor wafer contained in the

t her nmal WO 00/14775 progessing chanber. The heating cone,l |.gned
to control the ampunt” of el ectromagnetic enéfigy being WBQZ"?J‘& ed
by a group of lanps'in a manner that nore uniformy heats a - .
sem conduct or wafer. The heating 5 cone includes a plurality of |ight
ener gy sources mounting [lossé | cnedineludienrastectivardeeftectfor For

i nst ance, ' f &{g}%? f tor is
conical |l y- shape‘csi sucﬁﬁ?i ‘?{ he éﬁ? | ect {ﬁa lPﬁeé&%a&}én?raé‘g%es or
decreases in di aﬁﬁt’e?b?rf"%f%ﬁf ec%’%rreféec 1"et‘3®é RS  FRM R conduct or
waf er . polishé&d cnen el urEficest Bartroghdivnetiyy kanps efr,

contai ned withip, {:Pgnggfﬁgf*by?grpa}%eq_nr %LG%{’Q&? a‘é,ﬁspla‘%e l_%tr anged in a

circul ar “configurati etter not to
place a |ight ef¥kgpdiadjacentsdp ddheyil F@EFI-y F?Ft??éamﬁerlfbf‘mtehe

coni cal | y- shapegmbodiment | efhe€ Gi€dtinky feefibeyincludesistesiecdivent ener gy
sources are plaged, i thl fiod NG L& §dRha LHE 1498n of the lamps in
a direction perpendicular to the semiconductor wafer.
10 Other objects, features and aspects of the
present invention are discussed in greater detail
below.
i ipti of the awi

A full and enabling disclosure of the present

1s 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 flgures in
which:

- 20 Figure 1 is a cross-sectional, diagrammatical
view of one embodiment of a thermal processing
chamber;

Figure 2 is a plan view of one embodiment of a
heating device that may be used in thermal processing

25 chambers made in accordance with the present
invention;

Figure 3 is a cross-sectional view of one
embodiment of a conically-shaped heating element that
may be used in heating devices made in accordance with

30 the present invention:;

Figure 4 is a plan view of a second alternative
embodiment of a heating device that may be used in
thermal processing chambers made in accordance with
the present invention; and

as Figure 5 is a graphical representation of the



energy sources can be substantially vertically

oriented or tilted.

with-respect to the axis of the 20 heating cone. For exanple, in one
so MO 49114775 the | anps can be vertically ori ept:mhgwbnlue sone
| anps can be tilted towa %ds the axis. In particular, - -
a

enbodi nent ,
of the

sonme of the lanps can be tilted up to

to the axis,

about 12 degrees

cone of

out 20 degrees - wi t h-Tespect

qggﬂgggtbgggghgu hﬁ gﬁm&ﬁg 1. amount from about 6 degrees to

t he

top that encl gseesenitespenifichyiohaget drefingsols iiveended to ref

top can be fl %eﬂes@ﬂﬂ QﬁmQOHE ShEDPEbuR! f§9tures &RNe Pén &R

Preferably,

the top

6

enbodi ygnt

coni cal |l y- shape

15

20

25

30

35

heati ng

|
| hBeBRBLCHES RECTREEEncan FRRERSF O R PR S | of | ont 1 ve

| ective

oFhaped.

bo t.he reflective top and the conically-shaped
reflectdr are énVFBﬁ+°n° hlghly reflectlve naterlals For
Te3es ] 5 : A,an*‘fron1a

pol.i shed netal, su?le §§ ggl ﬂee%%fénﬂnpoﬁ By%w Ordl‘\%)l 8‘8} 4775

dielectric naterl n one
(R sPeLarty ERRE Che PRARRY-0LFEu8RioR 45 13 ghi

t NG HeRlbAChLVEihPRihG e broader adFedts PP dirfef USI Ve,

resent invention, wh:.ch broader aspects are embodied
in the exemplary construction.

In general, the present invention is directed to
an apparatus and method for heating semiconductor
wafers uniformly and at a controlled rate. The
apparatus includes a thermal processing chamber in
communication with a heating device that is used to
heat treat semiconductor wafers contained in the
chamber. The heating device contains a plurality of
lamps that are positioned at preselected locations for
heating the wafers.

More particularly, the present invention is
directed to the use of a heating cone contained within
the heating device that controls the electromagnetic
energy being emitted from a subset of light energy
sources. The heating cone includes a circular
reflector, that in one embodiment, is conically-~-shaped
having a diameter that decreases in a direction
towards a wafer being heated. A group of light energy
sources, such as at least six, are contained within
the reflector. The light energy sources can be
substantially vertically oriented and/or can be tilted
towards the center' of the heating cone. 1In this
manner, the electromagnetic energy being emitted by
the light energy sources contained within the

i NSt ance,

di ffusi ve t handedswriptibnabfyexemplary eimbediments fanly, and isenetipl e, in one

whil e the



5 "reftector-is less than 10% di ffusive and particularly | ess
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of |ight energy_bein emited ch |ight ener sourc¢e or can
control 25 f‘aﬂ?‘g‘r erﬁhegr%tﬁfigyofsupﬁgxfﬁgﬁ eea}’é} &%é@?e s
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mount i ng 35 COBEEEMhath % ARTSRLALER ¢ T g SHRTE SR EeThe

15 throughout the wafer.

Referring to Figure 1, a system generally 10 made
in accordance with the present invention for heat
treating a wafer made from a semiconductive material,
such as silicon, is illustrated. System 10 includes a

20 processing chamber 12 adapted to receive substrates
such as a wafer 14 for conducting various prbcesses.
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

25 very rapid rates and under carefully controlled
conditions. Chamber 12 can be made from various
materials, including metals and ceramics. For
instance, chamber 12 can be made from stainless steel
or guartz.

30 When chamber 12 is made from a heat conductive
material, preferably the chamber includes a cooling
system. For instance, as shown in Figure 1, chamber
12 includes a cooling conduit 16 wrapped around the
perimeter of the chamber. Conduit 16 is adapted to

35 circulate a cooling fluid, such as water, which is
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evacuated from the chamber using gas outlet 20.

10 Alternatively, an inert gas can be fed to chamber
12 through gas inlet 18 for preventing any unwanted or
undesirable side reactions from occurring within the
chamber. In a further embodiment, gas inlet 18 and
gas outlet 20 can be used to pressurize chamber 12. A

15 vacuum can 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

20 ilafer rotation mechanism 21. Rotating the wafer
promotes greater témperature uniformity over the
surface of the wafer and promotes enhanced contact
between wafer 14 and any gases introduced into the
.ch_amber. It should be underStood,‘ however, that

25 besides wafers, chamber 12 is also adapted to process
optical parts, films, fibers, ribbons, and other
substrates having any particular shape.

A heat source or heating device generally 22 is
included in communication with chamber 12 for heating

30 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. It should be understood,
however, that lamps 24 may be placed at any particular

35 location. - Further, additional lamps could be included



Fi guré 2 is a plan view of one enbodi nent of a heati ng devi ce that

may be used in thermal processing 25 chanbers made in accordance with
t he present wo songAsent i on; Figure 3 is a crosgecmmodeonal
vi ew of one enbodi medt of a conical |l y-shapéd: heating el enent that
may be used in heating devices nmade in ad&&ordance with 30 t he pr&sent
I nventi on; . Figure 4 is a plan view of a second alternative
enbodi ment of awhshinngysieen ct0 t HatdefdFeBe used in t her mal

processi ng chanbers fRdeusd SE£CLaMENCA ast & heat soutde s epmeraliyention;

and 35 Figure.5 | . lcal r t Ak d dde

8 resupfgfgﬁf?i?he%‘ié?ﬁ“gé(anp K %3&59 have ﬂﬁéﬂntﬁ%%%,use of

ref erences char heatingj andh@ooling ratescSBAR QFREF ReATHHYY d&%awi ngs i s
i nt ended gt 0 such h8PEESEPEisarte meatal ogoasnvent lonsl ofumlageent s of 5

the inventi on. Det ai | sl kA r&dHgypodi ment s
It is to be undé‘?agpﬁoa‘tbﬁrSﬁgeogd%%dr:]alrsgule?P?i ﬁchgég{'ﬁit e art that the
present di scussithati pravides instenEaneausornsrIExekPPAFFLEfbodi ments only,

and is not requiring a very short and well controlled start up
period. The flow of energy from lamps 24 can also be
10 abruptly stopped at any time. As shown in the figure,

lamps 24 are equipped with a gradual power controller
25 that can be used to increase or decrease the
electromagnetic energy being emitted by any of the
lamps.

1s In order to monitor the temperature of wafer 14
during the heating process, in this- embodiment,
thermal processing chamber 12 includes plurality of
radiation sensing devices generally 27. Radiation
sensing devices 27 include a plurality of optical

20 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 emitted by wafer 14 at a
particular wavelength. The amount of sensed radiation

25 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

30 detector 30 comprises a pyrometer. 1In another
embodiment, the optical fibers, 28, are routed to a
single but multiplexing radiation sensing device.

In general, thermal processing chamber 12 can

contain one or a plurality of radiation sensing

35 devices. In a preferred embodiment, as shown in



10 i ntended as limting the broader aspects of the present

i nvention, which broader aspects-are enbodi ed I n the exenpl ary
construction. WOO001477s In general, the present invention pcgnsbofopsised to
an apparatus and nethod for heating seni conductor 15 waf ers uni-f ory
and at a controlled rate. The IZpparatus includes a thermal —
processi ng chanber in. communi cation with a heating device that is

used to Figurs 1y EHEroahi PEACRRINY GARBPEr cbht GPRERENS & he
chanmber. The hsatdaldtgewfcraddationssengingr devigesftRAt measurps that are

posi tioned at tﬁ-{ee%%hxﬁQEQQuEQCGE' ens Jﬂer at aifféféﬁt nﬂoéaba jers.

More particul ar e present invention recte 0 the use of
a heating cond&nawing fbg temRpRature of tpﬁe"’ﬁg%&'l?ﬁj <Eléilf%,l'éf’c‘:’nat control s
the el extronmagreiatiods can thaarby eidgoeccohtedl ftioen amauhselr of |ight

ener gy et Ea‘éﬁﬁg %@é@gét £8%16P %féﬂcﬁ'd&ﬁhf‘ 54 'Sl At bea

reflector, that 1n on , LS conica havi ng a
di anet er t hat Jdb@Pé'&ségrt?hlahﬁF?é@ﬁﬁ? The am?%r?i% heakaf er being
heated. A gr oumnfleal gbt vaptogy Béhes of sharwsfer st #Asoabel east six, are

contai ned withy troll ;‘hgn %%g fIQﬁJ.HthtI- sources can be
substantially vert cal I ent can be ti towar ds the

cent ert®f the C}?é'étlﬂﬁﬁa!%bﬂ@ the FARLOS betweennﬂ?’ﬁ] \farzfcngs Sea&ingmagnet i c

ener gy bei ng esddescdahybdSpre-deténineght feae rmpymsliramIindieatabaed Wt hin

the In subsequent processes, these ratios are used with no
changes during the heating cycles.
During the process of the present inventiocn,

15 system 10 should be designed such that optical fibers
28 only detect thermal radiation being emitted by
wafer 14 and not detect. radiation being emitted by
lamps 24. In this regard, system 10 includes a filter
window 32 which prevents thermal radiation being

20 ‘emitted by lamps 24 at the wavelength at which light
detectors 30 operate from entering chamber 12.  Filter
window 32 also serves to isclate lamps 24 from wafer
14 and prevent contamination of the chamber. Filter
window 32 as shown in Figure 1 can be a

25 semitransparent plate positioned between chamber 12
and heat source 22. In an alternative embodiment,
each lamp 24 can be covered by a separate filter.

In one embodiment, filter window 32 is made from
fused silica or quartz. Fused silica is known to

30 absorb thermal radiation very effectively at selected
wavelengths. For instance, synthetic fused silica
with high concentration of OH ions is very effective
at absorbing light at a wavelength of from
approximately 2.7 micrometers to about 2.8

35 micrometers. Thus, in one enbodiment, when filter
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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 contact with the

‘wafer or can be placed adjacent the wafer from which

20

25

30

35

the temperature can be extrapolated.

System 10 further includes a system controller 50
which can be, 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.

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 iamps 24. In this manner,
instantaneous adjustments can be made regarding the
conditions within reactor 12 for processing wafer 14
within carefully controlled limits.



I nstance, chanber 12 can be nade from stainl ess steel or, quartz. 30
When -chanber 12 is made from a heat conductive material, preferably
t he -chanmber i nYQ#E4778 cool i ng system For instance, pegasddRyie! N
Figure 1, chanber 12 includes a cooling conduit 16 w apped™around

t he perimeter of the chanber. Gfnduit 16 is adapted to 35 ~ =
circulate a cooling fluid, sugh as.water lLch_js

0 ised | EvahR: sPRoRRRSs! esHirotiahoe) Gan plse dmatand
temperature. to automaticatfynpentyol ihelsl sderentsdeithimstiienl et 18 and a
gas outlet 20 dyaitemlt r papCingtangds dotiteobherchanden bé usea wnd/or for

mai ntai ning t Wt hin_a, prese ressure range. For
i nstance, a gg:gonc(i:%%'iggmlenﬁ.ggugg g_&s gtas’esi ﬁ?%efﬁlé%% a’f&erf ough gas inl et
18 for Peacti dihngugh gas inlefgldr 148 shgWpe pewbrakler Fheagas can then be

evacuat ed frompdrithesBebaselSt80c@itrallthet rdfe 30 which warell iarnatively,
an inert -gas can b%ali__e 12 through gas inlet 18 for

to,.cha [
preventing anyl udwant Sg B%tﬁlnngﬁe ‘ffhag'é’égﬁ abl e side reactions from
occurring within tAs describedhahews, the presentcineemfidineist, gas inlet 18 -

and generally directed to a particular heating

10 configuration that is used within thermal processing
chamber 12. Referring to Figure 2, one embodiment of
a heating device 22 that can be used in combination
with thermal processing chamber 12 in accordance with
the present invention is illustrated. As shown,

15 heating device 22 includes a plurality of light energy
sources, such as_ lamps 24 that are secured to a
mounting base 34. In particular, in this embodiment,
lamps 24 are arranged in concentric circles. ' |

In accordance with the present invention, at the

20 - center of heating device 22 is a heating cone
generally 52. Heating cone 52 is designed to direct
electromagnetic energy being emitted by the center
light energy sources 24 in a manner that forms a
uniform irradiance distribution on a wafer being

25 heated. For instance, in this embodiment; heating'
cone 52 is designed to uniformly heat the center of a
wafer rotating below heating device 22.

Heating cone 52 includes a circular reflector 54
surrounding the center light energy sources 24. For

30 most applications, at least six light energy sources
are contained within the heating cone.

Referring to Figure 3, a cross sectional view of
heating cone 52 is illustrated. According to the
present inﬁention,.circular reflector 54 can he

35 substantially cylindrically-shaped, or, as shown in



gas outlet- 20 can be used to pressurize chanber 12. A 15 vacuum can
al so be created in chanber 12 when desired, using gas outlet 20 or
an additional | avgewi4onst| et posi tioned beneath the | eveérmioohiito
waf er . During processing, substrate hél'der 15, in one -- .
enbodi nent, can be adapted to rotate waf &7 14 usi ng a 20 waf er rotation

mechani sm 21. Rotat,ing th fer . t.es eat.er t erature
uniformty over the thfgs em%O\s%Lﬁeé‘(Fé &f Pﬁ%P%/va¥ erf'acr?g{lbcra t‘ggggﬁﬁanced

cont act Ipcpaxticulasr TREIRFEONNG4 e idhanstiaredhabt o t he

Cﬂager- 1|2t _ Sho?li-éh&ﬁéll%wcﬁ:témS E@Wﬁf&é,atﬁwﬁeﬁiejing Hé‘i%éd?‘fsl F‘@fe][ fS,b
chanber i s also_adapt tQ_process i C ts ns, fibers,
ri bbons, and oth%?tanceo’ e‘tq’-es apstrac swﬁ]a%/? n°gf azﬁe%lﬁé_%?zg%ﬁarc aghgﬁ‘é.e

A heat sBurce or $kepe mf awvitee 2federgrpey, Bnq particularlycfyded in

comuni cati on wakdute pdRyrees vy dtoati 018 dyrees widdterekpedtl £H9
processing. He téngencj&\glce 2.2 o Larj lrll.l ecsoaerpl rq:I It tof anps 24,
such as tungsteh® RS ET FREY ho mLAFII ForattVethnps 24 are
pl aced above wafeflecton tS4simarl dhaye andiametsri that gradupddpver, that |anps
24 may be pl acefh@tes RUdrdd A wd%er in ¢ AHaber Further, additional
'aWpS ngld be InCllﬁguéescribed above, for most applications, 11
heating cone 52 will contain at least six light energy
sources 26. In the embodiment illustrated in Figure
3, light energy sources 26A, 26B, 26C, 26D, 26E and
26F are illustrated. In general, the light energy
i5 sources can be vertically oriented with respect to the
axis of the heating cone or can be tilted towards the
axis. In one preferred embodiment, as shown in Figure
3, some of the light energy sources are vertically
oriented while some of the light energy sources are
20 tilted. _ , . :
Specifically, light energy sources 26A, 26C, and
26E are substantially vertically oriented. Light _
energy sources 26B, 26D and 26F, however, are tilted
inwards towards the central axis of the cone. Similar
25 to the slope of the walls of reflector S4, for most
applications, the lamps can be tilted up to about 20
degrees, particularly from about 6 degrees to about 12
degrees, and, in one embodiment, can be tilted about 8
degrees.
30 As shown in Figure 2, generally light energy
sources 24 contained within heating cone 52 are
positioned in a circle located around the periphery of
the interior of the cone. A light energy source
positioned within the center of the cone is generally
35 not desired. In particular, the present inventor



within system 10 if desired. The use of lanps 24 as a heat

source is generally preferred. For instance, |anps have rmuch hi gher
heati ng and coWoi@47sit es t han ot her heati ng devices, 5 PETIBY9/8510
el ectrical elenents or conventional furnaces. . Lanps 24 create a

rapi d i sothermal processing system 16 that provides instantaneous
energy, typicall

o Lequ rin ry s t and |l controlled start
o pediatoverng whal of 8 8gfey ke 385k Bierified £,
abruptly stoppeating mepeyi fhe lampsHewid iswn peorlyuwath the off | anps 24 are
equi pped wi t?ﬁ@fﬁﬁpﬂthmorﬁoat lﬁ@hxltueifom itr;.»aazﬁnbaat bcan be @Jtsteddtg
i ncrease or rease.t.he el ectromagnet i ner el emtte
any of the &§gtégﬁﬁﬁﬁ&¥ °ps @ wafer. iﬁﬁw Fﬁgpgtgnﬁsﬁ¥?5ra{$hetenperatﬁre
of waf®8r 14 discovengd,i hgweNerhebshatgnenedyepdacingt Ai sixedmdifent,
thernmal processhid iGhanee ihdriBal udese Rl1soakliiynét produce d adi ation

sensi ng devi cgs_general,l Z. Radiatiqn.. sensihn evi ces 27 include
a plurality o a‘()%ﬁ%gaﬁ :féa%:.anc]e [ gégésr%utllfjaﬁt BPpBErt‘hg‘é\ﬁ?’th are, in turn,

in c dehvimieanfiignratiena cpeated ia wodfi goneecopobitée rwpfcmlat
detectors 30.a gd¥itidn fai%&l%é%baﬁeaaprtweguéﬁéei-ogf the hedtdG Ve thernal
energy.being emtted by wafer 14 at a particul ar wavel éngth. The
amount®of senS¥fradi ation 25 is then cormunicated to |ight detectors
30 which Jhee priesentydaveptep | haggdiscguared othafettheseni ng t he
temperat ure odefi il WANC BeCaleléonedbgUt@ieing the wad@s&d in part, on
Pl anck's Law._Jln onq:i.errbodlmenta titeingdsh, 9B éﬁa% fiber 28 in
conbi nati on writh B84 1é’ﬁt cope and/gr, eJt:lt (}r 930 %S%r se¥"BP pyrometer. In
anot her contaiinedi wirhin: fheogeneal By Bersingga eerigadiiyed to a

15 shaped reflector and by tilting preselected lamps

contained within the reflector, .it was found that a
uniform irradiance distribution could be formed on a
wafer below the heating cone. In this configuration,
a center lamp is not required and the resulting

20 irradiance distribution does not form a cold zone in
the center. :

Referring to Figure 3, besides conically-shaped
reflector 54, heating cone 52 can further include a
reflective top 56 to which the light energy sources

25 are mounted. Reflective top 56 and conically-shaped
reflector 54 should have a highly reflective surface.
For instance, reflective top 56 and reflector 54 can
be made from a polished metal, such as gold or from a
highly reflective dielectric material.

30 Although reflective top 56 and conically-shaped
reflector 54 should both be made from a highly
reflective material, in one embodiment, the top and
the walls of the heating cone can have different
reflective characteristics which have been found to

35 further promote the uniform distribution of



singl & but.- mul ti-pl exing radiation sensing device. I n general,

thermal processing chamber 12 can contain one or a plurality of

radi ati on sensi devices. In a preferred enbodi nent ’P&ﬁnﬁm‘/m in

12 - Fi gﬁ'ge 'i‘"? her mel¥ processi ng chamber 12‘contains a

‘plurality of radiation sensing devices tpat neasure t he terrpef-ature
of the wafer at different |ocations. Know ng the tenperature of the
waf er at di fferemct&niagneﬁi@ad&qg paing hami ttedidnd the Geatiny the anount
of heat _bei ng th r e [ in

more detail her@Phart fdnzp es‘cLaat'rr’%er‘it eilgf ¢ ?n%%ﬂ“lemp r%l%i%gltgggv%?]?ous

zones of the waf@rcampenmarendight dlff%%ﬁ{# dihaay qommléﬁeﬁhﬁﬁeé f ashi on.
In this 10 réﬁrédtgsﬂ 6.1141 on ]ffrh%th%&-I PSrde! e StShQ:a\taHaOldSaheat i ng

zones ¢ be pr ter I t| a

subsequent proc%‘égg agh(i ssg? usesL \ﬂ[iqtt}%! wh%'e the sgﬁgﬁﬁﬁs during
t he heating cyc¢§sreflector 54 CaanElPl"ﬁgatWF@-‘ﬁJM@'é’@?'d—flhehélpF-ébent

i nvention, 15 that SBd<LMoR0 sﬁ@@ﬁlﬂcaﬁtﬂp%ﬁwiersqq@ﬁmat reptical fibers

28 only detect thernal radi ation.bei. m t waf er. 14 and not
det ect radi ati of~ %%?rfeg é‘rﬂt"t’bede&p odindn€,"'x ¢t ve top 56"8L8 nd

at least 75% light diffusive, while the interior
10 surface of reflector 54 can be less than 10% light
diffusive, and particularly less than 5% diffusive.

Referring back to Figure 2, as shown in this
embodiment, heating cone 52 is generally placed within
the center of heating device 22 and is surrounded by

15 concentric rings of light energy sources 24. Light
energy sources 24 located outside of heating cone 52
can alsoc be associated with a reflector or set of
reflectors. Light energy sources 24 can be vertically
oriented with respect to a wafer pdSitioned within the

20 chamber or can be tilted similar to the light energy
sources contained within the heating cone.

For instance, mounting base 34 can include a
reflective surface that surrounds the lamps. In one
embodiment, reflective annular recesses can be formed

25 into mounting base 34 for directing the light energy
onto the wafer.

Alternatively or additicnally, reflective plates
36 can also be attached to mounting base 34 and used
in association with lamps 24. Reflective plates 36

30 can be positioned perpendicular to a wafer being
heated and can extend a length shorter than lamps 24,
can extend approximately the same length as lamps 24,
or can extend beyond the length of lamps 24. In the
embodiment illustrated in Figure 2, reflective plates

35 36 form circular shaped channels on mounting base 34



|l anps 24. In this regard, system 10 includes a filter wi ndow 32
whi ch prevents thermal radiation being 20 emtted by |lanps 24 at the
wavel engt h at WRi0eH7Is ght det ectors 30 operate from gckmbdsicho
chanber 12. Filter w ndow 32 al so serves to isolate |anps 24 from
waf er 14 and prevent cont am' na!-$on of the chanber. Filter —

w ndow 32 as shown,in Figure 1 can ?ZJE sem transparent plate
positi oned betRe¥RighAARPsS 124 are dlspaﬁ hedMeHBRRESSE, | n an alternative
enbodi nent, reflectiwelplaigs 26 carvbetedldarest lithea 1<igihdr ehergyl ter.

I one embodi Rty Lh 4€4a Wop SR 2 S0l ads B LocarichiEl S1 11 ca o

quartz. Fused sI a |s nown absorb thermal radiation very
effectively ath&eVate®d - vvavel engths. For instance, synthetic fused
silicas W tIn hexier ote drdatatal vafef W@H ficomdyi sricér heatingtive

at absorbing EEeaﬁ?Za%é"’a%%vﬁP% Fahubd ) contro1 126X bR 2 7
m croneters to a m ¢roneters. Thus, .in one enbodi ment,
when filter 1in Figure 1 can be configured to ‘control the gmount of ndow

32 is made froatighynéheidy Beteyl emiiltted, by iegith of the ldepeczors 30 can be -
configured todgﬁéﬁﬂné h?ﬁ&?'the rad:.aﬂf’&ﬂé’é:.d?x” baiopg emtted by wafer 14 at
a WaV(iIOengt h particularly, the light energy belng emitted by lamps
24 can be controlled in response to the temperature of
the wafer at different locations as may be monitored
by light detectors 30.
Besides containing only one heatlng cone as shown
15 in Figure 2, a heating device made in accordance with
the present invention can also contain two or more of
the heating cones. For instance, referring to Figure
4, an alternative embodiment of a heating device )
generally 122 for use in thermal processing chamber 12
20 in accordance with the present invention is
illustrated. As shown, in this embodiment, heating
‘device 122 includes seven different heating cones 152
made in accordance with the present invention.
Heating cones 152 can be constructed similar to the
25 heating cone illustrated in 153.

In order to control the amount of electromagnetic
energy being emitted by heating device 122, system
controller 50 as shown in Figure 1 can be configured
to control light energy sources 124 based on

30 temperature information received from the temperature
sensing devices contained within the system.
Preferably, controller 50 can control each heating
cone 152 individually.

The present invention may be better understood

35 with respect to the following example.



about- 2.7 mcroneters. In other enbodinents, the 5 Separati on between
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regardi ng the dit r 2L 42 Q1 Qces g wafer 14
35 Wi t hi n°%é?‘é a‘:f‘gﬂconétg&ﬁﬂd;'I %1121 pagt =SS Tha
15 radially averaged 1rrad1ance dlstrlbutlons

corresponding to the different configurations.

As can be seen from the graph, the tilted cone
design eliminates a cold location in the center of the
irradiance distribution without requiring a center

20 lamp. The distribution for the untilted lamps dips
slightly in the center while the heating cone made in
accordance with the present invention peaks somewhat
in the center.

These and other modifications and variations to

25 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
more particularly set forth in the appended claims.
In addition, it should be understood that aspects of

30 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 described

35 in such appended clainms. '



14 I n one enbodi nent, controller 50 can al so be used

to automatically control other elenents within the system For

i nstance, cont WO%#477%0 can be used to control the fbcmnrggbmgpf
gases entering chanber 12 5 through gas inlet 18. As shown, -
controller 50 can further be (’%d to control the rate at whith

waf er 14 mu‘i[ﬁr'bﬁwhi n the chanber. As descri bed
above, the presen nventiron s enerally directed to a particul ar
heating 10 cdnf i §0r @PPBRAtHE: £9% ERRRRIRD t RRRHRANPBOXS S ng
chanber 12. ReffEys egmpeikiggte 2, one enbodi nent of a heating
device 22 that can be Yys ogpLLadd | processing
chanmber 12 in accordan(% @ﬁekﬁaf HP& lﬁa Chg]gté?lf %0%5 nétclpor?n?s i I'lustrated.

As shown, 15 contaime-ga: sapigepineted ‘farﬁﬁrudég a plurality of Iight energy
sources, such as |arrpsaZHehb&hgaﬂevB&clilnedommxmcatlon w:tmu@;tallag base 34.

I'n partlcular (ﬁﬂ&a&hb§08228§h899ﬁ?mber for hb2CDS %ﬁ Arlged

concentric cir accor dance e presen [ nvent [ on,
at the 20 wagkamcentainadainng2ifd ghe@bey nsing RlgsHrPragnetic
general |y 52.erdagjy,ngat@nReatfing desicpnedmppisinecdt least one

heating cone having an axis perpendicular to said

10 semiconductor wafer, said heating cone includihg a
plurality of light energy sources positioned wifhin a
conically-shaped reflector, said conically-shaped
reflector gradually decreasing in diameter in a
direction towards said semiconductor wafer.

2. An apparatus as defined in claim 1, wherein
said plurality of light energy sources are arranged in
a circular configuration within said conically-shaped
reflector. ' ' _

3. An apparatus as defined in claim 1, wherein
at least six light'energy sources are contained within
said conically-shaped reflector. |

4. An apparatus as defined in claim 1, wherein
at least certain of said light energy sources
positioned within said conically-shaped reflector are
tilted towards said axis of said heating cone.

5. An apparatus as defined in claim 4, wherein
said light energy sources are tilted up to about 20
degrees with respect to said axis.

6. An apparatus as defined in claim 4, wherein
said light energy sources are tilted from about 6
degrees to about 12 degfees with respect to said axis.

7. An apparatus as defined in claim 1, wherein
said diameter of said conically-shaped reflector has a
slope of up to 20 degrees with respect to said axis of

* ¢ L L| S *

-
eet Has Been Replaced

i W

l THIS SHEET HAS BEEN
REPLACED

——



el ectromagnetic energy being emtted by the center | i ght energy
sources 24 in a manner that fornms a uni formirradi ance distribution
on a wafer bein heated. For instance, in this enbodi ng
cone 52 is desi gﬁégw{‘ysum forrﬁy heat the center oft# n&/ﬁ%@” "'b
rotating bel ow heati ng device 22. 21 Heating cone 52 incl udes a
circular reflector 54 surroundi ng the center |ight energy sources
24. For 30 razdiid hppkingt cone, at | east six |ight energy sources

are contai ned “‘th'nsthe?heﬁbbggaﬁﬁgeas defined ln clggﬁeﬁr'ﬂﬂeféiﬁ”gure 3,
. a cross sectional view o ting cone I S Strated. According

to the (A FlopRy it £HRA™ EP?'&EI rdetggﬁeécltﬁ’ra gu an? peegEees
substantial |l y cwithdriespeby- thapedd axisas shown in

15 LS. CTRRdaRRALars BE lAMRY 160RIGRN! X ShRRRLEn |

In particular, reflecto di anet er 3 3/
towards a mafer‘H%ﬂﬁgnhegtﬁﬁidFétht energyligpgﬁgg agrfet ﬁF%@l%ﬂ wal | s of
reflector 54 carcdradn bf saz.dalibh‘peemérgyp sborzésdegeecesrtacal particul arly

from abwﬁeﬁ;tgag E-nggeﬂtt&%ﬁ%g TR W'ft Bai8SRESL 14
t he cent raI axi Scocx)'xe t he one ternati vel

10. An apparatus as defined in claim 1, wherein
said heating device further_comprises concentric rings
of light energy sources surréunding said heating cone.

11. An apparatus as defined in claim 1, wherein
said heating device includes at least two heating
cones.

12. An apparatus as defined in claim 1, wherein
said heating cone further comprises a reflective top
enclosing said conically-shaped reflector.

'13. An apparatus as defined in claim 12, wherein
said reflective top is more light diffusive than said
conically~-shaped reflector. '

14. An apparatus as defined in claim 10, wherein
at least certain of said light energy sources -
positioned within said conically-shaped reflector are
tilted towards said axis of said heating cone.

15. An apparatus as defined in claim 12, wherein
at least certain of said light energy sources
positioned within said conically-shaped reflector are
tilted towards said axis of said heating cone.

16. An apparatus as defined in claim 1, further
comprising:

at least one temperature sensing device for
sensing the temperature of said semiconductor wafer at
5 least at one location:; and
a controller in communication with said at

————

H"!lll I I L]

This Sheet Has Been Replaced

M AHICR [




reflector 54 can have a dianeter that gradually I ncreases towards-a

wafer in the chanber. 10 As descri bed above, for nost
applications, WO0014775 heati ng cone 52 will contain at |east ?i:'Mdﬁ/@ihi«)
ener gy sources 26. In the errbog%rrent illustrated in Figure -
3, light energy sources 26A, 26B, 26C, “26D, 26E and 26F are™

i I'lustrated. haagen&&é'teﬁ Aty RASLAY device arRPUCdRaER" be vertically

oriented with respect to xi'S of the heatlng cone_or can be
tilted towardSefkain of sa %)&’sghtl ﬁ“&ﬁgyp?‘@"fré’r"'rse'd S FARERPL18E shown i n
Figure being scoref ifurtdid to gluntenkrthe soowds aff e vertically

or i en?%d whi | s}éeghpé ﬁéf@ié '&mrg%ﬁ%wgsawe‘&% #Me «aa nggfa I ted.
and

Specifically t ener sour ces 26A,  26C,

subst anti al | yevéFWc%‘l’W%ﬁ |3éht""é?fp°E‘F§hY° temperatyre d‘§‘f§GIHPEé§n268 26D
and 26F, howereceiwsd fidu exhid at leashwaied tempsandurteheenshhgal axis of
the cone. Si nhgg?ch to the slope of the walls of reflector 54, for
nost appl'ications, the Ianps can_be tilted up to about 20

degrees, particul ably fATDRERAFRLYS asfetidred, imGleim 16, whereipg ces,
and, in one eshidi eamtrollay hiss tddniféguedibiio Sontrol thédcgneent &

As shown in F I ug 24 cont ai ned
LM SN oy i by snSESR:

Wi thin heati ng cone ated around
t he peri pher y®BeraY s°“r°€tshé""?q¥taé1“f38rl‘bfsacll‘?eht?éﬁéngAcPPth energy source
posi ti 6ned w fLhdepémiercedirotifert ldghbnmdrgyygeparakky i3bluded 10t desired.

In particul arsai&%ﬂ%héﬁwt or
18. An apparatus as def:.ned in claim 1, further
comprising a substrate holder for holdlng said
semiconductor wafer, said substrate holder being
configured to rotate said wafer.
19. An apparatus for héait treati_ng semiconductor
-wafers comprising: o
s a thermal processing chamber.
a substrate hold__er contained in said thermal
5 . processing chamber for holding a semiconductor wafer,
said substrate holder being configured to rotate said
wafer:; |
a heating device in communication with said
thermal processing chamber for heating a semiconductor
10 wafer held on said substrate holder using
electromagnetic energy, said heating device comprising
at least one heating cone hav.ing an axis perpendicular
to said semiconductor wafer, said heating cone
including a plurality of light energ_i(' sources
15 positioned within a circular reflector, wherein at
least certain of said light energy sources positioned
within said circular reflector are tilted towards said
axis ‘of said heating cone, said light energy sources

N
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16 - . discovered that if a center |anp were provided in the
heating cone, the lanp would sum poorly with the off axis | anps and

form-a nonuni fo‘g,@ob,”ﬁéjl ance distribution on a wafer. ptipgrgfopasnt
i nventor al so di scovered, however, that nerely placing a ci 'r'cl__e of

| anps in a cyllndrlcal cone al so did not2produce a favorabl e —
irradi ance distribution. In particular, this configuration created
a cold zone on batngefiited in an am%‘“ﬁob‘?t??)na%‘?‘?%(ﬁq ViSsEREs: Hithe center
of the Bgating 1@spect £&NEaid axis. The present inventor has

di scovered that thes&?ﬂaatﬂg %gae;at%s %gl Sésfif‘fbgé’ DYSELHRE Ry tilting the

wal | s of r tilting selected la
cont ai ned wi t hi wheheinopeme ByE ferid ﬁdgﬁtcﬁﬁFE‘é\YI?"“ﬁ?s are miﬁ@& reflector
and by tilting prgssbeet&e é@m)sllght enerqpnéamnmeis vardiverntiealdfl ector, it

was found that a , | ribution could be formed on
a waf er °’b'éFB$\F‘?‘h‘§"ﬂéa’f? { ac% %géconf i gur ation a .
center lamp is not r2fui rau Wr#@sr ééuﬂ?fhge‘éom clain (i yhexein

di stribution dogajgobifeafas £OfIkedtic isNconicallytdicapedistich that

neat i ng cone 525B4 FHFLRGEST Erauaiy (nSbaREs or deerdfEec®Bht i ch
the |ight energg@iswmetersifba direciompgwWards SRE@I%%IH%‘Q"G'GQ% and
coni cal | 5 shapegaser.

22. An apparatus as defined in claim 19, wherein
said circular reflector is conically-shaped such that
said reflector gradually increases in diameter in a
direction towards the semiconductor wafer.

23. An apparatus as defined in claim 19, wherein
said light energy sources are tilted from about &
degrees to about 12 degrees toward said axis.

24. An apparatus as defined in claim 21, wherein
said heating cone further includes a reflective top
enclosing said circular reflector.

25. An apparatus as defined in claim 24, wherein
said reflective top is dome-shaped.

~ 26. An apparatus as defined in claim 24, wherein
said reflective top is more light diffusive than said
circular reflector.

27. An apparatus as defined in claim 26, wherein
said reflective top is at least 75% light diffusive
and said circular reflector is less than 10% light
diffusive.

28. An apparatus as defined in claim 19, wherein
said circular reflector is gold plated.

29. An apparatus as defined in claim 24, wherein
said reflective top is cone-shaped.

30. An apparatus for heat treating semiconductor

LT
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reflector 54 should have a highly reflective surface. For instance,
reflective top 56 and reflector 54 can be made from a polished
metal, such as YYd44TE from a highly reflective diel egirhhddmnrre
mat eri al. 30 Al t hough refl ect | ve top 56 and conical | y-shaped -
reflector 54 should both be nade from a?hi ghly reflective material,

I n one enbodi the to the walls of the heating cone can
have di fferenngg%er "fp*gnrf?ve characteristics which have been found to

35 further prodotkexnal proeasaiagsehamRRYon of
17 el ect roavgneé&fawaimd&ehagtﬁﬂéa éich la iidhaneeakilng

e LB i+ PRBEGssdly Wit BP b oL | FmiSdrBhotor waggP?) 020 P

nore light dif u5|ve 25 1n other
words, top 56 sahdhsukstrate hold%bﬁae% IR LITEA f%c?&’t"—?&ﬁssﬁléht whil e
t he surface wafer; Of reflector 54 can have a nore mrror-like finish

D oes o o1 20§ SOt SR, b BboniUeson, s AL, 000
whi | e the int eFhermal procesging chagber o heating @asepdcpadyctomn | 0%
light 10 wafer held on said substrate holder using
electromagnetic energy, said heating device comprising
at least one heating cone having an axis p',erpen'dicular
to said semiconductor wafer, said heating cone '
including a plurality of light energy sources
1s positioned within a conically-shaped reflector, said
conically-shaped reflector gradually decreasing in
diameter in a direction towards said semiconductor
wafer, at least certain of said light energy sources
contained within said conically-shaped reflector being
20 “tilted towards said axis defined by said heatihg cone
an amount up to about 20 degrees; N

a window separating said heating device from said
thermal processing chamber;

at least one temperature sensing device for

25 sensing the temperature of said wafer at least at one
location; and _

a controller in communication with said at least._
one temperature sensing device and said light energy
sources, said controller being configured to control

30 the amount of electromagnetic energy being emitted by
said light energy sources in response to temperature
information received from said at least one
temperature sensing device.

31. An apparatus as defined in claim 30, wherein
said light energy sources have a determined length and
wherein said conically-shaped reflector extends beyond

* c L ] S %



di ffusive, and particularly less than 5% diffusive. Referring

back to Figure 2, as showmn in this =~ = ‘enbodi nent, heating cone 52 is
general |y pl acegoWidd the center of heating device 2&radnido

surrounded by 15 concentric rings of light energy sources 24. ‘Light
energy sources 24 |ocated outside of he&8ing cone 52 can al so~be

associated with a reflector or ggtors. Light energy

. . of
sources 24 canBé 38?9?@a?fy§?13eil&%rqnéaﬁggds\%'ﬁ%..,_r...,,_gaspect to a wafer

&

posi tioned within the.20An apbatatwerasmdefinedeliniéladms3®i |vihenedn he |ight

energy <S94 REStERYt @bPELe Wit kOnPeakeBJc6ABEntric rings For
i nstance, nounting base 34 can include a nding & iheﬁééyﬁi%:{&ce t hat
surrounds the I dghtepREIY sourceg HUFORRR{INYI, 8F1EctTVe ahnul ar recesses

can be forned 25  33.i nAn apparatygs s alefinedr igj edainnd0t H 9Pt ener gy

onto the wafer o jeast six 14 L eERatdy Aonreesagdebt onehliNed refdiat i ve
pl at es 6 can al so_be attaéhe t o _mounti ng base 34 and used

i n associ at i on Sfiich cPRAFRLIY-SRAPPE X7 3 P Pares 36 30 can be
posi tioned perpendi a4l ar Ahoappambtus bas mpfined in pdaiwd3@ndfuxtherxt end a

l'ength shorter .gclﬁ,t} SaZfeflective o} cAX168EngPBADYI BBhEEA e sane
| ength as | anps IEQHB a %gr ggnl‘é?(tend beyond téhe | engt h of I]{;ﬁps 24. In

t he emSS@ReEnrefleGEPFated in Fi gure 2, reflective plates 35
36 formcircul ar shaped channel s on nounting base 34

I
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18 in which [ anps 24 are di sposed. \Wen present,
reflective plates 36 serve to direct the |light energy bei ng enitted
by | anps 24 nto desired | ocati ons on t he :waf er. In
order to hedfPWNHPer uniforny with heating devi CBC'E@%@WQ‘hown in
Figure 2, controller 50 as shown in Figure 1 can be configured to
control the anount of ' | i ght energy being emtted by each of the
| anps 24 - dependi ng upon the radial |ocation. Mre 10
particularly, the light energy being emtted by | anps 24 can be
controlled in response to the tenperatkffe of the wafer at different
| ocati ons as mmy be nonitored by I'ight detectors 30.
Besi des cont aQni ng only one heating cone as shown 15 in Figure 2, a
heati ng devi ce made in accordance with t he present invention can
al so contain t or nore of t he heating cones. For instance,
referring to Figuge -4, an alt grprati-re—enbotirent—of—a—theat+ng
devi ce general ly 222 for use iln thernal processi ng chanber [12 20
in accordance with the pres§nt |nvent|on IS dllustrated. As|shown,
in this embodi ment,—heat+regt i ' seven diffefent
heating cones 152 naqe o ance Ww e piegsent invention.
Heati ng cones 152 dan qS constr £ H._to the 25 heat i ng{ cone
illustrated in 153. ' ndgr t rol24 he famount of
el ectromagnetic (i 15t i ngldevice 122, |system
controller 50 as sho in Frgure 1 can be configured-32

- | ] 18
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to control |ight ehergy sources 124 based on 30 - tenperature

i nf or mat’i on receiv&% fromthe tenperature sensi ng devi ces contai ned
within the system 0014775 Preferably, controller 50 can control each

heati ng cone 152 individually. The present POVABR9I00N0
may be better understood 35 with respect. to the follow ng exanple. -
19 EXAVPLE The following

t heoretical cal cul ati ons were performed in order to denonstrate
that a heating cone made in accordance with the present invention
is well 5 adapted to uniformy heating/ em conduct or waf ers.
Specifically, in this exanple, the irradi a distribution of a
heati ng cone having untilted | anps and a sinple cylindrica
reflector was conpared with a heati ng cone nade in accordance with
the present 10 i nvention having a conically-shaped reflector and
contai ning six heating |anps, wherein three of the heating | anps
have been tilted 8 degrees. Figure 5 illustrates the results of the

t heoreti cal calculation. Specifically, Figure 5 illustrates the




15 radi al |y averaged irradiance distributions corr-espondi ng ‘to

the different configurations. As can be seen fromthe graph,

the tilted coggoeonar?s design elinminates a cold |ocation iRCHIB/IEt er of

t he irradiance distribution without requiring a center 20. .

| anp. The distribution for the untilted |anps dips slightly in the

center while the heating cone made in accordance with the present

i nventi on peaks sonewhat in the center. These and

ot her nodifications and variations to 25 the present invention may be

practiced by those of ordinary3gkill in the art, w thout departing

fromthe spirit and scope of the present invention, which is

nore particularly set forth in the appended cl ai ns. In addition, it

shoul d be understood that. aspects of 30 t he vari ous enbodi nents may be

i nterchanged both in whole or in part. Furthernore, those of

ordi nary skill in the art will appreciate that the foregoing

description is by way of exanple only, and is not intended to limt

the invention so further described 35 kh such appended cl ai ns. 20
w0




What is clained is: 1. An apparatus (10) for heat treating

sem conduct or wafers (14) conprising: . a thermal processing
chanber (12) adgpt contain a sem conduct or wafer 5 “aand

a heating devicgﬁvéékﬁ$n conmmuni cation with said thernal procéggﬁﬁghglgmber
(12) for heating the sem conductor wafer (14) contained in said chanber
(12) us- ing electromagnetic energy, said heating device (22)
conprising a heating cone . . _ (52) having an.axis perpendicular to
sai d sem conductor wafer (14), said heat g 10" © cone (52) including a

plurality of |ight energy sources (24) positioned within a
coni cal |l y-shaped reflector (54), said conically-shaped reflector (54)

gradual |y de- creasing in dianmeter in a direction towards said
sem conductor wafer (14), char- acterized in that |ight energy
sources (24) are located outside of said heating cone (52).

15 2. An apparatus (10) for heat treating seniconductor wafers (14)
conpri si ng: a thermal processing chanber (12) adapted to contain
a ‘sem conduct or waf er (14); and - a heating device (22)
in communication wth said thermal processing chanber 20 (12) for

heating the sem conductor wafer (14) contained in said chanber (12) us-

i ng electronagnetic12 ergy, said heat jne conprising a heating
cone (52) "pavi ng an axjs perpendi cul ar to_sar~d_sem conduct or
waf er (14), said heating cone~(52) ipetudingaplurality of

| i ght energy sources A 24) pogf : 352
reflector (54), wher@in at Al (:;% urces (24)
posi - 25 ti oned*w tAIi n gai g

that |ight energy sour
heati ng cone (52).

124
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AVENDED SHEET 21,
3. An apparatus as defined in claim1 or 2, wherein said plurality of |ight

ener gy . woduUTTes (24) are arranged in a circul ar confegripagsion
within said reflector (54). 4. An apparatus as defined in clainml or
2, wherein at least six light energy sgwsces 5 (24) are contained
wthin said reflector (54). 5. An apparatus as defined in claim1,
wherein at |east certain of said |ight energy sources (24)
positioned within said conically-shaped reflector (54) are tilted to-

wards said axis of said heating cone (52). 10 6. An apparatus as

defined in claim2 or 5, V\/nerel n said |ight ener gy sources (24)

positioned within said ref-rectror—it5 ar-e—tttedTop Bowp 20 degrees
wi th respect t ..saLd_‘iFi ~ o<
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07-12-2000 _ _ _ _ _ _ IB 0099017
15 7. "An apparatus as defined in claim2 ¥ 5, wherein said |ight energy

sources (24) positioned within said reflector (54) are tilted from
about 6 degrees to about 12 degrees with respect to said axis.

8. An apparatus as defined in claiml or 2, wherein said diameter of said
reflector 20 (54) has a slope of up to 20 degrees with respect to said
axts of said heating cone (52). 9. An apparatus as defined
in claim8, wherein said slope is fromabout 6 degrees to about 12
degrees with respect to said axis. 25 10 . An apparatus as defined in
claiml or 2, wherein certain of said |ight energy sources (26B

26D, 26F) are tilted and certain of said |light energy sources (26A,

26C, 26F)What is/elaimedlisly oriented with respect to said axis of said heating
cone ' AVENDED SHEET 07-12

2000 1. An apparatus (10) for heat treating semiconductor wafers (14) comprising:
a thermal processing chamber (12) adapted to contain a semiconductor wafer
5 (14); and

a heating device (22) in communication with said thermal processing chamber
(12) for heating the semiconductor wafer (14) contained in said chamber (12) us-
ing electromagnetic energy, said heating device (22) comprising a heating cone
(52) having an axis perpendicular to said semiconductor wafer (14), said heating

10 cone (52) including a plurality of light energy sources (24) positioned within a
conically-shaped reﬂéctor (54), said conically-shaped reflector (54) gradually de-
creasing in diameter in a direction towards said semiconductor wafer (14), char-
acterized in that light energy sources (24) are located outside of said heating
cone (52).

15

2. An apparatus (10) for heat treating semiconductor wafers (14) comprising:

a thermal processing chamber (12) adapted to contain a semiconductor wafer
(14); and
a heating device (22) in communication with said thermal processing chamber

20 (12) for heating the semiconductor wafer (14) contained in said chamber (12) us-
ing electromagnetic energy, said heating device (22) comprising a heating cone
(52) having an axis perpendicular to said semiconductor wafer (14), said heating
cone (52) including a plurality of light energy sources (24) positioned within a cir-
cular reflector (54), wherein at least certain of said light energy sources (24) posi-

25 tioned within said circular reflector (54) are tilted towards said axis of said heating
cone (52), characterized in that light energy sources (24) are located outside of

said heating cone (52).

A

AMENDED SHEET



IB 00990171

(%2)1.2'2000 11. An apparatus as defehed in claim1 or 2, wherein said
plurality of |ight energy sources (24) |located outside of said
heati ng cone (52) of said heating device (22) 5 conpri ses
concentric rings of |ight energy sources (24) surrounding said heating

cone (52). . 12. An apparatus as defined in claim1 or 2, wherein
sa&id plurality of light energy sources (124) | ocated outside of
said heating cone (152) of said heating device 10 (122) conprises
at | east a second heating cone (152). 13. An apparatus as defined
in claiml or 2, wherein said heating cone (52, 152) fur- t her
conprises a reflective top (56) enclosin said.refjector.(54%. 15

14. An appar Anwapparatus as defined in glaimibor dnwherein saidplueality of light engroys6) is
nore |ight diffusive than said reflector.. .54). 15. An
appar at us aSOWEES{4) pre arranged in2 ‘Q','c‘j?[ﬁ%gﬂu W;S‘r‘?’glig'ﬁgs.)a'd reflector (54). 5

| east one tenperature sensing device (27) for sensing the tenperature of

sai d 20 sem conductor wafer at |east at one |ocation; and

a cont r o4l eAn(dpfpardfus agdefmadin cairmohomn? [ whewmirl atileastsixt light @niesgp soatosse
sensi ng device (27) and at least certain of said |ight energy
sour ces (24{24)aaecontained within said reflector (5450, 25) being configured to
control the anmount of el ectromagnetic energy being emtted by
said |ight energy sources (24) in response to tenperature information

5. An apparatus as defined in claim 1, wherein at least certain of said light energy
sources (24) positioned within said conically-shaped reflector (54) are tilted to-
wards said axis of said heating cone (52).
10
6. An apparatus as defined in claim 2 or 5, wherein said light energy sources (24)
positioned within said reflector (54) are tilted up to about 20 degrees with respect

to said axis.

15 7. An apparatus as defined in claim 2 or 5, wherein said light energy sources (24)
positioned within said reflector (54) are tilted from about 6 degrees to about 12

degrees with respect to said axis.

8. An apparatus as defined in claim 1 or 2, wherein said diameter of said reflector
20 (54) has a slope of up to 20 degrees with respect to said axis of said heating
cone (52).

9. An apparatus as defined in claim 8, wherein said slope is from about 6 degrees to
about 12 degrees with respect to said axis. |
25
10.An apparatus as defined in claim 1 or 2, wherein certain of said light energy
sources (26B, 26D, 26F) are tilted and certain of said light energy sources (26A,

26C, 26F) are vertically oriented with respect to said axis of said heating cone

' IR A 1 1
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:9; “Teceived fromsaid at | east one t&perature sensing device (27).
16..An apparatus as defined in claim15, wherein said controller (50, 25) is
configured to control the amount of el ectronmagnetic energy
being emtted by said |ight en- 07-12-2000

23 : ergy sources (24) contained in said heating cone
(32) independent of other |ight energy sources (24) included in
sai d heating device (22). 1 7. An apparatus as defined in claiml
or 2, further conprising a substrate hol der 5 (15) for holding said
sem conductor wafer (14), said substrate hol der (15) being

configured to rotate said wafer (14). 18. An apparatus as
defined in (62 m 2, wherein said circular reflector (54) is coni-

cal | y-shaped such that said reflector gradually increases or decreases in
di anet er 10 in a direction towards said sem conductor wafer (14).

11.An apparatus as defined in claim 1 or 2, wherein said plurality of light energy
sources (24) located outside of said heating cone (52) of said heating device (22)
5 comprises concentric rings of light energy sources (24) surrounding said heating
cone (52).

12.An apparatus as defined in claim 1 or 2, wherein said plurality of light energy
sources (124) located outside of said heating cone (152) of said heating device

10 (122) comprises at least a second heating cone (152).

13.An apparatus as defined in claim 1 or 2, wherein said heatihg cone (52, 152) fur-
ther comprises a reflective top (56) enclosing said reflector (54).

15 14.An apparatus as defined in claim 13, wherein said reflective top (56) is more light
diffusive than said reflector (54).

15.An apparatus as defined in claim 1 or 2, further comprising:
at least one temperature sensing device (27) for sensing the temperature of said
20 semiconductor wafer at least at one location; and
a controller (50, 25) in communication with said at least one temperature sensing
device (27) and at least certain of said light energy sources (24), said controller
(50, 25) being configured to control the amount of electromagnetic energy being
emitted by said light energy sources (24) in response to temperature information

25 received from said at least one temperature sensing device (27).

16.An apparatus as defined in claim 15, wherein said controller (50, 25) is configured

to control the amount of electromagnetic energy being emitted by said light en-
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An apparatus as defined in claim2, %herein said circular reflector
(54) I's sub- stantially cyI i ndrically shaped. 15 20. An
apparatus as defined in claim13 or 14, wherein said reflective top (56) is
done- shaped or cone-shaped. 21. An apparatus as defined in claim
13, 14 or 20, wherein said reflective top (56) is at | east 75%
| i’ght diffusive and said reflector (54) is less than 10% i ght diffusive.
20 22. An apparatus as defined in claiml or 2, wherein said
reflector (54) is gold plated or where said reflector (54) is
made from polished netal or froma hi ghly reflective dielectric

mat eri al . 25 23. An apparatus as ined in claiml wherein
sai d |ight ergysguress {24 sontained in said heatmgnsveeﬁa)strmﬁiendsnt @ﬁgtherelmrt

wher ei n Sagpeggg'ﬁ,gg@é’%szg%%n&ﬁasadﬁ By ﬁggtnlig? device (22). length of _Sa' d

|'i ght ener
AMVENDED SHEET

17.An apparatus as defined in claim 1 or 2, further comprising a substrate holder
5 (15) for holding said semiconductor wafer (14), said substrate holder (15) being

configured to rotate said wafer (14).

18.An apparatus as defined in claim 2, wherein said circular reflector (54) is coni-
cally-shaped such that said reflector gradually increases or decreases in diameter
10 - in a direction towards said semiconductor wafer (14).

19.An apparatus as defined in claim 2, wherein said circular reflector (54) is sub-

stantially cylindrically shaped.

15 20.An apparatus as defined in claim 13 or 14, wherein said reflective top (56) is

dome-shaped or cone-shaped.

21.An apparatus as defined in claim 13, 14 or 20, wherein said reflective top (56) is
at least 75% light diffusive and said reflector (54) is less than 10% light diffusive.
20
22.An apparatus as defined in claim 1 or 2, wherein said reflector (54) is gold plated
or where said reflector (54) is madé from polished metal or from a highly reflective

dielectric material.

25 23. An apparatus as defined in claim 1 or 2, wherein said light energy sources (24)
have a determined length and wherein said reflector (54) extends beyond the
length of said light energy sources (24).

-
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waf ers conpri si ng: a thermal processing chanber;

24
"a subsFrate holder contained in said:thermal 5 I’OCGSSI n P\EF E[f:.?
hol dihg-a sem conduct or wafer. said substra Ptt_ﬁj@t_&q iyl
Igured to rotate said wafer ; a heating device in
cofmuni cation with said tHerfal processi ng chanber for heating a
eni conducgt or %0 . wafer held dn said substrate hol der usin
el’ect roma&ﬁe dcene E9F l‘ﬁlsgaﬂgﬁt'l ﬁ&mﬂeﬁyé PSR GAtain well: | east one
- ~heating comehalkéoglampsxi s perperjdi cul ar to said sem conductor

waf er, said heating cone rrcI udi ng a plurality of |ight energy
sour ces 14n UEP 5t 8452324 am;ap g%magrﬁmwm%hl d

i reoti on TR %ghﬁfﬁsﬁfi%&"%ﬁ%"?% %ﬂﬁh&%{'eéhapf?d te et Rs ' O ®
sai d i ghtsemieogduetonm is shown. agbeamgwddvmeuénmcomndnmatimww shaped

refl ector belgt% tilted towards said axis defjned cty sai d heating
cone said Shermalimrocesaing ohambaroforeheatiag a semiconductor waf afdow

chanbor | contsified ' sif) EikbEr yid Sachomagneti RUBIAT T HEIRL"S

sensi ng t fevicsmmprises @ Hedtidg\eoms With |éﬁ1$éxi§tp6rpendicular tolmat I on; and
a controller In conmunication W|th said at le one tenperature

sdifsi-ng desamisondactonwater pand dncludes a pturahty of light energy sources
positioned within a conically-shaped reflector that gradually decreases in
diameter.

15 The Patent Abstracts of Japan, vpl. 18, No. 20 (E-1489):& JP-A-5 259 082
discloses an epitaxial growth deyice with a reaction chamber and infrared
lamps provided to the upside anf.l the underside of the reaction chamber.
Between the lamps fiber sensofs are located proximate to the reaction
chamber to gather heat radiaﬂJ: from a processed substrate into the

20 re;ctian chamber, According to the heat gathered by the fiber sensors the
lamps are controlled by a control device to achieve high temperature
uniformity over the substrate surf'ace.

25

30 |
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. / S .
sour ces, /Sai d controll er being configured to control 30. . t he amount of
el ectr gﬂgtic energy being emtted by said |light energy sources
in regponse to tenperature i nformati on ' ,L o} east
one ’ t enper ature sensi ng deyi ce. ‘Qﬁﬁgtﬁgg A q%gg@?dgggt
d |ned in claim30, wherein said |ight energy sources have a
eterm ned | ength and wher gi gpsai d coni cal |l y-shaped refl ector
ext ends beyond 25 thelength of said
I'i ght energy sources. 32. An|apparat us as defined in claim 30,
wherein sai'd heating device furthef conprises concentric rings of |ight
ener gy sources surroundi ng said heating cone. 33. An apparatus as

defined in clai mmyiephetet Heaﬁb? $t2 d1eed cyrrenhly BXLRE OF are

cont ai ned va® hidpricviel chRxaal! i g@hlaﬂsberthat is Tapalepparatus as
gga: :FI;n é%aﬂg%éyapap§ﬁagr conBr coﬁgﬁé%ar wa g}gye {0 %PCI05|ng sai d
also exists for a thermal processing chamber
containing an improved 1 heater configuration.
Further, a need exists for an improved rapid thermal
_ processing chamber for hgating semiconductor wafers
10 that is equipped with coritrols for varying the amount
of energy that is applied to the wafer at different
locations based upen the |[characteristics and
properties of the wafer. | Such controls are especially
. necessary due to the increasing demands that are being
15 ‘placed upon the precisendss at which the semiconductor
wafers are heat treated and at which. semiconductor
devices are fabricated. 1

The prasent inventign recognizes and addresses
20 the foregoing disadvantaﬁes and others of prior art
constructions and methodsg.

Accordingly, it is an object of the present
invention to provide an jmproved thermal processing
chamber for heat treatin& semiconductor wafers.

25 Another object of the present invention is to
provide a thermal procesging chamber having an
improved lamp configuration for heating the wafers

unifozrmly.
Still another object of the present invention is
20 to provide 2 heating device for use in thermal

processing chambers that |contains a plurality of lamps
which form overlapping hTating zones on a wafer being

heated.
Ancther cbject of the present invention is to
35 provide a heating device |for use in thermal processing
REPLACEMENT SHEET
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