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dHERMAL PROCESSOR FOR ' SEM CONDUCTOR WAFERS
“BACKGROUND OF THE | NVENTI ON-: 5, Silicon wafers have traditlonéfﬁgp
been processed in - stages such as deposition, oxi dation, and etching,

for 5 exanple, in batches of twenty to forty wafers at a tine. The

bat ches are processed inside quartz tubes wherein the wafers are held
separately on quartz "wafer carriers". The tubes and wafers are heated
by furnaces to a tenperature rangi ng from about 800 [err]C to about

1200 [err]C. Typically 10 these furnaces are resistance heated furnace
structures, such as furnaces heated wth electric netal coils, and
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BACKGROUND OF THE INVENTION

Silicon wafers have traditionally been processed in

stages such as deposition, oxidation, and etching, for

5 example, in batches of twenty to forty wafers at a time.
The batches are processed inside quartz tubes wherein the
wafers are held separately on quartz "wafer carriers’. The
tubes and wafers are heated by furnaces to a temperature
ranging from about 800 ©C to about 1200 ©C. Typically

10 these furnaces are resistance heated furnace structures,
such as furnaces heated with electric metal coils, and have
processing times of several hours.

Single wafer processes have recently been developed.
Instead of long tubes with wafer carriers, smaller chambers

15 are used, and the time for processing one wafer can be on
the order of one minute. One of the most prevalent single
wafer processes uses a quartz chamber and is referred to as
a rapid thermal process (RTP). RTP and other similar single
wafer processes still heat the wafers from about 1000 °oC

20 to 1200 °C; however, tungsten halogen lamps are used
instead of resistive heating. Some batch processes
likewise use tungsten halogen lamps instead of resistive
heating. Such processes are generally referred to as “fast
batch processes" because they require more time than single

25 wafer processes but less time than traditional batch

~ processes.

Conventional RTP systems for semiconductor.
manufacturing use the tungsten halogen lamps to rapidly
heat single silicon wafers laying horizontally within quartz

30 parallel-plate reactors. In such systems, efficiency is
compromised because the spectral emittance of tungsten



L]

processing tinmes of several hours. Singl e wafer processes have
‘recently been devel oped. I nstead of |ong tubes with wafer carriers,
smal | er chanbers 15 are used, and the tinme for processi ng one wafer can be
on the order of one mnute. One of the nost prevalent single

waf er processes uses a quartz chanber and is referred to as a rapid
thermal process (RTP). RTP and other simlar single waf er processes
still heat the wafers from about 1000 [err]C 20 to 1200 [err]C, however,
tungsten hal ogen | anps are used i nstead of resistive heating. Sone

bat ch processes | i kewi se use tungsten-l-ogen | anps instead of
resistive heating. Such processes are generally referred to as "fast
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efficiency is wall F&q dest pudside: thacregeter, allncaddition doorequiting en
5 a large amount of electric power for the above reasons,
heating variations across the wafers are caused by the

relative position of the wafers with respect to the lamps.

SUMMARY OF THE INVENTION

It would be desirable to have a thermal processor for
10 semiconductor wafers with higher power efficiency (and
correspondingly longer lamp life and lower energy
consumption) than conventional processors.
It would also be desirable to have a thermal processor
for semiconductor wafers with improved heating uniformity
15 over conventional processors and thereby achieve a uniform
surface temperature. '
In one embodiment of the present invention, efficiency
is increased by coating walls of a transparent reactor with
a wavelength-selective layer to allow ultraviolet (UV) and
20 visible radiation from the lamps to enter into the reactor
while blocking the exit of infrared radiation emitted from
the hot semiconductor wafers. Trapping the radiation _
within the reactor will increase the process efficiency by
requiring less incident radiation onto the chamber and
25 improve heating uniformity by increasing the fraction of
indirect’ radiation that is insensitive to the lamp position.
In another embodiment, a halogen infrared
incandescent lamp or a shorter wavelength mercury or
metal halide discharge lamp is used which requires less
30 power than a tungsten lamp because it emits at a
wavelength of higher silicon absorption. This lamp is also
more reliable because a tungsten filament is not -present.



- 2- ' | anps is skewed toward the infrared region (where silicon

» absorption is low) and because the heat irradiated by the hot silicon
surfaces is transmtted through the reactor wal I s and | ost outside the
reactor. In addition to requiring 5 a |large anount of electric power for

t he above reasons, heating variations across the wafers are caused by
t he rel ative position of the wafers with respect to the | anps.

SUMMARY OF THE | NVENTI ON It would be desirable to have a thernal
processor for 10 sem conductor wafers w th hi gher power efficiency (and
correspondi ngly longer lanp life and | ower~ ehéer gy consunption) than
conventional processors. It would al so be desirable to have a

thermal processor Theyses twoc entbisdieients’ ean bt DsbaPindieRIUAIGt bRdin

uniformty combination in thermal processes such as single wafer
processes, batch processes, rapid thermal processes, and
fast batch processes, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be -novel are
set forth with particularity in the appended claims. The
invention itself, however, both as to organization and
method of operation, together with further objects and

10 advantages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings, where like numerals represent like
components, in which:

FIG. 1 is a sectional side view of a thermal processor

15 embodiment of the present invention. :

FIG. 2 is a view similar to that of FIG. 1 wherein a
wavelength selective coating is situated on an inner
chamber wall and covered by a passivation layer.

FIGs. 3-5 are views similar to that of FIG. 1 with a

20 double-wall chamber. o

FIG. 6 is a sectional side view of a vertical thermal

processor embodiment of the present invention.

DETAILED DESCRIPTION OF A
PREFERRED EMBODIMENT OF THE
INVENTION

FIG. 1 is a sectional side view of a thermal processor
25 embodiment 1 of the present invention. A semiconductor
wafer 10 is positioned in a reactor chamber 12 and
supported by small pins 14. The chamber has a wavelength
selective coating 16 and receives radiant energy from lamp
- heating elements 18 and a lamp reflector 20.



15 over conventional processors and thereby achieve a uniform surface
*t enperat ure. I n one enbodi nent of the present invention,

ef ficiency is increased by coating walls of a transparent reactor with
a wavel engt h-sel ective layer to allow ultraviolet (Uv) and 20 visible
radiation fromthe lanps to enter into the reactor whi | e bl ocking the
exit of infrared radiation emtted from t he hot sem conductor wafers.
Trappi ng the radiation within the reactor will increase the process
efficiency by requiring |l ess incident radiation onto the chanber and 25
i mprove heating uniformty by increasing thé fraction of I ndi rect
radiation that is insensitive to the |anp position. I n anot her

enbodi ment, a hal ogen y r ' I horter
wavel engt h marcurg/ or, Wﬁfé@ng?*arlna a‘f?@?d%eﬁhﬁg?sg ﬁj‘é?prﬁzgatfged whi ch
it

requires |ess 30 mn@%wramawgahﬁnsu'&ﬁ; asesilis fP0s carbigle,

wavel engt h of hi olelliupn | afsenides ogalliuph- nitFide, | fofPexan®pie® If desirad,

reli abl e because tungsten filament i s not present., . e ]
these %emlconéucqtear ma%erlais can ebe_ in combination with

5 thin insulators and/or metal layers. Chamber 12 may
comprise a material that is sufficiently optically
transparent to permit high transmission of ultraviolet light
and/or visible light (light including a wavelength within the
range of about 200 nanometers to about 800 nanometers).

10 Examples of material for chamber 12 include quartz, quartz
doped with alumina, alumina, and synthetic silica.

In the embodiment of FIG. 1, the wafer 10 is laid
horizontally inside the chamber and is supported by pins 14
comprising quartz with the device surface facing the

15 opposite side of the chamber (the non-pin side) and the lamp
heating elements. The positioning of the wafer in the
chamber is not critical. For example, the wafer can be
supported in a slanted or vertical position or be supported
by a quartz pedestal on the middle of the reactor chamber.

20 Coating 16 can be selected from any of a number of
wavelength-selective materials that reflect infrared light
such as, for example, indium-tin-oxide (ITO), antimony-tin-
oxide (ATO), fluorine-tin-oxide (FTO), undoped tin oxide,
dichroic filters, or thin metal films such as silver,

25 aluminum, or goid. Dichroic filters may be fabricated of a
stack of titanium oxide and silicon dioxide layers or
tantalum oxide and silicon dioxide layers, for example, and
are advantageous because they can survive for a long time
at high temperatures. Like the chamber material, the

30 coating material is capable of transmitting light including a
wavelength within the range of about 200 nanometers to
about 800 nanometers.



- 3- These two enbodi ments can be used individually or in
‘conbination in thermal processes such as single wafer processes, batch
processes, rapid thermal processes, and fast batch processes, for
exanple. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS _ The
features of the invention believed to be novel are . set forth with
particularity in the appended cl ains. The invention itself, however,
both as to organi zati on and nmet hod of operation, together with further
objects and 10 advantages thereof, nay best be understood by reference to
the followi ng description taken in conjuncti &dn-with the acconpanyi ng
drawi ngs, where like nunerals represent |ike conponents, in which:
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the present invention, ) 1S a2 VIew ST a
wher gi n a wav SEERGONAUGteE 1 oXidese talled | Brede umitrorocoatingsndvave

been characterized with regard to electrical, optical, and
material properties as discussed in T. Gerfin and M. Gratzel,

5 "Optical properties of tin-doped indium oxide determined by
spectroscopic ellipsometry®, J. Appl. Phys., Vol. 79, pp.
1722-1729, 1 Feb. 1996. Drude mirror coatings have been
used on glass panes of greenhouses to reduce energy losses
caused by emission of infrared radiation while allowing

10 sunlight to enter freely as described in S.D. Silverstein,
“Effect of Infrared Transparency on the Heat Transfer
Through Windows: A Clarification of the Greenhouse
Effect”, Science, Vol. 193, pp. 229-31, 16 July 1976.
Antimony-tin-oxide (ATO) films have been deposited by

15 chemical vapor deposition on silicon oxide layers as
described in T.P. Chow, M. Ghezzo, and B.J. Baliga, -
"Antimony-doped tin oxide films deposited by the oxidation
of tetramethyltin and trimethylantimony®, J. Electrochem.
Soc., pp. 1040-45, May 1982, and it is therefore expected

20 that ATO films can be deposited on quartz. Dichroic filters
have been used in halogen-IR parabolic aluminum reflector
(PAR) lamps available from the General Electric Company,
Cleveland, Ohio, to reflect infrared radiant heat from the
lamp envelope while allowing the visible radiation to be

25 transmitted outside. The present invention differs from
such halogen-IR PAR lamps wherein the light source is
inside the coated chamber because, in the present invention,
the light source is situated outside the coated chamber.

Lamp heating elements 18 may comprise ultraviolet

30 (UV) discharge lamps such as mercury discharge lamps,
metal halide visible discharge lamps, or halogen infrared
incandescent lamps, for example. The wavelength range for
the visible spectrum is from about 200 nanometers to about



chanber wall and covered by a passivation |ayer. FIGs. 3-5 are
sviews simlar to that of FIG 1 with a 20 doubl e-wall chanber.

FIG 6 is a sectional side view of a vertical thermnal processor

enbodi nent of the present invention. DETAI LED

DESCRI PTION OF A PREFERRED EMBODI MENT OF THE

| NVENTI ON FIG 1 is a sectional side view of a thermal processor
25 enbodinment 1 of the present invention. A sem conductor wafer 10 is
positioned in a reactor chanber 12 and supported by small pins 14. The
chanber has a wavel ength sel ective coatgng 16 and receives radi ant
energy froml anp heating elenents 18 and a.lanp refl ector 20.

400 nanometers, and the wavelength range for the UV
spectrum is from about 400 nanometers to about 800
nanometers. Therefore, chamber 12 and coating 16 are
preferably capable of passing light at a wavelength included

5 in a range of about 200 nanometers to about 800
nanometers. .

If the lamp heating elements are cylindrical, they can
be lined up in parallel at a periodic distance from each other
and at an equal distance from the semiconductor wafer.

10 Lamp reflector 20 may comprise a group of concave mirrors
22 placed above the lamps to efficiently reflect the back
ilumination of the lamps.

Using a UV discharge lamp to process silicon wafers,
for example, is expected to increase the light utilization

15 efficiently by thirty percent or more over conventional
tungsten lamp designs even without a coating on' the
chamber. The expected increase in efficiency'is due to the
fact that the silicon absorption spectrum has a larger
overlap with the emission spectrum of the discharge lamp.

20 Using the coating to provide heat recovery is expected to
improve power efficiency by about an additional sixty-five
percent. An overall improvement of about ninety-five
percent is expected.

FIG. 2 is a view similar to that of FIG. 1 wherein a

.25 wavelength selective coating 16a is situated on the inner
side of chamber wall 12a and covered by a passivation layer
24. Situating the coating on a wall inner side helps to
reduce absorption of the IR radiation by the chamber wall
12a. The coating in this embodiment should be a refractory

30 material that does not shed any particles onto the wafer and
is free of contaminants. Passivation layer 24 may comprise
a material such as, for example, silicon oxide (SiO2) having
a thickness in the range of about 0.1 microns to about 0.2



-4- Wafer 10 may conprise any of a nunber of sem conduct or
‘materials such as silicon, silicon carbide, gal I ium arsenide, gallium
nitride, for exanple. If desired, t hese senmi conductor materials can be
in combination with 5 thin insulators and/or netal |ayers. Chanber 12 may
conprise a material that is sufficiently optically transparent to
permt high transm ssion of ultraviolet |ight and/or visible Iight
(l'ight including a wavel ength within the range of about 200 nanoneters
to about 800 nanoneters). 10 Exanpl es of material for chanber 12 include
quartz, quartz doped with alum na, alean?nma, and synthetic silica.

In the enbodi nent of FIG 1, the wafer 10 is laid horizontal l'y inside

dovi 6 sur face. f agSroRp 2rRE %8‘32??%@.* . o HTRC R A, BYE & o¥ st
side) and the Iarrﬂ6 lﬁéaﬂ he cpatingsi ti oni ng of the wafer in
the chamber is notFles t '3‘-5' aréovleﬁﬁ@hﬁlartf@ that &t ‘PSG bg wth a
supported in a sl ertlc positlon or be supporte
quartz pedest al ﬁoH%ge EQK Qre&atsorco&‘iﬂﬂoéﬂhlcbols useful (If)aal ng 16
can be sel ect egl fstnglenwalf womw‘%rstm in thewowambErh widll aempérdtarer ' al s
that reflect inf rar% dlrgg the thermal capability of the coating. This is

useful because silicon wafers, for example, can reach

temperatures exceeding 1000 °C. In FiGs. 3 and 4, the

coatings 16b and 16c¢, respectively, are positioned between

10 chamber walls 12b and 26, and 12c and 26c, respectively.
Forced air 28 and 28c can be pumped between chamber
walls. In FIG. 3, coating 16b is situated on an outer surface
of chamber wall 12b, and in FIG. 4, coating 16c is situated
on an inner surface of chamber wall 28c. In FIG. 5, chamber

15 walls 12d and 26d have forced air 28d pumped therebetween
and coating 16d is present on an inner surface of chamber
wall 12d. Furthermore, FIG. 5 illustrates a plurality of
wafers 10a and 10b in a single chamber 12d.

FIG. 6 is a sectional side view of a vertical thermal

20 processor embodiment 2 of the present invention wherein
chamber 612 is coated with wavelength selective coating
616 and encloses a plurality of wafers 610 which can be
stacked using quartz pins (not shown), for example. The
chamber is sealed by cap 630 which may comprise a -

25 material such as quartz, for example. Gases such as N, O,,
or pyrogenic-generated steam can be supplied through gas
inlet port 632 and released through gas outlet port 634.
Radiant energy is supplied by lamp heating elements 618 of
lamp assemblies 619.

30 While only certain preferred features of the invention
have been illustrated and described herein, many
modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended



such as, for exanple, indiumtin-oxide (I TO, antinony-tin- oxi de

‘(ATO, fluorine-tin-oxide (FTO, undoped tin oxide, dichroic filters,
or thin netal films such as silver, 25 alumnum or gold. Dichroic filters
may be fabricated of a stack of titanium oxide and silicon dioxide

| ayers or tantal um oxi de and silicon dioxide |ayers, for exanple, and
are advant ageous because they can survive for a long tine at high
tenperatures. Like the chanber material, the 30 coating material is
capable of transmtting light including a wavel ength within the range
of - about 200 nanoneters to about 800 mi@eneters.

-5- .

claims are intended to cover all such mbdifications and
changes as fall within the true spirit of the invention.



Infrared selective mrror coatings conprising doped sem conduct or

‘oxi des, called Drude mirror coatings, have been characterized with
regard to electrical, optical, and mat eri al properties as discussed in
T. Gerf'llllm I“\I“‘ﬁ' ﬂ“l 5 "Optical properties of tin-doped indium oxide
determ'!l1 roscopic ellipsonetry”, J. Appl. Phys., Vol. 79,

pp. *17%22-1779, 1 Feb. 1996. Drude mirror coatings have been used
on gl ass panes of greenhouses to reduce energy | osses caused by

em ssion of infrared radiation-whilegqllowng 10 sunlight to enter freely
as described in S.D. Silverstein, "Effect of Infrared Transparency on

t he Heat Transfegrams: Through Wndows: A Carification of the G eenhouse
Ef fect", Science, Vol. 193, pp. 229-31, 16 July 1976.

Anti mony-tin-oxide (ATO filnms have been deposited by 15 chem cal vapor
deposi tion on siliconl-oxi dethesnal proggssor for atdeastiene semicopductarnwafen
Ghezzo, and B. Jocﬁﬁﬂ)r‘éiﬁ% "Ant i nony-doped tin oxide filns deposited by
t he oxi dation , otl tetramethyltin and trinmethyl anti nony”, J.

El ect rochem Soc., p@ teactorischamber1dep, halding t thes ahelasisbr ®nexpect ed

20 that ATO fil |t o] rt L chroic.f.ilters .. have
been used in hal %%E%—a‘qﬂ?%%eg\g%ﬁl"cq% u%a%gﬁ\ Fé??‘géf O'E‘%S"g'ﬁé P%R)maftg'f%ﬂs
avai | abl e fr om t substimtizllp trafbparent o lightirotyding a wavelength afthin Lrarge 6fo
reflect infrared_radignt heat fromih | anp_envel ope while allow ng
the visible radi 3!99 Igillﬂ(pa&gmeters?o altaoﬁ 800 nanomrg?ers,
a coating on at least a portion of the reactor chamber, the
coating comprising material substantially transparent to light includ'ing a
wavelength within the range of about 200 nanometers to about 800
10 nanometers and substantially re_ﬂective of infrared radiation; and
a Iight source for providing radiant energy to the at least one

semiconductor wafer through the coating and the reactor chamber.

2. The processor of claim 1, wherein the light source is an
ultraviolet discharge lamp, a halogen infrared incandescent lamp, or' a
15 metal halide visible discharge lamp.

3. The processor of claim 1, wherein the reactor chamber is
quartz, alumina doped quartz, alumina, or synthetic silica.

4, The processor of claim 1, wherein the coating is
indium-tin-oxide, antimony-tin-oxide, fluorine-tin-oxide, undoped tin oxide,

20 a dichroic filter, or a thin metal film.

5. , A thermal processor for at least one semiconductor wafer
comprising: .

a reactor chamber for holding the at least one

semiconductor \)vafer, the reactor chamber comprising a material

25 substantially transparent to light including a wavelength within the range
of about 200 nanometers to about 800 nanometers; and
This Sheet | THIS 81T HAS BEEN
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25 transm

tted outside. The present invention differs from such
"hal ogen-I R PAR | anps wherein the light source is I nsi de the coated
chanber because, in the present invention, the light source is
situated outside the coated chanber. Lanp heating elenments 18 may

conpri se uI
| anps,

1“31\4\1]\\1“\\1\]\!“3!&’? ol o G scharge | anps. of hal ogan | nf rared-

[ ncandescent* | dnps, for exarrpl e. The wavel ength range for the visible
spectrumis from about 200 nanoneters t-qgabout
- 6- 400 nanoneters, and the wavel ength range for the W spectrum

i's fromabout 400 nanonet anampTofpriding@tultraviolet discharge lamp, a halogen

10
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infrared incandescent lamp, or a metal halide visible discharge lamp, the
lamp capable of providing radiant energy to the at least one
semiconductor wafer through the reactor chamber.

6. The processor of claim 5, wherein the reactor chamber is
quartz, alumina doped quartz, alumina, or synthetic silica.

7. A thermal processor for at least one semiconductor wafer
comprising:
a substantlally transparent reactor chamber for holding the
at least one semiconductor wafer;
a coating comprising a selective infrared reflective material
covering at least a portion of the reactor chamber; and
an ultraviolet discharge lamp for providing radiant energy to

the at least one semiconductor wafer through the coating and the reactor
chamber.

8. The processor of claim 7, wherein the reactor chamber is
quartz, alumina doped quartz, alumina, or synthetic silica and the coating
is indium-tin-oxide, antimony-tin-oxide, fluorine-tin-oxide, undoped tin
oxide, a dichroic filter or a thin metal film.

9. An apparatus for use in a thermal processor, the apparatus
comprising:

a reactor chamber for holding at least one semiconductor.
wafer, the reactor chamber comprising a material substantially
transparent to light including a wavelength within a range of about 200
nanometers to about 800 nanometers; and

a coating on at least a portion of the reactor chamber, the
coating comprising material substantially transparent to light including a




nanoneters. Theref or anber 12 and coating 16 are preferably
*capabl e of ng Ilﬁ“éma wavel ength included 5 in a range of about

200 nanoret er nanonet ers. If the |lanp heating
el enents a \&“9 ey- can be lined up in parallel at a
periodic d Lfrlﬁm each ot her and at an equal distance fromthe
sem conduct or waf er. Lanmp reflector 20 nay conprise a group of concave
mrrors 22 pl aced above the lanps to efficiently reflect the back
illum nation of the | anps. Usrﬁb‘a UV di scharge | anp to process
silicon wafers, for exanple, is expected to increase the |ight

utilization 15 wkidhiin e 1ahgé PG S0 nalBhrd G SAGNCHAG O

tungsten | anp designs “even wt on t

expected incr easnanome&érs|aﬂd@nb§tanhallyueﬂemhvemmfrared fadiatidnhat the silicon
absorption spectrum has a | arger "overlap with the em ssion spect rum of
the di scharge | anp. t de _h e

expected to i rrpr%gveu?hg%rprpgﬁtg%%th%%bé; @E)%é ﬁ"\e %%%tc{rl%‘% SI xt y-five
percent. An overqJartzj alpminedeped qiartzbalumina, msynthemesmca. percent is

expect ed. FIG 2is aviewsimlar to that of FIG 1 wherein a 25
wavel ength sel ective coating 16a is situated on the inner si de of
chanber wall 12a and covered by a passivation |ayer '
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24. Situating the coating on a wall inner side helps to reduce

‘absorption of the IR radiation by the chanber wall 12a. The coating in
this enbodi ment should be a refractory 30 naterial that does not shed any
particles onto the wafer and is free of contam nants. Passivation
| ayer 24 may conprise. a material such as, for exanple, silicon oxide
(Sigerr]) having a thickness in the range of about 0.1 mcrons to
about 0.2 -7- m crons and
can be added to coating 16a of FIG 2 or coating 16 of FIG 1 to
protect the coating. FIGs. 3-5 are views sinmlar to that of FIG
1 wth a doubl e-wal I chanber for gas cooling which is useful if a

E P E
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ABSTRACT

A thermal processor for at least one semiconductor

wafer includes a reactor. chamber having a material

5 substantially transparent to light including a wavelength
within the range of about 200 nanometers to about 800
nanometers for holding the at least one semiconductor
wafer. A coating inciuding a material substantially
reflective of infrared radiation can be present on at least a

10 portion of the reactor chamber. A light source provides
radiant energy to the at least one semiconductor wafer
through the coating and the reactor chamber. The light
source can include an ultraviolet discharge lamp, a halogen
infrared incandescent lamp, or a metal halide: visible

15 discharge lamp. The coating can be situated on an inner or
outer surface of the reactor chamber. If the reactor
chamber has inner and outer walls, the coating can be
situated on either the inner wall or the outer wall.

FIGURE 1

THIS SHEZT HAS BEEN
REPLACED
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5 single wall would result in the chanber wall tenperature exceedi ng
the thermal capability of the coating. This is useful because silicon
waf ers, for exanple, can reach t enper at ures exceedi ng 1000 [err]C. In
FIGs. 3 and 4, the coatings 16b and 16c, respectively, are positioned
between 10 chanber walls 12b and 26, and 12c and 26c, respectively.

Forced air 28 and 28c can be punped bet ween chanber ‘walls. In FIG 3,
coating 16b is situated on an outer surface of chanmber wall 12b, and
in FIG 4, coating 16¢c is situated on an inner surface of chanber wall
28c. In FIG 5, chanber 15 walls 12d and 26d have forced air 28d punped

t her ebet ween and coating 16d is prqﬁﬁyt on an i nner surface of chanber
wal | 12d. Furthernore, FIG 5 illustrates a plurality of waf ers 10a
and 10b in a single chanber 12d. FIG 6 is a sectional side view

of a vertical therpal 20 cessor enbodiugnt 2 of the sent i/A#Pention
wher ei n cha -BT?;;Z&86ﬁTEﬂ'ﬁTTﬁ;g;€§T9ﬂgrh—35+935§5§-96§{ing
616 and encl oses pl ural’y of wafers ich can be ~ stacked using

quartz pins (not ghown)22 1@&npl e. 1gchanber 22 {gd by cap 630
which may conprisg¢ a-23 gaterial sych as guartz, for exanple. Gases such

as Nerr], Jerr], ?/ i ed16
t hrough gas if nl R a 0 t '/;o t 634.
Radi ant enel gy« supAN y | anp heatr ng
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Iaﬁp assenblies 619. 30 VWhile only certain preferred features of the
invention have been illustrated and descri bed herein, many

nodi fications and changes will occur to those skilled in the art. It -
is, therefore, to be understood that the appended

-8- clainms are intended to cover all such nodifications and changes as
fall within the true spirit of the invention.
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=9- CLAI MB: 1. A thermal processor for at |east one sem conductor
- Wwafer conprising a reactor chanber for holding the at | east
one sem conductor wafer, the reactor conprising a material substantially
transparent to light including a wavel ength within a range of about 200
nanoneters to about 800 nanoneters; a coating on at least a
portion of the reactor chanber, the coating conprising nateri al
. substantially transparent to |light including a wavel ength within the range
of about 200 nanoneters to about 800 naldl®eters and substantially
reflective of Lal o oS OR N T VS e oo e 300—aone
| east one semjcgnd) ' act o\ '
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Kiva The processor of cI aim1, \/\herel n the reactor chanber is qu%W3Y52€
aI um na I@ IHIII m na, or synthetic silica. 4. The

process rein the coating is indiumtin- oxide, PGS
ant i nony- t| n- OXi de F1uorine-tin- oxi de, syndoped tin oxide, a dichroic

filterr, or a thin nmetal film A thermal processor for at |east
one sem' conducLAMSAf er conpri si ng: a substantially

Lgneparent 1 eact ol hogigelsyohelhABIG Moot 58 oBREARAIMEP HH"

refl ective ofcomprisingd radi ati on havi ng a wavel engt h above 800 nanoneters

and covering at |least a poreg(l;t%p Oghatm o(I:_t Oﬂolg{}\%nbﬁ{e;

semiconductor wafer, the reactor comprising a material substantially

%P d least one

transparent to light including a wavelength within a range of about 200
nanometers to about 800 nanometers;

a coating on at least a portion of the reactor chamber, the
coating comprising material substantially transparent to light including a
wavelength within the range of about 200 nanometers to about 800
nanometers and substantially reflective of infrared radiation' having a
wavelength above 800 nanometers; and

a light source for providing radiant energy to the at least
one semiconductor wafer through the coating and the reactor chamber.

2. The processor of claim 1, whérein the light source is an
ultraviolet discharge lamp, a halogen infrared incandescent lamp, or a metal
halide visible discharge lamp. '

3. The pi'ocessor' of claim 1, wherein the reactor chamber is
quartz, alumina doped quartz, alumina, or synthetic silica.

4, The processor of claim 1, wherein the coating is indium-tin-
oxide, antimony-tin-oxide, fluorine-tin-oxide, undoped tin oxide, a dichroic
filter, or a thin metal film.

5. A thermal processor for at least one semiconductor wafer
‘comprising : '
a substantially transparent reactor chamber for holding the at
least one semiconductor wafer;
a coating comprising a material substantially reflective of
infrared radiation having a wavelength above 800 nanometers and covering
af least a portion of the reactor chamber; and
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one se fer through the coating and the reactor -chanber.
claim5, wherein the reactor chanber is quartz,

aI um na doped qma | um.na, or synthetic silica and the coating is

i ndi um tiri- oxi de, antinony-tin-oxide, f1%oTine-tin-oxide, undoped tin

oxide, a dichroic filter or a thin netal film 7. An appar at us

for use in a thermal processor, the apparatus conprisi

reactor chanber for hol a‘i‘HB’%!"'@&&%‘%“%W%BME‘%Faquﬂft@r“e’Qm@théact or
chanmber conpr gt o isdiigdnduidiort @afdradhrdudh ahS RaBiRg Avd Ithehfeabml udi ng
a wavelength within a range of about 200 nanoneters to about

nanonet ers; affpmber. a coating on at |least a portion of the r eact or
chanber, the coat i ng conprising material substantially transparent to |ight
i ncluding a

uItrzz@\ ol et e lanmp for providing radiant energy to the at |east

6. The processor of claim 5, wherein the reactor chamber is
quartz, alumina doped quartz, alumina, or synthetic silica and the coating is
indium-tin-oxide, antimony-tin-oxide, fluorine-tin-oxide, undoped tin oxide, a
dichroic filter or a thin metal film.

7. An apparatus for use in a thermal processor, the apparatus
comprising :
a reactor chamber for holding at least one semiconductor
- wafer, the reactor chamber comprising a material substantially transparent to
light including a wavelength within a range of about 200 nanometers to about
800 nanometers; and | |
a coating on at least a portion of the reactor chamber, the
coating comprising material substantially transparent to light including a
wavelength within the range of about 200 nanometers to about 800
nanometers and substantially reflective of infrared radiation having a
wavelength of above_ 800 nanometers.

8. The apparatus of claim 7, wherein the reactor chamber is
quartz, alumina doped quartz, alumina, or synthetic silica.
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wavel ength within the range of about 200 nanoneters to about 800 nanoneters
and substantially reflective of infrared radi ation having a wavel ength of
above- 800 nanonet ers. 8. ... The apparatus of claim7, wherein the
reactor chanber is quartz, alum na doped quartz, alum na, or synthetic
silica. =
- 11 ~

ER PROCESSOR FOR
SEMICONDUCTOR WAFER

ABSTRACT
A thermal processor for at least one semiconductor
wafer includes a reactor. chamber having a material
S substantially transparent to light including a wavelength
within the range of about 200 nanometers to about 800
nanometers for holding the at least one semiconductor
wafer. A coating including a material substantially
reflective of infrared radiation can be present on at least a
10 portion of the reactor chamber. A light source provides
radiant energy to the at least one semiconductor wafer
through the coating and the reactor chamber. ' The light
source can include an ultraviolet discharge lamp, a halogen
infrared incandescent lamp, or a metal halide- visible
15 discharge lamp. The coating can be situated on an inner or
outer surface of the reactor chamber. If the reactor
chamber has inner and outer walls, the coating can be
situated on either the inner wall or the outer wall.
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