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, BACKGROUND OF THE | NVENTI ON
1

Rapid Thermal Processing (RTP) System with Gas Driven Rotating Substrate

FIELD OF THE INVENTION

The present invention relates to a system, apparatus, and method for more uniformly
heating objects in a Rapid Thermal Processing (RTP) system. More specifically, the
present invention discloses a convenient, inexpensive way to rotate semiconductor

wafers treated in such system.
BACKGROUND OF THE INVENTION

The major problem faced by the field of RTP has been the uniformity of heating of the
semiconductor wafers treated in the RTP systems. RTP systems generally have a
chamber with at least one wall transparent to radiation from sources of radiation such as
lamps. The object to be processed is placed .in the chamber and irradiated with radiation
from the radiation source so that the object is heated. The chamber with the transparent
wall is not strictly necessary in the system, provided that the system controls the
atmosphere in which the object is placed duriﬁg processing. The lamps could then be
placed in proximity to the object without the intervening window. Much progress has
been made in using batteries of lamps with individual control of each lamp to increase -
uniformity of the illuminating radiation. However, the uniformity of the resulting
material is not sufficient for present and future demands from the industry.

One way to increase the uniformity of result in such systems is to rotate the substrate
under the lamps. Many prior art systems have been published to effect this rotation.
However, these many systems generally used only one bank of lamps on one side of the
emiconductor wafer. The other side of the wafer could then be used for various shafts
which penetrated through the chamber walls to mechanically rotate the wafer with
respect to the lamps. The prior art is deficient in that the systems are expensive and

difficult to seal. The prior art systems also allow contaminants scrubbed from the
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The maj or problemfaced by the field of RTP has been the uniformty of
heati ng of the sem conductor wafers treated in the RTP systens.” RTP systens
general ly have a chanber with at | east one wall transparent to radiation
from sour ceswofospmds ati on such as | anps. The object to be prormepmeioz s

pl aced in the chanber and irradiated with radiation fromthe radi ation
source so that the object is heated. The chanber with the transparent wall
is not strictly necessary in the system™ provided that the systemcontrols
t he at,nosphere. i i. e | anps
coul d ]t hen B%Etﬁie C\é\@%ﬁgp %%gg(a%t hi{e%?%h%@greg%{égnﬁ&h ﬁgbgﬁ?oe-rg\g/em ng

wi ndow. Muc s wigh Baiks bﬁngﬂnemexﬂndade of th:swa@r $inte the slaét, tixfe rbtaw;gbm th

i ndi vidual control of_ea alm _to increas 0 il Lum nating
radi ati on. &BW@?%L‘ a&H 17f" i “%V"S?ssﬂg" ﬁ@é"ﬂ*‘? %ﬁ? tﬂé?tgﬁg p"egpeﬁt
suffi Cg ent Y cHh®S WIS clidt Gtterivide thtétIPWID ligktdront the banktlosthe yame side of

the wafer as the shaft, and the resulting light impinging on the wafer is no longer uni-

form.

RELATED APPLICATIONS
10
Reactors based on the RTP principle.oﬁen have the entire cross section of one end of the
reactor chamber open during the wafér handling process. This construction has been
established because the various wafer holders, guard rings, and gas distribution plates,
18 which have significantly greater dimensions and may be thicker than the wafers, must
also be introduced into the chamber and must be easily and quickly changed when the
process is changed or when different wafer sizes, for example, are used; The reaction
chamber dimensions are designed with these ancillary pieces'in mind. US Patent
2_0 5,580,830, assigned to the assignee of the present invention, hereby incorporated by
reference, teaches the importance of the gas flow and the use of an aperture in the door
to regulate gas flow and control impurities.m the process chamber.
The importance of measuring the temperature of the wafer using a pyrometer of very
25 broad spectral response is taught in U. S. Patent 5,628, 564, which is assigned to the
assignee of the present invention and is hereby in;:orporated by reference.
The wafer to be heated in a conventional RTP system typically rests on a plurality of
quartz pins which hold the wafer accirately parallel to the reflector walls of the system.
30 Prior art systems have rested the wafer on an instrumented susceptor, typically a uni-
form silicon wafer. Copending patent application 08/537,409, assigned to the assignee
of the present invention, hereby incorporated by reference, teaches the importance
succeptor plates separated from the wafer.
35 Rapid thermal processing of III-IV semiconductors has not been as successful as RTP of

silicon. One reason for this is that the surface has a relatively high vapor pressure of, for
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One way to increase the uniformty of result in such systens is to rotate
the substrate under the | anps. Many prior art systens have been published

to effect thi on. However, these many systens general |y used onIy
one bank of %%gn one side of the eniconductor wafer. ‘T‘%E’EE‘F 2si de

of the wafer could then be used for various shafts whi ch penetr at ed
t hrough the chanber walls to nmechanically rotate the wafer with respect
to the lanps. The prior art is deficient in that the systens are expensive
and ti f f i cxhinpleparsenid (As) frethercaserof galfium\assenids ( Siade )alThosurfaceitegivnnant s

SRELE ilc):(éﬁ/Ef\er o.5he epleted of As, and the material quality suffers. Copending patent application
08/631,265, assigned to the assignee of the present invention, hereby incorporated by
5 reference, supplit_es a method and apparatus for overcoming this problem.
A method of raising the emissivity of a lightly doped, relatively low temperature wafer
by locally heating the wafer with a pulse of light is disclosed in copending application

08/632,364, which is assigned to the assignee of the present invention and hereby in-

10 corporated by reference.
A method, apparatus, and system for RTP of a rotating object is disclosed in copending
application 08/953,590, filed Oct. 17, 1997, by Lerch et al., which is assigned to the
assignee of the present invention and hereby incorporated by reference.
18 SUMMARY OF THE INVENTION
According to this invention, the object to-be processed in an RTP system is rotated by
impinging a gas flow on either the object or on a rotatable substrate holding the object.
20

The same or another gas flow may be used as an air bearing to support the object or the
substrate while the object or substrate is being rotated by the gas flow. Auxiliary gas jets
may be used to accelerate and/or to decelerate the rotation of the object or the substrate
carrying the object. The gas flow may be inert, or it may contain chemicals which react
26 with the object to be processed, or it may be a gas which reacts or decomposes to create
a layer on an exposed surface of the object to be processed.

BRIEF DESCRIPTION OF THE DRAWINGS

30 .
Fig. 1 shows a prior art RTP processing system.
Fig.2 shows a prior art rotating base holding a wafer 110.
Fig. 3 shows a diagram of the apparatus of the invention.
35 Fig. 4 shpws a more preferred embodiment of the invention.
Fig. 5 shows a rotatable substrate.
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2 relatively noving parts to contam nate the chanber. The prior art
systens can not be used with banks of |ights on either side of ‘the wafer
since the shaft, the rotating base holding the wafer, and the fittings
necessary towadoamsedhe shaft to rotate with respect to the p&pgbsordphoCck or
otherwise interfere wwth light fromthe bank on the sane side of the wafer

as the shaft, and the resulting Iight inEi ngi ng on the wafer is no |onger
uni -

1 Fig. 6 shows a sketch of a fixed base which is shaped so that the pressure of the
N flowing gas both supports and centers the wafer.
Fig. 7 shows a substrate holding a wafer where the substrate is constrained to
5 i rotate about an axis by retainer members.
Fig. 8 shows a plan view of a base for supporting a rotatable wafer.
Fig. 9 shows an elevation of the base with a notch cut to allow a robot pan to
bring in and deposit a wafer.
10 Fig. 10 shows a robot pan carrying a wafgf entering the chamber and holding the
‘wafer above a base.
Fig. 11 shows that the robot pan has lowered the wafer on to the surface of the
base. | _ -
Fig.12  shows that the robot pan has withdrawn, and that the flowing gas has
16 levitated the wafer above the surface of the base, and that the wafer is
rotating about the axis.
Fig. 13a shows a sketch of a plan view of a prototype setup an apparatus of the
invention.
20 Fig. 13b shows a sketch of an elevation view of a prototype setup an apparatus of
the invention.
Fig. 14 shows an expanded view of the air bearing X of fig. 13a-b.
Fig. 15 shows an elevation view Y of the shaft and bearing arrangement of fig.
25 13a-b.
Fig. 16 is an expanded plan view of an air bearing of fig, 14.
Fig 17 . is an elevation view of a cross section of fig. 16 taken along the line A -
A’ of fig. 16.
30 Fig. 18a shows an elevation view of an alternative bearing for centering the
rotating substrate. |
Fig. 18b shows a plan view of an alternative bearing for centering the rotating
substrate. '
35 Fig. 19a shows an alternative embodiment where air bearings both support the

substrate and ensure that the rotating substrate rotates about its axis.

——
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- form : RELATED APPLI CATIONS  Reactors based
on the RTP principle often have the entire cross section of one end of the

react or changﬁ during the wafer handling process. Thi ruction
has been esta ?921}253 because the various wafer hol ders, gua%ﬁ%&fﬁ"’and
gas distribution plates, which have significantly greater dinensions and

may be thicker than the wafers, nust al so®be introduced into the chanber

and nust be easily and qui ckly changed en [ he proge i s changed or when
di ffertnt waHigr98j zes shewyansisyatirr ,"“’é’r‘g\%}‘s"éﬂ‘.’eaﬁiﬂg °€§§i§?‘ on

DETAILED DESCRIPTION OF THE INVENTION

Fig. 'l shows a prior art RTP processing system. A semiconductor wafer 110 or other
object to be processed is supported in a quartz RTP chamber 120 by quartz support pins
160 (only one shown). A guard ring 170 is used to lessen edge effects of radiation from
the edge of the wafer 110. An end plate 190 seals to the chamber 120, and é door 180
allows entry of the wafer 110 and, when closed, allows the chamber to be sealed and a
process gas 125 to be introduced into the chamber. Two banks of radiation sources 130

10

and 140 are shown on either side of the wafer 110. A computer 175 or other control
means as are known in the art is used to control the lamps 130 and 140, and to control
18 the gas flow controller 185, the door 180, and the temperature measuring system,
denoted here as a pyrometer 165. The gas flow may be an inert gas which does not react
with the wafer, or it may be a reactive gas such as oxygen or nitrogen which reacts with
the material of the semiconductor wafer to form a layer of on the semiconductor wafer,
20 or the gas flow may be a gas which reacts at the heated surface of the object being
processed to form a layer on the heated surface without consuming any material from
the surface of the object. When the gas flow reacts to form a layer on the surface, the
process is called rapid thermal - chemical vapor deposition (RT-CVD). An electrical
25 current may be run through the atmosphere in the RTP system to produce ions which are
reactive with or at the surface, and to impart extra energy to the surface by bombarding
the surface with energetic ions.
Fig. 2 shows a prior art rotating base 210 holding a wafer 110. The rotating base 210 is
30 rotated by a shaft 220. In U.S, Patent 3,627,590, by W. Mammel, a gas is introduced
into the space between the wafer 1 10 and the rotating base 210 to hold the wafer away
from the base and reduce the heat transferred from the wafer 110 to the base 210. The
gas flows radially outward from the shaft 220, and the gas does not rotate the wafer 110
35 with respect to the base 210.
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chanmber dinmensions are designed with these ancillary pieces in mnd. US

Pat ent 5, 580,830, assigned to the assignee of the present i nvention, hereby
i ncorporated by reference, teaches the inportance of the gas flow and the
use of an ap®a2@&63n t he door to regulate gas fl ow and conpchEPIsMEZi ti €S
i n the process chanber. The inportance of neasuring the tenperature of the
wafer using a pyroneter of very broad spgctral response is taught in U S
Pat ent 5,628, 564, which is assigned to the assignee of the present

i nvent hon angigissnbet §Biataif OF the hipafifthsidf tHeShRNAGRE A bA8 8 10Akal witprdigedieat ed
in a conventional RTP system ttf}pl cal lei/ rests on a plurality of quartz pins

whi ch hol d ttedheBTRsysere hasgas/fipwrbaenelsd20 pehigh rarry rfloving)gas\340 whiclf ¢ he
b el
Shecentor ¢ inhdso By HeS i 0 B SATE el MBUGH AT Rrbd BRblITHIRS

pat ent
appl i c?%t i on Q8feb B0 ¥Qbtatecths wgfee di1Q with iespesttie hased 10f Thehweaffr thaemay ratatent i on,
her eby ™1 ncor Pv?t{x%ésggct tt)a/ thre %fas%ra?gu% ’anta%% %98311,% I?l%wlinrgog()ag %28 glgo supports the wafer

110 above the fixed base 310 in this case.

Fig. 4 shows a more preferred embodiment of the invention where the fixed base 310

supports a rotatable substrate 410, and the rotatable substrate 410 supports the wafer
10 110 with quartz pins 160. The gas flow 340 impinging on the rotatable substrate 410
causes the rotatable substrate 410 to rotate about axis 330. The flowing gas 340 also
supports the rotatable substrate 410 above the fixed base 310, in this case.
Fig. 5 shows a rotatable substrate 410, where the substrate 410 is constrained to rotate
15 about the axis 330 by a pin 510 fixed with respect to the base 310, the pin 510 fitting
into a detent 520 in the rotatable substrate 410.
Fig. 6 shows a sketch of a fixed base 310 which is shaped so that the pressure of the
flowing gas both supports and centers the wafer 110 when the wafer 110 is rotating
20 about the axis 330. Fig. 6 shows a saucer shaped depression 610 in the base 310.
Fig. 7 shows a substrate holding a wafer, the substrate constrained to rotate about an
axis 330 by retainer members 710.
Fig. 8 shows a plan view of a base 810 for supporting a rotatable wafer. The base
25 contains gas flow channels 820 which exit the base 810 at an angle with respect to the
surface 830 of the base 810 and perpendicular to the radius drawn from the center 840
of the base 810 to the flow channel 820. The flowing gas then imparts angular
momentum to the wafer 110 (not shown) when the wafer is supported by the flowing
80 gas above the surface 830 of the base 810.
Fig. 9 shows an elevation of the base 810 with a notch 910 cut to allow a robot pan
(shown later) to bring in and deposita wafer (shown later) on to the surface 830 of the
base 810.
35 Figs. 10-12 show a method of using the present invention. A robot pan 1010 carrying a

wafer 110 enters the chamber and holds the wafer 110 above the base in Fig. 10. Fig. 11
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succeptor plates separated fromthe wafer.. Rapid thermal processing of
[11-1V sem codeCtors has not been as successful as RTP of silicon.
reason for this is that the surface has a rel ati vel

of " for WO 99/27563 y high V%Q%I’Fé’%ﬁ% ure

arsenic (As) in the case of gal | i um ar seni de (GaAs). The surface regi on
: 7

1 ~ shows that the robot pan has lowered the wafer 110 on to the surface 830 of the base
810. Fig. 12 éhows that the robot pan has withdrawn, and that the flowing gas has
levitated the wafer 110 above the surface 830 of the base, and that the wafer 110 is

5 rotating about the axis 330. The rotation is driven by the tangential velocity of the
flowing gas. Light 1210 and 1220 is shown impinging on the wafer from above and
below. The base 310 is preferably made of quartz, so that the light passes through the
quartz and illuminates the wafer uniformly. Other materials, such as sapphire, which are

10 transparent to the radiation from the radiation souices of the RTP system could equally

well be used for the material of the base.

Fig. 13a-b show plan and elevation sketches of a prototype setup which has been used

successfully to rotate a wafer in an AST SHS 3000 RTP system. Air bearings 1340

support the substrate 1310 and impart tangential momentum to the substrate 1310. The

18 air bearings with the angled air flow shown are sufficient to maintain rotational speed of
the substrate, but the acceleration to the desired edge velocity of 100 feet per minute is
not sufficient. In addition, the friction is so low that the substrate takes one minute to
slow down in a separate experiment when the tangential flow is turned off while an air

20 bearing flow is maintained. The substrate 1310 holding the Wer 110 has a scalloped

edge 1305. Auxiliary gas lines 1320 and 1330 are optionally used to accelerate and de-

celerate the substrate by impinging a gas flow on to the scalloped edge. The substrate
may accelerate to the desired velocity and stop within 3 seconds when the auxiliary

25 lines 1320 and 1330 are used. The substrate 1310 is constrained to rotate about its axis
by a quartz shaft 1350 and quartz or sapphire ball bearing 1360 arrangement (shown
later).

Fig. 14 shows an expanded view of the air beaﬁng X of fig. 13a.

30 Fig. 15 shows an elevation view of region Y of fig. 13b of the shaft 1350 attached to the
substrate 1310 rotating inside quartz bearings 1360 rotating inside a race 1510 fixed
with respect to the base. |
Fig. 16 is an expanded view of the air bearing shown in fig. 13a and fig. 14, with the

35 slot 1610 for the gas flow exit outlined.
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becones depl eted of As, and the material quality suffers. Copendi ng patent
application 08/ 631, 265, assigned to the assignee of the present invention,
hereby i ncorporated by reference, supplies a nmethod and apparatus for

over com ng WO 278@Bbl em A nethod of raising the enissivit ycafErssdraght | y
doped, relatively lIow tenperature wafer by locally heating the wafer with a
pul se of light is disclosed in copending application 08/632,364, which is
assigned to the-assignee of the present 'invention and hereby in- corporated
by refier encBigufe 1Teshbos a cBgap séctibal 6f tha ifl bearingem ke jelHEenlily of fifl Gially Obj ect
I's disclosed in cgﬁfnding appl.ication 08/ 953,590, filed Cct 17, 1997, by
Lerch et al 2longfhe e#%‘ésgfé&éé-to t he assignee of the present invention

T e Y T PO U0 i, i i S g ' 2 10
5 centgring the rotating substrate. A shaft 1350 attached to the rotatable substrate 410 is

surrounded by a closely fitting sleeve 1810. The gas pressure of the gas 1820 flowing

into the enclosure between the shaft 1350 and the sleeve 1810 ensures that the shaft

1350 rotates freely in the sleeve 1810, The gas 1820 flowing out between the tap of the

10 sleeve 1810 and the substrate 410 may optionally support the substrate.

Figs. 19a and 19b show an alternative embodiment where air bearings 1910 both

support the substrate and ensure that the rotating substrate rotates about its-axis. Fig.

19b shows an elevation of the air bearing 1910 showing an air flow channel 1920 from

which two air flow channels 1930 and 1940 separate to two separate gas bearing

surfaces 1950 and 1960. The bearing surface 1950 supports the substrate, while the

bearing surface 1960 bears against the edge of the substrate to center the substrate. A

16

sliding nozzle 1970 is shown to allow for the expansion of the substrate. A semicon-
ductor wafer may increase in diameter by millimeters when treated in an RTP system. A
20 spring (not shown) may optionally be used to withdraw the sliding nozzle 1970 away
from the substrate 410 when no gas is flowing to rotate the substrate.
The above identified U.S. patents and patent applications, and the references cited

above, are hereby include herein by ;eferenée.
25

80
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rotating sem conductor wafers in a gas phase EEHQ%§H§ET EENp'ocess.
Sai d apparatus conprises a wafer hol der for s;pportﬁ waf ef and a

‘base conpri sj urality of gas nozzles, applying a pressurised gas to
t he backsi del'oaébg'é#é waf er hol der for elevating said wafer KGFEEPHHEP ng
processing of said wafer. Said base further conprises-a—nozzl-e;- -directed.

on a side surface of said wafer holder, @&irecting a pre onto said
side surface for rotating said wafer holder. GB- 2 27?@&!@% mﬂ’, t“w

rot at abl e suWs§tclaie hol der for a MOCVD apparatus. The + lles
a rotatabl e susceptor, a substrate hol der di sposed on the front: surface

of the susceptor, an inlet for supply- I ng source gases and a plurality
of rot at abl el.waneappémag Sordapip dsesialprodebsing (RTP) of an object in an RTP system,

5 comprising: a base, the base having at least one gas flow channel for impinging a
gas flow on a rotatable substrate inthe RTP system, the gas flow for rotating the

substrate with respect to the base.

2. The apparatus of claim 1, wherein a gas flow also supports the substrate.

10
3. The apparatus of claim 2, wherein the substrate is the object to be processed.
4. The apparatus of claim 3, wherein the object to be processed is a semiconductor
15
: wafer.
5. The apparatus of claim 4, wherein the semiconductor wafer is a silicon wafer.
20 6. The apparatus of claim 1, wherein the substrate is substan:ﬁally constrained to rotate
about an axis by a pressure distribution of flowing gas.
7. The apparatus of claim 6, wherein a gas flow also supports the substrate,
25
8. The apparatus of claim 7, wherein the base allows entry of a support pan supporting
the substrate, the base allows deposition of the substrate on the base, and the base
allows withdrawal of the support pan leaving the substrate supported by the base.
30
9. The apparatus of claim 1, wherein the substrate supports the bbject to be processed.
10. The apparatus of claim 9, wherein the object to be processed is a semiconductor
35 wafer.
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front surface of the susceptar _via the subst+rate hol de

AUALUTI | 1
trays having a plurality of wings, to which a gas flow T ﬂlSMETeHK§(§%E

rotating
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10

11. The apparatus of claim 10, wherein the semiconductor wafer is a silicon wafer.
12. The apparatus of claim 9, wherein a gas flow also supports the substrate.

13. The apparatus of claim 12, wherein the object to be processed is a semiconductor
wafer.

14. The apparatus of claim 9, wherein the substrate is constrained to rotate about an axis

by a pin and detent means.

15. The apparatus of claim 9, wherein the substrate is.constrained to rotate about an axis
by a retainer member fixed with respect to the base.

16. The apparatus of claim 9, wherein the substrate is constrained to rotate about an axis

by a shaft and bearing means.
17. The apparatus of claim 16, wherein the bearing means is a gas pressure bearing.

18. The apparatus of claim 1, wherein the base is substantially transparent to radiatio.n
from radiation sources.of the RTP system.

19. A method for rapid thermal processing (RTP), comprising: impinging a gas flow on
a substrate in an RTP system to induce rotation of the substrate with respect to the
RTP system.

20. The method of claim 19, further comprising a step of supporting the substrate with a
gas flow during the step of impinging a gas flow on the substrate.

21. The method of claim 20, wherein the substrate is a semiconductor wafer.
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SUMVARY OF THE I NVENTION  According to this invention, the object to be
processed in an’ RTP systemis rotated lm,Mm [ as flow on either the
object or on_a rotatable substrate hol ﬂuﬂmamme S r t her
gas flow mayVPP?E88 as an air bearing td stppdristhe obj ec}@éf&?ﬁ@ﬁ&
substrate while the object or substrate is being rotated by the gas fl ow
Auxiliary gas jets nmay be used to accel eklate and/or to decelerate the
rotation of the object or the substrate carrying the object. The gas flow
may be Y ner t 22oFhe methed oflzime? I vihineeir the pesigprduptor wafer isg siliconmeafsbj ect to be
processed, or it nmay be a gas which reacts or deconposes to create a | ayer
on an exposed surface of the object to be processed.

23. The method of claim 19, further comprising a step of impinging a gas flow on the

5 substrate to stop the rotation of the substrate after the step of impinging as gas flow

to induce rotation.

24, The method of claim 19, wherein the substrate is constrained to rotate about an axis
10 by a pressure distribution of flowing gas.

25. The method of claim 24, wherein a gas flow also supports the substrate.

26. The method of claim 25, wherein a base is fixed with respect to the RTP system, the
18 base having gas flow channels for directing gas flows to support and rotate the sub-

strate.

27. The method of claim 26, wherein the base allows entry of a support pan supporting
20 the substrate, the base allows deposition of the substrate on the base, and the base

allows withdrawal of the support pan leaving the substrate supported by the base.

- 28. The method of claim 19, wherein the substrate éupports a semiconductor wafer.
28
29. The method of claim 28, further comprising the step of supporting the substrate with
a gas flow during the step of impinging a gas flow on the substrate.

30 30. The method of claim 28, wherein the substrate is constrained to rotate about an axis
by a pin and detent system.

31. The method of claim 28, wherein the substrate is constrained to rotate about an axis

35 by fixed retainer members.

[
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a prior art RTP
processi ng system Fig. 2 shows a prior art rotating-base ‘holding a

wafer 110. Fig. 3 shows alﬂn ppar atus of the invention.
Fig: 4 wioper7ss3nor e pref el mmm : ﬂmf the invent bepepsiiHand
shows a rotatable substrate. e L omos s

12

1 32. The method of claim 28, wherein the substrate is constrained to rotate about an axis

by shaft and bearing means.

33. The method of claim 32, wherein the bearing means is a gas bearing.

5
34. A system for rapid thermal processing (RTP) of an object, comprising:

a radiation source for irradiating the object; an RTP chamber having at least a

10 portion of at least one chamber wall transparent to the radiation from the radiation
source;
a base, the base having at least one gas flow channel for impinging a gas flow on a
rotatable substrate in the RTP chamber, the gas flow for rotating the substrate with
respect to the base;

18 gas supply means for supplying gas for the gas flow and for the RTP chamber;
and control means for controlling the radiation source and the gas supply means.

20

26

30

—_—
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Fig. 6 shows a sketch of a fixed base which is shaped so that the

pressure of the : fl owi ng gas both supports and centers the
wafer. Fig. 7 shows a substrate hol ding a wafer where the substrate is
constrai ned WO 99227563 rotate about an axis by retai n@®CTHRPAINIHE. Fi g.
8 shows a plan view of a base for supporting a rotatable wafer.
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Fig. 9 shows an el evation of the base with a notch cut to allow a

robot pan to bring in and deposit a wafer. Fig. 10 shows
a robot pan carrying a wafer entering the chanber and hol ding the

waf éer above aAVheA3s63Fig. 11 shows that the robot pan ha érﬂé?ﬁ

wafer on to the surface of the base. Fig. 12 * £lﬁi’c‘lmthat

the robot pan has wi thdrawn, and that the flow ng gas has
| evitated the wafer above the surface of the base, and that the wafer is

rotating about the axis. Fig. 13a - shows a sketch of a plan view of a
prototype setup an apparatus of the I nvention. Fig. 13b
shows a sketch of an el gvatlon viféw of a prot oty setup an apparatus of
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the invention. Fig. 14 shows an expanded view of the air bearing X of
fig. 13a-b. Fig. 15" shows an elevation view Y of the shaft and beari ng

arrangenent of fig. 13a-b. Fig. 16 is an n& | an
vi ew of an aWP’B’égsf‘?ng of fig. 14. Fig 17 is an el evat i%ﬁ%i’ %q?)zfo a
cross section of fig. 16 taken along the line A - A of fig.
16. Fig. 18a shows an el evation view of an alternative bearing for
centering the rotating substrate. Fig. 18b shows a pl an
view of an alternative bearing for centering the rotating

substrate. + Fig. 19a shows EE’ELLQLﬂaLL¥§~EﬂE?di”E”t where air bearings
bot h support the o
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substrate and ensure that the rotating substrate rotates about its axis.

6 Fig.19b shows an el evation view of the air bearing of fig 19a.
WO 9927563 _ PCT/EP98/07402
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DETAI LED DESCRI PTION OF THE I NVENTION Fig. 1 shows a prior art RTP
processi ng system A sem conductor wafer 110 or other object to be
processed is supported in a quartz RTP chanber 120 by quartz port pins
160 (only oMO¥R3HI). A guard ring 170 is used to | essen ed?jé‘"%‘ﬁ‘ﬁ’@a"% of
radiation fromthe edge of the wafer 110. An end plate 190 seals to the
chanber 120, and a door 180 allows entry of the wafer 110 and, when cl osed,
al l ows the chanber to be sealed and a processg%?s 125 to be introduced into
t he chanber. Two banks o ©A@ GADFlgwt shown on eit her

side of the waf ¥r~¥JIRXA i
inthe art is -_n'il\ﬁnn

1310

1305

Rotatable
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the gas flow controller 185, the door 180, and the tenperature neasuring
system denoted here as a pyroneter 165. The gas flow may be an inert gas
whi ch does not react with the wafer, or it nmay be a reactive gas such as
oxygen or niwe sgassawhi ch reacts vvith the material of the segwErsiRbDr
wafer to forma layer of on the sem conductor wafer, or the gas flow may be
a gas which reacts at the heated surface of the object being processed to
forma layer on the heated surface wi thout consum ng any material fromthe
surface of the oBpleting Wien the gas flow reacts to forma |ayer on the
surface, the proSdlstrafe qal ®hermal - chenical vapor deposition
(RT-CVD). An ‘el eg S v be run through the atnosphere in the
hbye with or at the surface, and
gPy bonbarding the surface with

iqr art rotating base 210 hol ding a wafer

RTP systemt .
to inmpart ex ra enel

energetic idms.InEi
110. The rotati nﬁ

1820
4
1830

Fig. 18a
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Fot'at ed by a shaft 220. In U S Patent 3,627,590, by W
introduced into the space between the Wafer 110 and the

t'he wafer 110 to the base 210. The gas flows radially outwa
shaft 220, and the gas does not rotate the wafer 110 with respect to the

base 210.

mmmmmm

- New Claims:

1. An apparatus for rapid thermal processing (RTP) of an object (110) in an RTP
system, comprising a base (810, 310), the base (810, 310) having at least one
gas flow channel (820, 1340) for impinging a gas flow on a rotatable substrate
(1310) in the RTP system, the gas flow for supporting the substrate (1310), char-
acterized in that the substrate (1310) has scalloped edge (1305), and auxiliary
gas lines (1320, 1330) to accelerate and decelerate the substrate (1310) by im-
pinging gas flow on the scalloped edge (1305), the substrate (1310) for support-
ing the object (110) to be processed.

2. The apparatus of claim 1, wherein the object (110) is a semiconductor wafer
(110).

3. The apparatus of one of the previous claims, wherein the substrate (110) is con-
straint to rotate about an axis (330) by a pressure distribution of flow gas.

4. The apparatus of claim 3, wherein a saucer shaped depression (610) in the base
(310) constrains the substrate (1310).

5. The apparatus of claim 3, wherein retainer member 710 constrains the substrate
(110).

6. The apparatus of claim 1, wherein the substrate (1310) is constraint to rotate
about an axis (330) by a pin (510) and detent means (520).

7. The apparatus of claim 1, wherein the substrate (1310) is constraint to rotate
about an axis (330) by a shaft (1350) and bearing means (1360, 1830).

8. The apparatus of claim 7, wherein the bearing means (1830) is a gas pressure
bearing.

9. The apparatus of claim 1, wherein the base (310, 810) is transparent to the radia-
tion from the radiation sources (130, 140) of the RTP system.

10. The apparatus of claim 8, comprising control means (175, 185) for controfling the
radiation source (130, 140) and the gas flow.

Anctod Set?s
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Fg.3 shows a diagram of the apparatus of the.i nvention. A base 310 fi.

with respect to the RTP system has gas flow channels- 32 ' EPHAS BEEN

fl owi ng gas 340 which i npi nges—en—the wafer 110 at -an-af J ) gg\ |.€ suth
A

that the force operates on t E}m\t\mrot at'’e 't he -haf-er h
respect the base 310. The E“\ Blate with respect to the base
around an axis 330. The flo cgas 340 %al So supports the wafer 110 above

the fixed base 310 in this case. Fig. 4 shows a nore preferred enbodi nent
of the invention where the fixed base 310 supports a rotatable substrate
410, and the rotatable substrate 410 supports the wafer 110 with quartz
pi ns 160. The gas flow 340 inpinging on the rotatable substrate 410
11.A method for rapid thermal processing (RTP) of an object (110) in an RTP sys-
tem, comprising at least one gas flow channel impinging a gas flow on a rotatable
substrate (1310) in the RTP system for supporting the substrate (1310), charac-
terized in that said substrate is accelerated and decelerated by impinging gas
flow by auxiliary gas lines (1320, 1330) on scalloped edge (1305) of the substrate
(1310), supporting the object (110).

12. The method of claim 11, wherein the object (110) is a semiconductor wafer.
13. The method of claim 11, further comprising the step of impinging a gas flow on
the substrate (1310) to stop the rotation of the substrate after the step of imping-

ing a gas flow to induce rotation.

14. The method of claim 11, wherein the substrate (1310) is constraint to rotate about
an axis (330) by a pressure distribution of flowing gas.

15.The method of claim 14, wherein a saucer shaped depression (610) in base (310). _ ... .

constrains the substrate (1310).

16. The method of claim 14, wherein the substrate (1310) is constrained to rotate
about an axis (330) by fixed retainer member (710).

17.The method of claim 11, wherein a base (310, 810) is fixed with respect to the
RTP system, the base (310, 810) having gas flow channels for directing gas flows
to support and rotate the substrate (1310).

18.The method of claim 17, wherein the base allows entry of a support pan support-
ing the substrate (1310), the base (310, 810) allows deposition of the substrate
(1310) on the base (310, 810), and the base allows withdrawal of the support pan
(1010) leaving the substrate supported by the base (310, 810).

19. The method of claim 11, wherein the substrate (1310) is constrained to rotate
about an axis by a pin (510) and detent system (520).

20.The method of claim 11, wherein the substrate (1310) is constraint to rotate about
an axis (330) by a shaft (1350) and bearing means (1360, 1830).

o el Sheeks
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causes the rotatable substrate 410 to rotate about axis ﬁD&The fl ow

n

gas 340 al so supports the rotatable substrate 410 above the fing@mm&mgﬁﬁgﬂ
"in this case.” Fig. '5 shows a rotatable substrate 410, where the substrate
410 is constrained to rotate about the axis 330 by apin 510 fixed M3t HOV m
respect to the base 310, the pin 510 fittjyng into a detent 520 in the
rotatabl e substrate 410. Fig. 6 shows a s]ketch of a fixed base 310 which is

shaped so thaty t hepr LsihP SRTPY S 18m Gith eRls DAVEP ROt SuBsRRIR" S
the wafer 110 éﬁ@ﬁgﬁl\%g?g?&h‘%}g?% ?gtm'at?‘ﬁg a‘k')out the axis lB 0. Fig. 6
shows a saucer shaped depression 610 in the base 310. Fig. 7 shows a

substrate holding a wafer, the substrate constrained to rotate about an
axis 330 by retainer nenbers 710. Fig. 8 shows a plan view of a base 810

for supporting a rotatabl e waf ergp | gas flow channel s 820
whi ch exit the base 810 at an aﬁé?@%??ﬁr%ew 0 the
The present invention relates to a system, apparatus, and method for more unifqrmly
heating objects in a Rapid Thermal Processing (RTP) system. More specifically, the
present invention discloses a convenient, inexpensive way to rotate semiconductor

wafers treated in such system.
BACKGROUND OF THE INVENTION

The major problem faced by the field of RTP has been the uniformity of heating of the
semiconductor wafers treated in the RTP systems. RTP systems generally have a
chamber with at least one wall transparent to radiation from sources of radiation such as
jamps. The object to be processed is placed in the chamber and irradiated with radiation
from the radiation source so that the object is heated. The chamber with the transparent
wall is not strictly necessary in the system, provided that the system controls the
atmosphere in which the object is placed during processing. '1_'he lamps could then be
placed in proximity to the object without the intervening window. Much progress has
been made in using batteries of lamps with individual control of each lamp to increase
uniformity of the illuminating radiation. However, the uniformity of the resulting
material is not sufficient for present and future demands from the industry.

One way to increase the uniformity of result in such systems is to rotate the substrate
under the lamps. Many prior art systems have been published to effect this rotation.
However, these many systems generally used only one bank of lamps on one side of the
emiconductor wafer. The other side of the wafer could then be used for various shafts
which penetrated through the chamber walls to mechanically rotate the wafer with
respect to the lamps. The prior art is deficient in that the systems are expensive and

difficult to seal. The prior art systems also allow contaminants scrubbed from the

REPLACEMENT SHEETS  SG
B Description : pased ..J.. to paged .J.
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A Drawing(s) : paged ... to paged..6.
O Abstract  : paged 4. to paged .#£




surface 830 of the base 810 and perpendicular to the radius drawn from the
center 840 of the base 810 to the flow channel 820. The fl ow ng gas h{@n
“inparts angul ar nomentumto the wafer 110 (not shown) wheREPLAGE Ted i

supported by the flow ng gas above the surface 830 of the base 810. Kjg W
shows an el evation of the base 810 with a siotch 910 cut to allofy’a ‘?ﬁ'@\bot“

pan (shown later) to bring in and deposit a wafer (shown later) on to the
Thvent  on. Ayl maig Bl of bdiamibice oG TRE BACH ) shRldAio BGS e
hol ds t he wahsd WiflDbaakeutligine oh@ither sidd-ofithe dferfsisice the shaft, the rotating base

holding the wafer, and the fittings necessary to allow the shaft to rotate with respect to

the chamber block or otherwise interfere with light from the bank on the same side of

the wafer as the shaft, and the resulting light impinging on the wafer is no longer uni-

form.
RELATED APPLICATIONS

Reactors based on the RTP principle often have the entire cross section of one end of the
reactor chamber open during the wafer handling process. This construction has been
established because the various wafer holders, guard rings, and gas distribution plates,
which have significantly greater dimensions and may be thicker than the wafers, must
also be introduced into the chamber and must be easily and quickly changed when the
process is changed or when different wafer sizes, for example, are used. The reaction
chamber dimensions are designed with these ancillary pieces in mind. US Patent
5,580,830, assigned to the assignee of the present invention, hereby incorporated by
reference, teaches the importance of the gas flow and the use of an aperture in the door
to regulate gas flow and control impurities in the process chamber.

The importance of measuring the temperature of the wafer using a pyrometer of very
broad spectral response is taught in U. S. Patent 5,628, 564, which is assigned to the
assignee of the present invention and is hereby incorporated by reference.

The wafer to be heated in a conventional RTP system typically rests on a plurality of
quartz pins which hold the wafer accurately parallel to the reflector walls of the system.
Prior art systems have rested the wafer on an instrumented susceptor, typically a uni-
form silicon wafer. Copending patent application 08/537,409, assigned to the assignee
of the present invention, hereby incorporated by reference, teaches the importance
succeptor plates separated from the wafer.

Rapid thermal processing of III-I'V semiconductors has not been as successful as RTP of

silicon. One reason for this is that the surface has a relatively high vapor pressure of, for
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of the base 810. Fig. 12 shows that the robot pan has WREMACEME

the flowing gas has levitated the wafer 110 above the surface 830,

shows that the robot pan has |owered the wafer 110 on to the r
T k68
f 4

e 830
hat

base, and that the wafer 110 is rotatirdg about the axis 330. Thé& Hot abi gn
is driven by the tangential velocity of the flow ng gas. Light 1210 and
122 Oexdinple CatBenidRA$)dhthe oasel dfgzaliiing rsthide) (dBA/s). aThe surface region

becomes depleted of As, and the material quality suffers. Copending patent application

08/631,265, assigned to the assignee of the present invention, hereby incorporated by
reference, supplies a method and apparatus for overcoming this problem.

A method of raising the emissivity of a lightly doped, relatively low temperature wafer

by locally heating the wafer with a pulse of light is disclosed in copending application

08/632,364, which is assigned to the-assignee of the present invention and hereby in-
corporated by reference.

A method, apparatus, and system for RTP of a rotating object is disclosed in copending
application 08/953,590, filed Oct. 17, 1997, by Lerch et al., which is assigned to the

assignee of the present invention and hereby incorporated by reference.

Further, attention is drawn to DE-36 08 783, which shows an apparatus for
rotating semiconductor wafers in a gas phase epitaxial growth process.
Said apparatus comprises a wafer holder for supporting the wafer and a
base comprising a plurality of gas nozzles, applying a pressurised gas to
the backside of said wafer holder for elevating said wafer holder during
processing of said wafer. Said base further comprises a nozzle, directed
on a side surface of said wafer holder, directing a pressurised onto said -
side surface for rotating said wafer holder.

- GB-2 277 748 comprises a rotatable substrate holder for a MOCVD
apparatus. The apparatus includes a rotatable susceptor, a substrate
holder disposed on the front surface of the susceptor, an inlet for supply-
ing source gases and a plurality of rotatable wafer trays disposed on the
front surface of the susceptor via the substrate holder. Each of said wafer

‘trays having a plurality of wings, to which a gas flow is applied for rotating
said trays.




bel ow. The base 310 is preferably made of quartz, so th ENDISHEEESes
through the quartz and illum nates the wafer uni forMy.a‘gE%rEEﬂrQ%?Er' S,

| a
such as sapphire, which are transparenpt to the radiation frg'r’nrsr;ta \Jr@aation
sources of the RTP system coul d equal wel | be used for th erial of
the base. Fig. 13a-b show plan and el evati on sketches of a prototype setup
whi ch has been used succgw t@m@ i n an AST SHS 3000 RTP
system Air bearings 134 4 _ 10 and inpart tangenti al
nmonmentumto the substrate 1310. The air bearings with the angled air flow
shown are sufficient to maintain rotational speed of the substrate, but the
accel epachiiing @ thiddne@fioie thesigect 1@ beprdcgs<ed id 88 REP byshh isTobitédby s not
sufficient. I'n addition, the friction is so |lowthat the substrate takes
one ni impinging sgasflalvon dithentheabjech oror a getatablssubstrate hokding thephjedtal 1 ow

is turped off while an ajr bear,n | ow i s ,mai.nt ai ned. 'I;{_le g.ubst rtgte 1310
hol di ng BeffEmeAF arothargasilow Taaylq 5 4S an air bearing to support the object or the

substrate while the object or substrate is being rotated by the gas flow. Auxiliary gas jets
may be used to accelerate and/or to decelerate the rotation of the object or the substrate
carrying the object. The gas flow may be inert, or it may contain chemicals which react
with the object to be processed, or it may be a gas which reacts or decomposes to create
a layer on an exposed surface of the object to be processed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a prior art RTP processing system.

Fig.2 shows a prior art rotating base holding a wafer 110.
Fig. 3 shows a diagram of the apparatus of the invention.
Fig. 4 shows a more ptefetred embodiment of the invention.

Fig. 5 shows a rotatable substrate.



edge 1305. Auxiliary gas lines 1320 and 1330 are optionally used to

accel erate and de- celerate the substrate by inpinging a gas

- scal | oped edge. The substrate nay accelerate to the desired BEF%@FWNE?JFEE%
stop within 3 seconds when the auxiliary Jines 1320 and 1330 ar us‘@k’ 7ot
substrate 1310 is constrained to rotate about its axis by a quartz shaft
1350 and quartz or sapphire ball bearing 1360 arrangenent (shown |ater).
Fig. 14 shovgigap expansiRevsvd sited oftd fixedibasd@hichi8 siapeld sbitbat tHedgresdurdof the
shows an el evation view of region Y of fig. 13b of the shaft 1350 attached

to the substrate 1310 flowing gas bothssupporisiand centays thewefer.360 rotating i nsi de
a race 1510

ixgd with t he..base. -Fig. 16 | ded v f
e air bearf g7 shown PV feubpsae Bind § wats Whgee fho REREe 1 REEnEH & o

gas flow exit outlinedptate about an axis by retainer members.

Fig. 8 shows a plan view of a base for supporting a rotatable wafer.

Fig. 9 shows an elevation of the base with a notch cut to allow a robot pan to
bring in and deposit a wafer.

Fig. 10 shows a robot pan carrying a wafer entering the chamber and holding the
wafer above a base. .

Fig. 11 shows that the robot pan has lbwered the wafer on to the surface of the
base. |

Fig. 12 shows that the robot pan has withdrawn, and that the flowing gas has
levitated the wafer above the surface of the base, and that the wafer is
rotating about the axis.

Fig. 13a shows a sketch of a plan view of a prototype setup an apparatus of the

invention.

Fig. 13b shows a sketch of an elevation view of a prototype setup an apparatus of
the invention. '

Fig. 14 shows an expanded view of the air bearing X of fig. 13a-b.

Fig. 15 shows an elevation view Y of the shaft and bearing arrangement of fig.
13a-b.

Fig. 16 is an expanded plan view of an air bearing of fig. 14.

Fig 17 is an elevation view of a cross section of fig. 16 taken along the line A -
A’ of fig. 16.

Fig. 18a shows an elevation view of an alternative bearing for centering the
rotating substrate.

Fig. 18b shows a plan view of an alternative bearing for centering the rotating
substrate.

Fig. 19a shows an alternative embodiment where air bearings both support the

substrate and ensure that the rotating substrate rotates about its axis.



9 Fi'gure 17 shows a cross section of the air bearlng and gas
of fig 16 taken along the line A- A of fig. HEPLACEMEﬁf%n?H

G- "u
6

Fig.19b shows an elevation view of the air bearing of fig 19a.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a prior art RTP processing system. A semiconductor wafer 110 or other
object to be processed is supported in a quartz RTP chamber 120 by quartz support pins
160 (only one shown). A guard ring 170 is used to lessen edge effects of radiation from
the edge of the wafer 110. An end plate 190 seals to the chamber 120, and a door 180
allows entry of the wafer 110 and, when closed, allows the chamber to be sealed and a
process gas 125 to be introduced into the chamber. Two banks of radiation sources 130
and 140 are shown on either side of the wafer 110. A computer 175 or other control
means as are known in the art is used to control the lamps 130 and 140, and to control
the gas flow controller 185, the door 180, and the temperature measuring system,
denoted here as a pyrometer 165. The gas flow may be an inert gas which does not react
with the wafer, or it may be a reactive gas such as oxygen or nitrogen which reacts with
the material of the semiconductor wafer to form a layer of on the semiconductor wafer, _
or the gas flow may be a gas which reacts at the heated surface of the object being
processed to form a layer on the heated surface without consuming any material from
the surface of the object. When the gas flow reacts to form a layer on the surface, the
process is called rapid thermal - chemical vapor deposition (RT-CVD). An electrical
current may be run through the atmosphere in the RTP system to produce ions which are
reactive with or at the surface, and to impart extra energy to the surface by bombarding
the surface with energetic ions.

Fig. 2 shows a prior art rotating base 210 holding a wafer 110. The rotating base 210 is
rotated by a shaft 220. In U.S. Patent 3,627,590, by W. Mammel, a gas is introduced
into the space between the wafer 110 and the rotating base 210 to hold the wafer away
from the base and reduce the heat transfeired from the wafer 110 to the base 210. The

gas flows radially outward from the shaft 220, and the gas does not rotate the wafer 110
with respect to the base 210.



" Fi g.' "18a and fig. 18b show el evation and plan views of an alternative

bearing for centering the rotating stostrate. A shaft 1350 H%psz‘gElmENTcSHEEE
“rotatable substrate 410 is surrounded by a closely fitting sleeve 1810, The

gas pressure of the gas 1820 flowing into 'taﬂe encl osure between tt{T@?\! élﬁ@t
1350 and the sl eeve 1810 ensures that the shaft 1350 rotates freely in the
sl eeve 1810. The gas 1820 flow ng out between the top of the sleeve 1810

and the substg:gt t| et s .“E'Qﬁﬁ ; o S d
19b show an al?gfsrlllggvlg\?e e%%‘gcﬂf?rﬁeﬁéﬂmre alérl ear‘?ﬁg?sb%%tljgob@eﬁsgﬁ%%g?@t he

substrat e andoahsRITP syktein iasqas fioatchanneds 3240 which canty a fiowimp@as 340 ehich S.
Fig. 19b shows an el evation of the air bearing show ng an air flow

channel 1920 impingesionche waerdilp af aapele dhaanete i‘é’g(l’g%&f&e forep opapss apdhe o t wo
sepat e 925 Gt ) PR RE PP NSRS oS0, il S 1S R
edge of the syiiRtéspbat tb therliidt afount @n axisIB0.Tie fidwing gas 340 also supports the wafer
110 above the fixed base 310 in this case. _
Fig. 4 shows a more preferred embodiment of the invention where the fixed base 310
supports a rotatable substrate 410, and the rotatable substrate 410 supports the wafer
110 with quartz pins 160. The gas flow 340 impinging on the rotatable substrate 410
causes the rotatable substrate 410 to rotate about axis 330. The flowing gas 340 also
supports the rotatable substrate 410 above the fixed base 310, in this case.
Fig. 5 shows a rotatable substrate 410, where the substrate 410 is constrained to rotate
about the axis 330 by a pin 510 fixed with respect to the base 310, the pin 510 fitting
into a detent 520 in the rotatable substrate 410.
Fig. 6 shows a sketch of a fixed base 310 which is shaped so that the pressure of the
flowing gas both supports and centers the wafer 110 when the wafer 110 is rotating
about the axis 330. Fig. 6 shows a saucer shaped depression 610 in the base 310.
Fig. 7 shows a substrate holding a wafer, the substrate constrained to rotate about an
axis 330 by retainer members 710.
Fig. 8 shows a plan view of a base 810 for supporting a rotatable wafer. The base
contains gas flow channels 820 which exit the base 810 at an angle with respect to the
surface 830 of the base 810 and perpendicular to the radius drawn from the center 840
of the base 810 to the flow channel 820. The flowing gas then imparts angular
momentum to the wafer 110 (not shown) when the wafer is supported by the flowing
gas above the surface -830 of the base 810.
Fig. 9 shows an elevation of the base 810 with a notch 910 cut to allow a robot pan
(éhown later) to bring in and deposit a wafer (shown later) on to the surface 830 of the
base 810.
Figs. 10-12 show a method of using the present invention. A robot pan 1010 carrying a
wafer 110 enters the chamber and holds the wafer 110 above the base in Fig. 10. Fig. 11



sliding nozzle 1970 is shown to allow for the expansion of the substrate.
sem con- ductor wafer may increase in diameter by mllineter

"in an RTP system A spring (not shown) may optionally be usﬁﬂfmémﬁﬁgﬁ
the sliding nozzle 1970 away fromthe substrate 410 when no gas |§'¥I'\HW

to rotate the substrate. The above identifi&d U S. patents and patent
applications, and the references cited above, are hereby include herein by

ref erence. shows that the robot pan has lowered the wafer 110 on to the surface 830 of the base
810. Fig. 12 shows that the robot pan has withdrawn, and that the flowing gas has
levitated the wafer 110 above the surface 830 of the base, and that the wafer 110 is
rotating about the axis 330. The rotation is driven by the tangential velocity of the
flowing gas. Light 1210 and 1220 is shown impinging on the wafer from above and
below. The base 310 is preferably made of quartz, so that the light passes through the
quartz and illuminates the wafer uniformly. Other materials, such as sapphire, which are
transparent to the radiation from the radiation sources of the RTP system could equally
well be used for the material of the base,
Fig. 13a-b show plan and elevation sketches of a prototype setup which has been used
successfully to rotate a wafer in an AST SHS 3000 RTP system. Air bearings 1340
support the substrate 1310 and impart tangential momentum to the substrate 1310. The
air bearings with the angled air flow shown are sufficient to maintain rotational speed of
the substrate, but the acceleration to the desired edge velocity of 100 feet per minute is
not sufficient. In addition, the friction is so low that the substrate takes one minute to
slow down in a separate experiment when the tangential flow is turned off while an air
bearing flow is maintained. The substrate 1310 holding the wafer 110 has a scalloped
edge 1305. Auxiliary gas lines 1320 and 1330 are optionally used to accelerate and de-
celerate the substrate by impinging a gas flow on to the scalloped edge. The substrate
may accelerate to the desired velocity and stop within 3 seconds when the auxiliary
lines 1320 and 1330 are used. The substrate 1310 is constrained to rotate about its axis
by a quartz shaft 1350 and quartz or sapphire ball bearing 1360 arrangement (shown
later).
Fig. 14 shows an expanded view of the air bearing X of fig. 13a.
Fig. 15 shows an elevation view of region Y of fig. 13b of the shaft 1350 attached to the
;ubstrate 1310 rotating inside quartz bearings 1360 rotating inside a race 1510 fixed
with respect to the base.

Fig. 16 is an expanded view of the air bearing shown in fig. 13a and fig. 14, with the
slot 1610 for the gas flow exit outlined.



1. An apparatus for rapid thermal processing (RTP) of an object (110) in an
RTP  system conprising a base (810, 310), the base (810, 310) having at

' | east one gas fl ow channel (820, 1340) for inpinging a gasBE AG Nfil SHEET
rotatable substrate (1310) in the RTP system the gas flow for suppokt Fil§
the substrate (1310), char- acterized ingthat the substrate (1310) has a
scal | oped edge (1305), and auxiliary gas—ki nes (1320, 1330) having brake
and accel er atg; S Y iSBhAd - | eration
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t owar ds di f f edleng the dinetAl ©A’ of figcl6.ons of the substrate, to

Fig. 18a and fig. 18b show elevation and plan views of an alternative bearing for
centgring the rotating suostrate. A shaft 1350 attached to the rotatable substrate 410 is
surrounded by a closely fitting sleeve 1810. The gas pressure of the gas 1820 flowing
into the enclosure between the shaft 1350 and the sleeve 1810 ensures that the shaft
1350 rotates freely in the sleeve 1810. The gas 1820 flowing out between the top of the
sleeve 1810 and the substrate 410 may optionally support the substrate.
Figs. 19a and 19b show an altemative embodiment where air bearings 1910 both
support the substrate and ensure that the rotating substrate rotates about its axis. Fig.
19b shows an elevation of the air bearing 1910 showing an air flow channel 1920 from
which two air flow channels 1930 and 1940 separate to two separate gas bearing

. surfaces 1950 and 1960. The bearing surface 1950 supports the substrate, while the
bearing surface 1960 bears against the edge of the substrate to center the substrate. A
sliding nozzle 1970 is shown to allow for the expansion of the substrate. A semicon-
ductor wafer may increase in diameter by millimeters when treated in an RTP system. A
spring (not shown) may optionally be used to withdraw the sliding nozzle 1970 away
from the substrate 410 when no gas is flowing to rotate the substrate.
The above identified U.S. patents and patent applications, and the references cited

above, are hereby include herein by reference.



accelerate and—decelerate the substrate (1310) by inpinging a 8§ngquMﬁNJnSHEET
the scal I oped edge (1305) and the subgprate (1310) bei ng adapt ed .t "
" support ﬁlﬂﬂﬂﬂ 'mw,m“" be procesg'gd 2. The appar gt us gfil%%&vlzm
wher ei n the E sem congipiyms waf er (110). 3. The
appar at us of oné of the revious clainms, wherein the substrate (110) is
con- straint to rotate about an axis (330) by a pressure distribution of
flow gas. 4. The apparatus of claim 3, wherein a saucer shaped depression
(610) 1nAntapparatas foX &pid thers! processing (RTREOf an ebjett (1]0) in an RTP

system, comprising a base (810, 310), the base (810, 310) having at least one gas

flow channel (820, 1340) for impinging a gas flow on a rotatable substrate (1310)

in the RTP system, the gas flow for supporting the substrate (1310), char-

acterized in that the substrate (1310).has a scalloped edge (1305), and auxihary

gas lines (1320, 1330)_having brake and acceleration nozzles, respectively, said

brake and acceleratlon nozzles pointing t towards the scalloped edge and are

accelerate and decelerate the substrate (1310) by impinging a gas flow on the
scalloped edge (1305); and the substrate (1310) being adapted to -support
the object (110) to be processed.

2. The apparatus of claim 1, wherein the object (110) is a semiconductor wafer
(110). .

3. The apparatus of one of the previous claims, wherein the substrate (110) is con-
straint to rotate about an axis (330) by a pressure distribution of flow gas.

4. The apparatus of claim 3, wherein a saucer shaped depression (610) in the base
(310) constrains the substrate (1310).

5. The apparatus of claim 3, wherein retalnér member 710 constrains the substrate
(110).

6. The apparatus of claim 1, wherein the substrate (1310) is constraint to rotate
about an axis (330) by a pin (510) and detent means (520).

7. The apparatus of claim 1, wherein the substrate (1310) is constraint to rotate
about an axis (330) by a shaft (1350) and bearing means (1360, 1830).

8. The apparatus of claim 7, wherein the bearing means (1830) is a gas pressure
bearing.

9. The apparatus of claim 1, wherein the base (310, 810) is transparent to the radia-
tion from the radiation sources (130, 140) of the RTP system.

10. The apparatus of claim 9, comprising control means (175, 185) for controlling the
radiation source (130, 140) and the gas flow.



5. The apparatus of claim 3, wherein retainer nenber 710 constraﬁﬁ%A@mENT SHEET
substrate 11 tus of claim1, wherein the substratg
©(1310) is COI(’IS'[ gﬂ“mﬂ I““ﬂ”ﬂﬂgﬁl about 1@n axis (330) by a pin (510) ahg\! um
detent neans (520%. ¢ 7.t THe &pparatus T claim1l, wherein the substrate
(1310) is constraint to rotate about an axis (330) by a shaft (1350) and
bear i ndl. Femethdd fsiGrapidBHermal ProcEssing(RATR)tof ancdbjecta(110) in eheREP rsyshe
beari ng teRR@OMpERY at focdt A6 gasTRAw ERannd) iRpingihg a gas flow on a rotatable
substrate (1310) in the RTP system for supporting the substrate (1310), charac-
terized in that said substrate is accelerated and decelerated by impinging gas
flow by auxiliary gas lines (1320, 1330) having brake and acceleration nozzies,
respectively, said brake and acceleration nozzles are pointing towards a -
scalloped edge (1305) of the substrate (1310); and are respectively directed
towards different rotation directions of the supporting the object (110).

Crmepaeer AT

13. The method of claim 11, further comprising the step of impinging a gas flow on
the substrate (1310) to stop the rotation of the substrate after the step of imping-
ing a gas flow to induce rotation.

14. The method of claim 11, wherein the substrate (1310) is constraint to rotate about
an axis (330) by a pressure distribution of flowing gas.

15. The method of claim 14, wherein a saucer shaped depression (610) in base (310)
constrains the substrate (1310).

16. The method of claim 14, wherein the substrate (1310) is constrained to rotate
about an axis (330) by fixed retainer member (710).

17. The method of claim 11, wherein a base (310, 810) is fixed with respect to the
RTP system, the base (310, 810) having gas flow channels for directing gas flows
to support and rotate the substrate (1310).

18. The method of claim 17, wherein the base allows entry of a support pan support-
ing the substrate (1310), the base (310, 810) allows deposition of the substrate
(1310) on the base (310, 810), and the base allows withdrawal of the support pan
(1010) leaving the substrate supported by the base (310, 810).

19. The method of claim 11, wherein the substrate (1310) is constrained to rotate
about an axis by a pin (510) and detent system (520).

20. The method of claim 11, wherein the substrate (1310) is constraint to rotate about
an axis (330) by a shaft (1350) and bearing means (1360, 1830).



9. The apparatus of claim1, \/\herel n the base (310, 810) is transparent to
the radi a- tion fromthe radl ation sources (130, 14013 WW st em
2 85

10. The apparatus of claim9, conprisi nguﬁont rol means h Jiog;m" "‘
controlling the radi ati on source (130, 140). and the gas flow.
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- 11. A nmethod for rapid thermal processing (RTP) of an object (110) in an
RTP sys- tem conprising at | east one gas flow channel ipe®A¥Gt

“flow on a rotatable substrate (1310) in the RTP systen1ﬁgﬂjgg f§ :
the substrate (1310), charac- terized in that said substrate i{s3 NOV 2008
accel erated and decel erated by i npi ngi ng dﬁ@ - flow by auxiliary gas lines
(1320, 1330) having brake and accel erati on. nozzl es, respectively, said
brake and accel eration nozzles are pointing towards a scal | oped edge
(1305) of the substrate (1310), and are respectively directed t owar ds
different rotation directions of t44& substrate supp®rting the object £410).
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12. .The method of claim 11, wherein the object (110) is a sem conductor
wafer. 13. The nethod of claim 11, further conprising the -t
i mpi nging a gas fl ow on the substrate (1310) to stop tth?W&MEglhﬁgﬁ
substrate after .the step of inping- ing a gas flow to induce rota

14. The met hod of claim 11, wherein the ¥6bstrate (1 31 0) is constraint to
rotate about an axis (330) by a pressure distribution of flow ng gas.

15. The nethod of claim 14, wherein a saucer shaped depression (610) in
base (310) constrains the substrate (1310).
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16. .The method of claim 14, wherein the substrate (1310) is constrained to
rotate about an axis (330) by fixed retainer menber (7REPLACEMENTTSHEET
met hod of claim-11, wherein a base (310, 81 0) is fixed with respect {i ﬁﬁ
RTP system the base (310, .810) having gas flow channels for di r eet ng gas
fl ows to support and rotate the subs}rate (1310). 18. The nmethod of
claim 17, wherein the base allows entr 6of a support pan support- I ng the
_substrate (1310), the base (310, 810) allows deposition of the substrate
(1310) on the base (310, 810), and the base allows withdrawal of the
support pan (1010) leaving the substrate supported by jdievdtase (310,
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19. .The met hod of claim 11, wherein the substrate (1310) is constrained to
rotate about an axis by a pin (510) and detent system (520) SHEET;

- method of claim11l, wherein the substraglg (1310) is constBéﬁ«ApEMS,ﬁEos 'Z.gu
about an axis (330) by a shaft (1350)“a&nd bearing neans (1360, 18%3§H.
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