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opposite side of the wafer than the succeptor. Generally, the reactive gases are introduced

from the sides of the wafer, if the side of the wafer away from the succeptor is irradiated by
30  the radiation sources of the RTP system. Introduction of the reactive gases from the sides
leads to non uniform densities of gas over the surface of the wafer, and non uniform films

of deposited or reacted material result from such non uniform starting conditions.
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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,

25  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 teaches
the importance of the gas flow and the use of an aperture in the door to regulate gas flow

30  and control impurities in the process chamber.



Met hods of rotating the wafer in an RTP systemare disclosed in U S.
Patents 5, 965,047 and 6,005,226 by Blersch et al. and Aschner et a2 Jii !0
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‘Aschrer et al. filed on 12/11/98. The above identified applications are
assigned to the assignee of the present invention and are hereby
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A method of producing silicon oxynitride films is disclosed in U.S. Patent 6,303,520, by

Kwong et al, filed on 12/15/98.

Methods of rotating the wafer in an RTP system are disclosed in U.S. Patents 5,965,047 and
6,005,226 by Blersch et al. and Aschner et 2l. filed on 10/29/97 and 11/24/97

respectively, and in  U.S. Patent 6,449,428 by Aschner et al. filed on 12/11/98.

The above identified applications are assigned to the assignee of the present invention and

are hereby incorporated herein by reference.



Fig. 1 shows a sketch of an RTP system Fig. 2 shows a sketch of a neans
for distributing the flow of a reactives4fluid. Fig. shows an alterpgtiye;
enbodi ment of the invention. Fig. 4 shows the nost preferable enbodi ment of
the invention. Fig. 5 shows an alternative enbodi nent of the invention.
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systens was a flat square box having one end open for introducing object
18, later chanbers are flat round plates of quartz or sapphire with side

wal I's of alum num or stainless steel or other_structural material. Openings
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wel | known in the art. Means 15A for raising and nodul ating the intensity
of radiation fromthe radiation sources 14A and 14B, neans 15B 25 for
measur i ndt 30 ojpe of thednymtian te prodypsanshowerhead fosrsupplyng ireactivel vidsisethat ur e,

means 1 e 04y j surroundi ng the wafer, nmeans 1
Srfa8F o?ﬂg&%} ﬁéet erP% Vlje?ﬁ:d zﬂrﬂ RP sPdem

SE for controll], ; V urd are shown, and are well known in the
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menas. A J1Bg oS0 k I f ' Lharmy on to
the surface g? 0% %‘ez)%?tce?re_ﬁ]tg ]{7\%&3%&% Sggﬁé’g sggﬁﬁg{%g%g%%WE%EngOS?g IS
shown scHuomdiatedd) e radistiog somrceseldbeRIP sydewhown i n riuch nore detail and in
vari ous : : : :
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L1 A dRbiegnedsHR Rt AR thelRhsitdle means 13 for distributing the flow of
a reactive fluid on to the surface of the object 18 is shown in fig. 2. A
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infrared I'ight fromthe radiation sources 14B. A reactive

In accordance with the present invention, an apparatus and a method for rapid thermal processing

of an object as set forth in claims 1 and 10, respectively, are provided.

SUMMARY OF THE INVENTION

An apparatus, a method, and a system are provided of a transparent showerhead for
supplying reactive fJvids 10 the surface of an object being heated in an RTP system.
Innovative methods of cooling and mixing fuids are described. Interdigitated chamels for
supplying sreams of Huid which exit through apertures in the channels are proposed.
Counterpropagating interdigitated strearns allow intermixing of rezctive fluids in the space
berween the showerhead and the surface of the cbject being processed. A window of the
RTP system and 2 showerhead are combined in an innovative way so that the cooling of the

window and the showerhezd may be combined to the same cooling epparatus.



gas 26 flows in tubes 22, and exits tubes 22 through apertures 28 to
iTpinge uniformy onto a surface of object 18. Tubes 20 and 22 areZZJUL 2003
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imersed in a magnetic field 60 which is generated by a magnetic field
génerating means 62 . The nagnetic field is shown in fig. 6 to be paZall &l
wi th theWQPUHSE 64 of the obj e~ct 18 where deposition i FATHRNEP? ace,
“but the nmagnetic field could be perpendicular to the 30 surface 64 or in
any other direction as well. A succeptor 64 supported by a rotatable shaft
66 is shown to indicate that the object 18 nay be rotated during
deposition. A shaft is Zz. z ~a ~ 200 shown to indicate rotation nmeans as
are presently known in the art. Methods of rotating the wafer in an RTP
syst em arig sdbtmlseipthticallgrif g, dehaiwill Ye Shoviriemush RoRlaRtfehdan dafefd0S, 226
by Blersch et _al. and Ascher et al, filed.on | 0/29/97 and 1 | [24/97
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Fig. 7 shows a transparent plate 70 attached to a plurality of coolj'cga P?If
tubes 72. Cooling fluid 76 is circulated in the cooling tubes. The Gl
wal | 70 wio oolsesg® proximty to the surface of the wafer 18p@bERjolassiohe infra
-red radiation fromthe wafer 18 w thout7reradi ating the energy back to
wafer 18. Clearly the stand al one bodies with interior channels sketched in
15 figs. 2 and 3 may al so be used for cooling purposes if they are built

W t hout apertures 28. A further interesting nodification of the channel
system of the shower head relates also to rapid cooling of the wafer. In
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necessary to build a cry stalline enronagnet|c structure graln
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be controlled. This can be done e.g. by applying an RTP-systemw th a
control |l able magnetic field, as described in connection with Fig. 6. One
suitabl e soft nmagnetic nmaterial doing this is e.g. a FeNbSIiN alloy. In this
alloy two interesting phase transitions occur at about 350C and 530C. At
350C the formation of 30 nanocrystalline Fe (in formof bcc structure -
body-centered cubic Bravais |lattice) happens, and at 530C fcc
(face-centered cubic structure) NbN is forned.
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z: Z gut zoo3 WO 00l 46840 PCT/ EPO0O/ 00379 The rate of formation of bcc Fe
and the segregation of fcc NbN depends on the tenperature according2t2oJyl 2003
Arrhenius' law. To get small grains of ferromagnetic material (in this case
- Fe), RTP offers the possibility to increfase tenperature between 350C and
530C very rapidly. At 530C segregation of NbN al ong the boundaries of the
Fe-grai ns happens, and 5 such the growh of the Fe-grains is stopped. The
rate of formation of NbN also could be controlled by tenperature due to
Arrhenius' law. It is further inportant to cool the soft magnetic materi al
very fast, preventing that too nuch segregation of NoN will occur. So with
rapi d heathawn imigdicalsi ratagen Measys ﬂWPPGIS‘FTég's]U’@M igabe art.ddethpds olgpwaing tig sof t
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down of t herodgnmeicdiehsvior dlake gasinfluenrady axpdilieiptadeiso clsansbiegl, thamiafkdrioons of
the presenj. inventi are possible.in light of the above {eachings. ,lt is
{ner of or o OPi5eh SOiFsHBTISIHS FbapRedarding R FR G BEEHR R 54 Mo SO IBAVBEAeATIT e
t he i nvenkigaificily fpvacthe caifoahifesithe Riyblzanadesonshe eirffacealfitlve wefee(orbed.

2 2J U~ 2003 é%“t\/\é clad'bm 1. An apparatus for rapid thermal processing
(RTP) of RQRISEHI%R&PIPIHseEn an RTP system conprising: first means (13, 22,
36, 40, 4Zh2e2hower hdat aeytR dsed Gordhémical vapoRaéposRionl dfiaditdndfim Bhideamiydi stri b

the 71 r o 1445A8 SUESh. DS leyet ssyalbuseiLhn I HECRIEAPET S04 AFUTOHERH HY r ar 4
li ght frogrderdé alaketheSTN 1696, fithBhundietrbdBoriieP (FiCH) @it afidinds (6N ) zeduded. ~ .
second neaps (20) 30) fqr carryin cool.i flurd (24, 44) and
Uransmi { ¢ HHEe V1S et thebhe argafrgeﬁﬁf“éﬁt@&eﬁﬁ%gmepa{arreofsf@e%ﬂﬁleﬁém he¥o, 30)
for cool i fgact boer atr8émr@agdrataee Withieath(ofiger, eBiltib@in do0lid NH,Cl. So the shower
head of the present invention is an ideal tool to keep the two gases separate in the gas
handling system. In our invention, the gases are first mixed near by the surface of the wafer
(a previous mixture is prevented), and the present invention even allows 10 adjust the ratio
of the two gases in the process chamber. So the quality of the layer and the reaction rate can
be controlled. The total reaction is 6 TiCl4 + 8 NH3 --> 6 TiN + 24 HCI + N2. Making
such a layer of TiN by applying CVD and using a shower head is described in detail in “B.
Fréschle, Die Chemische Gasphasenabscheidung von Titannitrid durch Einwirkung
thermischer Strahlung auf monokristaliine Siliciumsubstrate zur Herstellung von
Diffusionsbarrieren in der Mikroelektronik, Shaker Verlag, Aachen, 19977, which
reference is included by reference in its entirety. In the above identified reference, a non
transparent shower head was used and the wafer was heaied from the bottom side only. The
uniformity of the TiN layer (which is defined as ratio Dyin/Dmax 0f the smallest and the
largest thickness of the layer processed on a substrate) can be improved significantly by
using the rotation option. For example without rotating the substrate Froschle got a uni-
formity of 83% which is quite good for this difficult process. Using the shower head of the

invention together with rotation of the wafer results in 2 much improved uniformity in the



the first reactive fluid (26, 55) is distributed over the surface of the
object (18). 2. The apparatus of claim1l) wherein the first neans 22311”_2291]3

36, 52) Wweyoeoidegdasporting the first reactive fluid (26, S55cEHRPRGSES a body
in proximty to the surface of the objegt (18)) the body having at |east a
first channel (22) 36, 52) for transporting the first reactive fluid (26,
55), the first channel having a large plurality of apertures (28) for
distribwing the frst reactive fluid (26, 55) over the surface of the
object (18). 3. The apparatus of claim2) wherein the body conprises a

plurality of int connect ed hes 0. 52). 4. The apparatus of ¢l.aim 2,

wher ei n fﬂ@eﬂbfg’\}%%&d bgiter o2 f’&%tlg’é"é éﬁ‘@“tﬁga of the Rrosgnt igyantiop pxthe Pessikilithannel

for trangpanli side eafig! i ng fluid (24) for cooling the body. 5. The

appar at us_ of cl ai m4? wherein the body further cor]Pri ses at least a third
&

channel (%®ihave oaioiethagtherysafgesoaisovveny pweh fagterdl the appamtvsshopnia Higsyi d
(53) and 1db$ isivkat, TRdedd 6T a_sl%saw(é 2%?,‘%1%% xi)ld{'ﬁlaf }:ﬂéb@kscgge?% %v)@ﬁaﬁ ekl nQJTyl gehe

obj ect (18), whereby the first ) .and secon 3) re active ui ds
are frstsedfrsopkng. Howeyer.dhe presei inyeation spmpsisey anaddiiasallp pbedimenior -
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for di st whegeinghe ehpanels ase parsaf agdgsed Auid: transpest sirstent. Sxdeed.avbentd new f | ui ds.

7. The a  ; Whsy gl ' r (10
for cont %P %ﬁgﬁ?ﬁgﬁ%@%&?%& toﬁggw@gg%giﬁgéﬁgwgi§?§snrtégiqﬁt?ﬁgﬁprE)ce)ss
gas for poolinggasthetdvol doyvadime anddhysibe eyaling timnefod thedipapperatusawesal | of t he

cha r . The apparatus of claim 7, wherein the body is formed from
difptei?eent%?%?%e%bf quartz used to make the chanber (10). 9. The apparatus of

clai m 1) Figr showscotmaspaientplateriatiactied t6 alpbualifyof caolingdalitabes 726Cpolingd. A
met hod T qfy;8 3B eitRiT5BE n e Q66R5E e ThBoldWaP170 ihtRise pfoIYY & Y surface

of the wafer 18 absorbs the infra red radiation from the wafer 18 without reradiating the

energy back to wafer 18. Clearly the stand alone bodies with interior channels sketched in

15 figs. 2 and 3 may also be used for cooling purposes if they are built without apertures 28.

A further interesting modification of the channe] system of the shower head relates also to
rapid cooling of the wafer. In the embodiment shown in fig. 7, the channel means have no
connection to the inner space of the quartz chamber. This means that there are no apertures
or nozzles 28 as shown in Fig 2. So the channel means are fully closed and a fluid (e.g.

20  water or paraffin oil or a gas) can be circulated therein. During the heating process a first
fluid is circulated in the channel means, and this first fluid has very little absorption of the
visible and near IR radiation from the heating lamps. Such a first fluid could be for example
nitrogen or dry air. If the temperature of the wafer must be ramped down very fast, the first
fluid in the channel means is replaced by a second fluid (using suitable replacement

25 means), and the second fluid absorbs the IR energy which is emitted by the wafer and the
filaments of the lamps. Since the wafer and the filaments are emitting in a spectral range of
1 micrometer up to longer wavelengths, the second fluid should be opaque in this
wavelength range. This scheme has the advantage that almost all energy which is emitted
by the wafer is absorbed by the second fluid, and so from the quartz walls or other surfaces

30  within the reactor there is nearly no energy emitted back to the wafer. The wafer cools

almost as rapid as if it were in a free vacuum. Such a cooling is very interesting if the wafer



transporting a first reactive fluid (26, 55) into a chanber of an RTP
systemand distributing the first reactive fluid over a surface of Z2Zhi#L 2003
obj ect (Weiooudsdsg a first means (13, 22, 36, 40, 42) 52),pdPepdhisdysSt em

- having a radiati on source (14A, 148) '"fior illum nating the object (18) with
radiation) the first means transmtting visible and/or near infrared |ight
fromthe radiation sources (14B); characterized by cooling the first
reactive fluid (26, 55) with a cooling fluid (24) 44) carried by a second
means (20, 30) until the first reactive fluid (26, 55) is distributed over
the surface of the object (18), said second neans (20, 30) being capabl e of
t ransni t tRRHEP B8 RIPEEssehnries vagiagt candrtions.aad if arethericoolimpee. graviiodeof cl ai m
10, wher g & ibiahbiveShedBa8Dolsitle. 22, 36, 52) for transporting the first
reactive fluid (26, 55) conprises a body in proximty to the object (18),
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15 to change the bit-information of the storage medium. A further requirement is that the per-
meability should also be sufficiently high at high frequencies, allowing fast read and write
operations. An additional requirement is that the magnetostriction should be as low as
possible, else unavoidable mechanical stress, occurring within the recording head, will
lower the permeability.

20 To get high permeability even for the frequency range of 10 MHz it is necessary to build a
crystalline ferromagnetic structure of small grains (or nanocrystalline structure). Further,
usually it is advantageous if the orientation of the magnetic domain patterns have a
predefined direction, depending on the application of the magnetic films or structures. This
can be achieved by additionally applying a magnetic field during the process cycle of rapid

25  thermal processing of the magnetic material. So the orientation of the magnetic domain
patterns of the growing nanocrystals can be controlled. This can be done e.g. by applying
an RTP-system with a controllable magnetic field, as described in connection with Fig. 6.
One suitable soft magnetic material doing this is e.g. a FeNbSIN alloy. In this alloy two
interesting phase transitions occur at about 350C and 530C. At 350C the formation of

30  nanocrystalline Fe (in form of bee structure - body-centered cubic Bravais lattice) happens,
and at 530C fcc (face-centered cubic structure) NbN is formed.
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magnetic material very fast, preventing that too much segregation of NbN will occur.

So with rapid heating and rapid cooling, RTP offers an ideal tool for creating soft magnetic
materials for recording heads, having large permeability and extremely low

10  magnetostriction, For comparison, with a conventional furnace annealing at 585C and 2h of
processing time, the above mentioned alloy have a relative permeability in the range of
7000. With rapid thermal magnetic annealing permeabilities of 11000 are possible (e.g.
700C for 30s), and the magnetostriction value is approximately the same as in conventional
furnace annealing. So RTP allows excellent control of phase transitions in magnetic

15 structures due to fast ramp up and fast ramp down of the temperature.
Obviously, many modifications and variations of the present invention are possible in light
of the above teachings. It is therefore to be understood that, within the scope of the

appended claims, the invention may be practiced otherwise then as specifically described.
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22, 36, 52) transmitting visible and/or near infrared light from radiation sources (14B) of
the RTP system, characterized by

second means (20, 30) for carrying a cooling fluid (24, 44) and transmitting visible and/or
near infrared light, the second means (20, 30) for cooling the first reactive fluid (28, 55) until
the first reactive fluid (26, 55) is distributed over the surface of the object (18).

2. The apparatus of claim 1, wherein the first means (13, 22, 36, 52) for transporting the first
reactive fluid (26, 55) comprises a body in proximity to the surface of the object (18), the body
having at least a first channel (22, 36, 52) for transporting the first reactive fiuld (26, 55), the
first channel having a large plurality of apertures (28) for distributing the first reactive fluid (26,
55) over the surface of the object (18).

3. The apparatus of claim 2, wherein the body comprises a plurality of inter-
connected tubes (50, 52).

4. The apparatus of claim 2, wherein the body has at least a second channel (20, 30}, the
second channel for transporting a coocling fluid (24) for cooling the body.

5. The apparatus of claim 4, wherein the body further comprises at least a third channel (50),
the third channel for transporting a second reactive fluid (53) and distributing the second re-

active fluid over the surface of the object (18), whereby the first (26, 55) and second (53) re-

active fluids are first contacted in the space between the body and the -object (18).
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7. The apparatus of claim 2, wherein RTP system comprises a chamber (10) for containing

the object (18) to be processed and for containing process gas for processing the object,
and wherein the body comprises a wall of the chamber (10).

8. The apparatus of clalm 7, wherein the body is formed from different type of quartz used to
make the chamber (10).

9. The apparatus of claim 1, further comprising a magnetic filed generating means (62).
10. A method for rapld thermal processing of an object (18), comprising:

transporting a first reactive fluid (26, 55) into a chamber of an RTP system and distributing
the flrst reactive fluld over a surface of the object (18) using a first means (13, 22, 36, 40, 42,
52), the RTP system having a radiation source (14A, 14B) for illuminating the object (18) with
radiation, the flrst means transmitting visible and/or near infrared light from the radiation
sources (14B); characterized by

cooling the first reactive fluid (26, 55) with a cooling fluid (24, 44) carried by a second
means (20, 30) until the first reactive fluid (26, 55) is distributed over the surface of the
object (18), said second means (20, 30) being capable of transmitting visible and/or
near infrared light.

11, The method of claim 10, wherein the first means (13, 22, 36, 52) for transporting the first
reactive fluld (26, 55) comprises a body in proximity to the object (18), the body having at
least a first channel (22, 36, 52) for transporting the first reactive fiuid (26, 55), the first
channel having a large plurality of apertures (28) for distributing the first reactlve fluid (26,
55) uniformly over the surface of the object (18).
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13. The method of claim 11, wherein the body has at least a second channel (20, 30),
the second channel for transporting a cooling fluid (24) for cooling the body.

14. The method of claim 13, wherein the body further comprises at least a third channel (50),
the third channel for transporting a second reactive fluid (53) and distributing the second re-
active fluid (53) over the surface of the object (18), whereby the first (26, 55) and second (53)
reactive fluids are first contacted in the space between the body and the object (18).

15. The method of claim 14, wherein the first (22, 36, 52) and third (50) channels are part of
an interdigitated system of channels for distributing the first (26, 55) and the second (53) re-
active fluids.

16. The method of claim 10, further comprising generating a magnetic field (60) at a sur-
face of the object (18).



