
;lme3eYlYi|"b6TEJ DESCRIPTION  FILM DEPOSITION SYSTEM 5 TECHNICAL FIELD The
present invention relates to a film deposition system for depositing a thin
film on an object to be processed, such as a semiconductor wafer. 10
Generally, in a semiconductor integrated circuit fabricating method,
various processes such as a film deposition process, an oxidation diffusion
process and an etching process can be repeated to a semiconductor wafer as
an object to be processed. A conventional single-wafer film deposition
system 15 will be briefly described with reference to Figs. 7 and 8. Fig. 7
is a schematic view of the conventional single-wafer film deposition
system, and Fig. 8 is an enlarged view of a portion of Fig. 7. The film
deposition system 2 has a cylindrical processing vessel 4 having a bottom
wall provided with exhaust 2o ports 6, through which gases contained in the
processing vessel 4 can be evacuated to a vacuum state. A stage 10
including a heater 8 is placed in the processing vessel 4. A semiconductor
wafer W as an object to be processed is mounted on an upper surface, i.e.,
a support surface, of the stage 10. 25 A guide ring 12 having a cross
section resembling an inverted letter L is fitted on an upper peripheral
part of the stage 10. An upper inner circumference of the guide ring 12 is
tapered downward to form a guide surface 14. When mounting the wafer W on
the support surface by means of lifter pins ( not shown ) 30 that can
support and lift up and move down the wafer W, a positional error of the
wafer W may be prevented. As shown in Fig. 8, the guide ring 12 is disposed
in close contact with the upper surface of the stage 10 with a very high
dimensional accuracy. A showerhead 16 is provided on a ceiling part of the
35 processing vessel 4 facing the stage 10, in order to introduce one or
more necessary gases such as a depositing gas into the processing vessel 4.
A predetermined film can be deposited on   2 a surface of the wafer W by
making the depositing gas supplied through the showerhead 16 into the
processing vessel 4 react in the processing vessel 4. The guide ring 12 is
fitted on the upper peripheral part 5 of the stage 10 with a high
dimensional accuracy. However, as shown microscopically in Fig. 9, a lower
surface 12A of the guide ring 12 must be unavoidably in point contact with
the support surface 10A i.e. the upper surface of the stage 10.
Consequently, a small gap 18 of a height L1 on the order of 4 um is formed
l0 inevitably between the surfaces 10A and 12A. During a film deposition
process, as shown in Fig. 9, while a desired film 20 is deposited on the
surface of the wafer W, unnecessary films 22 and 24 may be also deposited
unavoidably on the surfaces of the stage 10 and the guide ring 12,
respectively. 15 At that time, if there is the gap 18 as described above, a
deposition rate is so high at an entrance ( inner circumferential ) region
of the gap 18 that peak portions 22A and 24A having greater thicknesses may
be generated. For example, when a desired thickness of the film 20 on the
surface of the wafer W is on the 20 order of 500 A, it is possible that
each thickness of the peak portions 22A and 24A is on the order of 1000 A.
That is, at the 



peak portions 22A and 24A, a deposition rate may be about twice that at
which the film 20 is deposited. The peak portions 22A and 24A may come off
while the film 25 deposition process to the wafer W is repeated. Thus, it
is possible that the number of particles sharply increases. Fig. 10 is a
graph showing a relationship between the number of processed wafers and the
number of particles. As shown in Fig. 10, the number of particles (not
smaller than 0.2 dam) sharply 30 increases to a number far greater than a
criterion number (for example, thirty) for quality determination after the
number of processed wafers has exceeded forty. Data represented in the
graph shown in Fig. 10 was obtained when a TiN film was deposited on wafers
W. 35 The present invention has been made to effectively solve the
aforesaid problem. Accordingly, it is an object of the present invention to
provide a film deposition system capable   3 of suppressing the emanation
of particles even if a film deposition process is repeated. DISCLOSURE OF
THE INVENTION 5 The inventors of the present invention made earnest studies
of the deposition of a film on the guide ring, and found that there is a
peak value of a film deposition rate where a partial pressure of a
depositing (source) gas is lower than a certain level. Therefore, the
emanation of particles can be suppressed 10 if the guide ring has a part of
a shape wherein the partial pressure of the depositing gas is lower and
which makes it difficult for a deposited film to come off. This invention
is a film deposition system including: a processing vessel capable of being
evacuated to make a vacuum 15 therein; a stage placed in the processing
vessel, capable of supporting an object to be processed thereon; and a
guide ring placed on or above the stage so as to surround an outer
circumference of the object to be processed mounted on the stage, capable
of guiding the object to be processed onto the stage when 2o mounting the
object to be processed onto the stage; wherein a particle generation
preventing space is formed between an inner peripheral part of a lower
surface of the guide ring and an upper surface of the stage. Thus, peak
portions (ridges) of unnecessary films are 25 formed on upper and lower
wall surfaces defining the particle generation preventing space but not in
the vicinity of an entrance (inside) edge of the guide ring. When the space
has a thickness sufficiently great as compared with the thicknesses of the
films deposited on the upper and the lower wall surfaces, the films 30
deposited on the upper and the lower wall surfaces defining the particle
generation preventing space do not touch each other, and hence it is
scarcely possible that the films come off the upper and the lower wall
surfaces. Thus, the generation (emanation) of particles can be remarkably
prevented. Even if 3 5 the deposited films come off the wall surfaces, it
can be prevented that the particles are dispersed in a processing ,space or
settle on the surface of the object to be processed, since the coming   4
off of the deposited films may happen at a location other than the vicinity
of the entrance edge of the particle generation preventing space.
Preferably, the particle generation preventing space has 



5 a height of about 0.2 mm or above. Preferably, the particle generation
preventing space is a thin annular space. More preferably, the particle
generation preventing space has a radial dimension of about 2 mm or above.
Preferably, the particle generation preventing space is 10 defined by the
flat upper surface of the stage and a step-like recessed portion formed at
the lower surface of the guide ring. Alternatively, this invention is a
film deposition system including: a processing vessel capable of being
evacuated to make a vacuum therein; a stage placed in the processing
vessel, capable 15 of supporting an object to be processed thereon; and a
clamping ring supported on or above the stage, capable of pressing and
fixing an outer peripheral part of the object to be processed mounted on
the stage; wherein a particle generation preventing space is formed between
an inner peripheral part of the lower 20 surface of the clamping ring and
the upper surface of the stage. In the case too, peak portions (ridges) of
unnecessary films are formed on upper and lower wall surfaces defining the
particle generation preventing space. when the space has a thickness
sufficiently great as compared with the thicknesses 25 of the film
deposited on the upper and the lower wall surfaces, the films deposited on
the upper and the lower wall surfaces defining the particle generation
preventing space do not touch each other, and hence it is scarcely possible
that the films come off the upper and the lower wall surfaces. Thus, the
generation 30 (emanation) of particles can be remarkably prevented. Even if
the deposited films come off the surfaces, it can be prevented that the
particles are diffused in a processing space or settle on the surface of
the object to be processed, since the coming off of the deposited films may
happen at a location other than 35 the vicinity of the entrance edge of the
particle generation preventing space. In the case too, preferably, the
particle generation   5 preventing space has a thickness of about 0.2 mm or
above. In addition, preferably, the particle generation preventing space is
a thin annular space. More preferably, the particle generation preventing
space has a radial dimension of about 2 5 mm or above. Preferably, the
particle generation preventing space is defined by the flat upper surface
of the stage and a step-like recessed portion formed at the lower surface
of the clamping ring. 10 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
schematic view of a film depositing system according to the present
invention; Fig. 2 is an enlarged sectional view of a part of the stage and
a part of the guide ring shown in Fig. 1; 15 Fig. 3 is an enlarged
sectional view of a part A in Fig. 2 in a state where films are deposited;
Fig. 4 is a graph showing a relationship between flow rates of TiCl4 gas as
a source gas and film deposition rates on the stage; Fig. 5 is a graph
showing a change of the number of particles 20 (0.2 dun or greater) when
one hundred wafers were processed by a film deposition process; 



Fig. 6 is a schematic view of a film depositing system in another
embodiment according to the present invention; Fig. 7 is a schematic view
of a conventional film deposition 25 system; Fig. 8 is an enlarged view of
a part of Fig. 7; Fig. 9 is an enlarged view of a part of the film
deposition system shown in Fig. 7; and Fig. 10 is a graph showing a
relationship between the number 30 of processed wafers and the number of
particles. BEST MODE FOR CARRYING (,BUT THE INVENTION An embodiment of a
film deposition system according to the present invention will be described
with reference to the 35 accompanying drawings. Fig. 1 is a schematic view
of a film depositing system according to the present invention, Fig. 2 is
an enlarged   6 sectional view of a part of the stage and a part of the
guide ring shown in Fig. 1, and Fig. 3 is an enlarged sectional view of a
part A in Fig. 2 in a state where films are deposited. The film deposition
system in the embodiment will be described as 5 applied to depositing a TiN
film. Referring to Figs. 1 to 3, a film deposition system 30 has a
cylindrical processing vessel 32 made of, for example, aluminum or the
like. Supports 34 are set upright on a bottom wall of the processing vessel
32 . A cylindrical stage 36 made of, for example, 10 A1N is supported on
the supports 34. A resistance-heater 38 is embedded in the stage 36. Thus,
a semiconductor wafer W as an object to be processed, which has been placed
on a support surface 36A of the stage 36 i.e. the upper surface of the
stage 36 is adapted to be heated and maintained at a predetermined 15
temperature. The stage 36 is provided with, for example, three vertical
through pin-holes 40 (only two of them are shown in Fig. 1). Lifter pins 42
having base end parts collectively connected to a support shaft 44 are
inserted in the pin-holes 40, respectively. 20 The support shaft 44 is
vertically movably extended through a hole that is formed in the bottom
wall of the processing vessel 32 and that is hermetically sealed by a
bellows 46. When the support shaft 44 is moved vertically upward (or
downward), the lifter pins 42 project upward (or disappear) from the
support 25 surface 36A of the stage 36 to lift up the wafer W. 



The ceiling part of the processing vessel 32 facing the stage 36 is
provided with a sshowerhead 46, through which one or more necessary gases
including one or more depositing (source) gases are supplied into the
processing vessel 32. The necessary 30 gases including the source gases
supplied into the showerhead 46 are adapted to be jetted into a processing
space S through jetting holes 48 formed in a lower wall (jetting surface)
of the showerhead 46 . The processing vesse1 32 is provided with a gate
valve 50, which is opened and closed when carrying a wafer W into 35 and
carrying the same out of the processing vessel 32. Exhaust ports 52 are
formed in peripheral parts of the bottom wall of the processing vessel 32.
The exhaust ports 52 are connected to    an exhaust system provided with a
vacuum pump or the like. Thus, the processing vessel 32 can be evacuated to
a predetermined pressure. A guide ring 54, which has a feature of the
present 5 invention, is put on an upper peripheral part of the stage 36.
More concretely, the guide ring 54 has a cross section of a shape
resembling an inverted letter L, is formed of a ceramic material, such as
A120" or quartz glass, and is fitted closely on the upper peripheral part
of the stage 36. The guide ring 54 has a guide 10 ring body 59, which has a
horizontal part 56 extending in parallel to the support surface 36A of the
stage 36 and a vertical part 58 in contact with the side surface of the
stage 36. An ,inner circumference of the horizontal part 56 is tapered
downward and toward a center of the stage 36 to form a tapered guide
surface 15 60. Thus, when lowering a wafer W supported on the lifter pins
42 to mount the wafer W on the support surface 36A, if there is a
positional error of the wafer W, the guide surface 60 coxrects the
positional error of the wafer W and guides the wafer W to a correct
position on the support surface 36A. 2 o An annular cut-off portion 62
having a substantially. fixed thickness (see Figs. 2 and 3) is formed at an
inner peripheral part of the lower surface of the horizontal part 56 of
the' guide ring body 59. Thus, the inner peripheral part of the horizontal
part 56 is thin; and a particle generation preventing space 64 25 having a
shape of a very thin ring with a cross section resembling an elongate
rectangle is formed between an under surface 56A of the part 56 and the
support surface 36A of the stage 36 Dimensions of those parts will be
described by way of example with reference to Fig. 3. A distance L3 between
an outer 3o edge of the wafer W mounted at the correct position and an
inside edge of the horizontal part 56 of the guide ring 54 is in a', range
of 0.5 to 1.5 mm, for example, on the order of f mm, regardless of a
dimension of the diameter of the wafer W. A thickness L4 of the horizontal
part 56 is in a range of 1. 5 to 3 mm, for example, 35 on the order of 2
mm. A height of the annular cut-off portion 62, namely, a height L5 of the
particle generation preventing space 64, is 0.2 mm or above, for example,
on the order of 0.3   8 mm. ( In Fig. 3, the particle generation preventing
space 64 is exaggerated for convenience of explanation.) A stage-radial
length L6 of the particle generation preventing space 64 is 2 mm or above,
for example, on the order of 3 mm: In the case, 5 preferably, the ratio of
the height to the length of the cross section of the particle generation
preventing space 64, i.e., L6/L5, is set to be 10 or above. The
thickness0.2 mm of L5 is substantially equal to a limit depth of machining.



The operation of film deposition system as applied to, for 10 example,
depositing a TiN (titanium nitride) film will be described. A semiconductor
wafer W is carried onto and received by the lifter pins 42, via the opened
gate valve 50. The liter pins 42 are lowered to mount the wafer W on the
support surface 36A 15 of the stage 36. If there is a positional error of
the wafer W, the tapered guide surface 60 of the guide ring 54 fitted on
the peripheral part of the stage 36 contacts with the outer periphery of
the wafer W and corrects the positional error of the wafer W. Thus, the
wafer W is placed at a correct position on the stage 20 36. After the wafer
W has been thus loaded, the wafer W is heated up to and maintained at a
predetermined process temperature. At the same time, the processing vessel
32 is evacuated to make a vacuum therein, and predetermined gases such as
the deposition 25 (source) gases are supplied into the processing vessel
32. Thus, a film is deposited on the wafer W. As the deposition gases, for
example, TiCl4 gas, NH3 gas and NZ gas may be used. In the case, a Tin film
may be deposited. The wafer W may be an 8 inch wafer. Process conditions
for forming 30 a 500 A thick TiN film on the wafer W are, for example, a
TiCl4 flow rate of about 20 sccm, an NH3 flow rate of abut 400 sccm, an NZ
flow rate of about 50 sccm, a process temperature of about 680 C, a process
pressure of about 40 Pa (0.3 Torr) and a process time of about 60 s. 35
When the above film deposition process is repeated, as shown in Fig.3,
while desired films 68 are deposited on wafers W, unnecessary films 70 and
72 .may be also deposited on the   9 surfaces of the support surface 36A
and the guide ring 54. Unnecessary films are deposited also on the upper
and the lower wall surfaces defining the particle generation preventing
space 64. The thickness of the unnecessary films 70 and 72 increases 5
gradually in proportion to the number of processed wafers W. Particularly,
peak portions 70A and 72A of the films 70 and 72 are respectively formed in
regions in the particle generation preventing space 64 where a partial
pressure of the TiCl4 gas as a source gas is low and a film deposition
rate: is high. 10 The peak portions 70A and 72A are formed at a radial
distance L8 of, for example, about 2.8 mm from the inner circumference of
the guide ring 54, i.e., at a radial distance L8 from the inner
circumference of the guide ring 54 into the depth of the particle
generation preventing space 64. Causes 15 of formation of such peak
portions 70A and 72A w~;ll be described with reference to Fig. 4 . Fig. 4
is a graph showing a relationship between the flow rates of TiCl4 gas as a
source gas and the deposition rates on the stage. Herein, process
conditions are the same as the aforesaid process conditions, except the
flow 2 0 rate of the TiCla gas . As obvious from the graph of Fig. 4 , the
film deposition rate increases gradually as the flow rate of TiCl4 gas is
increased, in an initial stage of variation of the flow rate. However,
after the film deposition rate has reached a peak P1 ( when the flow rate
of TiCl4 gas is about 10 sccm) , it decreases 25 sharply. Then, the film
deposition rate remains substantially constant on a relatively low level,
regardless of the further increase of the flow rate of TiCl4 gas. As
mentioned above, since the flow rate of TiCl4 gas is about 20 sccm in this
case, the peak P1 of film deposition rate appears in a region where the
flow 30 rate of TiCla gas is lower than about 20 sccm and the partial
pressure of TiCla gas is low. As shown in Fig. 3, the region where the
partial pressure of TiCl4 gas as a source gas is low is a region where the
partial pressure thereof decreases to a some extent by diffusing the TiCla
35 gas into the particle generation preventing space 64, that is, a portion
toward the depth of (on the outer-periphery side of) the particle
generation preventing space 64. .Thus, the peak   



10 portions 70A and 72A are formed, for example, at the radial distance L8
toward the depth of the particle generation preventing space 64. Naturally,
the distance L8 may be varied with the process conditions, the height L5 of
the particle generation 5 preventing space 64 and so on. The height L5 may
be determined taking into consideration a cleaning cycle of the film
deposition system, a film deposition rate, and so on. As described above,
according to the embodiment, the inner peripheral part of the lower surface
of the horizontal part 56 10 of the guide ring body 59 is recessed to form
the particle generation preventing space 64. The height L5 of the particle
generation preventing space 64 is set to be about 0.3 mm, which is far
greater than the thickness of the film to be deposited. Therefore, the peak
portions 70A and 72A do not touch each other 15 even if the respective peak
portions 70A and 72A of the films 70 and 72 grow large. Thus, the peak
portions 70A and 72B do not come off, and the emanation of particles can be
suppressed. For example, suppose that the thickness of the peak portions
70A and 72A of films deposited in one film deposition 20 cycle is 500 A (
0. 05 ~.~m) . Then, the thickness of the peak portions 70A and 72A after
one hundred wafers have been processed is 5 dun (=0.05 x 100), and the sum
of the respective thicknesses of the two peak portions 70A and 72A is 10
dun. Thus, the height L5 = 0.3 mm (= 300 dun) is far greater than 10 hum.
Consequently, the 25 peak portions 70A and 72A never touch each other. The
film deposition system is cleaned to remove the unnecessary films 70 and 72
including the peak portions 70A and 72A after a predetermined number of
wafers have been processed. Even if the peak portions 70A and 72H of the
films 70 and 30 72 peel off the wall surfaces, the peeled films accumulate
in the region toward the depth of the particle generation preventing space
64. Accordingly, the peeled films do not disperse as particles into the
processing space S, and the particles do not settle on the surfaces of
wafers W. 35 One hundred wafers were processed by the film deposition
process under the aforesaid process conditions. Particles state   11 in the
case will be explained with reference to Fig. 5. Fig. 5 shows changes in
the number of particles (0.2 ~m or greater) when one hundred semiconductor
wafers were processed successively by the film deposition process. Figs.
5(A) and 5(B) 5 show the numbers of particles (settled on the wafers) when
the depth L6 of the particle generation preventing space 64 was 8.8 mm and
3.0 mm, respectively. As obvious from the graphs of Figs. 5 (A) and 5 ( B )
, the numbers of particles were on the order of two or three when the depth
L6 was either 8.8 mm or 3.0 mm, which 10 are far smaller than the criterion
of quality determination being thirty and are very good as compared with
the result of Fig. 10 indicating the conventional case. In the above
embodiment, the inner peripheral part of the lower surface of the
horizontal part 56 of the guide ring body 15 59 is recessed to define the
particle generation preventing space 64. However, a particle generation
preventing pace 64 may be formed in a clamping ring for fixedly clamping a
wafer W on the stage 36. Fig. 6 is a schematic view of a film deposition
system with 20 such a manner. Elements or parts like or corresponding to
those shown in Fig. 1 are denoted by the same reference characters, and the
description thereof will be omitted. A clamping ring 72 has a clamping ring
body 74 having a shape of a flat ring. The clamping ring 72 is adapted to
move vertically together with 



25 lifter pins 42. An inner peripheral part of the lower surface of the
clamping ring body 74 is brought into contact with an outer peripheral part
of a wafer W, so as to clamp (press and fix) the wafer W on a stage 36. A
step-like recessed surface similar to that of the guide ring 54 described
in connection with Fig. 3 30 is formed by recessing an inner peripheral
part of the lower surface of the clamping ring body 74. Thus, a particle
generation preventing space 76 is formed between the recessed surface
formed in the inner peripheral part of the lower surface of the clamping
ring body 74 and the surface of the wafer mounted on the stage 35 36. The
embodiment can achieve the same effect as mentioned above with reference to
Fig. 3, that is, it can be prevented that   12 peak portions of deposited
films are peeled off . Therefore, the emanation of particles can be
suppressed. Although the invention has been described as applied to the
film deposition system for depositing a TiN film, the present 5 invention
is not limited thereto and can be applied to film deposition systems for
depositing any kinds of films. Naturally, the present invention is
applicable to film deposition systems respectively for depositing a WN film
(tungsten nitride film), an Si02 film and the like. The object to be
processed is not l0 limited to a semiconductor wafer, and may be a
substrate for an LCD or a glass substrate.    13 ' CLAIMS 1. A film
deposition system comprising:: a processing vessel capable of being
evacuated to make a vacuum therein; a stage placed in the processing
vessel, capable of supporting an object to be processed thereon; and a
guide ring placed on or above the stage so as to surround an outer
circumference of the object to be processed mounted on the stage, capable
of guiding the object to be processed onto the stage when mounting the
object to be processed ' onto the stage; wherein a particle generation
preventing pace is formed between an inner peripheral part of a lower
surface of the guide ring and an upper surface of the stage. 



2. A film deposition system according to claim 1, wherein the particle
generation preventing space ,has a height of about 0.2 mm or above. 3. A
film deposition system according to claim 1 or 2, wherein the particle
generation preventing space is a thin annular space. 4. A film deposition
system according to claim 3, wherein the particle generation preventing
space has a radial dimension of about 2 mm or above. 5. A film deposition
system according to any one of claims 1 to 4, wherein the particle
generation preventing space is defined by a flat upper surface of the stage
and a step-like recessed portion formed at the lower surface of the guide
ring: 6. A film deposition system comprising: a processing vessel capable
of being evacuated to make a vacuum therein; a stage placed in the
processing vessel, capable of supporting an object to be processed thereon;
and a clamping ring supported on or above the stage, capable of pressing
and fixing an outer peripheral part of the object to be processed mounted
on the stage; wherein a particle generation preventing space is formed   14
between an inner peripheral part of the lower surface of the clamping ring
and the upper surface of the stage. 7. A film deposition system according
to claim 6, wherein the particle generation preventing space has a
thickness of about 0.2 mm or above. 8. A film deposition system according
to claim 6 or 7, wherein the particle generation preventing space is a thin
annular space. 9. A film deposition system according to claim 8, wherein
the particle generation preventing space has a radial dimension of about 2
mm or above. 10. A film deposition system according to any one of claims 



6 to 9, wherein the particle generation preventing space is defined by a
flat upper surface of the stage and a step-like recessed portion formed at
the lower surface of the clamping ring.
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