
1 - 2 7 JUN 2005  DESCRIPTION SUBSTRATE TREATING DEVICE AND SUBSTRATE
TREATING METHOD, SUBSTRATE FLATTENING METHOD  5 TECHNICAL FIELD The present
invention generally relates to  fabrication of a semiconductor device,
particularly, to  hydrogen termination processing for a semiconductor 10
substrate and a hydrogen termination apparatus.  BACKGROUND OF THE INVENTION
In a semiconductor fabrication process, at the  final step, a silicon
substrate or a glass substrate 15 formed with various semiconductor devices is
heat-treated  at a temperature of 400 C in a hydrogen atmosphere, this  being
the so-called hydrogen sinter processing. Due to the  hydrogen sinter
processing, dangling bonds dominant in the  interfacial region between the
silicon substrate and an 20 oxide film, or dangling bonds in a poly-silicon
film or an  amorphous silicon film are terminated, and charges are  captured
by the dangling bonds, so change of the  characteristics of a semiconductor
device is suppressed. In the related art, by the aforesaid heat 25 treatment
in a hydrogen atmosphere, the hydrogen sinter  processing is performed by
supplying hydrogen molecules to  the interface between the silicon substrate
and the oxide  film. On the other hand, in a so-called sub-quarter micron
device, that is, a highly miniaturized semiconductor 30 device having a gate
less than 0.1 pm, instead of a  conventional thermal oxide film, it has been
studied to  make use of a nitride film or a nitride oxide film formed  



by plasma direct nitridization or plasma direct 27 JUN 2005  -z nitridization
and oxidation or plasma CVO as a gate  insulating film or various other parts.
However, in a  highly miniaturized semiconductor device utilizing such a
nitride film or a nitride oxide film, it is difficult for 5 the hydrogen
molecules to pass through the nitride film or  nitride oxide film of a high
density, hence, it is  predicted that the conventional hydrogen sinter
processing  will not work effectively. In addition, for a semiconductor
device, such as  10 a thin film transistor (TFT), in which the active region
is formed by an amorphous silicon film or a poly-silicon  film made on a glass
substrate, it has also been studied  to make use of a nitride film or a
nitride oxide film  formed by plasma direct nitridization or plasma direct 15
nitridization and oxidation or plasma CVD as a gate  insulating film, but,
also in this case, it becomes  difficult to terminate the dangling bonds in a
poly- silicon film or an amorphous silicon film, or the dangling bonds on the
interface between the poly-silicon film or  20 the amorphous silicon film with
the insulating film by  means of hydrogen sinter processing. In the related
art, when a semiconductor device  fabrication process is started, a
semiconductor substrate  such as a silicon wafer is exposed to H2 gas at a 25
temperature of 1200 C, and thereby the unevenness of the  surface is
eliminated. In detail, the H2 gas acts on the  substrate surface, and a SiH4
gas is generated, and as a  result, projecting portions on the substrate
surface are  



smoothed. However, since a temperature of 1200 C is quite  30 high a
temperature, it is difficult to perform planarization uniformly over the
entire substrate surface,  especially for a substrate of large diameter. In
practice,  in a planarization process, it turns out to be necessary - 3 - 2 7
JUN 2005  to realize a uniform temperature distribution with a  precision of
1200  1 C. In view of using the most recent  large diameter substrates, it is
desirable to lower the  temperature for planarization processing to about 800
C. 5 In substrate processing of the related art using H2  molecules, it is
difficult to perform the desired  planarization processing at such a low
temperature.  DISCLOSURE OF THE INVENTION 10 Accordingly, a general object of
the present  invention is to provide a novel and useful substrate  processing
apparatus and a method for fabricating a  semiconductor device able to solve
the above problems. A more specific object of the present invention  15 is to
provide a substrate processing apparatus for  terminating dangling bonds on
the surface of a  semiconductor substrate by using hydrogen radicals, and a
method for fabricating a semiconductor device including  dangling bond
termination processing by using the above  20 hydrogen radicals. Another
object of the present invention is to  provide a substrate processing
apparatus characterized by  comprising a processing space provided with a
holding  stand for holding a substrate to be processed, a hydrogen 25
catalyzing member arranged in said processing space to  face said substrate
and for decomposing hydrogen molecules  



into hydrogen radicals H*, and a gas feeding port arranged  in said processing
space on an opposite side of the hydrogen catalyzing member to said substrate
and for 30 feeding a processing gas including at least hydrogen gas,  wherein
an interval between said hydrogen catalyzing  member and said substrate on
said holding stand is set  less than the distance that said hydrogen radicals
H* can 2 7 JUN 2005  reach. Still another object of the present invention is
to provide a substrate processing method characterized by  comprising a step
of feeding hydrogen gas as a processing 5 gas to a processing chamber, a step
of activating said  hydrogen gas with a hydrogen catalyst and generating
hydrogen radicals H*, a step of making said hydrogen  radicals flow to a
substrate to be processed, and a step  of processing said substrate using said
hydrogen radicals  10 H*. Yet another object of the present invention is  to
provide a substrate processing method characterized by  comprising a step of
feeding hydrogen gas as a processing  gas to a processing chamber, a step of
activating said 15 hydrogen gas with a hydrogen catalyst and generating
hydrogen radicals H*, a step of making said hydrogen  radicals flow to a
substrate to be processed, and a step  of planarizing said substrate using
said hydrogen radicals  H*, wherein the step of planarizing said substrate is
20 carried out at a temperature not higher than 800 C.  BRIEF DESCRIPTION OF
THE DRAWINGS Fig. 1 is a view showing a configuration of a  substrate
processing apparatus according to a first 



25 embodiment of the present invention; Figs. 2A and 2B are views showing a
configuration of a catalytic filter used in the substrate  processing
apparatus in Fig. 1; Fig. 3 is a view showing a result of a relation  30
between the hydrogen radical generation efficiency and the  catalyst
temperature obtained by water generation in the  substrate processing
apparatus in Fig. 1; Fig. 4 is a view showing a concentration 2 7 JUN 2005  -5
distribution of hydrogen radicals in a region just below a  catalytic filter
in terms of flux in the substrate  processing apparatus in Fig. 1; Fig. 5 is a
view showing a relation of required  5 structure parameters, hydrogen
concentration in the  processing gas, and processing time for obtaining a
sufficient amount of hydrogen radicals for substrate  processing in the
substrate processing apparatus in Fig.  1; 10 Fig. 6 is a view showing
distributions of  elements in a catalytic metal film before being used in a
catalytic reaction; Fig. 7 is a view showing distributions of  elements in a
catalytic metal film after being used in a  15 catalytic reaction; Fig. 8 is
another view showing distributions of  elements in a catalytic metal film
after being used in a  catalytic reaction; Fig. 9 is yet another view showing
distributions  20 of elements in a catalytic metal film after being used in  



a catalytic reaction; Figs. 1OA and lOB are views showing a  configuration of
a catalyzing member according to a second  embodiment of the present
invention; 25 Fig. 11 is a view showing a configuration of a  catalyzing
member according to a modification to the  second embodiment of the present
invention; Fig. 12 is a view showing a configuration of a  substrate
processing apparatus according to a third 30 embodiment of the present
invention; Fig. 13 is a view showing a configuration of a  substrate
processing apparatus according to a fifth  embodiment of the present
invention; and 6 2 7 JUN 2085  -  Fig. 14 is a view showing a surface of a
glass  substrate processed by the substrate processing apparatus  in Fig_ 2. 5
BEST MODE FOR CARRYING OUT THE INVENTION  [Principle] Using hydrogen radicals
H* (hydrogen atoms), the  present invention terminates the dangling bonds
generated  10 in an insulating film, such as a nitride film or a nitride
oxide film, covering a silicon substrate or a glass substrate, and especially
on the interface between the  insulating film and the substrate, or in a
poly-silicon  film or an amorphous silicon film. Hydrogen radicals H* 15 are
able to pass through the nitride film or the nitride  oxide film. Hydrogen
radicals H* can be easily generated,  for example, by exciting hydrogen
molecules in He plasma,  



but because the collision cross section of He is small in 20 the He plasma,
the electron temperature is very high, and  for this reason, there arises a
problem that both a  silicon substrate and the sidewall of a processing
chamber  of a substrate processing apparatus for performing  hydrogen
termination are sputtered and damaged. 25 In order to avoid the above problem,
in the  present invention, the hydrogen radicals H* are generated  by a
reaction using the catalytic effect of metals: H2 -> H* + H* In this case,
since the lifetime of the 30 generated hydrogen radicals H* is short, the
catalyst  inducing the above reaction is placed near the substrate,  in other
word, at a distance within the recombination  lifetime of the generated
hydrogen radicals H*. As the 7 2 7 JUN 20D5  catalyst, use is made of metals
having large electron  affinity, hence enabling decomposition of hydrogen
molecules into hydrogen radicals H* by the above catalytic  effect. On the
other hand, it is preferable that an oxide  5 film not be formed in metals
used as catalysts, accordingly as the relevant metals, Ni, Pt, Pd, Ir, Au are
preferably used. Further, in order to increase the  distance that the hydrogen
radicals B* can reach so as to  improve freedom of design of the substrate
processing 10 apparatus, it is preferable that the hydrogen gas supplied  to
the processing chamber be diluted by inactive gases.  Diluting the hydrogen
gas reduces the possibility for the  generated hydrogen radicals H* to
recombine with each  other and return to hydrogen molecules. 15 In addition,
by using hydrogen radicals H*  



generated in this way for planarization of the surface of  a silicon substrate
or other semiconductor substrates, the  temperature of the substrate
planarization processing can  be lowered from 1200 C in the related art up to
not 20 higher than 800 C. By providing a diffusion barrier formed from TiN,
TaN, WN or other nitrides between a metal catalyzing layer  comprised of
catalytic metals exhibiting catalysis, and a  carrier holding the metal
catalyzing layer, it is possible  25 to suppress diffusion of the above
catalytic metal elements from the above metal catalyzing layer to the
carrier, and diffusion of metal elements from the carrier  to the above metal
catalyzing layer, even if the catalytic  reaction is performed in an
atmosphere including oxygen in 30 addition to hydrogen, and thus it is
possible to realize  stable catalytic reactions. But such a diffusion barrier
film can be omitted when the catalytic reactions are  performed in an
atmosphere not including oxygen. 2 7 !UN 2005  [First Embodiment] FIG. 1 shows
a configuration of a substrate  processing apparatus 10 for carrying out
hydrogen sinter  5 processing according to the first embodiment of the
present invention. Referring to FIG. 1, the substrate processing  apparatus 10
is equipped with a processing chamber 11  exhausted at exhaust ports 11A by a
pump 11P, and a 10 substrate 13 to be processed is held on a stage 12 in the
processing chamber 11. The exhaust ports 11A and the stage  12 are provided on
the bottom of the processing chamber 11.  On the top of the processing chamber
11, a transparent  



optical window 11W is provided, and lamp heating devices 15 14 are provided
adjacent to the optical window 11W. In  addition, a heating device 12A for
heating the substrate  to be processed is provided in the stage 12. A gas line
11L extended from an external gas  source is connected at the upper part of
the sidewall of  20 the processing chamber 11. The gas line 11L is equipped
with a feed port 11B for feeding as a processing gas the  supplied hydrogen
gas together with Ar or other carrier  gases to the processing chamber 11. The
processing gas fed  from the feed port 1113 fills a gas channel 11G formed 25
along the inner periphery of the sidewall, and then is  emitted uniformly to
the inside of the processing chamber  11 through openings llb formed on an
inner partition wall  llg that defines the gas channel 11G in the processing
chamber 11. The openings llb are uniformly formed on the 30 inner partition
wall llg, that is, the inner partition  wall llg functions as a shower plate.
The processing gas emitted through the shower  plate llg fills the space 11F
beside the optical window _ 9 _ 2 7 JUN 2005  11W in the processing chamber
11, and by driving the pump 11P, the processing gas flows to the surface of
the  substrate 13 through a hydrogen catalytic filter 15 that  serves as the
lower end of the space 11F. At this time, by 5 setting the gas pressure at the
exhaust ports 11A lower  than atmospheric pressure, a uniform gas flow to the
surface of the substrate 13 can be formed. On the hydrogen  catalytic filter
15, a temperature controlling device 15H  is provided. 10 So, by driving the
lamp heating device 14 and  



the temperature controlling device 15H, and setting the  temperature of the
filter 15 to a desired value, due to a  Pt catalyst in the filter 15, a
decomposition reaction of  the hydrogen content expressed by H2 -> H* + H*
takes 15 place in the processing gas flowing to the surface of the  substrate
13 from the space 11F, and hydrogen atoms, as  well as hydrogen radicals H*
are generated. The  temperature of the substrate 13 is set to, for example,
400 C by the heater 12A in the stage 12. 20 The hydrogen radicals H* generated
in this way  pass through the insulating film formed on the surface of  the
substrate 13, and terminate the dangling bonds  generated on the interface of
the substrate and the  insulating film, or inside the insulating film. The 25
hydrogen radicals H* can freely pass through the  insulating film, no matter
whether the insulating film is  an oxide film or a nitride film or a nitride
oxide film. In the configuration in FIG. 1, the pipe lip  connected to exhaust
ports 11A is in communication with  30 the pump 11P through a valve 11Q, and
the processing gas passing through the surface of the substrate 13 is
discharged to the outside from. the exhaust ports 11A  through the pipe llp by
the pump 11P. Further, in the -10- 27JUN2005  configuration of FIG. 1, a
cooking water channel 11C is  formed inside the sidewall of the processing
chamber 11. The temperature controlling device 15H as described above  is
provided in the filter 15. As an example, the 5 temperature controlling device
15H forms a channel of a  heat exchange medium, and maintains the filter 15 at
a  predetermined temperature. 



FIG. 2A shows a configuration of the filter 15.  Making reference to FIG. 2A,
the filter 15 10 includes a grid-like frame member 15A and a porous filter
15B held by the frame member 15A, and the temperature  controlling device 15H
is formed on the frame member 15A. The porous filter 15B is comprised of
sintered  stainless steel wires, and a Pt film is deposited on a 15 surface of
each stainless steel wire with a TiN diffusion  barrier layer in between. FIG.
2B presents a picture taken by a scanning  electron microscope showing the
structure of the porous  filter 158. 20 Referring to FIG. 2B, the porous
filter 15B is  shown to be an aggregation of a large number of stainless
steel wires, and there is room between the wires allowing  the processing gas
including the hydrogen gas and the  inactive gas to pass through 25 FIG. 3
shows results of measured generation  efficiencies of the hydrogen radicals H*
in the catalytic  filter 15 in the substrate processing apparatus 10,
obtained by feeding a mixture of oxygen gas and hydrogen  gas from the gas
feed port 11B and further measuring the 30 water content in the discharged gas
in the exhaust pipe  llp. If the generation efficiency of the hydrogen
radicals  H* in the filter 15 is low, the amount of the water  content
observed in the pipe lip decreases, in contrast, - 11 - 27 JUN 2005  if the
generation efficiency of the hydrogen radicals H* in the filter 15 is high,
the amount of the water content  observed in the pipe lip increases.
Accordingly, the  amount of the water content observed in the pipe lip can 



5 be viewed as an indicator of the generation efficiency of  the hydrogen
radicals H*. Note that in the experiment  shown in FIG. 3, the silicon
substrate 13 is not set in  the processing chamber 11. Making reference to
FIG. 3, the ordinate axis  10 represents the reaction rate of the reaction
H2+1/202->H2O,  and the abscissas axis represents the temperature of the
filter 15. In the experiment shown in FIG. 3, the oxygen  gas was fed at a
flow rate of 1000 sccm, while the flow  rate of the hydrogen gas was set to
various values 15 changing in a range from 50 scan to 1000 scan. Referring to
FIG. 3, although the flow rate of  the hydrogen gas was changed greatly, it is
found that in  all cases the reaction rate rises abruptly with the
temperature changing in a range from the room temperature 20 to 100 C
indicated by the filter 15, and it reaches 90%  at 100 C, and at 200C, a
reaction rate of 98% to 100% is  obtainable. The results shown in FIG. 3
reveal that hydrogen  radicals H* are efficiently generated by using the Pt 25
filter 15 at a filter temperature of 100 C or higher,  preferably, 200 C or
higher. Meanwhile, the hydrogen radicals H* generated in  this way return to
hydrogen gas Hz if they collide with  each other. So, if the distance H
between the filter 15 30 and the substrate 13 (FIG- 2A) is too long, the
generated  hydrogen radicals H* disappear along the way, and fail to  arrive
at the surface of the substrate 13. The distance H  that the hydrogen radicals
H* can reach, that is, the - 12 - 27 JUN 2005  range of the hydrogen radicals
H*, depends on the  



concentration of the hydrogen radicals H* in the space  between the filter 15
and the substrate 13, and it decreases if the concentration of the hydrogen
radicals H*  5 is high. Due to this, the concentration of the hydrogen
radicals H* exponentially decays with the distance from  the filter 15 towards
the substrate 13 measured from  exactly just below the filter 15. From this
fact, it is  considered that it is preferable that the hydrogen gas fed 10
into the processing chamber 11 from the feed port 11B be  diluted to a certain
degree by Ar or other inactive gases.  FIG. 4 shows a concentration
distribution of hydrogen radicals H* in a direction from just below the
filter 15 towards the surface of the substrate 13, in a  15 case that hydrogen
gas diluted by Ar gas is supplied as a processing gas to the processing
chamber 11 from the feed  port 11B. In the experiment shown in FIG. 4, the
concentration of the hydrogen gas in the processing gas  was set to 0.01%,
0.1% and 1%, respectively. In FIG. 4, 20 the ordinate axis shows the
concentration of hydrogen  radicals H* in term of flux of the hydrogen
radicals H*  per unit time and per unit area, and the abscissas axis  shows
the distance measured from the lower surface of the  filter 15 towards the
substrate 13. 25 Referring to FIG. 4, when the concentration of  the hydrogen
gas in the processing gas is 1%,  corresponding to the high concentration of
the hydrogen  gas, a very high concentration of hydrogen radicals H*  over
1x10'6 CM -2 sec' in term of radical flux is obtained 30 just below the filter
15, but due to the high possibility  of recombination according to the high
concentration of  hydrogen radicals H*, the lifetime of hydrogen radicals H*  



become extremely short, so the concentration of hydrogen -- 13 - 2 7 JUN 2005
radicals H* drops sharply with the distance. In contrast,  when the
concentration of the hydrogen gas in the supplied  processing gas is 0.01%,
the lifetime of the generated  hydrogen radicals H* is long, and a radical
flux of 1x1013 5 cmZ sec-1 is obtained even at a position 30 mm away from  the
lower surface of the filter 15. Meanwhile, the radical  flux is lower than
1x1015 cm -2 sect just below the filter  15. When the concentration of the
hydrogen gas in the  supplied processing gas is 0.1%, an intermediate radical
10 flux between the above two cases is obtained. FIG. 5 presents results of
the relation between  the permitted maximum filter-substrate distance H and
the  hydrogen concentration, associated with various processing  times,
obtained when supplying, per unit area, the silicon 15 substrate 13 in FIG. 1
with hydrogen radicals H* of an  amount greater than the area atomic density
(2.7x1015 cm-')  of silicon on the surface of a silicon crystal. Referring to
FIG. 5, it is found that when the  hydrogen concentration in the processing
gas is higher  20 than 0.1%, irrespective of the processing time, the
catalytic filter 15 has to be brought to a distance not  more than 5mm from
the substrate 13, whereas, when the  hydrogen concentration in the processing
gas is less than  0.01%, by extending the processing time, it is possible to
25 supply a sufficient amount of hydrogen radicals H* to  terminate the
dangling bonds of silicon atoms even though  the distance H between the
catalytic filter 15 and the  substrate 13 is longer. For example, it is shown
that by  setting the hydrogen concentration in the processing gas 



30 to about 0.002%, and allowing a processing time of 80  seconds, the
interval between the catalytic filter 15 and  the substrate 13 can be
increased up to 60 mm. As shown above, in the substrate processing -14- 27 JUN
2005  apparatus 10 in FIG. 1, it is possible to effectively  terminate the
dangling bonds on the interface of silicon and silicon dioxide on the
substrate 13 by supplying as a  processing gas hydrogen gas diluted with Ar or
other 5 inactive gases in the gas feed port 11B, and maintaining  the
catalytic filter 15 at a temperature higher than 100  C, preferably higher
than 200 C, and further setting the  distance H between the filter 15 and the
substrate 13 to a  most appropriate value not more than 60 mm according to 10
the hydrogen concentration in the processing gas. The  above substrate
processing can be performed while setting  the temperature of the substrate 13
lower than 400 C, as  a result, it is possible to avoid the problem of
characteristics change in a highly-miniaturized .15 semiconductor device
formed on the processed substrate 13.  On the other hand, since there arises a
danger of hydrogen  explosion when the temperature of the catalytic filter 15
is higher than 500 C, it is desirable to control the  temperature of the
catalytic filter 15 not to exceed 550  20 C. In the substrate processing
apparatus 10 in FIG.  1, since the hydrogen radicals H* are not generated by
plasma processing, there is not the problem of ion  irradiation damage of the
highly-miniaturized 25 semiconductor device on the silicon substrate or the
processing chamber 11, even if the hydrogen radicals H*  



are generated. In the above explanation, the hydrogen radicals  H* were
generated by the decomposition reaction of 30 hydrogen molecules under the
catalytic effect of Pt in the  catalytic filter 15, but the catalyst is not
limited to Pt,  use may be made of metal elements that have large electron
affinity, are able to effectively decompose hydrogen -15-- 27 JUN 2005
molecules (HZ) into hydrogen radicals H*, and can hardly be oxidized, that is,
the entropy of oxide generation is  large. Such metals include Pt, Ni, Pd, Ir,
Au, and their  alloys. Further, compounds of these metals and their 5 alloys
are also usable In addition, in the above explanation, an  example is
described of using a silicon substrate as the  substrate 13 that is to be
processed, but it is possible  to use a glass substrate, for example, a glass
substrate 10 carrying a TFT, as the substrate 13 in the apparatus in  FIG. 1.
FIG. 6 shows results of element distributions  along the depth direction in a
Pt film in a state prior to  usage as a catalyst, measured by means of
ESCAR.(Electron 15 Spectroscopy For Chemical Analysis), when the Pt film is
directly formed on the surface of a stainless steel wire  without the
aforesaid TiN diffusion barrier film in the  porous filter 15 shown in FIGs.
2A and 28 In FIG. 6, the  ordinate indicates atom concentrations of elements
in term 20 of atom percentage, the abscissa indicates the etching  time of Ar
sputtering during the ESCAR analysis. Making reference to FIG. 6, in the state
prior  to usage, except for a slight amount of oxygen atoms  



penetrating into a limited area of the film surface, the 25 Pt film consisted
of the Pt element only; and existence of  any other elements is not observed.
In contrast, FIGS. 7 through 9 show element  distributions in the Pt film,
when the Pt film was used  for 663 hours in an atmosphere of mixed hydrogen
gas and 30 oxygen gas was supplied at flow rates of 2000 sccm for the  H2 gas
and 1200 scan for the 02 gas, and with the porous  filter 15 at a temperature
of 485 C. Note that FIG. 7  shows the analyzing results for a discolored
golden outer - 16 - 2 7 JUN 2005  portion of the filter 15, FIG. 8 shows the
analyzing results for a discolored silver center portion of the  filter 15,
and FIG. 9 shows the analyzing results for a  discolored golden inner portion
of the filter 15. 5 Referring to FIGS. 7 through 9, it was found  that, as
shown by all of these analyzing results, after  the usage, oxygen is strongly
concentrated on the surface  of the Pt film, and the concentrations of Fe, Cr,
and Ni  increase, in other words, on the surface of the Pt film, 10 oxides of
Fe, Cr, and Ni are formed. Since originally  these elements did not exist in
the Pt film, it is  believed that they come from the stainless wire carrying
the Pt film- In addition, since the concentration of Pt  declines remarkably,
it appears that in accordance with 15 oxygen penetration, Pt atoms diffuse
into the stainless  steel wire. In the present embodiment, such kind of metal
element diffusion and Pt film erosion can be suppressed by  interposing a TiN
diffusion barrier film as previously 20 described between the stainless steel
wire and the Pt film.  



In contrast, it is found that such kind of metal  element diffusion is not
observed and the element  distributions shown in FIG. 6 remain unchanged even
after  filter 15 has been used, when using the porous filter 15 25 in an
atmosphere of 100% hydrogen but no oxygen. In other  words, it is possible to
use a porous filter 15 with the  Pt film formed on the stainless steel wire as
an effective  hydrogen catalytic filter in an atmosphere of 100%  hydrogen. Of
course, it is also possible to use a porous 30 filter configured to have a TiN
diffusion barrier layer as  a hydrogen catalytic filter in an atmosphere of
100%  hydrogen but no oxygen. As such a diffusion barrier layer, besides TiN,
- 17 2 7 JUN 2005  various nitrides, for example TaN, or WN can be used.
[Second Embodiment] FIGs. 10A and 10B show a configuration of a 5 catalyzing
member 25 according to the second embodiment of  the present invention, which
is used in the substrate  processing apparatus 10 in FIG. 1 as a substitute
for the  catalytic filter 15. In FIGs. 10A and 10B, the same  reference
numerals are assigned to the same parts that 10 have already been described,
and explanations thereof are  omitted. Making reference to FIG. 10A, the
catalyzing  member 25 includes a disk-shaped supporting member 15A1  made from
metal or others, and in the supporting member 15 15A1, a large number of
penetration holes 15B1 are formed.  As shown in detail in FIG. 10B, a
catalytic film  15b comprised of Pt or others is coated on the inner  surface
of a penetration hole 15B1, furthermore, a plug  



15C is inserted into the penetration hole 15B1. As shown 20 in FIG. 108, the
plug 15C is partially cut on its side  surfaces, so gas flowing channels 15D
are formed between  the plug 15C and the penetration hole 15B1. Furthermore, a
catalytic film 15c comprised of Pt or others is also  coated an a portion of
the side surfaces of the plug 15C  25 forming the channel 15D. As shown in
FIG. 10A, at the lower end of the  plug 15C, that is, at the end facing the
silicon substrate  13 on the holding stand 12, there is provided a diffusion
portion having an enlarged diameter, accordingly, at the 30 lower end of the
penetration hole 1581, there is formed a  taper portion to accommodate the
diffusion portion. In the catalyzing member 25 of the above  configuration,
the hydrogen gas fed from the shower 18 - 2 7 JUN 2 0 0 5  openings llb in
FIG. 1 is supplied through the gas channel  15D in the penetration hole 15B1
to the surface of the  substrate 13, and in this period, the hydrogen gas is
decomposed into hydrogen radicals H* due to the catalytic 5 effect of the Pt
films 15b and 15c. The hydrogen radicals  H* generated in this way arrive at
the surface of the  substrate 13, and terminate the dangling bonds in the
interface of silicon dioxide and silicon on the surface of  the substrate 13.
10 in this embodiment, it is also preferable that  the hydrogen gas be
supplied as a processing gas after  being diluted in inactive gases, and the
interval between  the catalyzing member 25 and the substrate 13 be set to  not
longer than 60 mm. 15 As the catalyzing films 15b and 15c, use can be  



made of the previously described Pt, Ni, Pd, Ir, Au, and  their alloys, or
compounds of these metals and their  alloys. FIG. 11 shows a configuration of
a catalyzing  20 member according to a modification to the catalyzing  member
25 in FIGs. 10A and 10B. Referring to FIG. 11, the catalyzing member 35  has a
stacked structure of the catalyzing members 35A  through 35C each of which is
a catalyzing member as shown 25 in FIGs. 10A and 108. The hydrogen gas passes
through the  catalyzing members 35A to 35C in order, and arrives at the
surface of the substrate 13. In each of the catalyzing  members 35A to 35C, a
large number of the same penetration  holes as described above are formed, and
the hydrogen gas 30 is decomposed into hydrogen radicals H* due to the
catalyzing film when the hydrogen gas passes through the  channels in the
penetration holes. 19 _ 2 7 JUN 2005  [Third Embodiment] FIG- 12 shows a
configuration of a substrate  processing apparatus 20 according to the third
embodiment  of the present invention. 5 Referring to FIG. 12, in the substrate
processing apparatus 20, the feed port 1113 connected with  the gas line 11L
is formed at the top of the processing  chamber 11, and a shower head 21 is
formed in the  processing chamber 11 corresponding to the feed port 1113. 10
So, the processing gas fed to the processing chamber 11  from the gas line 11L
through the gas feed port 11B passes  through the catalytic filter 15 and
flows to the surface  of the substrate 13, and the hydrogen radicals H*  



generated in the catalytic filter 15 terminate the 15 dangling bonds on the
surface of the substrate 13. Note that in the present embodiment, the lamp 14
used for heating the filter in the apparatus in FIG. 1 is  removed. Inside the
holding stand 12, a heater 12A is  provided to heat the substrate 13. 20
[Fourth Embodiment] The substrate processing apparatus in FIG. 1 or  in FIG.
12 can be used not only for dangling bond  termination on the surface of a
semiconductor substrate on 25 which a semiconductor device has already been
formed, but  also for planarizing a semiconductor substrate at a higher
temperature. As shown before, planarization of a  semiconductor substrate is
performed prior to a  fabrication progress of a semiconductor device, and in
the 30 related art, projecting portions on the substrate surface  are
planarized by hydrogen gas processing at a temperature  of 1200 C. At that
time, a temperature precision of  1 C  is required, so the cost for
planarization of a substrate - 20 - 2 7 JUN 2005  of large diameter is very
high. To solve this problem, according to the fourth  embodiment of the
present invention, the substrate  processing apparatus 10 or 20 in FIG. 1 or
in FIG. 12, 5 respectively, are used, the temperature of the substrate  13 is
set to 800 C, and a processing gas containing  hydrogen gas and inactive gases
is fed to the inside of  the processing chamber 11 from the gas line 11. The
hydrogen gas content in the processing gas  10 fed in this way is converted
into hydrogen radicals H*  



when passing through the catalytic filter 15, acts on the  surface of the
substrate 13, and the projecting portions  on the substrate surface are
planarized while emitting  SiH4 gas as the reaction product. In this case,
because it 15 is not the hydrogen molecules H2 but the hydrogen radicals  H*
that are used as the reactants, the planarizing  reaction proceeds efficiently
even at a temperature as low  as 800 C. 20 [Fifth Embodiment] FIG. 13 shows a
configuration of a substrate  processing apparatus 40 according to the fifth
embodiment  of the present invention. 25 Referring to FIG. 13, the substrate
processing  apparatus 40 is equipped with a substrate conveying path  41 that
extends to the atmosphere and is driven by a  driving device 41A. A glass
substrate 42 formed with a TFT  or others is conveyed as a substrate to be
processed on 30 the substrate conveying path 41 along the direction of the
arrow. In the state in FIG. 13, the glass substrate 42 is  located in a
processing space occupied by Ar or nitrogen  or other inactive gases in the
atmospheric environment, 1 7 JUN 2005  -zl and the inactive gases fill up in
processing space. Note  that in the processing space, atmospheric content
(air) is  eliminated. In the processing space, a processing head 44 is  5
provided, to which a processing gas containing hydrogen  gas and Ar gas is
supplied via a gas line 43 from an  external gas source. In the processing
head 44, the  processing gas stays for a while in the processing gas  



space 44B whose upper end and lower end are served by the 10 silica window 44A
and the hydrogen catalytic filter 44C,  respectively. Further, in the
processing head 44, a pair  of exhaust ports 44D are formed outside the
processing gas  space 44S. The hydrogen catalytic filter 44C may have any  of
configurations as shown above in FIGs. 2A and 2B, or 15 FIGs. l0A and 10B, or
even FIG- 11. In the configuration in FIG. 13, by exhausting  through the
exhaust port 44D, in the processing head 44, a  gas flow of the processing gas
is formed to flow from the  processing gas space 44B to the exhaust ports 44D
along 20 the surface of the substrate 42 through the catalytic  filter 44C.
When the processing gas passes through the  hydrogen catalytic filter 44C, the
hydrogen molecules are  decomposed into hydrogen radicals H*, and the
generated  hydrogen radicals H* are conveyed to the surface of the 25
substrate 42 along the flow of the processing gas, and are  discharged at the
exhaust ports 44D. Therefore, by heating the substrate 42 with the  lamp 45
arranged outside the silica window 44A, the  surface of the substrate 42 can
be treated by the hydrogen  30 radicals H*. FIG. 14 shows an enlarged view of
the surface of  the substrate 42. Making reference to FIG. 14, on the surface
of - 22 - 2 7 JUN 2005  the glass substrate 42, for each TFT, there are formed
active region patterns 42A from poly-silicon or amorphous  silicon. The
surface of an active region pattern 42A is  covered by a gate insulating film
42B comprised of a 5 nitride film or a nitride oxide film. Further, a gate  



electrode 42C is formed on the active region pattern 42A  with the gate
insulating film 42B in between. Accordingly, with the configuration in FIG.
13,  by supplying hydrogen radicals H* to the surface of the  10 glass
substrate 42, it is possible to effectively terminate the dangling bonds
existing in the active region  pattern 42A or in the interfacial region
between the active region pattern 42A and the gate insulating film 428.  In
the configuration in FIG. 13, the glass 15 substrate 42 is moved along the
conveying path 41, thereby  the processing head 44 scans the surface of the
glass  substrate, and as a result, effective treatment is  possible even if
the area of the glass substrate is large.  Of course, the glass substrate 42
may instead be fixed, in 20 which case the processing head 44 moves together
with the  processing space. Furthermore, if necessary, it is also possible  to
rotate the glass substrate 42. While the invention has been described with  25
reference to preferred embodiments, the invention is not  limited to these
embodiments, but numerous modifications  could be made thereto without
departing from the basic  concept and scope described in the claims. 30
INDUSTRY APPLICABILITY According to the present invention, by  generating
hydrogen radicals H* from hydrogen gas using a  catalytic filter, even if a
fine insulating film such as a - 23 2 7 JUN 2005   nitride film or a nitride
oxide film is formed on the  surface of a semiconductor substrate, it is still
possible  



to effectively terminate dangling bonds on the interface  between the
substrate and the insulating film. In this 5 case, as in the present
invention, by setting the  catalytic filter in the proximity of the processed
substrate, and further by supplying hydrogen gas diluted  by inactive gases,
the lifetime of the hydrogen radicals  H*, accordingly the distance reachable
by the hydrogen 10 radicals H*, can be maximized. Further, as in the present
invention, by using the hydrogen radicals H*, it is  possible to perform
planarization of a semiconductor  substrate at a lower temperature. In the
present invention, by providing a diffusion barrier film comprised of 15
nitrides such as TiN, TaN, or WN between a metal catalytic  layer comprised of
catalytic metals exhibiting catalysis,  and a carrier for holding the metal
catalytic layer, it is  possible to suppress diffusion of the above catalytic
metal elements from the metal catalytic layer to the 20 carrier, and diffusion
of metal elements from the carrier  .to the metal catalytic layer, even if the
catalytic  reaction is carried out in an atmosphere including oxygen  in
addition to hydrogen, and thus it is possible to  realize stable catalytic
reactions.  25  30 2 7 JUN 2005  24 CLAIMS  1. A substrate processing
apparatus, comprising: a processing space provided with a holding stand for
holding a substrate to be processed; a hydrogen catalyzing member arranged in
said processing  



space to face said substrate and for decomposing hydrogen  molecules into
hydrogen radicals H*; and a gas feeding port arranged in said processing space
on  an opposite side of the hydrogen catalyzing member to said  substrate and
for feeding a processing gas including at least  hydrogen gas, wherein  an
interval between said hydrogen catalyzing member and  said substrate on said
holding stand is set less than the  distance that said hydrogen radicals H*
can reach; said hydrogen catalyzing member carrying a catalyst  comprising one
of a metal and a compound of a metal selected  from a group including Ni, Pt,
Pd, Ir, Au, and their alloys the hydrogen catalyzing member comprises a
stacked  structure of a plurality of catalytic layers, each of the  catalytic
layer being formed from a plate-shaped member, a  plurality of penetration
holes being formed in said plate- shaped member, and at least an inner surface
of each of the  penetration holes being covered with said catalyst. 27 JUN
2005  25 2. The substrate processing apparatus according to claim 1,  wherein
an exhaust port is further provided in said processing  space on an opposite
side of said substrate to said hydrogen  catalyzing member. 3. The substrate
processing apparatus according to claim 1,  wherein said hydrogen catalyzing
member comprises a carrier  for carrying said catalyst, said catalyst being
provided in  contact with the carrier. 4. A substrate processing apparatus,
comprising: a processing space provided with a holding stand for  



holding a substrate to be processed; a hydrogen catalyzing member arranged in
said processing  space to face said substrate and for decomposing hydrogen
molecules into hydrogen radicals H*; and a gas feeding port arranged in said
processing space on  an opposite side of the hydrogen catalyzing member to
said  substrate and for feeding a processing gas including at least  hydrogen
gas, wherein  an interval between said hydrogen catalyzing member and  said
substrate on said holding stand is set less than the  distance that said
hydrogen radicals H* can reach; said hydrogen catalyzing member comprises a
catalyst 27 JUN 2005  26 including one of a metal and a compound of a metal
selected  from a group comprised of Ni, Pt, Pd, Ir, Au, and their alloys,  and
a carrier for carrying said catalyst, said catalyst being  provided on the
carrier with a diffusion barrier film in  between; and the hydrogen catalyzing
member includes a filter formed  from a porous backing material, and a surface
of the porous  backing material is covered with said catalyst. S. The
substrate processing apparatus according to claim 4,  wherein said diffusion
barrier film includes nitride. 6. The substrate processing apparatus according
to claim 5,  wherein said nitride is any one selected from TiN, TaN, and WN.
7. The substrate processing apparatus according to claim 4,  wherein said
porous backing material is formed from sintered  metallic wires, and surfaces
of the metallic wires are coated  with said catalyst. 



8. A substrate processing apparatus, comprising: a processing space provided
with a holding stand for  holding a substrate to be processed; a hydrogen
catalyzing member arranged in said processing  space to face said substrate
and for decomposing hydrogen 2 7 JUN 2005  27 molecules into hydrogen radicals
H*; a gas feeding port arranged in said processing space on  an opposite side
of the hydrogen catalyzing member to said  substrate and for feeding a
processing gas including at least  hydrogen gas; and an exhaust port provided
in said processing space on an  opposite side of said substrate to said
hydrogen catalyzing  member, wherein  an interval between said hydrogen
catalyzing member and  said substrate on said holding stand is set less than
the  distance that said hydrogen radicals H* can reach; the hydrogen
catalyzing member comprises a catalyst  including one of a metal and a
compound of a metal selected  from a group comprised of Ni, Pt, Pd, Ir, Au,
and their alloys,  and a carrier for carrying said catalyst, said catalyst
being  provided on the carrier with a diffusion barrier film in  between; and
the hydrogen catalyzing member includes a plate-shaped  member and a plurality
of penetration holes formed in said  plate-shaped member, and at least an
inner surface of each  said penetration hole is covered with said catalyst. 9.
The substrate processing apparatus according to claim 8,  wherein a member is
inserted into each said penetration hole 



2 7 JUN 2005  28 for forming a gas flowing path between said inner surface and
said member, and a gas flow diffusing portion is formed at an  end of said
member. 10. The substrate processing apparatus according to claim 1,  wherein
said hydrogen catalyzing member includes a temperature  controlling means. 11.
The substrate processing apparatus according to claim 1,  wherein said
interval is set to not more than 60 mm. 12. The substrate processing apparatus
according to claim 1,  wherein said hydrogen catalyzing member is arranged to
be  substantially parallel with said substrate on said holding  stand. 13. The
substrate processing apparatus according to claim 1,  wherein said hydrogen
catalyzing member is of a size able to  cover the entire surface of said
substrate on said holding  stand. 14. The substrate processing apparatus
according to claim 1,  wherein a moving device is further provided for moving
said  hydrogen catalyzing member and said holding stand relative to  each
other. 2 7 JUN 2005  29 15. The substrate processing apparatus according to
claim 14,  wherein said moving device moves said holding stand while  keeping
said holding stand in parallel with said hydrogen  catalyzing member. 16. The
substrate processing apparatus according to claim 14,  wherein said processing
space is defined by a region filled  with an atmosphere of inactive gas. 



17. The substrate processing apparatus according to claim 1,  wherein said
processing space is formed in a chamber defined  by its sidewall. 18. The
substrate processing apparatus according to claim 1,  wherein said hydrogen
gas is fed from said gas feeding port to  said processing chamber in a state
diluted by a carrier gas.  19. The substrate processing apparatus according to
claim 1,  wherein said processing chamber includes a light transmission
window, and a lamp heat source is provided outside of said  processing chamber
corresponding to said light transmission  window. 20. The substrate processing
apparatus according to claim 1, 2 7 JUN 2005  30 wherein said holding stand
includes a heating device.  ABSTRACT  A substrate processing apparatus has a
processing space provided with a holding stand for holding  a substrate to be
processed. A hydrogen catalyzing member is arranged in the processing space to
face the substrate  and for decomposing hydrogen molecules into hydrogen
radicals H*. A gas feeding port is arranged in the  processing space on an
opposite side of the hydrogen catalyzing member to the substrate for feeding a
processing gas including at least hydrogen gas. An  interval between the
hydrogen catalyzing member and the  substrate on the holding stand is set less
than the  distance that the hydrogen radicals H* can reach. 




