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(57) ABSTRACT 

Disclosed is a plasma chemical vapor deposition apparatus 
for forming an amorphous thin film, a microcrystalline thin 
film or a polycrystalline thin film on a Surface of a target 
Substrate by utilizing a glow discharge generated by an 
electric power Supplied from a power Source, comprising a 
reaction vessel, means for Supplying a reactant gas into the 
reaction vessel, discharge means for discharge a waste gas of 
the reactant gas out of the reaction vessel, a ladder-shaped 
electrode for discharge generation arranged within the reac 
tion vessel, a power Source for Supplying a high frequency 
power of 30 MHz to 200 MHz to the ladder-shaped electrode 
for a glow discharge generation, a heater for heating and 
Supporting a target Substrate, the heater being arranged 
within the reaction vessel in parallel to the ladder-shaped 
electrode for discharge generation, and a power distributor 
for uniformly distributing a high frequency power to the 
ladder-shaped electrode for discharge generation through a 
power Supply wire. 
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PLASMACHEMICAL VAPOR DEPOSITION 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a plasma CVD 
(Chemical vapor Deposition) apparatus for preparation of a 
thin film used in various electronic devices Such as an 
amorphous Silicon Solar cell, a microcrystalline Solar cell, a 
thin film polycrystalline Solar cell, a thin film Semiconductor 
device, an optical Sensor, and a Semiconductor protective 
film. 

0002 Various plasma CVD apparatuses are used for 
preparation of an amorphous Silicon (hereinafter referred to 
as “a-Si”) thin film, a microcrystalline thin film, a polycrys 
talline thin film, or a silicon nitride (hereinafter referred to 
as “SiNx”) thin film. The conventional plasma CVD appa 
ratus can be classified typically into a type in which is used 
a ladder type electrode for discharge generation and another 
type in which are used plate electrodes arranged in parallel. 
The ladder type electrode includes, for example, a ladder 
antenna electrode and a ladder inductance electrode. 

0003 Japanese Patent Disclosure (Kokai) No. 4-236781 
discloses a plasma CVD apparatus using a ladder type 
electrode of various shapes. FIG. 10 shows a typical 
example of the plasma CVD apparatus disclosed in JP 781 
quoted above. AS shown in the drawing, a ladder type 
electrode 2 for discharge generation and a heater 3 for 
heating a Substrate are arranged in parallel within a reaction 
vessel 1. A high frequency power having a frequency of, for 
example, 13.56 MHz is supplied from a high frequency 
power Source 4 to the ladder type electrode 2 for discharge 
generation through an impedance matching device 5. AS 
shown in FIG. 11, the ladder type electrode 2 for discharge 
generation is connected at one end to the high frequency 
power Source 4 via the impedance matching device 5 and is 
also connected at the other end to a ground lead 7 and, thus, 
to the ground. Also, the reaction vessel 1 is connected to the 
ground. 
0004. The high frequency power supplied to the ladder 
type electrode 2 for discharge generation Serves to generate 
a glow discharge plasma in a free Space between the 
Substrate heater 3, which is also connected to the ground 
together with the reaction vessel 1, and the ladder type 
electrode 2 for discharge generation. After generation of the 
glow discharge plasma, the high frequency power flows 
through the discharge Space into the wall of the reaction 
vessel 1 and into the ground through the ground lead 7 
connected to the ladder type electrode 2. A coaxial cable is 
used as the ground lead 7. 
0005. A mixed gas consisting of, for example, monosi 
lane and hydrogen is Supplied from a bomb (not shown) into 
the reaction vessel 1 through a reactant gas introducing pipe 
8. The reactant gas introduced into the reaction vessel 1 is 
decomposed by a glow discharge plasma generated by the 
ladder electrode 2 for discharge generation So as to be 
deposited on a substrate 9 disposed on the heater 3 and 
heated to a predetermined temperature. On the other hand, 
the gas within the reaction vessel 1 is exhausted by a vacuum 
pump 11 through an exhaust pipe 10. 
0006. In preparing a thin film by using the apparatus 
described above, the inner Space of the reaction vessel 1 is 
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exhausted first by operating the vacuum pump 11, followed 
by introducing a mixed gas consisting of, for example, 
monosilane and hydrogen into the reaction vessel 1 through 
the reactant gas introducing pipe 8. In this step, the inner 
pressure of the reaction vessel 1 is maintained at 0.05 to 0.5 
Torr. Under this condition, a high frequency power is 
Supplied from the high frequency power Source 4 to the 
ladder type electrode 2 for discharge generation So as to 
generate a glow discharge plasma. Therefore, the reactant 
gas is decomposed by the glow discharge plasma generated 
in the free Space between the ladder type electrode 2 and the 
Substrate heater 3 So as to generate Si-containing radicals 
Such as SiH, and SiHi. These radicals are attached to a 
Surface of the Substrate 9 so as to form an a-Sithin film. 

0007 FIG. 12 shows another type of the conventional 
plasma CVD apparatus in which are used plate electrodes 
arranged in parallel. AS shown in the drawing, tile apparatus 
comprises a reaction vessel 21. A high frequency electrode 
22 and a Substrate heater 23 are arranged in parallel within 
the reaction vessel 21. A high frequency having a frequency 
of, for example, 13.56 MHz is supplied from a high fre 
quency power Source 24 to the high frequency electrode 22 
through an impedance matching device 25. The Substrate 
heater 23 is connected to the reaction vessel 21. Also, the 
reaction vessel 21 is connected to the ground. It follows that 
the Substrate heater 23 is indirectly connected to the ground 
to constitute a ground electrode, with the result that a glow 
discharge plasma is generated in the free Space between the 
high frequency electrode 22 and the Substrate heater 23. 
0008. A mixed gas consisting of, for example, monosi 
lane and hydrogen is Supplied from a bomb (not shown) into 
the reaction vessel 21 through a reactant gas introducing 
pipe 26. On the other hand, the gas within the reaction vessel 
21 is exhausted by a vacuum pump 28 through an exhaust 
pipe 27. A substrate 29 is disposed on the substrate heater 23 
So as to be heated to a predetermined temperature. 
0009 For forming a thin film by using the apparatus 
shown in FIG. 12, the inner space of the reaction vessel 21 
is exhausted first by operating the vacuum pump 28, fol 
lowed by introducing a mixed gas consisting of, for 
example, monosilane and hydrogen into the reaction vessel 
21 through the reactant gas introducing pipe 26. In this Step, 
the inner pressure of the reaction vessel 21 is maintained at 
0.05 to 0.5 Torr. If a high frequency power is supplied from 
the high frequency power Source 24 to the high frequency 
electrode 22, a glow discharge plasma is generated within 
the reaction vessel. 

0010. The monosilane gas contained in the mixed gas 
Supplied through the reactant gas introducing pipe 26 into 
the reaction vessel 21 is decomposed by the glow discharge 
plasma generated in the free Space between the high fre 
quency electrode 22 and the Substrate heater 23 So as to 
generate Si-containing radicals Such as SiH and SiH. 
These Si-containing radicals are attached to a Surface of the 
Substrate 29 So as to form an a-Sithin film. 

0011. However, any of the prior arts using a ladder type 
electrode and plate electrodes arranged in parallel gives rise 
to problems as described below. 

0012 (1) In the apparatus shown in FIG. 11, a reactant 
gas, e.g., SiH, is decomposed by an electric field generated 
in the vicinity of the ladder type electrode 2 into Si, SiH, 
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SiH, SiH, H., H., etc. So as to form an a-Si film on the 
surface of the Substrate 9. However, if the frequency of the 
high frequency power is increased from the present level of 
13.56 MHz to 30 to 150 MHz in an attempt to increase the 
rate of forming the a-Si film, the electric field in the vicinity 
of the ladder type electrode fails to be distributed uniformly, 
leading to a markedly poor uniformity in the thickness of the 
formed a-Si film. FIG. 13 is a graph showing the relation 
ship between the plasma power Source frequency and the 
film thickness distribution in respect of a Substrate having an 
area of 30 cmx30 cm. It should be noted that the size of the 
Substrate which permits ensuring a uniformity in the film 
thickness distribution, i.e., deviation of +10% from an 
average film thickness, is 5 cmx5 cm to 20 cmx20 cm. 

0013 The reason why it is difficult to increase the fre 
quency of the high frequency power Source 4 in the appa 
ratus using a ladder type electrode is as follows. Specifically, 
non-uniformity of impedance derived from the construction 
of the ladder type electrode is inherent in the apparatus 
shown in FIG. 10, with the result that a strong plasma light 
emission is localized, as shown in FIG. 14. For example, a 
Strong plasma is generated in a peripheral portion alone of 
the ladder type electrode, and is not generated in a central 
portion. The difference in the plasma density between the 
peripheral portion and the central portion of the ladder type 
electrode is rendered prominent particularly where the fre 
quency of the high frequency power Source is increased to 
60 MHz or more. 

0.014 Under the circumstances, it is very difficult and 
considered Substantially impossible to increase the film 
forming rate by increasing the frequency of the plasma 
power Source when it comes to a large Substrate required for 
improving the mass productivity and cost reduction. It 
should be noted that the film forming rate of a-Si is propor 
tional to the Square of the frequency of the plasma power 
Source. Therefore, vigorous researches are being made in 
this technical field on the technology to increase the fre 
quency of the plasma power Source. However, a Successful 
result has not yet been reported in the case of a large 
Substrate. 

0.015 (2) In the apparatus shown in FIG. 12, a reactant 
gas, e.g., SiH, is decomposed by an electric field generated 
in the free Space between the high frequency electrode 22 
and the substrate heater 23 into Si, SiH, SiH, SiH, H., H., 
etc. So as to form an a-Si film on the Surface of the Substrate 
29. However, if the frequency of the high frequency power 
is increased from the present level of 13.56 MHz to 30 to 
200 MHz in an attempt to increase the rate of forming the 
a-Si film, the electric field generated in the free Space 
between the high frequency electrode 22 and the Substrate 
heater 23 fails to be distributed uniformly, leading to a 
markedly poor uniformity in the thickness of the formed a-Si 
film. FIG. 13 is a graph showing the relationship between 
the plasma power Source frequency and the film thickneSS 
distribution in respect of a Substrate having an area of 30 
cmx30 cm. It should be noted that the size of the Substrate 
which permits ensuring a uniformity in the film thickneSS 
distribution, i.e., deviation of +10% from an average film 
thickness, is 5 cmx5 cm to 20 cmx20 cm. 

0016. The reason why it is difficult to increase the fre 
quency of the high frequency power Source 24 in the 
apparatus using plate electrodes arranged in parallel is as 
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follows. Specifically, the peripheral portion and the central 
portion of the parallel plate type electrodes differ from each 
other in the electrical characteristics, with the result that a 
Strong plasma is generated in the peripheral portions of the 
parallel electrodes 22 and 23 as shown in FIG. 15A, or a 
Strong plasma is generated in the central portion alone of the 
parallel electrodes 22 and 23 as shown in FIG. 15B. 
0017 Under the circumstances, it is very difficult and 
considered Substantially impossible to increase the film 
forming rate by increasing the frequency of the plasma 
power Source when it comes to a large Substrate required for 
improving the maSS productivity and cost reduction. It 
should be noted that the film forming rate of a-Si is propor 
tional to the Square of the frequency of the plasma power 
Source. Therefore, Vigorous researches are being made in 
this technical field on the technology to increase the fre 
quency of the plasma power Source. However, a Successful 
result has not yet been reported in the case of a large 
Substrate. 

BRIEF SUMMARY OF THE INVENTION 

0018. An object of the present invention is to provide a 
plasma chemical vapor deposition apparatus, in which is 
used a power distributor for uniformly distributing a high 
frequency power to a ladder-shaped electrode through a 
power Supply wire for vacuum, making it possible to obtain 
a film thickness distribution markedly Superior to that 
obtained in the conventional apparatus. 
0019. Another object of the present invention is to pro 
vide a plasma chemical vapor deposition apparatus, com 
prising an impedance matching device which is connected at 
one end to a high frequency power Source for Supplying a 
high frequency power of 30 MHz to 200 MHz for a glow 
discharge generation to a ladder-shaped electrode for dis 
charge generation and at the other end to the power dis 
tributor noted above so as to obtain a further improved film 
thickness distribution. 

0020 Still another object is to provide a plasma chemical 
Vapor deposition apparatus, in which an impedance match 
ing device is interposed between a high frequency power 
Source and a power distributor, at least two ladder-shaped 
electrodes are arranged on a plane parallel to a heater for 
heating a Substrate, and the high frequency power generated 
from the power Source is Supplied to the ladder-shaped 
electrodes for discharge generation through the impedance 
matching device, the power distributor and a coaxial cable 
for vacuum, thereby making it possible to use the plasma 
chemical vapor deposition apparatus for forming a uniform 
a-Sithin film having Such a large area as about 1 mx2 m, a 
uniform microcrystalline Silicon thin film having Such a 
large area as about 1 mx2 m, and a uniform polycrystalline 
Silicon thin film having Such a large area as about 1 mx2 m. 
0021 According to one embodiment of the present inven 
tion, there is provided a plasma chemical vapor deposition 
apparatus for forming an amorphous thin film, a microcrys 
talline thin film or a polycrystalline thin film on a surface of 
a target Substrate by utilizing a glow discharge generated by 
an electric power Supplied from a power Source, comprising: 

0022) 
0023 means for Supplying a reactant gas into the 
reaction vessel; 

a reaction vessel; 
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0024 discharge means for discharge a waste gas of 
the reactant gas out of the reaction vessel; 

0025 a ladder-shaped electrode for discharge gen 
eration arranged within the reaction vessel; 

0026 a power Source for Supplying a high frequency 
power of 30 MHz to 200 MHz to the ladder-shaped 
electrode for a glow discharge generation; 

0027 a heater for heating and Supporting a target 
Substrate, the heater being arranged within the reac 
tion vessel in parallel to the ladder-shaped electrode 
for discharge generation; and 

0028 a power distributor for uniformly distributing 
a high frequency power to the ladder-shaped elec 
trode for discharge generation through an electric 
wire for vacuum. 

0029. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0030 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0.031 FIG. 1 shows the entire construction of a plasma 
CVD apparatus according to Example 1 of the present 
invention; 
0.032 FIG. 2 shows the electric wiring system for Sup 
plying a high frequency power to the ladder-shaped elec 
trode for discharge generation which is included in the 
plasma CVD apparatus shown in FIG. 1; 
0033 FIG. 3 shows the construction of the power dis 
tributor included in the plasma CVD apparatus shown in 
FIG. 1; 
0034 FIG. 4 shows the operating principle of one 
embodiment of the power distributor shown in FIG. 3; 
0.035 FIG. 5 shows the operating principle of another 
embodiment of the power distributor shown in FIG. 3; 
0.036 FIG. 6 shows the construction of a high frequency 
transformer included in the power distributor shown in FIG. 
3; 
0037 FIG. 7 shows the construction of an impedance 
matching device included in the plasma CVD apparatus 
shown in FIG. 1; 
0.038 FIG. 8 shows the entire construction of a plasma 
CVD apparatus according to Example 2 of the present 
invention; 
0039 FIG. 9, which is supplementary to FIG. 8, shows 
an electric wiring System for Supplying a high frequency 
power to two ladder-shaped electrodes; 
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0040 FIG. 10 shows the entire construction of a con 
ventional plasma CVD apparatus using a ladder inductance 
electrode, 
0041 FIG. 11 shows an electric wiring system for Sup 
plying a high frequency power to the ladder-shaped elec 
trode included in the conventional plasma CVD apparatus 
shown in FIG. 10; 
0042 FIG. 12 shows the entire construction of a con 
ventional plasma CVD apparatus using parallel plate elec 
trodes; 
0043 FIG. 13 is a graph showing the relationship 
between the frequency of the plasma power Source and the 
film thickness distribution in the conventional apparatus, 
0044 FIG. 14 shows the reason why non-uniformity of 
impedance takes place in the conventional device shown in 
FIG. 10; and 
004.5 FIGS. 15A and 15B show how a peripheral por 
tion and a central portion differ from each other in electrical 
characteristics in the conventional apparatus shown in FIG. 
12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0046 Let us describe the present invention more in 
detail. 

0047. In the present invention, it is desirable to arrange an 
impedance converter which is electrically connected at one 
end to a ladder-shaped electrode and at the other end to a 
power distributor in order to obtain a further improved film 
thickness distribution. 

0048. The power distributor used in the present invention 
comprises a high frequency transformer of 30 MHz to 200 
MHZ, a resistor and a capacitor. The high frequency power 
is distributed by the power distributor to a plurality of power 
Supply terminals of a ladder-shaped electrode. These power 
Supply terminals are formed at a peripheral portion of the 
ladder-shaped electrode and includes at least two terminals 
formed at any of the upper Side, lower Side, right Side and 
left side of the ladder-shaped electrodes. For example, two 
power Supply terminals are formed at each of the upper and 
lower Sides of the ladder-shaped electrode, totaling four 
power Supply terminals. Alternatively, four power Supply 
terminals are formed at each of the right Side and left Side of 
the ladder-shaped electrode, totaling eight power Supply 
terminals. The high frequency power for glow discharge 
generation is distributed uniformly to the ladder-shaped 
electrode via power Supply wires and the power Supply 
terminals of the ladder-shaped electrode. The high frequency 
transformer comprises an annular body made of a magnetic 
material and two electrical wires each covered with an 
insulating material. These electrical wires are wound about 
the annular body and connected at one end to a single 
terminal and branched at the other end So as to be connected 
to two terminals. 

0049. In the present invention, an impedance matching 
device is arranged intermediate between the power Source 
and the power distributor So as to be electrically connected 
to each of these power Source and power distributor. It is 
desirable to arrange at least two ladder-shaped electrodes 
within a plane parallel to the heater for heating a Substrate 
on which a thin film is to be formed. It is also desirable to 
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Supply a high frequency power generated in the power 
Source to the ladder-shaped electrode through the impedance 
matching device, the power distributor and a coaxial cable 
for vacuum. These particular constructions are effective for 
forming a uniform a-Sithin film having Such a large area as 
about 1 mx2 m, a uniform microcrystalline Silicon thin film 
having Such a large area as about 1 mx2 m, and a uniform 
polycrystalline Silicon thin film having Such a large area as 
about 1 mx2 m by using the power distributor for uniformly 
distributing a high frequency power to a plurality of power 
Supply wires. 
0050. In the present invention, it is desirable to supply a 
high frequency power having a frequency of 30 MHz to 200 
MHz, which is generated in a high frequency power Source, 
to the ladder-shaped electrode through the impedance 
matching device, the power distributor, and the impedance 
COnVerter. 

0051. The plasma chemical vapor deposition apparatus of 
the present invention comprises a single or a plurality of 
ladder-shaped electrodes for discharge generation. Also, a 
high frequency power having a frequency of 30 MHz to 200 
MHz, which is generated in a high frequency power Source, 
is Supplied to the ladder-shaped electrode through the 
impedance matching device, the power distributor, the 
impedance converter, the current Supply terminals and the 
coaxial cable for vacuum. The particular construction of the 
present invention makes it possible to obtain a film thickneSS 
distribution markedly Superior to that in the conventional 
technique. Also, a thin film can be formed on a Substrate 
having a large area, which is Several times as large as that in 
the prior art. 
0.052 The plasma chemical vapor deposition apparatus of 
the present invention can be effectively used for forming an 
amorphous silicon thin film. It should also be noted that a 
plasma CVD technology utilizing a high frequency power of 
30 MHz to 200 MHZ can be used for manufacturing a 
microcrystalline Silicon thin film and a polycrystalline sili 
con thin film. In this Sense, the present invention has a very 
high industrial value in the manufacture of a Solar cell, a thin 
film transistor, a photoSensitive drum, etc. 

(Examples) 
0.053 Let us describe some examples of the present 
invention with reference to the accompanying drawings. 
0054 Example 1 
0055 FIGS. 1 and 2 collectively show a plasma chemi 
cal vapor deposition apparatus according to a first embodi 
ment of the present invention. AS shown in the drawings, the 
apparatus of the present invention comprises a reaction 
vessel 31. Arranged within the reaction vessel 31 are a 
ladder-shaped electrode 32 for glow discharge plasma gen 
eration and a heater 34. The electrode 32 is made of SUS 
304. A Substrate 33 on which a thin film is to be formed is 
supported by the heater 34. The temperature of the substrate 
33 is controlled by the heater 34. Further, a reactant gas 
introducing pipe 37 for introducing a reactant gas into a 
region in the vicinity of the ladder-shaped electrode 32 is 
arranged within the reaction vessel 31. AS shown in the 
drawing, reactant gas discharge ports 37a of the reactant gas 
introducing pipe 37 are positioned to face the ladder-shaped 
electrode 32. 

0056. A vacuum pump 39 is connected to the reaction 
vessel 31 So as to discharge the waste gas from within the 
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reaction vessel 31 through a discharge pipe 38. An earth 
shield 40, which is also arranged within the reaction vessel 
31, Serves to Suppress the discharge generation in undesired 
portions within the reaction vessel 31. It should be noted that 
a reactant gas Such as SiH introduced through the reactant 
gas introducing pipe 37 into the reaction vessel 31 is 
converted into plasma by the glow discharge from the 
ladder-shaped electrode 32. The waste gas after the plasma 
formation and reaction products are discharged to the out 
side of the reaction vessel through the discharge pipe 38 by 
operating the vacuum pump 38. The earth shield 40 is also 
effective for assisting the waste gas discharge to the outside 
of the reaction vessel 31. Incidentally, the pressure within 
the reaction vessel 31 is monitored by a pressure gage (not 
shown) and is controlled by adjusting the discharge rate of 
the vacuum pump 39. 
0057) If a SiH plasma is generated by the ladder-shaped 
electrode 32 for discharge generation, the radicals present in 
the plasma such as SiH, SiH and SiH are diffused so as to 
be adsorbed on a Surface of the Substrate 33. As a result, an 
amorphous Silicon thin film, a microcrystalline Silicon thin 
film or a polycrystalline Silicon thin film is deposited on the 
surface of the substrate 33. Incidentally, the amorphous 
silicon thin film, the microcrystalline silicon thin film or the 
polycrystalline silicon thin film can be formed by a known 
technique by controlling appropriately the flow rate ratio of 
SiH to H2, pressure, and high frequency power for plasma 
generation. The following description covers the case an 
amorphous Silicon thin film is formed by using a SiH gas as 
a reactant. Of course, a microcrystalline Silicon thin film and 
a polycrystalline silicon thin film can also be formed by the 
plasma CVD apparatus of the present invention. 
0058. A high frequency power source 36 is connected to 
the ladder-shaped electrode 32 for discharge generation 
through power Supply wires, which are to be described 
herein later, the impedance converters 61a, 61b, 61c, 61d, 
61e, 61.f. 61g, 61 h, the power distributor 60 and the imped 
ance matching device 35. 
0059 FIG. 2 shows the electric wiring system for Sup 
plying a high frequency power to the ladder-shaped elec 
trode 32 for discharge generation. AS shown in the drawing, 
a high frequency power having a frequency of, for example, 
60 MHz is supplied from the high frequency power source 
36 to the ladder-shaped electrode 32 through the impedance 
matching device 35, the power distributor 60, the coaxial 
cables 41a, 41b, 41c, 41d, 41e, 41f 41g, 41h, the current 
introducing terminals 42a, 42b, 42c, 42d, the coaxial cables 
(power supply wires) 43a, 43b, 43c, 43d, 43e, 43f, 43g, 43g 
for vacuum, and eight power Supply terminals 44 to 51 
welded to the ladder-shaped electrode 32 for discharge 
generation. The ladder-shaped electrode 32 has an outer 
dimension of 572 mmx572 mm, and is made of SUS rods 
having a diameter of 6 mm. The distance between the centers 
of the adjacent SUS rods is 26 mm. 
0060. As shown in FIG. 3, the power distributor 60 
comprises a two-way distributing power distributor 62 for 
distributing the received high frequency power into two 
output terminals and two additional four-way distributing 
power distributors 63 and 64 connected to the output ter 
minals of the two-way power distributor 62. The four-way 
power distributor 63 serves to distribute the high frequency 
power Supplied from the two-way power distributor 62 into 
four output terminals to generate four outputs, i.e., output 1, 
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output 2, output 3 and output 4. Likewise, the four-way 
power distributor 64 serves to distribute the high frequency 
power supplied from the two-way power distributor 62 into 
four output terminals to generate four outputs, i.e., output 5, 
output 6, output 7 and output 8. It follows that the high 
frequency power supplied to the power distributor 60 is 
uniformly divided into eight output terminals. These two 
way power distributor and four-way power distributor form 
ing the power distributor 60 are formed in principle of 
electrical circuits shown in FIGS. 4 and 5, respectively. 
Further, FIG. 6 shows the concept of the high frequency 
transformer included in the two-way distributing power 
distributor noted above. 

0061 Impedance converters 61a to 61h are included in 
the plasma CVD apparatus of the present invention in order 
to achieve the impedance matching among the power dis 
tributor 60, the coaxial cables 43a to 43h, and the ladder 
shaped electrode 32 for discharge generation. AS shown in 
FIG. 7, each of these impedance converters comprises an 
annular body 65 made of ferrite and two electrical wires 
each covered with an insulating material. These insulated 
electrical wires are wound about the ferrite annular body 65 
in a manner to provide a transformer winding ratio of 2:3. 

0.062. In manufacturing an amorphous silicon thin film by 
using the plasma CVD apparatus of the construction 
described above, the vacuum pump 39 is operated in the first 
Step So as to evacuate the inner Space of the reaction 
chamber 31 to a vacuum of 2 to 3x107 Torr. Then, a reactant 
gas, e.g., a SiH gas, is Supplied through the reactant gas 
introducing pipe 37 into the reaction vessel 31 at a flow rate 
of about 500 to 800 SCCM, followed by Supplying a high 
frequency power of, for example, 60 MHz from the high 
frequency power source 36 to the ladder-shaped electrode 32 
for discharge generation through the impedance matching 
device 35, the power distributor 60, the impedance convert 
ers 61a to 61 h and the coaxial cables 43a to 43h for vacuum, 
while maintaining the inner pressure of the reaction vessel 
31 at 0.05 to 0.5 Torr. As a result, a glow discharge plasma 
of SiH is generated in the vicinity of the ladder-shaped 
electrode 32 for discharge generation. The plasma thus 
generated Serves to decompose the SiH gas So as to form an 
amorphous Silicon thin film on the Surface of the Substrate 
33. 

0.063 Incidentally, the film forming rate, which is also 
dependent on the frequency of the high frequency power 
generated from the power Source 36 and on the output of the 
power source 36, is about 0.5 to 3 nm/s. 

0.064 Table 1 shows as an example the results of a 
film-forming experiment for Example 1. 

TABLE 1. 

film thickness 
distribution 

film (deviation from 
forming average 
rate thickness) 

where the 1.2 mm.fs 8% 
impedance 
converters 
61a to 61h. 
are not used 
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TABLE 1-continued 

film thickness 
distribution 

film (deviation from 
forming average 
rate thickness) 

where the 1.2 mm.fs 5% 
impedance 
converters 
61a to 61h. 
are used 

(power source frequency 60 MHz, substrate area 40 cm x 50 cm) 

0065. In this experiment, an amorphous silicon (a-Si) thin 
film was formed on a glass plate, i.e., trade name of 
“Corning #7059' manufactured by Corning Inc., having an 
area of 40 cmx50 cm and heated to 170° C. under a high 
frequency power of 500 W having a frequency of 60 MHz, 
a SiH gas flow rate of 800 SCCM, and a pressure of 0.13 
Torr. Where the impedance converters 61a to 61h were not 
used, the film forming rate was found to be 1.2 mm/s and the 
film thickness distribution was found to be +8%. On the 
other hand, in the case of using the impedance converts 61a 
to 61 h, the film forming rate was found to be 1.2 mm/s and 
the film thickness distribution was found to be +5%, indi 
cating a marked improvement in the film thickness distri 
bution. 

0066 Incidentally, in the manufacture of an a-Si solar 
cell, a thin film transistor and a photosensitive drum, no 
problem in performance is brought about if the film thick 
ness distribution is +10%. 

0067. In Example 1 described above, it was possible to 
obtain a highly Satisfactory film thickness distribution, com 
pared with the conventional apparatus and method, under a 
high frequency power of 60 MHz. Although the frequency 
of the high frequency power used in Example 1 was 60 
MHz, the power distributor 60 and the impedance converters 
61a to 61h included in the plasma CVD apparatus of the 
present invention are fully capable of withstanding the 
application of high frequency power of 80 MHz to 200 
MHz. It follows that the plasma CVD apparatus of the 
present invention can be used Satisfactorily for forming an 
a-Sithin film under a high frequency power of 80 MHz to 
200 MHZ. 

0068. In the conventional plasma CVD apparatus, how 
ever, the film thickness distribution was markedly poor in 
the case of using a high frequency power of 30 MHz or 
more, making it impossible to put the conventional appara 
tus to a practical use for forming a thin film on a large 
substrate having an area of about 30 cmx30 cm to 50 cmx50 
C. 

0069. It should be noted that the coaxial cable for vacuum 
included in the plasma CVD apparatus of the present inven 
tion includes a plurality of core wires which are Stranded 
together in place of a single core wire. In the case of using 
Stranded core wires, the Surface area of the core wires is 
increased So as to markedly diminish the skin effect which 
causes a power loSS under a high frequency region. 
0070) Example 2 
0071 FIGS. 8 and 9 show the construction and the 
electrical wiring System of a plasma CVD apparatus accord 
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ing to a Second embodiment of the present invention. AS 
apparent from the drawings, the apparatus of the Second 
embodiment shown in FIGS. 8 and 9 is substantially equal 
to the apparatus of the first embodiment shown in FIGS. 1 
and 2, except that first and Second ladder-shaped electrodes 
32a, 32b for discharge generation are used in the Second 
embodiment. Each of these first and Second ladder-shaped 
electrodes 32a, 32b has an outer size of 572 mmx572 mm, 
and is formed of SUS 304 rods having a diameter of 6 mm. 
The distance between the centers of the adjacent SUS 304 
rods is 26 mm. In the Second embodiment, 8 coaxial cables 
43a to 43h are connected to the power supply terminals 44 
to 47 of the first ladder-shaped electrode 31a and to the 
power Supply terminals 48 to 51 of the second ladder-shaped 
electrode 32b. 

0.072 In forming an a-Sithin film by using the plasma 
CVD apparatus of the second embodiment shown in FIGS. 
8 and 9, the vacuum pump 39 is operated in the first step so 
as to evacuate the reaction vessel 31 to establish a vacuum 
of 2 to 3x107 Torr, followed by supplying a reactant gas of, 
for example, a SiH gas into the reaction vessel 31 through 
the reactant gas introducing pipe 37 at a flow rate of about 
1,000 to 1,600 SCCM. Then, a high frequency power of, for 
example, 60 MHz is supplied from the high frequency power 
Source 36 to the first and Second ladder-shaped electrodes 
32a, 32b through the impedance matching device 35, the 
power distributor 60, the impedance converters 61a to 61h 
and the coaxial cables 43a to 43h for vacuum while main 
taining the pressure within the reaction vessel 31 at about 
0.05 to 0.5 Torr. As a result, a glow discharge plasma is 
generated in the vicinity of the first and Second ladder 
shaped electrodes 32a, 32b. The plasma thus generated 
decomposes the SiH gas So as to form an a-Sithin film on 
the Surface of the Substrate 33. 

0.073 Table 2 shows as an example the results of a 
film-forming experiment for Example 1. 

TABLE 2 

film thickness 
distribution 

Film (deviation 
forming from average 
rate thickness) 

where the 1 nmfs 14% 
impedance 
converters 
61a to 61h. 
are not used 
where the 1 nmfs 10% 
impedance 
converters 
61a to 61h. 
are used 

(power source frequency 60 MHz, substrate area 40 cm x 100 cm) 

0074. In this experiment, an amorphous silicon (a-Si) thin 
film was formed on a glass plate having an area of 40 
cmx100 cm and heated to 170° C. under a high frequency 
power of 800 Whaving a frequency of 60 MHz, a SiH gas 
flow rate of 1000 SCCM, and a pressure of 0.13 Torr. Where 
the impedance converters 61a to 61h were not used, the film 
forming rate was found to be 1 nm/s and the film thickneSS 
distribution was found to be it 14%. On the other hand, in the 
case of using the impedance converts 61a to 61 h, the film 
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forming rate was found to be 1 nm/s and the film thickness 
distribution was found to be +10%, indicating a marked 
improvement in the film thickness distribution. 
0075) The film thickness distribution for Example 2 was 
inferior to that for Example 1. However, since two ladder 
shaped electrodes for discharge generation are used in 
Example 2, the substrate area on which a thin film of a-Si is 
formed in Example 2 is two times as large as that in Example 
1. This is highly valuable in industries because the plasma 
CVD apparatus for Example 2 is adapted for mass produc 
tion of a thin film. 

0076. As described previously, in the manufacture of an 
a-Si Solar cell, a thin film transistor, a photoSensitive drum, 
etc., no problem in performance is brought about, if the film 
thickness distribution is it 10% or less. 

0077. In the conventional plasma CVD apparatus, how 
ever, the film thickneSS distribution was markedly poor, i.e., 
+30% to +50%, in the case of using a high frequency power 
of 30 MHz or more, making it impossible to put the 
conventional apparatus to a practical use for forming a thin 
film on a large substrate having an area of about 30 cmx30 
cm to 50 cmx50 cm. 

0078. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

1. A plasma chemical vapor deposition apparatus for 
forming an amorphous thin film, a microcrystalline thin film 
or a polycrystalline thin film on a Surface of a target Substrate 
by utilizing a glow discharge generated by an electric power 
Supplied from a power Source, comprising: 

a reaction vessel; 

means for Supplying a reactant gas into Said reaction 
vessel; 

discharge means for discharge a waste gas of Said reactant 
gas out of Said reaction vessel; 

a ladder-shaped electrode for discharge generation 
arranged within the reaction vessel; 

a power Source for Supplying a high frequency power of 
30 MHz to 200 MHz to said ladder-shaped electrode for 
a glow discharge generation; 

a heater for heating and Supporting a target Substrate, Said 
heater being arranged within the reaction vessel in 
parallel to Said ladder-shaped electrode for discharge 
generation; and 

a power distributor for uniformly distributing a high 
frequency power to the ladder-shaped electrode for 
discharge generation through a power Supply wire. 

2. The plasma chemical vapor deposition apparatus 
according to claim 1, wherein an impedance converter is 
interposed between Said ladder-shaped electrode and Said 
power distributor Such that Said impedance converter is 
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electrically connected at one end to the ladder-shaped elec 
trode and to the power distributor at the other end. 

3. The plasma chemical vapor deposition apparatus 
according to claim 1, wherein Said power distributor com 
prises a high frequency transformer of 30 MHz to 200 MHz, 
a resistor and a capacitor. 

4. The plasma chemical vapor deposition apparatus 
according to claim 3, wherein Said high frequency trans 
former comprises an annular body made of a magnetic 
material and two electrical wires covered with an insulating 
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material and connected at one end to a single terminal and 
branched at the other end portion So as to be connected to 
two terminals. 

5. The plasma chemical vapor deposition apparatus 
according to any one of claims 1 to 4, wherein a plurality of 
ladder-shaped electrodes for discharge generation are 
arranged within a plane parallel to the heater for heating the 
Substrate. 


