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Aplasma processing system includes a processing vessel for 
housing therein an object to be processed. In the upper 
portion of the processing vessel, a substantially disk-shaped 
electrode plate having a facing surface facing the object is 
provided. A radio-frequency Wave supply unit supplies 
radio-frequency Waves having a ?attened Waveform Which 
forms substantially a sinusoidal Wave Whose crest and 

trough portions are substantially horizontally ?attened. The 
radio-frequency Waves supplied from the supply unit are 
propagated in diametrically opposite directions on the facing 
surface of the electrode to form standing Waves. Similar to 
the supplied radio-frequency Waves, the standing Waves also 
have a Waveform Which forms substantially a sinusoidal 
Wave Whose crest and trough portions are substantially 
horizontally ?attened. 
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PLASMA PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a plasma 
processing system Which is designed to produce plasma in a 
processing vessel by supplying radio-frequency Waves to 
electrodes. More speci?cally, the invention relates to a 
plasma processing system Wherein the waveform of radio 
frequency Waves supplied to electrodes is improved. 

[0003] 2. Description of the Related Background Art 

[0004] FIG. 5A shoWs an example of a conventional 
plasrna processing system. The plasma processing system 
shoWn in FIG. 5A has a processing vessel 1 for housing 
therein an object W to be processed (e.g., a semiconductor 
Wafer or a ?at panel display substrate). In the upper portion 
of the processing vessel 1, an electrode plate (top electrode) 
2 having a facing surface 20 facing the object W is provided. 

[0005] The plasma processing system also has a radio 
frequency poWer supply 30 for supplying radio-frequency 
Waves to the electrode plate 2. At the center of the top of the 
processing vessel 1, a feeding channel 4 having a coaxial 
structure for feeding radio-frequency Waves to the electrode 
plate 2 from the radio-frequency poWer supply 30 is pro 
vided. 

[0006] The plasma processing system also has a substan 
tially cylindrical supporting table (bottom electrode) 12 
provided on the bottom of the processing vessel 1. To the 
supporting table 12, an RF bias poWer supply 15 for apply 
ing a predetermined RF bias poWer is connected. In the 
bottom of the processing vessel 1 corresponding to the 
surrounding of the supporting table 12, an exhaust port 13 
for evacuating the atmosphere of the processing vessel 1 is 
formed. At an appropriate position in the upper portion of 
the processing vessel 1, an introducing pipe 14 for intro 
ducing a process gas or the like is provided. 

[0007] The plasma processing system is designed to pro 
duce the plasma of the process gas by radio-frequency 
Waves, Which are applied to the electrode plate 2, in the 
processing vessel 1 Which is held at a predetermined degree 
of vacuum. Then, the plasma processing system is designed 
to carry out various plasrna processes, such as deposition 
and etching processes, With respect to the object W on the 
supporting table 12. 

[0008] In the above described plasrna processing system, 
standing Waves are formed by radio-frequency Waves Which 
are propagated in diarnetrically opposite directions on the 
facing surface 20 of the electrode plate 2. The radio 
frequency Waves supplied from the radio-frequency poWer 
supply 30 generally have a sinusoidal Waveforrn. 

[0009] Therefore, the standing Waves formed by the radio 
frequency Waves also have a substantially sinusoidal wave 
form (except for that When amplitude is Zero). For that 
reason, in accordance With the waveform of the standing 
Waves, a ?eld intensity distribution in radial directions of the 
object W is caused on the supporting table 12. For example, 
as shoWn in FIG. 5B, this ?eld intensity distribution has a 
shape Wherein a ?eld intensity E gradually decreases from 
the central portion toWard the outer peripheral portion in the 
direction of a radius r of the supporting table 12. For that 
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reason, there is a problem in that the uniformity in the 
plasma process for the object W in the processing vessel 
decreases. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
eliminate the aforementioned problems and to provide a 
plasma processing system capable of decreasing the varia 
tion in ?eld intensity in radial directions of an object to be 
processed, to more uniformly carry out a plasma process in 
a processing vessel. 

[0011] In order to accomplish the aforementioned and 
other objects, according to the present invention, there is 
provided a plasma processing system comprising: a process 
ing vessel for housing therein an object to be processed; an 
electrode provided in the processing vessel; and a radio 
frequency Wave supply unit for supplying a radio-frequency 
Wave to the electrode, Wherein a plasma is produced With the 
radio-frequency Wave in the processing vessel, and the 
radio-frequency Wave supply unit supplies radio-frequency 
Wave having a ?attened Waveforrn which forms substantially 
a sinusoidal Wave Whose crest and trough portions are 
substantially horiZontally ?attened. 

[0012] According to this plasrna processing system, the 
standing Waves formed on the electrode also have a ?attened 
Waveforrn which forms substantially a sinusoidal Wave 
Whose crest and trough portions are substantially horiZon 
tally ?attened (except for that When amplitude is Zero). 
Therefore, the variation in ?eld intensity in radial directions 
of the object to be processed can be smaller than that When 
radio-frequency Waves having a substantially sinusoidal 
waveform is used as it is. Therefore, it is possible to more 
uniformly plasrna-process the object to be processed in the 
processing vessel. 

[0013] In this plasrna processing system, the radio-fre 
quency Wave supply unit may include: a radio-frequency 
Wave source for producing a principal radio-frequency Wave 
having a substantially sinusoidal Waveforrn; a waveform 
shaper for Waveforrn-shaping a part of the principal radio 
frequency Wave to produce a complementary radio-fre 
quency Wave having a waveform which forms only the crest 
and trough portions of the waveform of the principal radio 
frequency Wave; a phase adjuster for shifting the phase of 
the complementary radio-frequency Wave, Which has been 
produced by the waveform shaper, by 180 degrees With 
respect to the phase of the principal radio-frequency Wave; 
and an adder for superposing the complementary radio 
frequency Wave, Which has been phase-shifted by the phase 
adjuster, on the principal radio-frequency Wave. 

[0014] In this radio-frequency Wave supply unit, by the 
superposition of the complementary radio-frequency Wave 
on the principal radio-frequency Wave in the adder, the crest 
and trough portions of the waveform of the principal radio 
frequency Wave can be canceled to obtain the radio-fre 
quency Wave having the ?attened Waveforrn which forms 
substantially a sinusoidal Wave Whose crest and trough 
portions are substantially horiZontally ?attened. 

[0015] In the above described plasrna processing system, 
the electrode may comprise a top electrode and a bottom 
electrode facing the top electrode, the radio-frequency Wave 
having the ?attened Waveforrn being supplied to at least one 
of the top and bottom electrodes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will be understood more 
fully from the detailed description given herebeloW and 
from the accompanying draWings of the preferred embodi 
ments of the invention. HoWever, the draWings are not 
intended to imply limitation of the invention to a speci?c 
embodiment, but are for explanation and understanding 
only. 

[0017] 
[0018] FIG. 1A is a longitudinal section schematically 
shoWing a preferred embodiment of a plasma processing 
system according to the present invention; 

[0019] FIG. 1B is a graph shoWing a radial ?eld intensity 
distribution on a supporting table of the system shoWn in 
FIG. 1A; 

[0020] FIG. 2 is a block diagram shoWing an eXample of 
a radio-frequency Wave supply unit of the system shoWn in 
FIG. 1A; 

[0021] FIG. 3 is a diagram shoWing an eXample of Wave 
form of radio-frequency Waves in the radio-frequency Wave 
supply unit shoWn in FIG. 2, Wherein (a) shoWs a principal 
radio-frequency Wave, (b) shoWs a complementary radio 
frequency Wave before a phase shift, (c) shoWs a comple 
mentary radio-frequency Wave after a phase shift, and (d) 
shoWs a resultant radio-frequency Wave obtained by super 
position; 
[0022] FIG. 4A is a horizontal section of an antenna 
portion, Which schematically shoWs another embodiment of 
a plasma processing system according to the present inven 
tion; 
[0023] FIG. 4B is a longitudinal section shoWing the 
Whole construction of the system shoWn in FIG. 4A; 

[0024] FIG. 5A is a longitudinal section schematically 
shoWing a conventional plasma processing system; and 

[0025] FIG. 5B is a graph shoWing a radial ?eld intensity 
distribution on a supporting table of the system shoWn in 
FIG. 5A. 

In the draWings: 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Referring noW to the accompanying draWings, the 
preferred embodiment of the present invention Will be 
described beloW. FIGS. 1A through 3 shoWs a preferred 
embodiment of a plasma processing system according to the 
present invention. In the preferred embodiment of the 
present invention shoWn in FIG. 1A, the same reference 
numbers are given to the same components as those of the 
conventional eXample shoWn in FIG. 5A. 

[0027] [General Construction] 
[0028] First, referring to FIG. 1A, the general construc 
tion of a plasma processing system in this preferred embodi 
ment Will be described. The plasma processing system 
shoWn in FIG. 1A has a metal processing vessel 1 for 
housing therein an object W to be processed (e.g., a semi 
conductor Wafer or a ?at panel display substrate). In the 
upper portion of the processing vessel 1, a substantially 
disk-shaped electrode plate (top electrode) 2 having a facing 
surface 20 facing the object W to be processed is provided. 
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[0029] The plasma processing system also has a radio 
frequency Wave supply unit 3 for supplying radio-frequency 
Waves to the electrode plate 2. As Will be described later, the 
radio-frequency Wave supply unit 3 is designed to supply 
radio-frequency Waves having a ?attened Waveform Which 
forms substantially a sinusoidal Wave Whose crest and 
trough portions are substantially horiZontally ?attened. The 
radio-frequency Waves supplied from the radio-frequency 
Wave supply unit 3 are propagated in diametrically opposite 
directions on the facing surface 20 of the electrode plate 2 
to form standing Waves. 

[0030] At the center of the top of the processing vessel 1, 
a feeding channel 4 having a coaXial structure for feeding 
radio-frequency Waves to the electrode plate 2 from the 
radio-frequency poWer supply 30 is provided. The feeding 
channel 4 has a central conductor 40 connected to the central 
portion of the electrode plate 2, and a cylindrical outer 
conductor 42 surrounding the central conductor 40. The 
outer conductor 42 is connected to the top Wall 10 of the 
processing vessel 1. BetWeen the central conductor 40 and 
the outer conductor 42, a dielectric 44 is provided. The 
dielectric 44 is also provided betWeen the top face portion 10 
of the processing vessel 1 and the electrode 2. 

[0031] The plasma processing system also has a substan 
tially columnar supporting table (bottom electrode) 12 pro 
vided on the bottom of the processing vessel 1. To the 
supporting table 12, an RF bias poWer supply 15 for apply 
ing a predetermined RF bias poWer is connected. In the 
bottom of the processing vessel 1 corresponding to the 
surrounding of the supporting table 12, an exhaust port 13 
for evacuating the atmosphere of the processing vessel 1 is 
formed. At an appropriate position in the upper portion of 
the processing vessel 1, an introducing pipe 14 for intro 
ducing a process gas or the like is provided. 

[0032] The plasma processing system is designed to pro 
duce a plasma of the process gas by radio-frequency Waves, 
Which are applied to the electrode plate 2, in the processing 
vessel 1 Which is held at a predetermined degree of vacuum. 
Then, the plasma processing system is designed to carry out 
various plasma processes, such as deposition and etching 
processes, With respect to the object W on the supporting 
table 12. 

[0033] [Construction of Radio-frequency Wave Supply 
Unit] 
[0034] In FIG. 2, the radio-frequency Wave supply unit 3 
has a radio-frequency poWer supply (radio-frequency Wave 
source) 30 for producing principal radio-frequency Waves 
having a substantially sinusoidal Waveform (FIG. 3(a)). To 
the hot-line of the radio-frequency poWer supply 30, a 
Waveform shaper 32 and an adder 36 are connected in 
parallel. To the Waveform shaper 32, a phase adjuster 34 is 
connected. The phase adjuster 34 is connected to the adder 
36. 

[0035] The Waveform shaper 32 is designed to shape the 
Waveform of a part of the principal radio-frequency Waves 
to produce complementary radio-frequency Waves having a 
Waveform Which forms only the crest and trough portions P1 
and P2 of the Waveform of the principal radio-frequency 
Wave. The phase adjuster 34 is designed to shift the phase of 
the complementary radio-frequency Wave, Which is pro 
duced by the Waveform shaper 32, by 180 degrees With 
respect to the phase of the principal radio-frequency Wave 
(FIG. 3(c)). 
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[0036] The adder 36 is designed to superpose the comple 
mentary radio-frequency Wave, Which has been phase 
shifted by the phase adjuster 34, on the principal radio 
frequency Wave. By the superposition of the complementary 
radio-frequency Wave on the principal radio-frequency Wave 
in the adder 36, the crest and trough portions P1 and P2 
(FIG. 3(a)) of the Waveform of the principal radio-frequency 
Wave are canceled to obtain a radio-frequency Wave (result 
ant radio-frequency Wave) having the ?attened Waveform 
Which forms substantially a sinusoidal Wave Whose crest and 
trough portions P1 and P2 are substantially horiZontally 
?attened as shoWn in FIG. 3(d). 

[0037] The adder 36 is connected to an ampli?er 38 for 
amplifying the resultant radio-frequency Wave obtained by 
the superposition. The resultant radio-frequency Wave 
ampli?ed by the ampli?er 38 is supplied to the electrode 2 
via the feeding channel 4. 

[0038] [Function and Effect] 
[0039] With this construction, the function and effect of 
this preferred embodiment Will be described beloW. 

[0040] According to this preferred embodiment, the Wave 
form of the standing Wave formed on the facing surface 20 
of the electrode 2 also has a ?attened Waveform Which forms 
substantially a sinusoidal Wave Whose crest and trough 
portions P1 and P2 are substantially horiZontally ?attened, 
similar to the Waveform of the above described resultant 
radio-frequency Wave (except for that When amplitude is 
Zero). Therefore, as shoWn in FIG. 1B, the variation in ?eld 
intensity E in radial direction r of the object to be processed 
can be smaller than that When the radio-frequency Wave 
having the substantially sinusoidal Waveform is used as it is 
(FIG. 5B). For that reason, it is possible to more uniformly 
process the object W With the plasma in the processing 
vessel 1. 

[0041] [Modi?ed Examples] 
[0042] In the above described preferred embodiment, the 
construction of the radio-frequency Wave supply unit 3 
should not be limited to the above described construction. 
The radio-frequency Wave supply unit may have another 
construction if it can supply radio-frequency Waves having 
a ?attened Waveform Which forms substantially a sinusoidal 
Wave Whose crest and trough portions P1 and P2 are 
substantially horiZontally ?attened, similar to the Waveform 
of the above described resultant radio-frequency Wave. The 
structure of the feeding channel 4 should not be limited to 
the above described coaXial structure. The feeding channel 
4 may have another structure if it can feed radio-frequency 
Waves to the electrode 2 from the radio-frequency Wave 
supply unit 3. 

[0043] While the radio-frequency Waves having the ?at 
tened Waveform have been applied to the top electrode 
(electrode plate) 2, the present invention should not be 
limited thereto. That is, the radio-frequency Waves having 
the ?attened Waveform have been applied to the bottom 
electrode (supporting table) 12. Alternatively, the radio 
frequency Waves having the ?attened Waveform may be 
applied to both of the top electrode 2 and the bottom 
electrode 12. In the latter, as the radio-frequency Wave 
supply unit for the top electrode 2 and the bottom electrode 
12, a common unit may be used, or speci?c units may be 
used for the respective electrodes. 
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[0044] One of the electrode plate (top electrode) 2 and the 
supporting table (bottom electrode) 12 may be grounded, 
and radio-frequency Waves having the ?attened Waveform 
may be applied to the other electrode. 

[0045] While the horiZontal section of each of the top 
electrode (electrode plate) 2 and the bottom electrode (sup 
porting table) 12 has been circular, the horiZontal section 
may have another shape such as rectangle. 

[0046] Another Embodiment 

[0047] Another embodiment of the present invention Will 
be described beloW. FIGS. 4A and 4B shoW another 
embodiment of a plasma processing system according to the 
present invention. In the embodiment shoWn in FIG. 4B, the 
same reference numbers are given to the same components 
as those in the above described preferred embodiment 
shoWn in FIG. 1A. 

[0048] [Construction] 
[0049] In FIG. 4B, the plasma processing system in this 
embodiment has a substantially cylindrical metal processing 
vessel 1‘. On the top face of the processing vessel 1‘, a 
transmission WindoW 10‘ of a radio-frequency transmittable 
dielectric, such as quarts glass, is provided. On the top of the 
transmission WindoW 10‘ of the processing vessel 1‘, a 
radio-frequency antenna 2‘ is mounted. 

[0050] As shoWn in FIGS. 4A and 4B, the plasma pro 
cessing system has a radio-frequency poWer supply 30‘ for 
supplying radio-frequency Waves to the antenna 2‘. The 
radio-frequency poWer supply 30‘ is designed to supply 
radio-frequency Waves having a UHF band of, e.g., 500 
MHZ. 

[0051] The antenna 2‘ has a columnar central antenna 
element 4a, and three annular (cylindrical in this case) outer 
antenna elements 5a, 4b and 5b Which are concentrically 
arranged so as to surround the central antenna element 4a. 
The antenna 2‘ is designed to form ?eld generating regions 
6a, 6b and 6c due to radio-frequency Waves betWeen the 
facing antenna elements 4a and 5a, betWeen the facing 
antenna elements 5a and 4b and betWeen the facing antenna 
elements 4b and 5b, respectively. 

[0052] Speci?cally, the ?rst and third (odd number-th) 
antenna elements 4a and 4b from the inside of the antenna 
2‘ are connected to the hot-lines 3a and 3b from the 
radio-frequency poWer supply 30‘, respectively, and the 
second and forth (even number-th) antenna elements 5a and 
5b from the inside of the antenna 2‘ are grounded, respec 
tively. In this case, the difference betWeen the lengths of the 
hot-lines 3a and 3b is set to be an integer times as large as 
the half-Wave length of the radio-frequency Wave, taking 
account of the half of the length of the antenna portion. 
HoWever, the length of each of the hot-lines 3a and 3b may 
be a free length if the poWer supply and frequency of the 
radio-frequency Wave are different for each of the hot-lines 
3a and 3b. 

[0053] The top face of the antenna 2‘ is covered With a 
conductive shielding plate 7 (FIG. 4B). The shielding plate 
7 is not designed to electrically contact each of the antenna 
elements 4a, 5a, 4b and 5b. 

[0054] As shoWn in FIG. 4B, the plasma processing 
system has a supporting table 12 provided on the bottom of 
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the processing vessel 1‘. In the bottom of the processing 
vessel 1‘ corresponding to the surrounding of the supporting 
table 12, an exhaust port 13 for evacuating the atmosphere 
of the processing vessel 1‘ is formed. At an appropriate 
position in the upper portion of the processing vessel 1‘, an 
introducing pipe 14 for introducing a process gas or the like 
is provided. To the supporting table 12, an RF bias poWer 
supply 15 for applying an RF bias poWer of, e.g., 0.8 to 2 
MHZ, is connected. 

[0055] The plasma processing system is designed to pro 
duce the plasma of the process gas by radio-frequency 
Waves, Which are introduced from the antenna 2‘, in the 
processing vessel 1‘ Which is held at a predetermined degree 
of vacuum. Then, the plasma processing system is designed 
to carry out various plasma processes, such as deposition 
and etching processes, With respect to an object W to be 
processed (e.g., a semiconductor Wafer) on the supporting 
table 12. 

[0056] [Function and Effect] 
[0057] With this construction, the function and effect of 
this embodiment Will be described beloW. 

[0058] According to this embodiment, the ?eld generating 
regions 6a, 6b and 6c betWeen the facing antenna elements 
4a and 5a of the antenna 2‘, betWeen the facing antenna 
elements 5a and 4b of the antenna 2‘ and betWeen the facing 
antenna elements 4b and 5b of the antenna 2‘ are also 
annular. Then, if the distances betWeen the antenna elements 
4a and 5a, betWeen the antenna elements 5a and 4b and 
betWeen the antenna elements 4b and 5b are suitably set, the 
?eld intensity in each of the ?eld generating regions 6a, 6b 
and 6c can be uniform in radial directions (it is naturally 
uniform in peripheral directions). 

[0059] Therefore, the radial distribution of radio-fre 
quency Waves introduced from the antenna 2‘ into the 
processing vessel 1 can be uniform, so that it is possible to 
more uniformly process the object W With the plasma in the 
processing vessel 1‘. 

[0060] [Modi?ed Examples] 
[0061] In the antenna 2‘ in this embodiment, While the 
even number-th antenna elements 5a and 5b from the inside 
have been grounded, the odd number-th antenna elements 4a 
and 4b from the inside may be grounded, respectively. 

[0062] While only one radio-frequency poWer supply 30‘ 
has been provided in this embodiment, the present invention 
should not be limited thereto. That is, the ?eld of each of the 
?eld generating regions 6a, 6b and 6c of the antenna 2‘ may 
be adjustable by providing a plurality of radio-frequency 
poWer supplies so that the poWers or frequencies of radio 
frequency Waves supplied from the respective radio-fre 
quency poWer supplies are different. 

[0063] In such a case, by adjusting the ?eld of each of the 
?eld generating regions 6a, 6b and 6c of the antenna 2‘ by 
means of the respective radio-frequency poWer supplies, the 
radial ?eld intensity in each of the ?eld generating regions 
6a, 6b and 6c can be uniform regardless of the distances 
betWeen the antenna elements 4a and 5a, betWeen the 
antenna elements 5a and 4b and betWeen the antenna 
elements 4b and 5b. 

[0064] In the antenna 2‘ in this embodiment, While three 
outer antenna elements 5a, 4b and 5b have been concentri 
cally arranged around the central antenna element 4a, tWo or 

Aug. 30, 2001 

four or more outer antenna elements may be concentrically 
arranged around the central antenna element 4a in accor 
dance With the siZe of the processing vessel 1‘. 

[0065] The periphery of the antenna 2‘ may be surrounded 
by an annular conductive shielding plate (or an extending 
portion of the processing vessel). In such a case, the shield 
ing plate can be used as the outermost (ground side) antenna 
element. 

[0066] While the present invention has been disclosed in 
terms of the embodiment in order to facilitate better under 
standing thereof, it should be appreciated that the invention 
can be embodied in various Ways Without departing from the 
principle of the invention. Therefore, the invention should 
be understood to include all possible embodiments and 
modi?cation to the shoWn embodiments Which can be 
embodied Without departing from the principle of the inven 
tion as set forth in the appended claims. 

What is claimed is: 
1. A plasma processing system comprising: 

a processing vessel for housing therein an object to be 
processed; 

an electrode provided in said processing vessel; and 

a radio-frequency Wave supply unit for supplying a radio 
frequency Wave to said electrode, Wherein a plasma is 
produced With said radio-frequency Wave in said pro 
cessing vessel, and said radio-frequency Wave supplied 
by said radio-frequency Wave supply unit has a ?at 
tened Waveform Which forms substantially a sinusoidal 
Wave Whose crest and trough portions are substantially 
horiZontally ?attened. 

2. A plasma processing system as set forth in claim 1, 
Wherein said radio-frequency Wave supply unit comprises: 

a radio-frequency Wave source for producing a principal 
radio-frequency Wave having a substantially sinusoidal 
Waveform; 

a Waveform shaper for Waveform-shaping a part of said 
principal radio-frequency Wave to produce a comple 
mentary radio-frequency Wave having a Waveform 
Which forms only said crest and trough portions of said 
Waveform of said principal radio-frequency Wave; 

a phase adjuster for shifting the phase of said comple 
mentary radio-frequency Wave, Which has been pro 
duced by said Waveform shaper, by 180 degrees With 
respect to the phase of said principal radio-frequency 
Wave; and 

an adder for superposing said complementary radio-fre 
quency Wave, Which has been phase-shifted by said 
phase adjuster, on said principal radio-frequency Wave. 

3. A plasma processing system as set forth in claim 1, 
Wherein said electrode comprises a top electrode and a 
bottom electrode facing the top electrode, said radio-fre 
quency Wave having the ?attened Waveform being supplied 
to at least one of said top and bottom electrodes. 

4. A plasma processing system as set forth in claim 2, 
Wherein said electrode comprises a top electrode and a 
bottom electrode facing the top electrode, said radio-fre 
quency Wave having the ?attened Waveform being supplied 
to at least one of said top and bottom electrodes. 

* * * * * 


