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PLASMA PROCESSING DEVICE 

TECHNICAL FIELD 

[0001] The present invention is generally related to a 
plasma processing apparatus, and more particularly, to a 
microwave plasma processing apparatus. 

[0002] Plasma processing and plasma processing appara 
tuses are an indispensable technology for fabricating 
ultra?ne semiconductor devices these days called deep sub 
micron devices or deep subquarter micron devices charac 
teriZed by a gate length of near 0.1 pm or less, and for 
fabricating ultra high-resolution ?at-panel display devices 
including liquid crystal display devices. 

[0003] Conventionally, various plasma excitation methods 
have been used in plasma processing apparatuses used for 
fabrication of semiconductor devices and liquid crystal 
display devices. Particularly, a parallel-plate type high 
frequency excitation plasma processing apparatus or an 
induction-coupled plasma processing apparatus are com 
monly used. HoWever, such conventional plasma processing 
apparatuses have a draWback of non-uniform plasma for 
mation in that the region of high electron density is limited, 
and it has been dif?cult to conduct a uniform process over 
the entire substrate surface With a high processing rate, and 
hence With high throughput. This problem becomes particu 
larly acute When processing a large diameter substrate. 
Further, such a conventional plasma processing device has 
several inherent problems associated With its high electron 
temperature, in that the semiconductor devices formed on 
the substrate sustain damage and that signi?cant metal 
contamination is caused as a result of sputtering of a 
chamber Wall. Thus, there are increasing dif?culties for such 
conventional plasma processing apparatuses to meet the 
stringent demand of further device miniaturiZation and fur 
ther improvement of productivity in manufacturing semi 
conductor devices and liquid crystal display devices. 

[0004] MeanWhile, there are proposals of a microWave 
plasma processing apparatus that uses high-density plasma 
excited by a microWave electric ?eld, in place of a direct 
current magnetic ?eld. For example, there is a proposal of a 
plasma processing apparatus that causes excitation of 
plasma by radiating a microWave into a processing vessel 
from a planar antenna (radial line slot antenna) having a 
number of slots disposed so as to form a uniform micro 
Wave, such that the microWave electric ?eld causes ioniZa 
tion of a gas in a vacuum vessel. (See for example Japanese 
Laid-Open Patent Application 9-63793). In the microWave 
plasma thus excited, it is possible to realiZe a high plasma 
density over a Wide area right underneath the antenna, and 
it becomes possible to conduct uniform plasma processing in 
a short duration. The microWave plasma thus formed is 
characteriZed by loW electron temperature, and damaging or 
metal contamination of the substrate is avoided. Further, it 
is possible to form uniform plasma over a large surface area, 
and it can be easily applied to the fabrication process of a 
semiconductor device using a large diameter semiconductor 
substrate and a large siZe liquid crystal display device. 

BACKGROUND ART 

[0005] FIGS. 1A and 1B shoW the construction of a 
conventional microWave plasma processing apparatus 100 
having such a radial line slot antenna, Wherein FIG. 1A 
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shoWs the microWave plasma processing apparatus in a 
cross-sectional vieW While FIG. 1B shoWs the construction 
of the radial line slot antenna. 

[0006] Referring to FIG. 1A, the microWave plasma pro 
cessing apparatus 100 has a processing chamber 101 evacu 
ated from plural evacuation ports 116, and a stage 115 is 
formed for holding a substrate 114 to be processed. In order 
to realiZe uniform evacuation in the processing chamber 
101, a ring-shaped space 101A is formed around the stage 
115, and the plural evacuation ports 116 are formed in 
communication With the foregoing space 101A at a uniform 
interval, and hence in axial symmetry With regard to the 
substrate. Thereby, it becomes possible to evacuate the 
processing chamber 101 uniformly through the space 101A 
and the evacuation ports 116. 

[0007] On the processing chamber 101, there is formed a 
shoWer plate 103 of plate-like form at the location corre 
sponding to the substrate 114 on the stage 115 as a part of 
the outer Wall of the processing chamber 101, and the 
shoWer plate 103 is sealed With respect to the processing 
chamber 101 via a seal ring 109, Wherein the shoWer plate 
103 is formed of a dielectric material of small loss and 
includes a large number of apertures 107. Further, a cover 
plate 102 also of a dielectric material of small loss is 
provided on the outer side of the shoWer plate 103, and the 
cover plate 102 is sealed With respect to the shoWer plate 103 
via another seal ring 108. 

[0008] The shoWer plate 103 is formed With a passage 104 
for a plasma gas on the top surface thereof, and each of the 
plural apertures 107 are formed in communication With the 
foregoing plasma gas passage 104. Further, there is formed 
a plasma gas supply passage 108 in the interior of the shoWer 
plate 103 in communication With a plasma gas supply port 
105 provided on the outer Wall of the processing vessel 101. 
Thus, the plasma gas of Ar, Kr or the like supplied to the 
foregoing plasma gas supply port 105 is supplied to the 
foregoing apertures 107 from the supply passage 108 via the 
passage 104 and is released into a space 101B underneath 
the shoWer plate 103 in the processing vessel 101 from the 
apertures 107 With substantially uniform concentration. 

[0009] On the processing vessel 101, there is provided a 
radial line slot antenna 110 having a radiation surface shoWn 
in FIG. 1B on the outer side of the cover plate 102 With a 
separation of 4-5 mm from the cover plate 102. The radial 
line slot antenna 110 is connected to an external microWave 
source (not shoWn) via a coaxial Waveguide 110A and 
causes excitation of the plasma gas released into the space 
101B by the microWave from the microWave source. It 
should be noted that the gap betWeen the cover plate 102 and 
the radiation surface of the radial line slot antenna 110 is 
?lled With air. 

[0010] The radial line slot antenna 110 is formed of a ?at 
disk-like antenna body 110B connected to an outer 
Waveguide of the coaxial Waveguide 110A and a radiation 
plate 110C is provided on the mouth of the antenna body 
110B, Wherein the radiation plate 110C is formed With a 
number of slots 110a and slots 110b Wherein slots 110b are 
formed in a direction crossing the slots 110a perpendicularly 
as represented in FIG. 1B. Further, a retardation plate 110D 
of a dielectric ?lm of uniform thickness is inserted betWeen 
the antenna body 110B and the radiation plate 110C. 

[0011] In the radial line slot antenna 110 of such a con 
struction, the microWave supplied from the coaxial 






















