
PLASMA PROCESSING APPARATUS TECHNICAL FIELD 5The present invention relates
to a micro-electronics technical field, particularly to a plasma processing
apparatus for processing by means of plasma. BACKGROUND 10Plasma processing
apparatuses are widely used in the micro-electronics technical field.
Referring to Figure 1, Figure 1 is a schematic diagram showing a
construction of a plasma processing apparatus. The plasma processing
apparatus generally comprises an outer 15  shell (not added with a
reference number in the figure), in which a reaction chamber 30 is formed.
The reaction chamber 30 has a top lid (not shown in the figure) on the top
and a vacuum pump 10 under the bottom. A side wall of the outer shell is
provided with an opening which commonly takes a square shape. A cantilever
support device 90 is 20  inserted through the opening and is fixed on the
outer shell while the opening is closed. A part of the cantilever support
device 90 located in the reaction chamber 30 is a connection arm 80. A
bottom electrode 70 is mounted at an end of the connection arm 80. A
support element (not added with a reference number in the figure) is
provided on the top of 25  the bottom electrode 70 to support a workpiece;
a detachable cover board 12 is provided on the bottom of the bottom
electrode 70. Apparently, the plasma processing apparatus 1 can has
different constructions. 



A workpiece can be transmitted to the support element provided
111111111111111111111111111111111111111 *G00002*  on the top of the bottom
electrode 70 via a transmitting port 16. A nearly vacuum state can be
created and kept in the reaction chamber 30 by the vacuum pump 10. In such
a state, gas is input uniformly into the reaction chamber 30 through a gas
distribution device (not shown in the  5 figure), and appropriate RF is
input into the reaction chamber 30 to excite the gas, and thus a plasma
environment can be created and kept on the surface of the workpiece. Since
the plasma has a strong ability of etching and deposition, physical or/and
chemical reactions such as etching or/and deposition can be carried out
between the plasma and the  10 workpiece to achieve an etching pattern or a
deposition layer as desired. By-products of the physical or/and chemical
reactions above-mentioned are drawn out from an opening 20 on the bottom of
the reaction chamber 30 by the vacuum pump 10. The bottom electrode 70
needs to be maintained after a certain  15 time of operation. At this time,
the cantilever support device 90 and the bottom electrode 70 can be taken
out from the opening on the side wall of the outer shell as a whole, and
then the cover board 12 is detached from the bottom electrode 70 to
maintain the related parts in an inner cavity of the bottom electrode 70.
When the maintenance operation is  20 finished, the cover board 12 needs to
be mounted on the bottom of the bottom electrode 70, and the cantilever
support device 90 and the bottom electrode 70 need to be re-mounted from
the opening on the side wall of the outer shell. Only in such a way, the
plasma processing apparatus can be put into operation again. 25Apparently,
the maintenance operation above-mentioned relates to  several detaching and
mounting operations, and especially the bottom 



electrode 70 needs to be taken out from the reaction chamber 30, which
makes the maintenance operation more complex, and wastes time and energy.
On the other hand, the maintenance operation during the  operation of the
plasma processing apparatus is relatively frequent, which makes a total
time of standby maintenance of the overall apparatus long and decreases
service efficiency of the apparatus. Thus, the above-mentioned plasma
processing apparatus has high maintenance 5 cost and low service
efficiency. At present, skilled persons in the art need to solve technical
problems on how to simplify the process of maintenance operation of a
plasma processing apparatus so as to save the maintenance cost and to
increase the service efficiency of the plasma processing apparatus. 10
SUMMARY OF THE INVENTION     It is an object of the present invention to
provide a plasma processing apparatus having a simple process of
maintenance operation, so as to save the maintenance cost and to
significantly increase the 15service efficiency of the plasma processing
apparatus.     To solve the technical problem above-mentioned, the present
invention provides a plasma processing apparatus comprising: an outer shell
provided with a reaction chamber in its interior; a bottom electrode
arranged in the reaction chamber; and a cantilever support 20 device
laterally going through a side wall of the outer shell, an inner end of the
cantilever support device being located in the reaction chamber and
supporting the bottom electrode. The cantilever support device is pivotally
mounted on the side wall of the outer shell so as to rotate in the outer
shell. The plasma processing apparatus further 25comprises a locating
device so as to selectively fix the relative position of the cantilever
support device and the outer shell. 



-  Further, the locating device includes a flange part fixed on an outer
end of the cantilever support device, and the flange part and the outer
shell are respectively provided with locating pins and pin-holes  matched
each other.      Further, the cantilever support device is pivotally
mounted on the side wall of the outer shell by a bearing.      Further, a
sealing component is arranged between the cantilever support device and the
outer shell.      Further, the side wall of the outer shell is provided
with a circular stepped hole having a step plane facing towards the
outside, and the bearing is arranged in the circular stepped hole. The
sealing component is particularly a sealing ring and is arranged between
the cantilever 10support device and the step plane of the circular stepped
hole. Further, the bearing is a magnetic fluid sealing bearing.
Further, the cross section of a part of the cantilever support device
located in the reaction chamber has the shape of a circle. 



Further, the cross section of a part of the cantilever support device 15
located in the reaction chamber has substantially the shape of an ellipse,
and the major axis of the ellipse substantially vertically extends under a
normal operation state.     Further, the cantilever support device
comprises a cavity extending along the axis direction of the cantilever
support device in its interior, 20and the cavity is communicated with an
inner cavity of the bottom electrode.      According to the plasma
processing apparatus provided by the present invention, the cantilever
support device is pivotally mounted on the side wall of the outer shell,
and thus the cantilever support device 25 can rotate in the outer shell. So
along with the cantilever support device, the bottom electrode fixed to it
can rotate around a substantially horizontal axis in the reaction chamber.
When the bottom electrode needs to be maintained, firstly, the locating
device is operated to release the fixed relation between the cantilever
support device and the outer  shell, and then the cantilever support device
is rotated about 180 degree, apparently, the bottom electrode will be
rotated 180 degree around the axis above-mentioned also; then the relative
position of the cantilever support device and the outer shell is re-fixed
by the locating device. At this time, a bottom cover of the bottom
electrode is substantially vertically upward. Once the bottom cover of the
bottom electrode and the related parts on the top of the reaction chamber
have been removed, a maintenance operation can be performed from above on
the related parts in the inner cavity of the bottom electrode. When the
maintenance 10 operation is finished, these same steps in reverse order are
taken, that is, the bottom electrode is rotated 180 degree again back to a
normal operation position, and the plasma processing apparatus can be
recovered into a normal operation state rapidly. During the maintenance
operation, the step of taking the bottom electrode out from the reaction 15
chamber is omitted by the plasma processing apparatus provided by the
present invention, and presence of such a step is one important reason for
the maintenance operation of the prior plasma processing apparatus being
relatively complex. Thus, the plasma processing apparatus provided by the
present invention simplifies the maintenance operation, 20reduces the
maintenance cost and the maintenance time, and the service 



efficiency of the plasma processing apparatus is increased significantly.
BRIEF DESCRIPTION OF THE DRAWINGS               Figure 1 is a schematic
diagram of a construction of a plasma 25processing apparatus; Figure 2 is a
schematic diagram of a construction of an embodiment of an outer shell
provided by the present invention;      Figure 3 is a schematic diagram of
a construction of an embodiment of a cantilever support device provided by
the present  invention;      Figure 4 is a cross-section view of an
embodiment of a plasma processing apparatus provided by the present
invention;          Figure 5 is a cross-section view of a cantilever
support device and 5an outer shell of the plasma processing apparatus shown
in figure 4 in a state where the fixed connection relation is released;
Figure 6 is a cross-section view of the plasma processing apparatus shown
in figure 4 in a state where a bottom electrode is maintained; 



10Figure 7 is a schematic diagram of gas-flow directions in an embodiment
of the plasma processing apparatus provided by the present invention;
Figure 8 is a schematic diagram of gas-flow directions in another
embodiment of the plasma processing apparatus provided by the present
15invention. DETAILED DESCRIPTION      The main point of the present
invention is to provide a plasma processing apparatus with a relatively
simple maintenance operation so 20as to save the maintenance cost and to
increase the service efficiency of a plasma processing apparatus
significantly.      For better understanding of the solution of the present
invention by the persons skilled in the art, the present invention will be
described in detail by reference to the drawings and the embodiments.
25Referring to Figures 2, 3 and 4, Figure 2 is a schematic diagram of a
construction of an embodiment of an outer shell provided by the present
invention; Figure 3 is a schematic diagram of a construction of an
embodiment of a cantilever support device provided by the present
invention; Figure 4 is a cross-section view of an embodiment of a  plasma
processing apparatus provided by the present invention. 



In an embodiment, a plasma processing apparatus 5 (shown in Figure 4)
provided by the present invention comprises an outer shell 51. The outer
shell 51 is provided with a reaction chamber 52 in the interior. 5  The
reaction chamber 52 comprises a top wall (for example a dielectric window,
not shown in the figure) on the top. RF energy is coupled into the reaction
chamber 52 through the top wall, and gases can also enter the reaction
chamber 52 through the top wall. The outer shell 51 further comprises a
transmitting port 511, through which a workpiece can be 10  introduced
into/out of the reaction chamber 52. The outer shell 51 comprises an exit
515 on the bottom, through which by-products of the physical or/and
chemical reactions in the reaction chamber 52 are drawn out. The outer
shell 51 comprises a through-hole going through a side 15  wall of the
outer shell 51, whose cross-section is substantially circular. The
through-hole may be a stepped hole or a normal through-hole. As shown in
Figure 2, an annular step plane 512 of the stepped hole faces towards the
outside of the outer shell 51, and apparently, an annular inner wall 513 of
the stepped hole is located outside the step plane 512. 20  A cantilever
support device 53 laterally goes through the side wall of the outer shell
51. For example, the cantilever support device 53 can be inserted into the
above-mentioned through-hole of the outer shell 51. The cantilever support
device 53 should be pivotally arranged on the side wall of the outer shell
51, that is, the cantilever support device 53 25should be able to rotate in
the outer shell 51, and an angel of the rotation is commonly not less than
180 degree.      The cantilever support device 53 can be pivotally arranged
on the outer shell 51 in several specific ways. Among these ways, a simple
and reliable way is to arrange a bearing 54 (shown in Figure 4) between the
cantilever support device 53 and the outer shell 51.      As shown in
Figure 3, the cantilever support device 53 may have a circular axial plane
533. An inner ring of the bearing 54 may be brought in to cover the outside
wall of the circular axial plane 533, and an outer 



5ring of the bearing 54 may be mounted into the annular inner wall 513 of
the stepped hole. The inner ring of the bearing 54 and the circular  axial
plane 533 or the outer ring of the bearing 54 and the annular inner wall
513 of the stepped hole are not closed tightly to each other, thus the
cantilever support device 53 may properly move relative to the outer
10shell 51 along the axis direction of the cantilever support device 53.
In order to provide protecting leak tightness between the cantilever
support device 53 and the outer shell 51, a sealing device, for example a
sealing gasket, may be further arranged between them. In a case where the
through-hole on the side wall of the outer shell  15 51 is a stepped hole,
an annular step plane 534 may be arranged on an inner side of the circular
axial plane 533 of the cantilever support device 53. When in an assembly
state, the step plane 534 faces towards the inside of the outer shell 51,
and an outer diameter of the step plane 534 is bigger than an inner
diameter of the step plane 512 of the stepped  20 hole. At this time, the
sealing device above-mentioned may be arranged between the step plane 534
of the cantilever support device 53 and the step plane 512 of the stepped
hole. In such a way, the bearing 54 may be reliably separated from the
plasma environment so as to avoid corrosion  of the bearing 54 and to
significantly increase the life-span of it.  25 Further, the bearing 54 may
be a magnetic fluid sealing bearing. At this time, the sealing device
above-mentioned may be omitted to simplify the construction.  A part of the
cantilever support device 53 located in the reaction chamber 52 is a
connection arm 532. A bottom electrode is fixed at an   



end of the connection arm 532, as shown in Figure 4. The bottom electrode
comprises a box body 552, a support element 551 located on the top of the
box body 552 (for supporting workpieces) and a cover board 553 located on
the bottom of the box body 552. Thus, the  5 cantilever support device 52
and the bottom electrode are rotatablely supported by the side wall of the
outer shell 51. In order to connect the connection arm 532 to the bottom
electrode more reliably, an end surface 537 (shown in Figure 3) of the
connection arm 532 may has a curvature adapted to an outer wall of the
bottom electrode. 10Furthermore, in the interior of the cantilever support
device 53, there may be a central cavity 531 extending along the axis
direction of the cantilever support device 53. The central cavity 531 may
serve as a channel for connecting electric lines, cooling water way and RF
lines of the bottom electrode to the outside. 15In order to selectively fix
the relative position of the cantilever support device 53 and the outer
shell 51, the plasma processing apparatus provided by the present invention
further comprises a locating device. There are several embodiments for the
locating device. As shown in Figure 3, the locating device may specifically
comprises a  20 flange part 535 fixed on an outer end (an end out of the
outer shell 51) of the cantilever support device 53. Corresponding
positions of the flange part 535 and the side wall of the outer shell 51
are correspondingly provided with pin-holes 536 and locating pins 514
respectively (shown in Figure 2). Apparently, the locating pins 514 may
25be provided on the flange part 535 and the pin-holes 536 may be provided
in the outer shell 51.      The relative position of the cantilever support
device 53 and the outer shell 51 is fixed under a normal operation state.
The plasma processing apparatus is under a state as shown in Figure 4. At
this time,  the locating pins 514 are located in the pin-holes 536, and the
cantilever support device 53 can not be rotated. 



When a maintenance operation is performed, the cantilever support device 53
needs to be rotated. The cantilever support device 53 may be 5 pulled out
from the outer shell 51 for a distance D so as to separate the locating
pins 514 from the pin-holes 536. At this time, the plasma processing
apparatus 5 is under a state as shown in Figure 5. After the locating pins
514 has been separated from the pin-holes 536, the cantilever support
device 53 can be rotated, thus the bottom electrode 10can be rotated along
with it.      When the bottom electrode is rotated about 180 degree along
with the cantilever support device 53, the cantilever support device 53 is
pushed into the outer shell 51 for a distance D. At this time, the locating
pins 514 can re-enter into the pin-holes 536, and the relative position of
15 the cantilever support device 53 and the outer shell 51 is re-fixed. The
plasma processing apparatus 5 is under a state as shown in Figure 6. In the
state shown in Figure 6, the support element 551 of the bottom electrode is
located on the bottom of the box body 552, and the cover board 553 (already
removed in Figure 6) of the bottom electrode is 20 located on the top of
the box body 552. After the cover board 553 and the related parts on the
top of the reaction chamber 52 have been removed, an operator can perform a
maintenance operation from above on the related parts in an inner cavity of
the bottom electrode. After the main maintenance operation is finished, the
cover board 25 553 and the related parts on the top of the reaction chamber
52 can be remounted, and then the cantilever support device 53 is pulled
out from the outer shell 51 for a distance D again so as to separate the
locating pins 514 from the pin-holes 536. The plasma processing apparatus 5
will be under the state as shown in Figure 5 again. After a 180 degree
rotation, the relative position of the cantilever support device 53 and the
outer shell 51 is fixed by the locating pins 514 and the pin-holes 536. At
this time, the plasma processing apparatus 5 is recovered into the normal
operation state as shown in Figure 4. The overall maintenance 5operation is
finished.      In the maintenance operation above-mentioned, a step of
taking the bottom electrode out of the reaction chamber 52 is omitted for
the plasma processing apparatus 5, and the presence of such a step is one
important reason for the maintenance operation of the prior art plasma 



10 processing apparatus being relatively complex. Thus, the plasma
processing apparatus provided by the present invention simplifies the
maintenance operation significantly, save the maintenance cost and the
maintenance time, and increases the service efficiency of the plasma
processing apparatus significantly. 15Referring to Figures 7 and 8, Figure
7 is a schematic diagram of gas-flow directions in an embodiment of the
plasma processing apparatus provided by the present invention; Figure 8 is
a schematic diagram of gas-flow directions in another embodiment of a
plasma processing apparatus provided by the present invention. The gas-flow
20directions are indicated schematically by broken lines with an arrow in
both figures.      It is well known that the uniformity of gas distribution
in the reaction chamber 52 directly affects the uniformity of plasma
distribution, and the later is a key factor which relates to the uniformity
25 of surface treatment of workpieces. The uniformity of gas distribution
in the reaction chamber 52 becomes more and more important with an
increased size of the workpiece and a decreased critical dimension.
Since gas commonly enters from the top of the reaction chamber 52, the
presence of the connection arm 532 of the cantilever support  device 53
disadvantageously affects the uniformity of gas in radial directions of the
reaction chamber 32 to a certain degree. Although it is hard to
fundamentally eliminate the disadvantageous effect, measures may be adopted
to minimize it. 5In order to provide an enough space for successfully
connecting electric lines, cooling water way and RF lines of the bottom
electrode to the outside via the inner cavity of the connection arm 532,
the cross-sectional area of the connection arm 532 can not be too small,
but the shape of the cross section of the connection arm 532 may be 



10 improved. For example, the size of the connection arm 532 may be as
small as possible and the cross section of the connection arm 532 may be
set to be circular (Figure 7). Comparing with a substantial square cross
section in the prior art, a circular cross section can significantly
decrease an interference to gas flowing downwards from both sides of 15the
connection arm, thus the non-uniformity of the gas in radial directions of
the reaction chamber 32 may be decreased.      As shown in Figure 8, the
cross section of the connection arm 532 may be further set as an ellipse.
Under a normal operation state, the major axis of the ellipse substantially
vertically extends. The width of  20 the connection arm 532 is a major
factor of interfering gases. The width of the connection arm 532 may be
significantly decreased by setting the shape of the cross section of it as
an ellipse, while a big enough inner space may be provided. Thus, the
non-uniformity of the gas in radial directions of the reaction chamber 32
may be further decreased.  25 The plasma processing apparatuses provided by
the present invention have been described above. Here, specific examples
are used to describe the theories and embodiments of the present invention.
The description of the embodiments above is only for the purpose of helping
to understand the methods and spirit of the present invention. It should
be noted that many improvements and modifications may be applied to the
present invention without departing from the theory the present invention
for the persons skilled in the art. These improvements and modifications
are also covered by the scope of the claims of the present invention.
Claims 1. A plasma processing apparatus comprising: an outer shell provided
with a reaction chamber in the interior; 



5a bottom electrode arranged in the reaction chamber; and      a cantilever
support device laterally going through a side wall of the outer shell, an
inner end of the cantilever support device being located in the reaction
chamber and supporting the bottom electrode; characterized in that the
cantilever support device is pivotally 10 mounted on the side wall of the
outer shell so as to rotate in the outer shell; the plasma processing
apparatus further comprises a locating device so as to selectively fix the
relative position of the cantilever support device and the outer shell.
152. The plasma processing apparatus according to claim 1, characterized in
that the locating device includes a flange part fixed on an outer end of
the cantilever support device, and the flange part and the outer shell are
respectively provided with locating pins and pin-holes matching each other.
20      3. The plasma processing apparatus according to claim 1,
characterized in that the cantilever support device is pivotally mounted on
the side wall of the outer shell by a bearing. 254. The plasma processing
apparatus according to claim 3, characterized in that a sealing component
is arranged between the cantilever support device and the outer shell. 5.
The plasma processing apparatus according to claim 4,  



characterized in that the side wall of the outer shell is provided with a
circular stepped hole having a step plane facing towards the outside, and
the bearing is arranged in the circular stepped hole; the sealing component
is particularly a sealing ring and is arranged between the 5cantilever
support device and the step plane of the circular stepped hole.      6. The
plasma processing apparatus according to claim 3, characterized in that the
bearing is a magnetic fluid sealing bearing. 107. The plasma processing
apparatus according to claim 1, characterized in that the cross section of
a part of the cantilever support device located in the reaction chamber has
a shape of circle. 8. The plasma processing apparatus according to claim 1,
15  characterized in that the cross section of a part of the cantilever
support device located in the reaction chamber has substantially a shape of
ellipse, and the major axis of the ellipse substantially vertically extends
under a normal operation state. 209. The plasma processing apparatus
according to claim 1, characterized in that the cantilever support device
comprises a cavity extending along the axis direction of the cantilever
support device in the interior, and the cavity is communicated with an
inner cavity of the bottom electrode. 


