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(54) (TITLE OF THE INVENTION) PLASMA PROCESSING DEVICE FOR SEMICONDUCTOR WAFERS

(57) (ABSTRACT)

(PurpPosE) To provide a plasma processing device capable
of allowing a process gas that generates plasma to flow
evenly in the wvertical direction with respect to
semiconductor wafers held in a vertically stacked state and
thereby performing uniform plasma processing on each of
the plurality of semiconductor wafers.

(ConsTiTuTION) The plasma processing device includes: a
processing vessel 10 configured to divide a processing
space S where a plurality of semiconductor wafers W are
held so as to be stacked vertically with space therebetween;
a plasma generation vessel 25 formed integrally with the
processing vessel; uniform radical inlet ports 23 facing a
partition wall 22 between the processing vessel and the
plasma generation vessel over an entire vertical length of a
wafer holding area; uniform gas discharge ports 42 facing
the radical inlet ports; and a process gas supply mechanism
including uniform gas supply ports 31 and a parallel plate
type plasma generation electrode 33, the process gas supply
mechanism and plasma generation electrode being provided
inside the plasma generation vessel.
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(SCOPE OF THE PATENT CLAIMS)

(Cram 1) A plasma processing device for semiconductor
wafers comprising: a processing vessel configured to divide
a processing space including a wafer holding area where a
plurality of semiconductor wafers are held so as to be
stacked vertically with space therebetween along a
horizontal direction; a plasma generation vessel configured
to divide a plasma generation space provided integrally
with the processing vessel via the processing space and a
partition wall; radical inlet ports formed uniformly in a
vertical direction in an area of the partition wall facing an
entire vertical length of the wafer holding area; a gas
exhaust mechanism including gas discharge ports formed
uniformly in the vertical direction in an area facing the
entire vertical length of the wafer holding area, the gas
discharge ports being provided at positions facing the
radical inlet ports via the wafer holding area; a process gas
supply mechanism including process gas supply ports
formed uniformly in the vertical direction, the process gas
supply ports being provided so as to face the entire area
where the radical inlet ports are positioned in the plasma
generation vessel; and a parallel plate type plasma
generation electrode provided outside the plasma
generation vessel between the process gas supply
mechanism and the partition wall.

(DETAILED DESCRIPTION OF THE INVENTION)

(0001)

(FIELD OF INDUSTRIAL APPLICATION) The present invention
relates to a plasma processing device for semiconductor
wafers.

(0002)

(PRIOR ART) In the structure of a semiconductor device,
various types of processing such as deposition processing,
etching processing, and ashing processing typically must be
performed on the surface of a semiconductor wafer, but a
plasma of a process gas has come to be used for such
processing in response to increases in device density and
integration. This plasma contains a mixture of plasma gas
ions, radicals, and electrons, and these produce various
reactions with the semiconductor wafer surface so that the
intended processing is performed. From the perspective of
the efficiency of such plasma processing for semiconductor
wafers, it is preferable to be able to simultaneously process
a plurality of semiconductor wafers.

(0003) Etching devices utilizing plasma have been
proposed previously in Japanese Unexamined Patent
Application Publication S61-266584 and Japanese
Unexamined Patent Application Publication S62-149891,
for example, as devices which perform plasma processing
on a plurality of semiconductor wafers as a batch. In these
devices, plasma processing is performed on semiconductor
wafers by holding the semiconductor wafers to be
processed in a vertically stacked state inside a processing
vessel, introducing a process gas which generates plasma
into the processing vessel via a gas inlet pipe using a
discharge pipe or the like, and discharging the gas with an
exhaust pipe provided at a position facing the gas inlet pipe
in the processing vessel.

(0004)

(PROBLEM TO BE SOLVED BY THE INVENTION) However, in
these conventional plasma processing devices, since a
process gas which generates plasma is introduced into the
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processing vessel via the gas inlet pipe, the process gas is
diffused vertically within the processing vessel. Therefore,
the state of flow of the process gas differs depending on the
vertical position of the semiconductor wafers that are
stacked vertically, which results in a problem in that
although a plurality of semiconductor wafers are processed
as a batch, the respective semiconductor wafers cannot be
processed uniformly.

(0005) The present invention solves the problem described
above, and an object of the present invention is to provide a
plasma processing device for semiconductor wafers capable
of allowing a process gas that generates plasma to flow
evenly in the vertical direction with respect to a plurality of
semiconductor wafers held in a vertically stacked state and,
as a result, performing uniform plasma processing on each
of the plurality of semiconductor wafers.

(0006)

(MEANS FOR SOLVING THE PROBLEM) The plasma processing
device for semiconductor wafers according to the present
invention includes: a processing vessel configured to divide
a processing space including a wafer holding area where a
plurality of semiconductor wafers are held so as to be
stacked vertically with space therebetween along a
horizontal direction; a plasma generation vessel configured
to divide a plasma generation space provided integrally
with the processing vessel via the processing space and a
partition wall; radical inlet ports formed uniformly in a
vertical direction in an area of the partition wall facing an
entire vertical length of the wafer holding area; a gas
exhaust mechanism including gas discharge ports formed
uniformly in the vertical direction in an area facing the
entire vertical length of the wafer holding area, the gas
discharge ports being provided at positions facing the
radical inlet ports via the wafer holding area; a process gas
supply mechanism including process gas supply ports
formed uniformly in the vertical direction, the process gas
supply ports being provided so as to face the entire area
where the radical inlet ports are positioned in the plasma
generation vessel; and a parallel plate type plasma
generation electrode provided outside the plasma
generation vessel between the process gas supply
mechanism and the partition wall.

(0007)

(OpPerATION) With the plasma processing device of the
present invention, plasma is generated in the plasma
generation vessel by the process gas from the process gas
supply mechanism due to the action of the plasma
generation electrode, and this process gas is introduced into
the processing vessel via the radical inlet ports of the
partition wall and then discharged from the gas discharge
ports after flowing through the wafer holding area.
However, since not only the radical inlet ports of the
partition wall and the gas discharge ports, but also the
process gas supply ports in the plasma generation vessel are
formed uniformly in the vertical direction in the area facing
the entire vertical length of the wafer holding area, the flow
of the process gas through the wafer holding area in the
processing vessel becomes sufficiently uniform in the
vertical direction, and as a result, sufficiently uniform
plasma processing can be performed on each of the
semiconductor wafers.
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(0008)

(ExampLES) Examples of the present invention will be
described hereinafter. FIGS. 1 and 2 are an explanatory
vertical cross-sectional view and an explanatory horizontal
plan view of a plasma processing device for semiconductor
wafers according to an embodiment of the present
invention, wherein 10 is a cylindrical processing vessel
made of quartz, for example. The upper end of this
processing vessel 10 is closed, while the lower end is
opened, and a cap plate 11 made of stainless steel or the
like is provided in an airtight manner on this lower end
opening so as to be freely openable and closable. The
processing vessel 10 is a vessel configured to divide a
processing space S including a wafer holding area, and
multiple semiconductor wafers W to be processed are held
in the wafer holding area in the processing space S so as to
be stacked in the vertical direction with space therebetween
along the horizontal direction.

(0009) Specifically, a turntable 16 is provided on the inner
end of a rotating shaft 15 which passes through the cap
plate 11 of the processing vessel 10 in an airtight manner
with a magnetic seal, for example, and a heat insulating
cylinder 17 made of quartz is mounted on this turntable 16.
A wafer board 19 made of quartz, for example, is mounted
on this heat insulating cylinder 17, and 25 or 50
semiconductor wafers W, for example, are supported by
support grooves formed in support rods 20 of the wafer
board 19 with appropriate spacing therebetween. The pitch
of the semiconductor wafers W on this wafer board 19 is
not particularly limited but may be, for example, 12.7 mm
for 8-inch semiconductor wafers.

(0010) On one side of the outer periphery of the processing
vessel 10, a plasma generation vessel 25 made of quartz,
for example, is provided integrally using a portion of the
peripheral wall thereof as a partition wall 22 so as to divide
a plasma generation space P with the partition wall 22. The
plasma generation vessel 25 is formed so as to extend in the
vertical direction over the wafer holding area — that is, over
a range facing the entire vertical length of the area of space
occupied by the wafer board 19. Radical inlet ports 23 are
then formed uniformly in the vertical direction in an area
facing the entire vertical length of the wafer holding area in
the partition wall 22 between the processing space S and
the plasma generation space P.

(0011) Specifically, the radical inlet ports 23 are formed by
multiple circular through-holes of the same diameter
arranged with a uniform pitch in the vertical direction in an
area of the partition wall 22 facing the entire vertical length
of the wafer holding area. Here, the diameter of the
through-holes is from around 1 to 3 mm, and the pitch is
12.7 mm, for example.

(0012) A process gas supply pipe 30 forming a process gas
supply mechanism is disposed so as to extend vertically
facing the region of the partition wall 22 where the radical
inlet ports 23 are formed inside the plasma generation
vessel 25, and process gas supply ports 31 are formed
uniformly in the vertical direction on the side of the process
gas supply pipe 30 facing the radical inlet ports 23.

(0013) Specifically, the process gas supply ports 31 are
formed by multiple circular through-holes of the same
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diameter arranged at a uniform pitch in the vertical
direction on the peripheral wall part of the process gas
supply pipe 30 facing the radical inlet ports 23. Here, the
diameter of the through-holes is around 0.5 mm, for
example, and the pitch is 25 mm, for example.

(0014) Further, a parallel plate type plasma generation
electrode 33 is provided between the process gas supply
pipe 30 and the partition wall 22 so as to be positioned on
the outside of the plasma generation vessel 25 dividing the
plasma generation space P, and a high-frequency power
supply 35 is connected to one end thereof, while the other
end is grounded. Here, a power supply of around 1 KW, for
example, which outputs a frequency of 13.56 MHz, for
example, is used as the high-frequency power supply 35.
(0015) An exhaust port 41 is provided integrally on the
outer periphery of the processing vessel 10 on the opposite
side as the plasma generation vessel 25 using a portion of
the peripheral wall thereof as a partition wall 40 so as to
divide the exhaust path with the partition wall 40. As in the
case of the radical inlet ports 23, gas discharge ports 42 are
formed uniformly in the vertical direction in the partition
wall 40 of the exhaust port 41 between the processing space
S and the exhaust port 41 over a range facing the entire
vertical length of the wafer holding area. An exhaust pipe
44 connected to a vacuum exhaust pump (not illustrated) is
provided on this exhaust port 41.

(0016) Specifically, the gas discharge ports 42 are formed
by multiple circular through-holes of the same diameter
arranged at a uniform pitch in the vertical direction in an
area of the partition wall 40 facing the entire vertical length
of the wafer holding area. Here, the diameter of the
through-holes is greater than or equal to that of the radical
inlet ports 23, and the pitch is 12.7 mm, for example.
(0017) The respective through-holes associated with the
radical inlet ports 23 of the partition wall 22 and the
respective through-holes associated with the gas discharge
ports 42 of the partition wall 40 all have the same pitch as
the semiconductor wafers W, and through-holes
corresponding to one another are disposed so as to
correspond to one another in the horizontal direction at the
level of the center of the gap between two semiconductor
wafers W that are vertically adjacent to one another.

(0018) The operation of the plasma processing device for
semiconductor wafers having a configuration such as that
described above is as follows. Specifically, in a state in
which the semiconductor wafers W to be processed are
held in the wafer holding area inside the processing vessel
10, the inside of the processing space S is placed in a
reduced-pressure state by the exhaust pipe 44 via the
exhaust port 41, and a process gas is supplied by the
process gas supply pipe 30 while a high-frequency voltage
is applied to the parallel plate type plasma generation
electrode 33 so that plasma is generated by the process gas
in the plasma generation space P. The process gas from
which this plasma is generated is introduced into the
processing space S via the radical inlet ports 23 of the
partition wall 22 due to a pressure difference. The process
gas then flows through the wafer holding area along the
surfaces of the semiconductor wafers W, and after being
discharged to the exhaust port 41 from the gas discharge

Page 4



ports 42 of the partition wall 40, the process gas is
discharged by the exhaust pipe 44.

(0019) The radicals of the process gas produced by the
plasma are introduced into the processing space S from the
radical inlet ports 23, and the target processing is achieved
for the surfaces of the semiconductor wafers W by the
action of these radicals. During this processing, the
turntable 16 is rotated at a speed of around 2 to 3 rpm, for
example, via the rotating shaft 15.

(0020) As a result of the rotation of the turntable 16, the
semiconductor wafers W mounted within the wafer board
19 also rotate, and the radicals flow parallel to the surfaces
of the semiconductor wafers W, which makes it possible to
perform uniform processing within the plane of the
semiconductor wafers W.

(0021) A gas with a composition corresponding to the
purpose of the process of the semiconductor wafers W is
used as the process gas. Examples of representative process
gases are a mixed gas of carbon tetrafluoride gas and
oxygen gas for etching processing, for example, and a
mixed gas of oxygen gas and nitrogen gas for ashing
processing of a resist film. Further, hydrogen gas, water
vapor, and other gases may also be mixed or used alone.
(0022) During plasma processing, the inside of the
processing vessel 10 is maintained in a reduced-pressure
state of 0.2 Torr, for example, by a vacuum pump
connected to the exhaust pipe 44, and the inside of the
plasma generation vessel 25 is maintained at a reduced
pressure of 0.5 Torr, for example. By keeping the
processing space S in a state of lower pressure than the
plasma generation space P, the radicals of the process gas
produced by the plasma generated in the plasma generation
space P are introduced smoothly into the processing space
S due to the flow of the process gas.

(0023) Therefore, in the configuration described above,
both the radical inlet ports 23 in the partition wall 22 and
the gas discharge ports 42 in the partition wall 40 are
formed uniformly in the vertical direction in an area facing
the entire vertical length of the wafer holding area, and a
rectifying action is also applied due to the respective
semiconductor wafers W being disposed along the
horizontal direction, so the radicals from the radical inlet
ports 23 flow in the horizontal direction inside the
processing space S essentially without being diffused in the
vertical direction.

(0024) In addition, in the plasma generation vessel 25,
since the process gas supply ports 31 of the process gas
supply pipe 30 are formed in an opposing state as well as
uniformly in the vertical direction with respect to the area
of the partition wall 22 where the radical inlet ports 23 are
positioned, the process gas flowing toward the radical inlet
ports 23 in the plasma generation space P also flows
essentially in the horizontal direction without being
diffused in the vertical direction.

(0025) As a result, the radicals introduced into the
processing space S via the radical inlet ports 23 of the
partition wall 22 are not diffused in the vertical direction,
and the radicals are supplied to the wafer holding area with
a uniform flow over the entire vertical length of the wafer
holding area in a state with no differences due to the
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vertical position. As described above, the radicals flow in
the horizontal direction through the wafer holding area
even within the processing space S, so the radicals are
supplied so as to flow through each of the plurality of
semiconductor wafers W held in the wafer holding area in
the same state for all of the semiconductor wafers W at
different positions in the vertical direction. As a result,
uniform plasma processing can be achieved for each of the
semiconductor wafers W, and uniform plasma processing
can thus be performed on multiple semiconductor wafers as
a batch.

(0026) In addition, since the plasma generation electrode
33 on the outside of the plasma generation vessel 25 is a
parallel plate type electrode, the size can be increased
easily, and a plasma generation space P corresponding to
the entire vertical length of the wafer holding area can be
realized reliably and at low cost.

(0027) Although the plasma generation vessel 25 is
provided integrally with the processing vessel 10, the
plasma generation space P is adjacent to the processing
space S via the partition wall 22, so the radicals produced
in the plasma generation space P are introduced into the
processing space S with high efficiency. However, the
space in which plasma is actually generated is limited to the
area of space between the processing space and the plasma
generation electrode 33, and due to the presence of the
partition wall 22, ions do not penetrate directly into the
processing space S and affect the semiconductor wafers W.
Therefore, defects in the semiconductor wafers due to the
effect of ions or the effect of the plasma electric field,
which are observed when ions act directly on the
semiconductor wafers W, do not occur.

(0028) In addition, since it is sufficient for the processing
space S including the required wafer holding area to be
secured within the processing vessel 10, the processing
vessel 10 can be made small in size. In particular, since it is
unnecessary to provide a metal member for preventing the
adverse effects of plasma on the semiconductor wafers W
inside the processing vessel 10, there is no risk of the
contamination of the semiconductor wafers W by metals.
(0029) Further, as described above, the processing vessel
10 may be a simple vessel that is not provided with a metal
shield plate or the like inside or outside the vessel, so the
thermal capacity of the wvessel itself becomes small.
Therefore, when performing plasma processing while
heating, the temperature of the semiconductor wafers W
can be rapidly raised or lowered with an appropriate
heating source. In particular, since the processing vessel 10
is ordinarily formed from quartz, which allows light to pass
through, a heating source formed by arranging a plurality of
infrared radiation lamps on the periphery of the processing
vessel 10 can be suitably used as a heating source, and in
this case, the semiconductor wafers W can be raised and
lowered in temperature very rapidly and kept at a high
temperature. As a result, accurate temperature management
of the semiconductor wafers W can be achieved precisely
and easily. The heating temperature of the semiconductor
wafers W differs depending on the target processing, but
may be a temperature within the range of from around 140
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to 200°C in the case of ashing processing, for example, and
there is no risk of heavy metal contamination in the
semiconductor wafers during low-temperature processing.
(0030) An example of the present invention was described
above, but various modifications may be added to the
present invention. For example, in the example described
above, the plasma generation vessel 25 is provided as an
external-type vessel, so to speak, on the outer periphery of
the processing vessel 10, and a portion of the peripheral
wall of the processing vessel 10 is used as a partition wall
22 with respect to the plasma generation space P, but a
plasma generation vessel which divides the plasma
generation space P may also be provided as an internal-type
vessel inside the processing vessel 10.

(0031) In addition, in the example described above, the
exhaust port 41 is also provided as an external-type port, so
to speak, but a gas exhaust pipe 50 may also be provided
instead of such an exhaust port 41, as illustrated in FIG. 3.
This gas exhaust pipe 50 must also have gas discharge ports
52 made of circular through-holes uniformly in the vertical
direction in an area facing the entire vertical length of the
wafer holding area. Such a gas discharge pipe 50 yields the
advantage that the configuration of the device is simplified.
(0032) Further, since the effects described above are
achieved reliably, as in the illustrated example, it is
preferable for the array pitch of the radical inlet ports 23 of
the partition wall 22 and the gas discharge ports 42 of the
partition wall 40 or the gas discharge ports 52 of the gas
discharge pipe 50 to match the arrangement pitch of the
semiconductor wafers W and for the exhaust ports to be
provided in a state facing one another via the gap between
two semiconductor wafers W that are vertically adjacent to
one another. In this case, the size of the pitch can be
selected appropriately and may be a pitch of 9.5 mm, for
example, when processing 6-inch semiconductor wafers,
for example. However, this aspect is not a feature that is
absolutely essential to the present invention.

(0033) In addition, in the illustrated example, the radical
inlet ports 23, the gas discharge ports 42 or 52, and the
process gas supply ports 31 all consist of circular through-
holes, but these may also be through-holes of a shape other
than a circular shape, and the same effects can be achieved
even with one or a plurality of slits. However, circular
through-holes are preferable from the perspective of the
ease of fabrication or the like.

(0034) The opening diameter of the radical inlet ports 23
and the gas discharge ports 42 may be any diameter as long
as the required reduced-pressure states can be realized in
the processing space S and the plasma generation space P,
but when the diameter of the radical inlet ports 23 is too
large, the prescribed pressure difference cannot be achieved
between the processing space S and the plasma generation
space P. As a result, a good plasma cannot be generated, or
the radicals generated by the plasma cannot be introduced
smoothly into the processing space S. In addition, the
diameter of the gas discharge ports 42 is preferably greater

than or equal to that of the radical inlet ports 23 from the
perspective of allowing the pressure-reducing effect of the
exhaust pipe 44 to effectively act on the processing space
S.

(0035)

(EFFECT OF THE INVENTION) As described above, with the
present invention, the flow of the process gas in the plasma
generation space and the processing space is not diffused in
the vertical direction and becomes a uniform flow with no
differences due to vertical position over the entire vertical
length of the wafer holding area. As a result, radicals flow
through each of the plurality of semiconductor wafers held
in the wafer holding area in a uniform state, regardless of
the vertical position. Therefore, uniform plasma processing
can be achieved for each of the semiconductor wafers, and
uniform plasma processing can be performed on multiple
semiconductor wafers as a batch.

(BRIEF DESCRIPTION OF THE DRAWINGS)

(FIG. 1) is an explanatory vertical front view illustrating
the configuration of a plasma processing device for
semiconductor wafers according to an example of the
present invention.

(FIG. 2) is an explanatory horizontal plan view of a plasma
processing device for semiconductor wafers according to
an example of the present invention.

(FIG. 3) is an explanatory vertical front view illustrating
the configuration of a plasma processing device for
semiconductor wafers according to another example of the
present invention.

(EXPLANATION OF REFERENCES)

10: processing vessel

11: cap plate

S: processing space

W: semiconductor wafers

15: rotating shaft

16: turntable

17: heat insulating cylinder

19: wafer board

20: support rod

22: partition wall

P: plasma generation space

25: plasma generation vessel

23: radical inlet port

30: process gas supply pipe

31: process gas supply port

33: plasma generation electrode

35: high-frequency power supply

40: partition wall

41: exhaust port

42: gas discharge port

44: exhaust pipe

50: gas discharge pipe

52: gas discharge port
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