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PRESSURE CONTROL  The present invention relates to the fabrication of
semiconductor-based devices. More particularly, the present invention
relates to improved techniques for controlling the pressure in plasma
processing chambers. In the fabrication of semiconductor-based devices
{e.g., integrated circuits, or flat panel displays) layers of material may
alternately be deposited onto and etched from a substrate surface (e.g.,
the semiconductor wafer or the glass panel). As is well known in the art,
the etching of the deposited layers) may be accomplished by a variety of
techniques, including plasma-enhanced etching. In plasma-enhanced etching,
the actual etching of the substrate takes place inside a plasma processing
chamber. During etching, a plasma is formed from a suitable etchant source
gas to etch areas of the substrate that are unprotected by the mask,
leaving behind the desired pattern. Among different types of plasma etching
systems, those utilizing confinement rings have proven to be highly
suitable for efficient production and/or for forming the ever shrinking
features on the substrate. An example of such a system may be found in
commonly assigned U.S. Patent No. 5,534,751, which is incorporated by
reference herein. Although the use of confinement rings results in a
significant improvement in the performance of plasma processing systems,
current implementations can be improved. In particular, it is realized that
improvements can be made in the way in which pressure is controlled in a
plasma processing system. To facilitate discussion, FIG. 1 depicts an
exemplary plasma processing chamber 100, including confinement rings 102 as
they are currently implemented. Within plasma processing chamber 100, there
is shown a chuck 104, representing the workpiece holder on which a
substrate 106 is positioned during etching. Chuck 104 may be implemented by
any suitable chucking technique, e.g., electrostatic,    WO 02/1523G PCT/ U
S01 /2-t 103 mechanical clamping, vacuum, or the like. During etching, RF
power supply 110 may source RF power having a frequency of, for example,
about 2 MHz to about 27 MHz, to chuck 104. Above substrate 106, there is
disposed a reactor top 112, which supports an upper electrode 124 with an
RF power supply 126. An etchant gas source 5 120 supplies a gas to a region
within the confinement rings l02. The upper electrode 124 may be used to
excite the etchant gas to a plasma and to sustain the plasma. The gas and
plasma are vented to a region outside of the confinement rings 102 to an
exhaust port 122. Commonly assigned, U.S. Patent Number 6,019,060 entitled
"Cam-Based 10 Arrangement For Positioning Confinement Rings In A Plasma
Processing Chamber" by Eric H. Lenz, issued February 1, 2000, incorporated
by reference taught that the pressure drop across the confinement rings is
approximately proportional to the expression 1/(x2 + y2 + z2), where x, y,
and z are the distances between confinement rings, as shown in FIG. 1. Lenz
provided a single moveable confinement ring and a 15 stationary confinement
ring. By adjusting the distances between the confinement rings 102 by
moving the single movable confinement ring, as taught by Lenz, a pressure
control range of 17 to 30 % may be obtained. With a pressure control above
30% the plasma may become unconfined due to the large gap between the
rings. By controlling the pressure drop across the confinement rings the
pressure within the 20 confinement rings, the wafer area, may be
controlled. It is desirable to provide an increased control of pressure
across the confinement rings. 



SUMMARY OF THE INVENTION 25 To achieve the foregoing and other objects and
in accordance with the purpose of the present invention, a plasma
processing device. A vacuum chamber with an exhaust port in fluid
connection with the vacuum chamber and a gas source in fluid connection
with the vacuum chamber is provided. Within the vacuum chamber a 30
confinement device for providing wafer area pressure control greater than
40% is placed. 2   WO 02/1S231 PCT/US01/2-4.103 These and other features of
the present invention will be described in more detail below in the
detailed description of the invention and in conjunction with the following
figures. 5 BRIEF DESCRIPTION OF THE DRAWINGS The present invention is
illustrated by way of example, and not by way of limitation, in the figures
of the accompanying drawings and in which like reference numerals refer to
similar elements and in which: FIG. 1 is a schematic view of a prior art
plasma processing chamber. 10 FIG. 2 is a schematic view of plasma
processing chamber according to one embodiment of the invention. FIG. 3 is
an enlarged view of a cross-section of the confinement ring and vertical
restriction ring of FIG. 2 FIG. 4 is an enlarged view of a cross-section of
the adjustable confinement 15 ring and vertical restriction ring when the
adjustable confinement ring is lowered to its lowest position. FIG. 5 is a
schematic view of plasma processing chamber according to a second
embodiment of the invention. FIG. 6 is an enlarged view of a cross-section
of the confinement ring and outer 20 vertical restriction ring of FIG. 5.
FIG. 7 is an enlarged view of a cross-section of the adjustable confinement
ring and outer vertical restriction ring when the adjustable confinement
ring is lowered to its lowest position. FIG. 8 is a schematic view of
plasma processing chamber according to a third 



25 embodiment of the invention. 3   WO 02/15231 PCT/USO1/2.1103 FIG. 9 is
an enlarged view of a cross-section of the confinement rings of FIG. 8.
FIG. 10 shows an example of the confinement ring arrangement where a
distance is maximized. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying
drawings. 10 In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one skilled in the art, that
the present invention may be practiced without some or all of these
specific details. In other instances, well known process steps and/or
structures have not been described in detail in order to not 15
unnecessarily obscure the present invention. To facilitate discussion, FIG.
2 is a schematic view of plasma processing chamber 200, including a
adjustable confinement ring 202 and a fixed inner vertical restriction ring
203 according to one embodiment of the invention. The inner vertical
restriction ring has a fixed end, connected to the top 212 of the plasma
processing 20 chamber 200 and a free end adjacent to the confinement ring
202. In the specification and claims an adjustable confinement ring is
defined as a confinement ring that may be adjusted or moved in au axial
direction (up or down) during a plasma processing process to adjustably
control the wafer area pressure. A controller 2S2 connected to the
confinement ring 202 allows the adjustment of the confinement ring 202
during 25 the plasma processing process. Within plasma processing chamber
200, there is shown a chuck 204, representing the workpiece holder on which
a substrate 206 is positioned during etching. Chuck 204 may be implemented
by any suitable chucking technique, e.g., electrostatic, mechanical
clamping, vacuum, or the like. An etchant gas source 220 and an exhaust
port 222 are connected to the processing chamber 200. 4   WO l12/1S23G
PCT/US01/2.1103 Other plasma generation equipment, such as described above
and illustrated in FIG. 1, is also provided to the plasma processing
chamber, but is not shown for clarity. Such plasma generation equipment may
be capacitive as illustrated in FIG. 1 or inductive, or may be another type
of plasma generation device. 5 During etching, the etchant gas source 220
supplies a gas to a region within the confinement ring 202. The gas is
vented to a region outside of the confinement ring 202 to an exhaust port
222. The pressure in the area above the substrate 206 (wafer) is determined
by the rate of introduction of the etchant gas from the etchant gas source
220 into the area above the substrate 206 within the confinement ring 202,
the rate of 10 flow of gas through the exhaust port 222 outside of the
confinement ring 202, and the pressure drop across the confinement ring
202. The pressure drop across the confinement ring 202 is dependent on the
flow of gas past the confinement ring 202. 



FIG. 3 is an enlarged view of a cross-section of the confinement ring 202
and vertical restriction ring 203 of FIG. 2. The flow of gas past the
confinement ring 202 15 has a first component 302, which flows between the
confinement ring 202 and the bottom 228 of the process chamber, and a
second component 304, which flows between the confinement ring 202 and the
vertical restriction ring 203. The distance between the confinement ring
202 and the bottom 228 of the process chamber is indicated as "x". The
distance between the confinement ring 202 and the vertical 20 restriction
ring 203 is indicated by "y", which in this embodiment is substantially
constant. The pressure drop across the confinement ring is approximately
proportional to the expression 1/(x2 + y2). When the adjustable confinement
ring 202 is at its highest position, the distance between the confinement
ring 202 and the bottom 228 "x" is maximum and 1/(x2 + y2) is therefore at
its minimum, so that the 25 pressure drop across the confinement ring is at
its minimum. In such a configuration the first component 302 may be 95% of
the gas flow and the second component 304 may be 5% of the gas flow. FIG. 4
is an enlarged view of a cross-section of the adjustable confinement ring
202 and vertical restriction ring 203 when the adjustable confinement ring
202 is 30 lowered to its lowest position. Again, the pressure drop across
the confinement ring is approximately proportional to the expression 1/(x2
+ y2). When the adjustable 5   WO U2/1231 PCT/L1S01/2~103 confinement ring
202 is at its lowest position, the distance between the confinement ring
202 and the bottom 228 "x" is minimum and 1/(x2 + y2) is therefore at its
maximum, so that the pressure drop across the confinement ring is at its
maximum. In such a configuration the first component 302 may be 90% of the
gas flow and the 5 second component 304 may be 10% of the gas flow. The
change in the pressure across the confinement ring as the adjustable
confinement ring 202 goes from the highest position, as shown in FIG. 2 and
FIG. 3, to the lowest position, as shown in FIG. 4, is about 90%, thus
providing 90% wafer area pressure control. FIG. 5 is a schematic view of
plasma processing chamber S00, including a 10 adjustable confinement ring
502 and a fixed outer vertical restriction ring 503 according to a second
embodiment of the invention. The fixed outer vertical restriction ring 503
has a fixed end connected to the top 512 of the plasma processing chamber
500 and a free end adjacent to the confinement ring 502. A controller 552
connected to the confinement ring 502 allows the adjustment of the
confinement ring 15 502 during the plasma processing process. Within plasma
processing chamber 500, there is shown a chuck 504, representing the
workpiece holder on which a substrate 506 is positioned during etching.
Chuck 504 may be implemented by any suitable chucking technique, e.g.,
electrostatic, mechanical clamping, vacuum, or the like. An etchant gas
source 520 and an exhaust port 522 are connected to the processing 20
chamber 500. Other plasma generation equipment, such as described above and
illustrated in FIG. 1, is also provided to the plasma processing chamber,
but is not shown for clarity. Such plasma generation equipment may be
capacitive as illustrated in FIG. 1 or inductive, or may be another type of
plasma generation device. 



During etching, the etchant gas source 520 supplies a gas to a region
within the 25 confinement ring 502. The gas is vented to a region outside
of the confinement ring 502 to the exhaust port 522. The pressure in the
area above the substrate 506 (wafer) is determined by the rate of
introduction of the etchant gas from the etchant gas source 520 into the
area above the substrate 506 within the confinement ring 502, the rate of
flow of gas through the exhaust port 522 outside of the confinement ring
502, and the 30 pressure drop across the confinement ring 502. The pressure
drop across the confinement ring 502 is dependent on the flow of gas past
the confinement ring 502. 6   WO 02/1a23(> PCT/USO1/2.~1U3 FIG. 6 is an
enlarged view of a cross-section of the confinement ring 502 and outer
vertical restriction ring 503 of FIG. 5. The flow of gas past the
confinement ring 502 has a first component 602, which flows between the
confinement ring 502 and the bottom 528 of the process chamber, and a
second component 604, which flows 5 between the confinement ring 502 and
the outer vertical restriction ring 503. The distance between the
confinement ring 502 and the bottom 528 of the process chamber is indicated
as "x". The distance between the confinement ring 502 and the outer
vertical restriction ring 503 is indicated by "y", which in this embodiment
is substantially constant. The pressure drop across the confinement ring is
10 approximately proportional to the expression 1/(x2 + y2). When the
adjustable confinement ring 502 is at its highest position, the distance
between the confinement ring 502 and the bottom 528 "x" is maximum and
1/(x2 + y2) is therefore at its minimum, so that the pressure drop across
the confinement ring is at its minimum. In such a configuration the first
component 602 may be 95% of the gas flow and the 15 second component 604
may be 5% of the gas flow. FIG. 7 is an enlarged view of a cross-section of
the adjustable confinement ring 502 and outer vertical restriction ring 503
when the adjustable confinement ring 502 is lowered to its lowest position.
Again, the pressure drop across the confinement ring is approximately
proportional to the expression 1/(x2 + y2). When the adjustable 20
confinement ring 502 is at its lowest position, the distance between the
confinement ring 502 and the bottom 528 "x" is minimum and 1/(x2 + y2) is
therefore at its maximum, so that the pressure drop across the confinement
ring is at its maximum. In such a configuration the first component 602 may
be 90% of the gas flow and the second component 604 may be 10% of the gas
flow. The change in the pressure drop 25 across the confinement ring as the
adjustable confinement ring 502 goes from the highest position, as shown in
FIG. 5 and FIG. 6, to the lowest position, as shown in FIG. 7, is about
100%, thus providing 100% wafer area pressure control. In this embodiment,
the confinement ring 502 has a leading edge 702 on a lip 704 that extends
around the outer surface of the confinement ring 502. Similarly the 30
outer vertical restriction ring 503 has a leading edge 706 on a lip 708
that extends around the inner surface of the outer vertical restriction
ring 503. The distance between the leading edges 702, 706 determine the
distance "y" between the 7   WO 02/1523( PCT/U SU 1 /2-I103 



confinement ring 502 and the vertical restriction ring 503. Such leading
edges 702, 706 may be used to provide a more uniform and precise distance
between the confinement ring 502 and the vertical restriction ring 503.
Such lips and leading edges may be used in the previous embodiment. 5 FIG.
8 is a schematic view of plasma processing chamber 800, including three
adjustable confinement rings 802, according to a third embodiment of the
invention. A controller 8S2 connected to each of the three adjustable
confinement rings 802 allows the adjustment of the three adjustable
confinement rings 802 during the plasma processing process. The controller
852 may comprise three smaller controllers where 10 each smaller controller
controls a single confinement ring or a single large controller that
controls all three confinement rings. Within plasma processing chamber 800,
there is shown a chuck 804, representing the workpiece holder on which a
substrate 806 is positioned during etching. Chuck 804 may be implemented by
any suitable chucking technique, e.g., electrostatic, mechanical clamping,
vacuum, or the like. An 15 etchant gas source 820 and an exhaust port 822
are connected to the processing chamber 800. Other plasma generation
equipment, such as described above and illustrated in FIG. l, is also
provided to the plasma processing chamber, but is not shown for clarity.
Such plasma generation equipment may be capacitive as illustrated in FIG. 1
or inductive, or may be another type of plasma generation device. 20 During
etching, the etchant gas source 820 supplies a gas to a region within the
confinement rings 802 near the top 812 of the processing chamber 800. The
gas is vented to a region outside of the confinement rings 802 to the
exhaust port 822. The pressure in the area above the substrate 806 (wafer)
is determined by the rate of introduction of the etchant gas from the
etchant gas source 820 into the area above the 25 substrate 806 within the
confinement rings 802, the rate of flow of gas through the exhaust port 822
outside of the confinement ring 802, and the pressure drop across the
confinement rings 802. The pressure drop across the confinement rings 802
is dependent on the flow of gas past the confinement rings 802. FIG. 9 is
an enlarged view of a cross-section of the confinement rings 802 of 30 FIG.
8. The pressure drop across the confinement rings is approximately
proportional to the expression 1/(w2 + x2 + y2 + z2), where w, x, y, and z
are the distances between 8   WO 02/1S23( PCT/USil1/2.1103 confinement
rings as shown in FIG. 9. In this example w = x = y - z. This causes 1/(w2
+ x2 + y2 + z2) to be a maximum, which maximizes the pressure drop. Since
a11 three confinement rings 802 are independently adjustable, the
confinement rings 802 may be moved so that one of the distances x, y, z, or
w may be maximized with the remaining distances minimized. FIG. 10 shows an
example of the confinement ring arrangement where the distance z is
maximized and y is minimized. As a result, the pressure drop across the
confinement rings 802, which is approximately proportional to 1 /(w2 + x2 +
y2 + z2), is minimized. It has been calculated that the differences between
these two extremes in pressure drop provide a 40% wafer area pressure 10
control. In other embodiments with multiple confinement rings, more
confinement rings may be used, where at least two of the confinement rings
are adjustable. Preferably, at least three of the confinement rings are
adjustable. In other embodiments with an inner or outer vertical
restriction ring, more confinement rings 15 may be used, where at least one
of the confinement rings is adjustable. All embodiments may provide
confinement at higher wafer area pressure control than in the prior art.
The advantage of the embodiment with the inner vertical restriction ring is
that the plasma may be confined to a smaller area and be in contact with a
smaller surface 20 area. The smaller surface area of contact means a
smaller surface area needs to be cleaned A disadvantage of the inner
vertical restriction ring is that deposits on the inner vertical
restriction ring may cause contamination, since the inner vertical
restriction ring is close to the wafer processing area. This embodiment
provides improved WAP control. 25 The advantage of the embodiment with the
outer vertical restriction ring is that 



it may provide the best WAP control. In addition, since the vertical
restriction ring is further from the wafer area, the vertical restriction
ring provides less contamination. However, this embodiment exposes a larger
surface area to the plasma increasing the surface that needs to be cleaned.
Both embodiments using a vertical restriction ring in 30 addition to
providing improved WAP control, also provide a much simpler control. 9   WO
(12/1S236 PCT/USO1/2~1(13 The advantage of providing three adjustable
confinement rings is that the confinement window is extended. Such an
embodiment can withstand a greater amount of part wear before there may be
a significant change in control characteristics. 5 While this invention has
been described in terms of several preferred embodiments, there are
alterations, permutations, and substitute equivalents which fall within the
scope of this invention. It should also be noted that there are many
alternative ways of implementing the methods and apparatuses of the present
invention. It is therefore intended that the following appended claims be
interpreted 10 as including all such alterations, permutations, and
substitute equivalents as fall within the true spirit and scope of the
present invention. 10   WO 02/1S231> CLAIMS What is claimed is: 1. A plasma
processing device, comprising: a vacuum chamber; PCT/U S01 /2-4103 5 an
exhaust port in fluid connection with the vacuum chamber; a gas source in
fluid connection with the vacuum chamber; and a confinement device for
providing wafer area pressure control greater than 40%. 10 2. The plasma
processing device, as recited in claim 1, wherein the confinement device
comprises: a vertical restriction ring within the vacuum chamber; and an
adjustable confinement ring within the vacuum chamber. 15 3. The plasma
processing device, as recited in claim 2, wherein the vertical restriction
ring has a first end connected to the plasma processing device and a second
end, which is a free end and which is adjacent to the adjustable
confinement ring. 4. The plasma processing device, as recited in any of
claims 2 and 3, further 20 comprising a controller connected to the
adjustable confinement ring for adjusting the confinement ring during
plasma processing in the plasma processing chamber. 



5. The plasma processing device, as recited in any of claims 2 to 4,
wherein the vertical restriction ring is on the outside of the confinement
ring. 11   WO 0211523G PCT/USO 1 /2.1103 6. The plasma processing device,
as recited in any of claims 2 to 5, wherein the free end of the vertical
restriction ring has a lip. 5 7. The plasma processing device, as recited
in any of claims 2 to 6, wherein the confinement ring has a lip. 8. The
plasma processing device, as recited in any of claims 2 to 4, 6, and 7,
wherein the vertical restriction ring is on the inside of the confinement
ring. 10 9. The plasma processing device, as recited in any of claims 2 to
8, further comprising a chuck within the vacuum chamber for holding a
substrate within the vacuum chamber. 15 10. The plasma processing device,
as recited in airy of claim 1, wherein the confinement device comprises: a
first adjustable confinement ring within the vacuum chamber; and a second
adjustable confinement ring within the vacuum chamber. 20 11. The plasma
processing device, as recited in claim 10, further comprising a controller
connected to the first adjustable confinement ring and the second
adjustable confinement ring, wherein the controller is able to adjust the
first adjustable confinement ring and the second adjustable confinement
ring during plasma processing in the plasma processing device. 25 12. The
plasma processing device, as recited in any of claims 10 and 1 l, further
comprising a third confinement ring. 13. The plasma processing device, as
recited in claim 12, wherein the third 30 confinement ring is adjustable.
14. The plasma processing device, as recited in claim 13, wherein the
controller is connected to the third confinement ring. 12   WO U2/1523(
PCT/USU1/2~103 15. A method for controlling wafer area pressure within a
plasma processing device, comprising: providing an etchant gas source to a
wafer area region; S generating a plasma from the etchant gas source in the
wafer area region; confining the plasma within a vertical restriction ring;
and adjusting a confinement ring adjacent to a free end of the vertical
restriction 



ring. 10 16. A method for controlling wafer area pressure within a plasma
processing device, comprising: providing an etchant gas source to a wafer
area region; generating a plasma from the etchant gas source in the wafer
area region; confining the plasma within at least two confinement rings;
and 15 adjusting at least two of the at least two confinement rings during
the plasma processing. 17. A plasma processing device, comprising: a vacuum
chamber; an exhaust port in fluid connection with the vacuum chamber; 20 a
gas source in fluid connection with the vacuum chamber; and a confinement
device, wherein the confinement device comprises: a vertical restriction
ring within the vacuum chamber; and a adjustable confinement ring within
the vacuum chamber. 25 18. The plasma processing device, as recited in
claim 17, wherein the vertical restriction ring has a first end connected
to the plasma processing device and a second end, which is a free end and
which is adjacent to the adjustable confinement ring. 13   W O l12/15236
PCT/US01/2-tlU3 19. The plasma processing device, as recited in any of
claims 17 and 18, further comprising a controller connected to the
adjustable confinement ring for adjusting the confinement ring during
plasma processing in the plasma processing chamber. 5 20. The plasma
processing device, as recited in any of claims 17 to 19, wherein the
vertical restriction ring is on the outside of the confinement ring. 21.
The plasma processing device, as recited in any of claims 18-20, wherein
the 10 free end of the vertical restriction ring has a lip. 22. The plasma
processing device, as recited in any of claim 17-21, wherein the
confinement ring has a lip. 15 23. The plasma processing device, as recited
in any of claims 17 to 19, 21, and 22, wherein the vertical restriction
ring is on the inside of the confinement ring. 24. The plasma processing
device, as recited in any of claims 17 to 23, further comprising a chuck
within the vacuum chamber for holding a substrate within the 20 vacuum
chamber. 25. A plasma processing device, comprising: a vacuum chamber; 



an exhaust port in fluid connection with the vacuum chamber; 25 a gas
source in fluid connection with the vacuum chamber; and a confinement
device for providing wafer area pressure control, comprising: a first
adjustable confinement ring within the vacuum chamber; and a second
adjustable confinement ring within the vacuum chamber. 30 26. The plasma
processing device, as recited in claim 25, further comprising a 14   WO
02/1623G PCT/U S01 /2~ 103 controller connected to the first adjustable
confinement ring and the second adjustable confinement ring, wherein the
controller is able to adjust the first adjustable confinement ring and the
second adjustable confinement ring during plasma processing in the plasma
processing device. 5 27. The plasma processing device, as recited in any of
claims 25 and 26, further comprising a third confinement ring. 28. The
plasma processing device, as recited in claim 27, wherein the third 10
confinement ring is adjustable. 15
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