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WAFER AREA PRESSURE CONTROL FOR
PLASMA CONFINEMENT

loWer electrode 104 and upper electrode 112, or by grounding
loWer electrode 104 and applying RF poWer to upper elec
trode 112.
The con?nement rings 1 02 serve both to con?ne the plasma
to the volume 106 and to control the pressure of the plasma.
The con?nement of the plasma to the volume 1 1 6 is a function

RELATED APPLICATIONS

This is a Divisional application of prior US. application
Ser. No. 10/225,655, entitled “WAFER AREA PRESSURE

of many factors including the spacing betWeen the con?ne

CONTROL FOR PLASMA CONFINEMENT”, ?led on

ment rings 102, the pressure in the volume outside the con

Aug. 21, 2002, now US. Pat. No. 6,823,815, Which is incor
porated herein by reference and from Which priority under 35

gas, as Well as the level and frequency of RF poWer. For

?nement rings and in the plasma, the type and How rate of the

U.S.C. § 120 is claimed. This application is related to the

effective plasma con?nement, the pressure outside the con
?nement rings 102 should be as loW as possible, preferably
less than 30 millitorr. Con?nement of the plasma is more

commonly assigned US. patent application Ser. No.: 09/637,
736 entitled WAFER AREA PRESSURE CONTROL, by
Fangli Hao, Eric LenZ, and Bruno Morel. Morel.

easily accomplished if the spacing betWeen the con?nement
rings 102 is very small. Typically, a spacing of 0.15 inches or

BACKGROUND OF THE INVENTION

less is required for con?nement. HoWever, the spacing of the
con?nement rings also determines the pressure of the plasma,

The present invention relates to the processing equipment

and it is desirable that the spacing can be adjusted to achieve

for the fabrication of semiconductor-based devices. More

the pressure required for optimal process performance While

particularly, the present invention relates to improved tech
niques for con?ning and controlling the pressure of the

20

plasma in plasma processing chambers.
In the fabrication of semiconductor-based devices (e.g.,

integrated circuits or ?at panel displays) layers of material
may alternately be deposited onto and etched from a substrate
surface (e.g., the semiconductor Wafer or glass panel). As is

25

maintaining plasma.
Commonly assigned US. Pat. No. 6,019,060 entitled
“Cam-Based Arrangement for Positioning Con?nement
Rings In A Plasma Processing Chamber” by Eric H. LenZ,
issued Feb. 1, 2000, incorporated by reference, taught that the
pressure drop across the con?nement rings is approximately
proportional to the expression 1/(X2+Y2+Z2) Where X, Y and

Well knoWn in the art, the etching of the deposited layer(s)
may be accomplished by a variety of techniques including

Z are the distances betWeen con?nement rings as shoWn in

plasma-enhanced etching. In plasma-enhanced etching, the

ring (XIconstant, Y+Z:constant in FIG. 1B). By adjusting

etching of the deposited layer(s) on the substrate takes place
inside a plasma processing chamber. During etching, a

FIG. 1B. LenZ provided a single movable ring and a stationary
30

the distances Y and Z by moving the single movable con?ne
ment ring, as taught by LenZ, a plasma pressure control range

plasma is formed from a suitable etchant gas source to etch
areas of the deposited layer(s) on the substrate that are unpro

can be obtained. FIG. 2 illustrates the relative pressure pre

tected by the mask, leaving behind the desired pattern.
Among different types of plasma etching systems, those

ring for of various ?xed gaps, X. The expression predicts a.

dicted by the expression above obtained by moving a single
35

utiliZing methods to con?ne the plasma to a volume immedi

control range of 67-100% can be obtained, as illustrated in

FIG. 2, While experiments found the achievable range to be

ately above the substrate have proven highly suitable for

approximately one half those values. In many cases, a Wider

e?icient production and/or for forming the ever-shrinking

plasma pressure range is required to achieve optimal process

features on the substrate. An example of such a system may be

found in commonly assigned US. Pat. No. 5,534,751, Which
is incorporated by reference herein. Although plasma con
?nement results in a signi?cant improvement in the perfor
mance of plasma processing systems, current implementa
tions can be improved. In particular, it is realiZed that
improvements can be made in the control of the pressure of

results on various types of ?lms and devices Within the same
40

In addition, in the method taught by LenZ, the con?nement
rings 102 are constrained betWeen the upper and loWer elec
trode assemblies and thus can restrict access to the interelec

trode space for loading and unloading of substrates. As shoWn
45

the con?ned plasma and the accessibility of the plasma pro
cessing volume for substrate transport.
To facilitate discussion, FIG. 1A depicts an exemplary

plasma processing chamber 100, including con?nement rings
102 as they are currently implemented. Within plasma pro
cessing chamber 100, the substrate 106 is positioned upon the

in FIG. 1C, even With the con?nement rings 102 lifted to their
uppermost position, the access to the interelectrode space is
limited to the gap W, Which is the difference of the total
interelectrode space less the combined thicknesses of the

con?nement rings.
50

It is desirable to provide an increased range of pressure

control While maintaining plasma con?nement. It is also
desirable to provide con?nement rings that greater facilitate
placement and removal of the substrate from the plasma pro

loWer electrode 104. The loWer electrode 104 incorporates a

suitable substrate chucking mechanism (e.g., electrostatic,

cessing system.

mechanical clamping, or the like) for holding the substrate
106. The reactor top 110 incorporates an upper electrode 112

processing system.

55

disposed immediately opposite the loWer electrode 104. The

SUMMARY OF THE INVENTION

upper electrode 112, loWer electrode 104, and con?nement
rings 102 de?ne the con?ned plasma volume 116. Gas is
supplied to the con?ned plasma volume 116 by etchant gas
source 114 and is exhausted from the con?nedplasma volume
116 through the con?nement rings 102 and exhaust port 120

To achieve the foregoing and other objects and in accor
dance With the purpose of the present invention, a plasma
processing device is provided. A vacuum chamber With an

60

exhaust port and vacuum pump in ?uid connection With the
vacuum chamber and a gas source in ?uid connection With the
vacuum chamber is provided. Within the vacuum chamber a

by a vacuum pump. With gas ?oWing and an appropriate
pressure established Within the con?ned plasma volume, a

plasma is formed Within this volume by application of RF
poWer to the loWer electrode by RF source 108 While ground
ing upper electrode 112. Alternately, as is Well knoWn in the

art, the plasma may be formed by applying RF poWer to both

Wafer area pressure control device for providing Wafer area
65

pressure control range greater than 500% is placed.
In addition, the present invention provides a method of
controlling Wafer area pressure. Generally, a substrate is

US 7,470,627 B2
3

4

placed in a vacuum chamber. A gas source is provided to the
vacuum chamber. Gas is also exhausted from the vacuum
chamber. At least one ring is moved to provide Wafer area

a chuck 204, Which is a Workpiece holder on Which a substrate

pressure control range greater than 500%.
These and other features of the present invention Will be
described in more detail beloW in the detailed description of

206 is positioned during etching. The chuck 204 may be

implemented by any suitable chucking technique, e.g., elec
5

the invention and in conjunction With the folloWing ?gures.

trostatic, mechanical clamping, vacuum, or the like. An RF
poWer supply 252 may be electrically connected to the chuck
204. The reactor top 212 supports an upper electrode 224 and
may be electrically connected to an RF poWer supply. A
con?nement mechanism comprising a ?rst adjustable con

BRIEF DESCRIPTION OF THE DRAWINGS

?nement ring 230, a second adjustable con?nement ring 232,

The present invention is illustrated by Way of example, and
not by Way of limitation, in the ?gures of the accompanying

a third adjustable con?nement ring 234, and a con?nement
block 236 are disposed Within the processing chamber 200. A
holder 240 may be used to support the ?rst adjustable con

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.
FIG. 2 is a graph illustrating the relative pressure achieved
With the prior art.
FIG. 3 is a schematic vieW of a plasma processing chamber
according to one embodiment of the invention.
FIG. 4 is a How chart of the operation of the preferred
embodiment of the invention.
FIG. 5 is a schematic vieW of a section of the plasma
processing chamber shoWn in FIG. 3 Where the con?nement

rings are in their uppermost position.
FIG. 6 is schematic vieW of the plasma processing chamber
shoWn in FIG. 5, Where the con?nement rings have been

?nement ring 230, second adjustable con?nement ring 232,
third adjustable con?nement ring 234, and con?nement block
236. A controller 242 connected to the holder 240 controls the
movement of the holder 240 and therefore the ?rst adjustable

con?nement ring 230, second adjustable con?nement ring
232, third adjustable con?nement ring 234, and con?nement
20

25

inches (2.28 to 3.81 mm). The ?rst adjustable con?nement
ring 230, the second adjustable con?nement ring 232 and the
third adjustable con?nement ring 234 each are ?xtured With
spacers 238, Which ?x the minimum gap betWeen each con
?nement ring and block. In this embodiment the spacer is of

loWered.

FIG. 7 is schematic vieW of the plasma processing chamber
shoWn in FIG. 6, Where the con?nement rings have been

block 236. In the preferred embodiment of the invention, the
holder 240 is stepped With a con?nement ring or block resting
on each step. The steps provide a maximum gap spacing
betWeen the con?nement rings and block, Which in the pre
ferred embodiment of the invention is betWeen 0.09 to 0.15

a siZe to provide a minimum gap betWeen 0.005 and 0.060
30

inches (0.13 to 1.52 mm). An etchant gas source 250 provides

loWered further so as to reduce the loWermost gap to its

gas to the chamber. A pressure sensor 262 measures the

minimum
FIG. 8 is schematic vieW of the plasma processing chamber
shoWn in FIG. 7, Where the con?nement rings have been

pressure in the volume above the substrate 206, the “Wafer

loWered further so as to reduce the middle gap to its mini

Area Pressure”, or “WAP”. The chamber 200 has an exhaust
35

the holder 240 to its highest position as shoWn in FIG. 3 and
in detail in FIG. 5. Such a position lifts the ?rst adjustable

mum.

FIG. 9 is schematic vieW of the plasma processing chamber
shoWn in FIG. 8, Where the con?nement rings have been

con?nement ring 230, second adjustable con?nement ring
232, third adjustable con?nement ring 234, and con?nement

loWered further so as to reduce the uppermost gap to its

minimum.
FIG. 10 is a graph of pressure With respect to the sum of the
gap siZes.
FIG. 11 is a graph of pressure With respect to the sum of the
gap siZes for various values of minimum gap siZe
FIG. 12 is a schematic vieW of a plasma processing cham
ber of another embodiment of the invention.
FIG. 13 is a schematic vieW of part of another embodiment
of the invention.

40

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

50

block 236 to a height such that the gap betWeen the underside

of the ?rst containment ring 230 and the plane of the chuck
204 is, at a minimum, of siZe su?icient to alloW the robotic
placement of the substrate 206 onto the chuck 206. In the
preferred embodiment, this gap is on the order of 0.5 inches
45

(12 mm).
FIG. 4 is a How chart of the operation of the preferred
embodiment of the invention. In operation, the holder raises

the ?rst adjustable con?nement ring 230, second adjustable
con?nement ring 232, third adjustable con?nement ring 234,
and con?nement block 236 to the position shoWn in FIG. 5

(step 302). A robotic mechanism may be used to place the
substrate 206 on the chuck 204 (step 304). The controller 242

The present invention Will noW be described in detail With
reference to a feW preferred embodiments thereof as illus

trated in the accompanying draWings. In the folloWing

port 260.
In operation of this embodiment, the controller 242 raises

loWers the holder 240 to a Wafer area pressure control starting
55

point (step 306). The Wafer area pressure control starting
point may be the position of the ?rst adjustable con?nement

description, numerous speci?c details are set forth in order to

ring 230, second adjustable con?nement ring 232, third

provide a thorough understanding of the present invention. It

adjustable con?nement ring 234, and con?nement block 236
that alloWs minimal pressure drop While maintaining su?i
cient con?nement during processing. In this embodiment the
Wafer area pressure control starting point may be When the
?rst adjustable con?nement ring 230 begins resting on the

Will be apparent, hoWever, to one skilled in the art, that the
present invention may be practiced Without some or all of

these speci?c details. In other instances, Well knoWn process
steps and/or structures have not been described in detail in
order to not unnecessarily obscure the present invention.
To facilitate discussion, FIG. 3 is a cross-sectional vieW of
a plasma processing chamber 200. The chamber has a top 212
and a bottom 214, and a chamber Wall 216 extending from the
top 212 to the bottom 214. Cantilevered from one side of the
chamber is a loWer electrode housing 218 in Which is ?xtured

60

loWer electrode housing 218, as shoWn in FIG. 6. Etchant gas
How is then initiated (step 308) and the pressure Within the
Wafer area as measured by the pressure sensor 252 is com
65

pared to a desired setpoint value (steps 310). If the Wafer area
pressure needs to be increased (step 312), the controller 242
may further loWer the holder 240 (step 316). FIG. 7 illustrates

US 7,470,627 B2
5

6

a chamber 200 Where the holder 240 is lowered to a point
Where the second con?nement ring 232 rests on the spacers
238 of the ?rst con?nement ring 230. FIG. 8 illustrates a
chamber 200 Where the holder 240 is loWered further to a

FIG. 11 is a graph of the Wafer area pressure With respect to
the sum of the gap distances in inches corresponding to Sec

tions (II) and (III) in FIG. 10, but for differing values of
minimum gap distances as set by the spacers 236. In Curve
(a), the minimum gap distance as set by the spacers 236 is

point Where the third con?nement ring 234 rests on the spac
ers 238 of the second con?nement ring 232. FIG. 9 illustrates

0.007 inches for the gap betWeen the ?rst (230) and second

a chamber 200 Where the holder 240 is loWered further still to
a point Where the con?nement block 236 rests on the spacers

(232) adjustable con?nement rings and 0.007 inches for the
gap betWeen the second (232) and third (234) adjustable

238 of the third con?nement ring 234. This is the loWest Wafer
area control position, and the holder 240 is not loWered any
further.

con?nement rings. In Curve (b) the minimum gap distance as
set by the spacers 236 is 0.030 inches for the gap betWeen the
?rst 230 and second 232 adjustable con?nement rings and
0.007 inches for the gap betWeen the second 232 and third 234

If the Wafer area pressure needs to be decreased, the con

troller 242 may raise the holder 240 (step 314). Once the

adjustable con?nement rings. In Curve (c) the minimum gap

holder 240 reaches the highest Wafer area pressure control
position, as shoWn in FIG. 6, the holder 240 is not raised any
further during the Wafer area pressure control stage. Once the
Wafer area pressure is equal to the desired setpoint value, the

betWeen the ?rst 230 and second 232 adjustable con?nement
rings and 0.030 inches for the gap betWeen the second 232 and

plasma is initiated (step 3 18). The Wafer area pressure is again

mum gap distance as set by the spacers 236 is 0.038 inches for

compared against a setpoint (step 320) and the position of the
con?nement rings adjusted by raising or loWering the holder

distance as set by the spacers 236 is 0.038 inches for the gap

third 234 adjustable con?nement rings. In Curve (d) the mini

20

240 (steps 322, 324, 326) to achieve and maintain the desired
pressure until the plasma process is deemed complete (step
330), Whereupon the holder 240 is raised to its highest posi
tion (step 332), and the robitic mechanism is used to remove
the substrate (step 334), so that the process may be repeated.
In the preferred embodiment the change in the pressure
drop across the con?nement rings as the holder 240 is loWered
from its highest control position, as shoWn in FIG. 6, to its
loWest control position, as shoWn in FIG. 9, may change by
300-800%. Control of the pressure drop is provided in that to

25

30

the gap betWeen the ?rst 230 and second 232 adjustable
con?nement rings and 0.038 inches for the gap betWeen the
second 232 and third 234 adjustable con?nement rings. In
Curve (e) the minimum gap distance as set by the spacers 236
is 0.062 inches for the gap betWeen the ?rst 230 and second
232 adjustable con?nement rings and 0.062 inches for the gap
betWeen the second 232 and third 234 adjustable con?nement
rings. From the graph in FIG. 11 it can be seen that the
pressure control range and the slope of the pressure control
can be changed by the use of different spacers 236 to change
the minimum gap distance.
The holder may be any device that alloWs one or more

increase Wafer area pressure the holder is moved doWnWard

controllers to provide an upWard and doWnWard movement of

and to decrease pressure the holder is moved upward. As
shoWn in FIG. 9, the con?nement block 236 is of suf?cient
thickness such that that the top of the con?nement block 236

raised position the holder maintains a maximum gap betWeen
the con?nement rings and the con?nement block and in a

is above the loWest part of the upper electrode 224 so as to

the con?nement rings and con?nement blocks, Where in a

35

prevent exiting the Wafer area by ?oWing over the top of the
con?nement block 236.
In an example of the dimensions that may be used in this
embodiment, the gap betWeen the con?nement block 236 and

the upper electrode 224, Which is surrounded by the con?ne

holder alloWs one gap at a time to decrease until the gap is

40

ment block 236, may be betWeen 0.0125 and 0.0500 inches

(0.32 to 1.27 mm). More preferably, the gap is about 0.025
inches (0.63 mm). The thickness of the ?rst, second, and third
adjustable con?nement rings 23 0, 232, 234 are betWeen 0.045
to 0.180 inches (1 .14 to 4.57 mm). More preferably the thick
ness is about 0.09 inches (2.29 mm). The distance betWeen the
upper electrode 224 and the loWer electrode 204 may be in the
range of 0.4 to 3.0 inches (10 mm to 76.2 mm). More prefer
able the distance is about 0.6 inches (15 mm).

45

FIG. 10 is a graph of Wafer area pressure With respect to the
sum of the gap distances in inches betWeen the ?rst adjustable

50

Although three con?nement rings and a con?nement block
are shoWn in the preferred embodiment, other numbers of
con?nement rings and blocks may be used. In the preferred
embodiment, the number and spacing of the con?nement
rings and con?nement block are such that at the highest
position, at least part of the loWest con?nement ring is above
the loWest part of the upper electrode and, for a Wafer area
pressure control initial position, the loWest con?nement ring
beloW the upper electrode. This embodiment helps to avoid
stagnation points, Which may cause the accumulation of

55

deposited polymer ?lms.
In another embodiment, the holder may comprise a plural
ity of hangers With each hanger suspending a different con
?nement ring. FIG. 12 illustrates parts of a ?rst adjustable
con?nement ring 1204, a second adjustable con?nement ring

example, the pres sure is measured With a How of 300 standard

cubic centimeters per minute (sccm) of Argon being fed into
the chamber 200. The square data points 902 represent Wafer
area pres sure, Which is pressure Within the con?nement rings.

The diamond data points 904 represent the pressure of the
chamber 200. Section (I) corresponds to the movement of the
con?nement rings from the position shoWn in FIG. 6 to the
position shoWn in FIG. 7. Section (II) corresponds to move
ment of the con?nement rings from the position shoWn in
FIG. 7 to the position shoWn in FIG. 8. Section (III) corre
sponds to the movement of the con?nement rings from the
position shoWn in FIG. 8 to the position shoWn in FIG. 9.

minimized. Once a gap is minimized, another gap is
decreased. The holder 240 in FIG. 5 is a type of hanger, since
the holder 240 is beloW the controller 242. In another embodi
ment, the holder 240 could be con?gured so as to be above the
controller 242, and the holder 240 is noW a type of platform.

rests on a surface coplanar With the loWer electrode and the
con?nement rings and a portion of the con?nement block are

con?nement ring 23 0 and second adjustable con?nement ring
232; the second adjustable con?nement ring 232 and third
adjustable con?nement ring 234; and the third adjustable
con?nement ring 234 and con?nement block 236. In this

loWered position the holder alloWs the con?nement rings and
con?nement block to form minimum gaps. Preferably, the
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1208, a third adjustable con?nement ring 1212, and a con
?nement block 1216. A ?rst hanger 1220 is suspended from a
controller 1224. The con?nement block 1216 hangs from the

?rst hanger 1224. A second hanger 1228, a third hanger 1232,
and a fourth hanger 1236 hang from the con?nement block
65

1216. The second hanger 1228 supports the third adjustable
con?nement ring 1212. The third hanger 1232 supports the
second adjustable con?nement ring 1208. The fourth hanger
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1236 supports the ?rst adjustable con?nement ring 1204. The
second, third, and fourth hangers allow the ?rst, second, and

third adjustable con?nement rings to stop moving When they
reach their loWest point, as described in the previous embodi
ment.

In yet another embodiment, the pro?le of the con?nement
ring may be complex. FIG. 13 illustrates parts of a ?rst adjust
able con?nement ring 1330, a second adjustable con?nement
ring 1332, a third adjustable con?nement ring 1334, and a
con?nement block 1336. A holder 1340 may be used to sup

port the ?rst adjustable con?nement ring 1330, second adjust
able con?nement ring 1332, third adjustable con?nement
ring 1334, and con?nement block 1336. A controller 1342
connected to the holder 1340 controls the movement of the

holder 1340 and therefore the ?rst adjustable con?nement

ring 1330, second adjustable con?nement ring 1332, third
adjustable con?nement ring 1334, and con?nement block
1336. The holder 1340 is stepped With a con?nement ring or
block resting on each step. The steps de?ne the maximum gap
spacing betWeen the con?nement rings and block. The ?rst

20

adjustable con?nement ring 1330, second adjustable con?ne
ment ring 1332, and third adjustable con?nement ring are
?xtured With spacers 1338, Which de?ne the minimum gap

spacing betWeen adjacent con?nement rings. The mating sur
faces of the con?nement rings 1330, 1332, 1334 and the
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con?nement block 1336 are not ?at, but instead incorporate a

“pro?le” such that, at the maximum gap spacing, the gaps are
“optically dense”, that is they do not provide a direct line of
sight, Which may serve to improve con?nement of the plasma

by minimizing the streaming of charged particles from the

30

plasma, through the gaps into the volume outside the con?ne
ment rings. FIG. 13 illustrates one embodiment of this “pro
?le”, consisting of a vertical offset 1344 in each mating sur
face of a magnitude greater than one half the maximum gap

spacing. The offset in each mating surface is radially stag
gered to alloW each mating surface to be brought into close
proximity With the next.
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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

40

invention. It should also be noted that there are many alter

native Ways of implementing the methods and apparatuses of
the present invention. It is therefore intended that the folloW
ing appended claims be interpreted as including all such
alterations, permutations, and substitute equivalents as fall
Within the true spirit and scope of the present invention.
What is claimed is:
1. A method of controlling Wafer area pressure, compris
ing:
placing a substrate in a vacuum chamber;
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providing a gas source to the vacuum chamber;

exhausting gas from the vacuum chamber; and
moving at least one con?nement ring and a con?nement
block simultaneously to provide a Wafer area pressure

control range greater than 100%,
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Wherein the con?nement block has a suf?cient thickness

such that a top of the con?nement block is alWays above
a loWest part of an upper electrode.

2. The method, as recited in claim 1, Wherein the moving at
least one con?nement ring and a con?nement block com
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prises:
loWering a ?rst adjustable con?nement ring, a second

adjustable con?nement ring, and the con?nement block
to a Wafer area pressure control staf?ng point Where the
?rst adjustable con?nement ring rests on a bottom of the
vacuum chamber and Wherein the second adjustable

con?nement ring is spaced apart from the ?rst adjustable
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