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Description

Field of the Invention

[0001] This invention relates to active electrostatic
seals and electrostatic vacuum pumps and, more par-
ticularly, to devices and methods wherein gas is trans-
ported between closely spaced or contacting surfaces
of arbitrary shape. The devices and methods of the in-
vention may be utilized in electrostatic wafer clamps for
retaining a coolant gas, in face seals and in shaft seals,
but are not limited to such uses.

Background of the Invention

[0002] In the fabrication of integrated circuits, a
number of well-established processes involve the appli-
cation of ion beams to semiconductor wafers in vacuum.
These processes include, for example, ion implantation,
ion beam milling and reactive ion etching. In each in-
stance, a beam of ions is generated in a source and is
directed with varying degrees of acceleration toward a
target wafer. Ion implantation has become a standard
technique for introducing conductivity-altering impuri-
ties into semiconductor wafers. A desired impurity ma-
terial is ionized in an ion source, the ions are accelerated
to form an ion beam of prescribed energy and the ion
beam is directed at the surface of the wafer. The ener-
getic ions in the beam penetrate into the bulk of the sem-
iconductor material and are embedded in the crystalline
lattice of the semiconductor material to form a region of
desired conductivity.
[0003] The wafer mounting site is a critical part of an
ion implantation system. The wafer mounting site is re-
quired to firmly clamp a semiconductor wafer in a fixed
position for ion implantation and, in most cases, to pro-
vide cooling of the wafer. In addition, means must be
provided for exchanging wafers after completion of ion
implantation. In commercial semiconductor processing,
a major objective is to achieve a high throughput in
terms of wafers processed per unit time. One way to
achieve high throughput is to use a high current ion
beam so that the implantation process is completed in
a shorter time. However, large amounts of heat are likely
to be generated by the high current ion beam. The heat
can result in uncontrolled diffusion of impurities beyond
prescribed limits in the wafer and in degradation of pat-
terned photoresist layers. Accordingly, it is usually nec-
essary to provide wafer cooling in order to limit the max-
imum wafer temperature to about 100°C, and limiting
the maximum wafer temperature to less than 100°C
may be required in the future.
[0004] A number of techniques for clamping a semi-
conductor wafer at the target mounting site are known
in the art. One known technique involves the use of elec-
trostatic forces. A dielectric layer is positioned between
a semiconductor wafer and a conductive support plate.
A voltage is applied between the semiconductor wafer

and the support plate, and the wafer is clamped against
the dielectric layer by electrostatic forces. An electro-
static wafer clamp is disclosed by G.A. Wardly in "Elec-
trostatic Wafer Chuck for Electron Beam Microfabrica-
tion", Rev. Sci. Instrum., Vol. 44, No. 10, Oct. 1972, pp.
1506-1509 and in U.S. Pat. No. 3,993,509 issued Nov.
23, 1976 to McGinty. Electrostatic wafer clamp arrange-
ments which utilize a thermally-conductive material to
remove heat from the wafer are disclosed in U.S. Pat.
No. 4,502,094, issued Feb. 26, 1985 to Lewin et al., U.
S. Pat. No. 4,665,463, issued May 12, 1987 to Ward et
al., and U.S. Pat. No. 4,184,188, issued Jan. 15, 1980
to Briglia. The Briglia patent discloses a support plate
having layers of thermally-conductive, electrically-insu-
lative RTV silicone. Electrostatic wafer clamps are also
disclosed in U.S. Pat. No. 4,480,284, issued Oct. 30,
1984 to Tojo et al., U.S. Pat. No. 4,554,611, issued Nov.
19, 1985 to Lewin, U.S. Pat. No. 4,724,510, issued Feb.
9, 1988 to Wicker et al. and U.S. Pat. No. 4,412,133,
issued Oct. 25, 1983 to Eckes et al.
[0005] An electrostatic wafer clamp that provides
highly satisfactory performance is disclosed in U.S. Pat.
No. 4,452,177, issued September 19, 1995 to Frutiger.
A six-phase electrostatic wafer clamp includes a platen
having six sector-shaped electrodes. Voltages with six
different phases are applied to the electrodes, with the
voltages applied to electrodes on opposite sides of the
platen being one-half cycle out of phase. The applied
voltages are preferably bipolar square waves.
[0006] As indicated above, wafer cooling is typically
required during ion implantation. The technique of gas
conduction has been utilized for wafer cooling in vacu-
um. A coolant gas, introduced into a region between the
semiconductor wafer and the clamping surface, pro-
vides thermal coupling between the wafer and a heat
sink. Gas conduction in an electrostatic wafer clamp is
disclosed in the aforementioned Patent No. 5,452,177.
[0007] Wafer clamps which employ gas conduction
cooling typically employ means for retaining the coolant
gas in the region between the wafer and the clamping
surface and thereby limiting leakage of the gas into the
vacuum chamber. Such leakage reduces cooling effec-
tiveness and contaminates the vacuum chamber.
[0008] Several prior art techniques have been utilized
for retaining the coolant gas. One approach uses a pe-
rimeter seal, such as an O-ring or a lip seal, at the pe-
rimeter of the clamping surface, as disclosed for exam-
ple in the aforementioned Patent No. 5,452,177. The
sealing surface comes into contact with the perimeter of
the wafer, sealing against the wafer. However, the pe-
rimeter seal can easily become damaged, since it is ex-
posed on the clamping surface. The perimeter seal may
lose effectiveness easily, becoming contaminated over
time with the particulates that are inevitable in process
chambers. Particles may be generated by the seal rub-
bing against the wafer. The rough back side of the silicon
wafer itself may compromise the seal. Even when the
seal is not compromised, an elastomeric seal is perme-
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able to hydrogen, helium and the lighter gases. Further,
an elastomeric seal suffers from compression set and
degradation due to harsh processing environments
such as radiation and/or severe chemicals.
[0009] Another approach to retaining the coolant gas
utilizes an area seal, where the wafer is electrostatically
clamped against a polished platen surface, providing a
minimal clearance between the platen and the wafer,
and limiting gas leakage. An area seal produced by the
electrostatic clamping of a wafer against a flat and finely
polished clamping surface is more resistant to damage
than the perimeter seal. However, the area seal may be
somewhat more susceptible to leakage due to trapped
particles which increase the space between the wafer
and the clamping surface. This drawback may be alle-
viated somewhat by the flexibility of the wafer, and the
edge of the wafer may seal around the perimeter despite
particles trapped toward the center. However, the in-
creased gas pressure required for adequate cooling re-
quires increased clamping voltage to maintain the wafer
clamped against the clamping surface. Typically, as the
coolant gas pressure increases, the leak rate also in-
creases.
[0010] Another technique for limiting coolant gas leak-
age into the vacuum chamber utilizes an annular groove
around the periphery of the clamping surface. The
groove is connected to a vacuum pump, and the coolant
gas is removed before it leaks into the vacuum chamber.
See, for example, U.S. Patent No. 4,603,466, issued
August 5, 1986 to Morley. This approach has the disad-
vantages of reduced clamping force in the case of an
electrostatic wafer clamp and reduced cooling in the re-
gion of the annular groove.
[0011] The above-identified problem of gas leakage
from the periphery of an electrostatic wafer clamp is an
example of a more general sealing problem which in-
volves the leakage of gas between two closely spaced
or contacting surfaces of arbitrary shape. Another ex-
ample of the sealing problem occurs in a shaft seal
wherein a shaft extends through a wall from a region of
higher pressure to a region of lower pressure. The sur-
faces cannot be permanently sealed, such as with an
adhesive, because of relative movement between the
surfaces. In the case of the electrostatic wafer clamp,
the wafer is removed after processing. In the case of the
shaft seal, the shaft is movable relative to the seal in
which it is mounted.
[0012] Accordingly, there is a need for improved tech-
niques for limiting leakage of a gas between closely
spaced or contacting surfaces.
[0013] EP 0779436 discloses a micromachined peri-
staltic pump in which a flexible electrically conductive
membrane is positioned adjacent a micromachined
channel. A plurality of closely spaced electrically con-
ductive strips extend across the channel and are cov-
ered by an insulating layer. Appropriate phasing of volt-
ages to the conductive strips can set up a peristaltic
pumping action.

[0014] EP 0482205 teaches the formation of electro-
static actuators. A plurality of embedded electrodes can
set up changes in an insulating element to cause motion
of that element when the electrodes are driven with suit-
able alternating voltages.
[0015] US 5267607 discloses a wafer processing de-
vice including gas cooling.

Summary of the Invention

[0016] According to a first aspect of the invention
there is provided an electrostatic device comprising a
conductive element and a dielectric element each hav-
ing a surface, the surfaces of the dielectric element and
the conductive element being closely spaced or contact-
ing, one of said conductive element and said dielectric
element being flexible; a plurality of electrode positioned
adjacent to and electrically isolated from the surface of
the dielectric element; and a voltage source for applying
voltages to the electrodes for transporting a gas be-
tween the surfaces of the conductive element and the
dielectric element; characterised in that the electrodes
comprise concentric closed loops and the voltage
source generates voltages that include attractive volt-
age segments and non-attractive voltage segments in
a repeating sequence, and wherein the voltages are
phased such that the attractive voltage segments and
the non-attractive voltage segments move from elec-
trode to electrode to define a radial direction of gas
transport.
[0017] The electrostatic device may function as an
electrostatic seal between the conductive element and
the dielectric element or as an electrostatic vacuum
pump.
[0018] In one embodiment, the surfaces of the dielec-
tric element and the conductive element are substan-
tially planar. Each of the electrodes may comprise a
close loop of arbitrary shape. In one example, the elec-
trodes comprise concentric rings.
[0019] In one embodiment, the surfaces of the dielec-
tric element and the conductive element have a periph-
ery, and the electrodes are located at or near the periph-
ery of the surfaces for transporting gas away from the
periphery and thereby limiting leakage of the gas at the
periphery of the surfaces.
[0020] According to a second aspect of the present
invention there is provided an electrostatic device com-
prising a conductive element and a dielectric element
each having a cylindrical surface, the surfaces of said
dielectric element and said conductive element being
closely-spaced or contacting, one of said conductive el-
ement and said dielectric element being flexible a plu-
rality of electrodes positioned adjacent to and electrical-
ly isolated from the surface of said dielectric element;
and characterised by a voltage source for applying volt-
ages to said electrodes for transporting a gas located
between the surfaces of said conductive element and
said dielectric element.

3 4



EP 1 226 359 B1

4

5

10

15

20

25

30

35

40

45

50

55

[0021] According to a third aspect of the present in-
vention there is provided a method for transporting a
gas, comprising the steps of providing a conductive el-
ement and a dielectric element having surfaces that are
closely-spaced or contacting, one of said conductive el-
ement and said dielectric element being flexible; posi-
tioning a plurality of electrodes comprising concentric
closed loops adjacent to and electrically isolated from
the surface of said dielectric element; and applying volt-
ages to said electrodes for transporting a gas located
between the surfaces of said conductive element and
said dielectric element, wherein the step of applying
voltages comprises generating voltages that each in-
clude attractive voltage segments and non-attractive
voltage segments in a repeating sequence and phasing
said voltages such that said attractive voltage segments
and said non-attractive voltage segments move from
electrode to electrode and define a radial direction of
gas transport

Brief Description of the Drawings

[0022] For a better understanding of the present in-
vention, reference is made to the accompanying draw-
ings, which are incorporated herein by reference and in
which:

FIG. 1 is a schematic side view of a first embodi-
ment of an electrostatic device in accordance with
the invention;
FIG. 2 illustrates a first example of voltage wave-
forms that may be applied to the electrodes in the
electrostatic device of FIG. 1;
FIGS. 3A-3C illustrate the operation of the electro-
static device of FIG. 1;
FIG. 4 illustrates a second example of voltage
waveforms suitable for operation of the electrostatic
device of FIG. 1;
FIG. 5 illustrates a third example of voltage wave-
forms suitable for operation of the electrostatic de-
vice of FIG. 1;
FIG. 6 illustrates a fourth example of a voltage
waveform suitable for operation of the electrostatic
device of FIG. 1;
FIG. 7 is a schematic diagram of a second embod-
iment of the electrostatic device;
FIGS. 8A-8C illustrate the operation of the electro-
static device of FIG. 6;
FIG. 9 is a top view of a first embodiment of an elec-
trostatic wafer clamp incorporating an electrostatic
seal in accordance with the invention;
FIG. 10 is a partial cross-sectional view of the elec-
trostatic wafer clamp of FIG. 9;
FIGS. 11A-11C illustrate the operation of the elec-
trostatic seal in the wafer clamp of FIG. 9;
FIG. 12 is a top view of a second embodiment of an
electrostatic wafer clamp incorporating an electro-
static seal in accordance with the invention;

FIGS. 13A-13D are schematic diagrams that illus-
trate operation of an electrostatic device having four
electrodes;
FIGS. 14A-14D are schematic diagrams that illus-
trate operation of an electrostatic device having six
electrodes;
FIG. 15 is an exploded perspective view of a rec-
tangular electrostatic face seal in accordance with
the invention;
FIGS. 16A-16C illustrate an electrostatic shaft seal
in accordance with the invention; and
FIG. 17 illustrates the operation of the electrostatic
shaft seal of FIG. 16A-16C.

Detailed Description

[0023] A first embodiment of an electrostatic device
in accordance with the invention is shown schematically
in FIG. 1. As described below, the device may operate
as an electrostatic seal or as an electrostatic vacuum
pump. An electrostatic device 10 includes a conductive
element 12 having a surface 14, a dielectric element 16
having a surface 18, and three or more sealing elec-
trodes 20, 22 and 24. Electrodes 20, 22 and 24 are lo-
cated adjacent to surface 18 of dielectric element 16 and
are electrically isolated from surface 18. In the embod-
iment of FIG. 1, conductive element 12 is flexible, and
dielectric element 16 is relatively rigid.
[0024] In one embodiment, electrodes 20, 22 and 24
are embedded in dielectric element 16 and are electri-
cally isolated from surface 18. In another embodiment,
dielectric element 18 has a layered structure, and elec-
trodes 20, 22 and 24 are located between layers. Elec-
trodes 20, 22 and 24 may be deposited on the surface
of one of the layers. In each case, electrodes 20, 22 and
24 are physically connected to dielectric element 16 so
that dielectric element 16 remains in a substantially fixed
position with respect to electrodes 20, 22 and 24.
[0025] Electrodes 20, 22 and 24 may extend parallel
to surface 18 and may have any desired shape. In one
example, the electrodes are concentric rings and lie in
a plane, as shown in FIG. 9. In another example, the
electrodes are axially-spaced rings of equal diameter
and have a cylindrical configuration, as shown in FIGS.
16A and 16B.
[0026] Surfaces 14 and 18, which may be planar or
non-planar, may be spaced apart by a small gap 30 or
may be in physical contact. A gas is located in the gap
30 between surfaces 14 and 18. Even when surfaces
14 and 18 are in physical contact, the surfaces have mi-
croscopic voids which contain gas. In some applica-
tions, the gas may be introduced between the surfaces
for heating or cooling. In other applications, the gas may
be present as a result of leakage. In the absence of the
electrostatic device of the present invention, the gas
may flow or leak through gap 30 and through the micro-
scopic voids in the surfaces 14 and 18 from a region of
higher pressure to a region of lower pressure.

5 6



EP 1 226 359 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0027] By application of appropriate voltages to elec-
trodes 20, 22 and 24, a moving wave 32 is produced in
the flexible conductive element 12. The moving wave
32 is an area of conductive element 12 that is lifted or
spaced from dielectric element 16 and is bordered by
areas of conductive element 12 that are in contact or
nearly in contact with dielectric element 16. The moving
wave 32 results from the flexibility of conductive element
12 and from electrostatic forces applied to conductive
element 12, as described below. The moving wave 32
defines a moving pocket 34 between surfaces 14 and
18 that transports gas and thereby produces a pressure
differential. The moving wave 32 may be viewed as pro-
ducing a compression wave in the gas between surfac-
es 14 and 18. The direction of gas transport is generally
parallel to surfaces 14 and 18 with a direction 36 deter-
mined by the phasing of the sealing voltages applied to
electrodes 20, 22 and 24.
[0028] A first example of a set of voltage waveforms
suitable for operation of the electrostatic device is
shown in FIG. 2. A voltage 40 is applied to electrode 20;
a voltage 42 is applied to electrode 22; and a voltage 44
is applied to electrode 24. As shown in FIG. 2, each volt-
age has a repeating sequence of a zero voltage seg-
ment, a +V voltage segment and a - V voltage segment.
The +V and -V voltages are sufficient to produce elec-
trostatic attraction between conductive element 12 and
dielectric element 16. The voltages differ from those typ-
ically applied to electrostatic clamping devices by hav-
ing zero voltage segments in which there is no electro-
static attraction. Thus, the voltages produce, on each
electrode, periods of electrostatic attraction and periods
of no electrostatic attraction. As further shown in FIG. 2,
the voltages 40, 42 and 44 are phased such that the
zero voltage segments move spatially from electrode 20
to electrode 22 to electrode 24 in a repeating sequence.
In particular, zero voltage is applied to electrode 20 dur-
ing time T0; zero voltage is applied to electrode 22 dur-
ing time T1; and zero voltage is applied to electrode 24
during time T2. This sequence is repeated, as shown
for example during times T3, T4 and T5. The frequency
of the voltages is selected based on the thickness and
flexibility of conductive element 12 and may be in a
range of 20 Hz to 40 Hz for a silicon wafer, for example.
In the example of FIG. 2, the sum of voltages 40, 42 and
44 is zero at every instant of time, thus avoiding charging
of conductive element 12.
[0029] Referring now to FIGS. 3A-3C, the operation
of the electrostatic device is illustrated. FIGS. 3A, 3B
and 3C correspond to times T0, T1 and T2, respectively,
in FIG. 2. During time T0, shown in FIG. 3A, a portion
of conductive element 12 opposite electrode 20 is not
attracted by electrode 20 (V=0); a portion of conductive
element 12 opposite electrode 22 is attracted by elec-
trode 22 (V=-V); and a portion of conductive element 12
opposite electrode 24 is attracted by electrode 24
(V=+V). Because of the flexible characteristic of conduc-
tive element 12, surfaces 14 and 18 are brought into

contact adjacent to electrodes 22 and 24, and a space
or a pocket 50 is formed between surfaces 14 and 18
adjacent to electrode 20. During time T1, shown in FIG.
3B, portions of conductive element 12 opposite elec-
trodes 20 and 24 are attracted by electrodes 20 and 24,
and a portion of conductive element 12 opposite elec-
trode 22 is not attracted by electrode 22. As a result,
pocket 50 moves from a position adjacent to electrode
20 (FIG. 3A) to a position adjacent to electrode 22 (FIG.
3B). During time T2, shown in FIG. 3C, portions of con-
ductive element 12 opposite electrodes 20 and 22 are
attracted by electrodes 20 and 22, and a portion of con-
ductive element 12 opposite electrode 24 is not attract-
ed by electrode 24. Thus, pocket 50 moves to a position
adjacent to electrode 24.
[0030] The operation illustrated in FIGS. 3A-3C may
be viewed as a wave in flexible conductive element 12
that moves from left to right during times T0 to T2. The
process is repeated, and another wave moves from left
to right during times T3-T5, and so on. The moving wave
in conductive element 12 defines moving pocket 50
which transports gas in the region between conductive
element 12 and dielectric element 16 in the direction of
the moving pocket 50. As a result, a pressure gradient
or differential is produced across the electrostatic seal
from left to right.
[0031] The electrostatic device of the invention may
function as an electrostatic seal or as an electrostatic
vacuum pump. When the device functions as an elec-
trostatic seal, the direction of gas transport by the mov-
ing wave is opposite the direction of gas leakage
through the seal. Because the device transports gas
from one location to another, it can be utilized as a vac-
uum pump for removing gas from a specified volume.
Accordingly, where an electrostatic seal is described
herein, it will be understood that the device can also
function a an electrostatic vacuum pump.
[0032] The electrostatic seal of the present invention
is an active seal that limits gas flow or gas leakage
through a gap between two surfaces. The surfaces may
have arbitrary surface contours. The electrostatic seal
is useful where a pressure differential exists across the
seal. The active electrostatic seal transports gas in a
direction opposite the direction of undesired leakage.
Examples of applications in electrostatic wafer clamps
and shaft seals are described below.
[0033] It will be understood that the effectiveness of
the electrostatic seal shown in FIGS. 1-3C depends on
a variety of parameters, including the thickness, flexibil-
ity and conductivity of conductive element 12, the width
and spacing of electrodes 20, 22 and 24, and the pa-
rameters of the voltages, including amplitudes, wave-
forms and frequencies. For example, the width and
spacing of the electrodes are selected based on the
thickness and flexibility of conductive element 12. In ad-
dition, the frequency of the voltages should be compat-
ible with the mechanical time constant of conductive el-
ement 12. The thickness and flexibility of conductive el-
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ement 12 should permit formation of a moving wave as
described above.
[0034] A second example of a set of voltage wave-
forms suitable for operation of the electrostatic seal is
shown in FIG. 4. Voltages 60, 62 and 64 are applied to
electrodes 20, 22 and 24, respectively. Each voltage al-
ternates between +V volts and zero volts. The voltages
are phased such that the zero voltage segment, in which
conductive element 12 is not attracted, moves from
electrode 20 to electrode 22 to electrode 24. Voltages
60, 62 and 64 produce a moving wave in conductive el-
ement 12, as shown in FIGS. 3A-3C and described
above. The sum of the voltages is not maintained at zero
at every instant of time in the example of FIG. 4.
[0035] A third example of a set of voltage waveforms
suitable for operation of the electrostatic seal is shown
in FIG. 5. Voltages 70, 72 and 74 are applied to elec-
trodes 20, 22 and 24, respectively. Voltages 70, 72 and
74 produce a moving wave in conductive element 12 as
described above in connection with FIGS. 3A-3C. In the
example of FIG. 5, the sum of the voltages is maintained
at zero at every instant of time, but the three waveforms
are different.
[0036] The voltages are not limited to pulse trains as
illustrated in FIGS. 2, 4 and 5. A modified sinusoidal volt-
age waveform 80 is shown in FIG. 6. The waveform in-
cludes a sine wave 82 followed by a zero voltage seg-
ment 84. The waveforms applied to electrodes 20, 22
and 24 may be phased as shown in FIG. 2 and described
above.
[0037] The voltage waveforms shown in FIGS. 2 and
4-6 include zero voltage segments in which the conduc-
tive element 12 is not attracted to the dielectric element
16. It will be understood that the voltage waveforms may
include zero voltage segments or low voltage segments
in which the conductive element 12 is not substantially
attracted by electrostatic forces. In addition, by revers-
ing the connections of the voltages to electrodes 20, 22
and 24, the electrostatic seal can be made to transport
gas from right to left in FIG. 1.
[0038] A second embodiment of an electrostatic seal
is shown in FIG. 7. An electrostatic seal 110 includes a
relatively rigid conductive element 112 having a surface
114, a flexible dielectric element 116 having a surface
118, and electrodes 120, 122 and 124 positioned Adja-
cent to surface 118 and electrically isolated from surface
118. Surfaces 114 and 118 may be spaced apart by a
small gap 130 or may be in physical contact. One of the
sets of voltages shown by way of example in FIGS. 2
and 4-6 may be applied to electrodes 120, 122 and 124.
[0039] Electrostatic seal 110 operates in the same
manner as electrostatic seal 10 shown in FIG. 1, except
that a moving wave is formed in flexible dielectric ele-
ment 116 rather than conductive element 112. The op-
eration of electrostatic seal 110 is illustrated in FIGS.
8A-8C. The voltages applied to the electrodes 120, 122
and 124 are indicated by zero, +V and -V. As shown in
FIG. 8A, zero voltage is applied to electrode 120 during

time T0, and a pocket 150 is formed between dielectric
element 116 and a portion of conductive element 112
adjacent to electrode 120. As shown in FIG. 8B, zero
voltage is applied to electrode 122 during time T1, and
pocket 150 is formed adjacent to electrode 122. As
shown in FIG. 8C, zero voltage is applied to electrode
124 during time T2, and pocket 150 is formed adjacent
to electrode 124. Thus, pocket 150 moves from left to
right in the electrostatic seal at successive times T0, T1
and T2. Gas between surfaces 114 and 118 is transport-
ed by the moving pocket 150. Moving pocket 150 is de-
fined by a wave in flexible dielectric element 116.
[0040] The flexible dielectric element shown in FIG. 7
maybe an engineering plastic such as Delrin (Trade
Mark). The flexure is based on the gas pressure and
may be in a range of about 2.54 x 10-6 - 2.54 x 10-5 m
(0.0001 to 0.001 inch) from the relaxed position to the
attracted position. The maximum displacement should
be less than the mean free path of the gas between the
surfaces. The electrodes and the dielectric layer must
be flexible enough to accommodate flexure without
delamination or cracking. This can be achieved by vapor
deposition of these layers to a small thickness. For ex-
ample, a titanium nitride electrode layer may be followed
by a silicon carbide dielectric layer. The dielectric layer
should be of a high strength and hardness and should
be smooth, without blemish and have a low coefficient
of friction.
[0041] A first embodiment of an electrostatic wafer
clamp incorporating an electrostatic seal is shown in
FIGS. 9 and 10. The electrostatic wafer clamp includes
a platen assembly 200, a voltage source 202, a gas
source 204, and a clamping control circuit 208. Platen
assembly 200 electrostatically clamps a workpiece,
such as a semiconductor wafer 210, during processing
in vacuum. Clamping control circuit 208 supplies clamp-
ing voltages to platen assembly 200 for electrostatic
clamping of wafer 210 to a clamping surface 212. Gas
source 204 supplies a gas between wafer 210 and
clamping surface 212 during processing. The gas is
usually a coolant gas for conducting thermal energy be-
tween wafer 210 and clamping surface 212 for cooling
wafer 210. However, in some applications, the gas may
be used for heating wafer 210. Voltage source 202 sup-
plies voltages to platen assembly 200 for electrostati-
cally sealing the coolant gas between wafer 210 and
clamping surface 212. The electrostatic wafer clamp is
typically utilized in an ion implantation system, but may
be utilized in other wafer processing systems.
[0042] Platen assembly 200 includes a platen base
220 and an insulating substrate 222 mounted on an up-
per surface of platen base 220. The platen base 220
and the insulating substrate 222 are generally circular
and may have a central opening 224 for a wafer lift
mechanism (not shown) and for introduction of coolant
gas from gas source 204. Six sector-shaped clamping
electrodes 230, 232, 234, 236, 238 and 240 are located
between an upper surface of substrate 222 and a die-
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lectric insulator 244. Dielectric insulator 244 may have
the form of six sections which correspond to the six elec-
trodes. Clamping electrodes 230, 232, 234, 236, 238
and 240 are coupled to clamping control circuit 208,
which supplies clamping voltages when clamping of wa-
fer 210 is desired. The clamping voltages are preferably
bipolar square waves having six different phases (0°,
60°, 120°, 180°, 240° and 300°). The phases of the volt-
ages applied to electrodes on opposite sides of the plat-
en assembly are one half cycle, or 180°, out of phase.
The construction and operation of a six-phase electro-
static wafer clamping apparatus is described in detail in
the aforementioned U.S. Patent No. 5,452,177.
[0043] Platen assembly 200 further includes sealing
electrodes 260, 262 and 264. Sealing electrodes 260,
262 and 264 may have the form of concentric rings that
are located at or near the periphery of clamping surface
212 and are electrically isolated from clamping surface
212. In the example of FIG. 9, sealing electrodes 260,
262 and 264 surround clamping electrodes 230, 232,
234, 236, 238 and 240. Sealing electrodes 260, 262 and
264 may be located between insulating substrate 222
and dielectric insulator 244, as shown in FIG. 10. The
width of each sealing electrode is selected based on the
stiffness of semiconductor wafer 210 and its ability to
flex during operation of the electrostatic seal. In one ex-
ample, sealing electrodes 260, 262 and 264 may be
configured as concentric rings each having a width in a
range of about 3.2 x 10-3 m to 6.35 x 10-3 m (one-eight
inch to one-quarter inch) and having spacings between
electrodes of about 1.52 x 10-3 - 2.5 x 10-3 m (0.060 to
0.10 inch) for operation at 1000 volts. Larger spacings
between electrodes are required for operation at higher
voltages, and smaller spacings may be used at lower
voltages.
[0044] Voltage source 202 provides sealing voltages
to electrodes 260, 262 and 264. One of the sets of volt-
age waveforms shown by way of example in FIGS. 2
and 4-6 may be utilized. Preferably voltage waveforms
as shown in FIG. 2 or FIG. 5 are utilized, because the
sum of the voltages is zero at all times, and wafer charg-
ing is minimized. These voltage waveforms sum to zero
at each instant of time and minimize charging of the wa-
fer 210. Suitable voltage waveforms may have ampli-
tudes in the range of 900 to 1100 volts and frequencies
in the range of 20 to 40 Hz for operation with silicon sem-
iconductor wafers.
[0045] In operation, semiconductor wafer 210 is elec-
trostatically clamped to clamping surface 212 by oper-
ation of clamping electrodes 230, 232, 234, 236, 238
and 240. A coolant gas from gas source 204 is intro-
duced through central opening 224 to the region be-
tween wafer 210 and clamping surface 212. The coolant
gas pressure is typically in a range of 133 to 13300 pas-
cals (1 torr to 100 torr) for ion implanation. The coolant
gas conducts thermal energy between wafer 210 and
dielectric insulator 244. The electrostatic seal formed by
sealing electrodes 260, 262 and 264 and voltage source

202 restricts leakage of coolant gas at the periphery of
wafer 210 as described below.
[0046] Operation of the peripheral electrostatic seal
in the platen assembly 200 of FIG. 9 is shown in FIGS.
11A-11C. In the example of FIGS. 11A-11C, the voltage
waveforms 40, 42 and 44 shown in FIG. 2 are applied
to sealing electrodes 260, 262 and 264, respectively. As
shown in FIG. 11A, which corresponds to time T0 in FIG.
2, zero voltage is applied to electrode 260, a voltage -V
is applied to electrode 262 and a voltage +V is applied
to electrode 264. Thus, portions of wafer 210 adjacent
to electrodes 262 and 264 are attracted to clamping sur-
face 212, and a pocket 270 is formed between wafer
210 and clamping surface 212 adjacent to electrode
260. As shown in FIG. 11B, which corresponds to time
T1 in FIG. 2, voltage +V is applied to electrode 260, zero
voltage is applied to electrode 262 and voltage -V is ap-
plied to electrode 264. Thus, portions of wafer 210 ad-
jacent to electrodes 260 and 264 are attracted to clamp-
ing surface 212, and pocket 270 is formed adjacent to
electrode 262. As shown in FIG. 11C, which corre-
sponds to time T2 in FIG. 2, voltage -V is applied to elec-
trode 260, voltage +V is applied to electrode 262 and
zero voltage is applied to electrode 264. Portions of wa-
fer 210 adjacent to electrodes 260 and 262 are attracted
to clamping surface 212, and pocket 270 is formed ad-
jacent to electrode 264. Since electrodes 260, 262 and
264 have the form of concentric rings (FIG. 9), the net
effect is a circular, radially inwardly moving wave in wa-
fer 210. The inwardly moving wave defines pocket 270
which transports coolant gas radially inwardly, thereby
limiting leakage of coolant gas from the periphery of the
platen assembly.
[0047] The electrostatic seal of platen assembly 200
is an active seal, using clamping surface 212 as a seal-
ing surface and directing the coolant gas flow toward the
center of wafer 210. The inwardly moving compression
wave helps to reduce the leak rate at the edge of the
wafer, since the momentum imparted to the gas mole-
cules is in a direction opposite that required for leakage.
It is believed that the same momentum will be imparted
to any particles which may be present behind wafer 210,
allowing a cleaner seal at the edges. As a result, higher
gas pressures can be achieved behind the wafer for a
given leak rate than was possible in prior art electrostatic
wafer clamps. It will be understood that the electrostatic
seal can be used in combination with one or more of the
prior art sealing techniques.
[0048] It will be understood that sealing electrodes
260, 262 and 264 contribute to clamping of wafer 210
to clamping surface 212, since voltages are applied to
two of the three electrodes at all times. The voltages
applied to the sealing electrodes produce electrostatic
clamping of wafer 210. In addition, it will be understood
that three or more sealing electrodes may be utilized to
provide enhanced sealing and further reduction in cool-
ant gas leakage.
[0049] A second embodiment of an electrostatic wafer
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clamp incorporating an electrostatic seal is shown in
FIG. 12. The electrostatic wafer clamp includes a platen
assembly 300, sealing voltage source 202 and gas
source 204. The platen assembly 300 includes multiple
sealing electrodes. Platen assembly 300 may have the
same general structure as platen assembly 200 shown
in FIGS. 9 and 10 and described above, with the excep-
tion that the clamping electrodes are replaced with ad-
ditional sealing electrodes. In particular, platen assem-
bly 300 is provided with sealing electrodes 310, 312,
314, 316, 318 and 320. Electrodes 310, 312, 314, 316
and 318 have the form of concentric rings, and electrode
320 is a circular center electrode. Electrode 320 may be
provided with an opening 324 for introduction of a cool-
ant gas. It will be understood that the configuration of
FIG. 12 is given by way of example only and that a prac-
tical platen assembly may include a larger number of
sealing electrodes. In the embodiment of FIG. 12, the
entire clamping surface is provided with sealing elec-
trodes. The sealing electrodes perform the dual func-
tions of wafer clamping and electrostatic sealing. Since
the sealing electrodes perform the clamping function, a
clamping control circuit, as shown in FIG. 9, is not re-
quired.
[0050] One of the sets of voltages shown by way of
example in FIGS. 2 and 4-6 may be utilized with the plat-
en assembly 300. As noted previously, the voltages of
FIGS. 2 and 5 are preferred, because the sum of the
voltages is zero at all times, and wafer charging is min-
imized. Referring again to FIGS. 2 and 12, voltage 40
may be coupled to sealing electrodes 310 and 316; volt-
age 42 may be coupled to electrodes 312 and 318; and
voltage 44 may be coupled to electrodes 314 and 320.
[0051] The operation of platen assembly 300 corre-
sponds to the operation shown in FIGS. 11A-11C and
described above. The operation illustrated in FIGS. 11A-
11C is repeated for each set of three sealing electrodes.
As a result, a moving wave in the semiconductor wafer
transports gas in a radial direction from the outer periph-
ery toward the wafer center. Because the platen assem-
bly 300 has multiple sealing electrodes, two or more
moving waves are produced simultaneously in the sem-
iconductor wafer. This enhances the performance of the
electrostatic seal, because each moving wave trans-
ports gas toward the center of the platen assembly.
[0052] As indicated above, the electrostatic seal may
utilize three or more sealing electrodes with appropriate
voltages applied thereto. A larger number of sealing
electrodes provides enhanced sealing performance as
noted above. To ensure that the sum of voltages is zero
at all times, multiples of three sealing electrodes should
be utilized. Each voltage is coupled to every third sealing
electrode. With reference for example to FIG. 2, voltage
40 is coupled to electrodes 1, 4, 7 etc., voltage 42 is
coupled to electrodes 2, 5, 8, etc., and voltage 44 is cou-
pled to electrodes 3, 6, 9, etc. Where charging of the
workpiece is not an issue, any number of electrodes
equal to or greater than three may be utilized. Converse-

ly, where charging of the workpiece is an issue, multiples
of three sealing electrodes and appropriate voltage
waveforms may be used to avoid charging.
[0053] Operation of an electrostatic seal having four
electrodes are shown schematically in FIGS. 13A-13D.
For ease of illustration, only sealing electrodes 350, 352,
354 and 356, and flexible conductive element 360 are
shown. Referring again to FIG. 2, voltage 40 is coupled
to electrodes 350 and 356; voltage 42 is coupled to elec-
trode 352, and voltage 44 is coupled to electrode 354.
FIGS. 13A-13D correspond to times T0-T3, respective-
ly, in FIG. 2. It may be observed that two moving pockets
362 and 364 are present simultaneously at certain times
during operation of the four-electrode electrostatic seal.
[0054] Operation of a six-electrode electrostatic seal
is shown schematically in FIGS. 14A-14D. For ease of
illustration, only sealing electrodes 380, 382, 384, 386,
388 and 390, and flexible conductive element 392 are
shown. Referring again to FIG. 2, voltage 40 is coupled
to sealing electrodes 380 and 386; voltage 42 is coupled
to electrodes 382 and 388; and voltage 44 is coupled to
electrodes 384 and 390. As illustrated, this configuration
produces two moving pockets 394 and 396 simultane-
ously in conductive element 392, thereby enhancing the
effectiveness of the seal. The six electrode configuration
corresponds to platen assembly 300 shown in FIG. 12
and described above.
[0055] An example of an electrostatic face seal in ac-
cordance with the invention is shown in FIG. 15. A die-
lectric element 450 includes a substrate 452 and a die-
lectric insulator 454, shown in an exploded view in FIG.
15. In an operating electrostatic seal, dielectric insulator
454 is affixed to substrate 452. Rectangular sealing
electrodes 460, 462, 464 and 466 are located between
substrate 452 and dielectric insulator 454. Sealing elec-
trodes 460, 462, 464 and 466 have a concentric config-
uration and surround a port 470. Port 470 may be used
for introducing a gas or for exhausting a gas, depending
upon the direction of gas transport. One of the sets of
voltages shown by way of example in FIGS. 2 and 4-6
may be applied to electrodes 460, 462, 464 and 466.
The dielectric element 450 operates with a conductive
element (not shown in FIG. 15) to achieve gas transport
in moving pockets as described above. The direction of
gas transport may be toward or away from port 470, de-
pending upon the phasing of voltages applied to elec-
trodes 460, 462, 464 and 466.
[0056] The sealing electrodes 460, 462, 464 and 466
preferably have the form of closed loops and should be
shaped to avoid sharp comers. Face seals of the type
shown in FIG. 15 may utilize a variety of different elec-
trode shapes such as square, circular, elliptical, rhom-
bic, triangular, pentagonal, hexagonal, or arbitrarily
shaped. In each case, the electrodes preferably are con-
figured as a series of closed loops, with closed loop elec-
trodes of larger dimensions surrounding those of small-
er dimensions. As described above, the conductive el-
ement or the dielectric element may be flexible.
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[0057] The electrostatic seals described above have
a planar or nearly planar configuration. However, the
electrostatic seal of the present invention is not limited
to planar configurations. More generally, the electrostat-
ic seal includes a conductive element and a dielectric
element, one of which is flexible, having surfaces which
are closely spaced or in contact. The surfaces may have
any desired contours. The seal further includes three or
more electrodes mounted in proximity to the dielectric
surface, and typically mounted in the dielectric element.
[0058] An example of a non planar electrostatic seal
in accordance with the invention is shown in FIGS. 16A-
16C. A shaft seal 500 includes a conductive shaft 502,
and a cylindrical dielectric element 504 mounted on
shaft 502. Dielectric element 504 is flexible and includes
a cylindrical substrate 510 and a cylindrical dielectric in-
sulator 512 located inside substrate 510. The dielectric
insulator 512 is omitted from FIG. 16A for clarity. Sealing
electrodes 520, 522, 524, 526 and 528 are located be-
tween substrate 510 and dielectric insulator 512. Seal-
ing electrodes 520, 522, 524, 526 and 528 are in the
form of axially spaced rings of equal diameters. One of
the sets of voltages shown by way of example in FIGS.
2 and 4-6 may be applied to the sealing electrodes.
[0059] The shaft seal may extend through a wall or
other barrier from a region of higher pressure to a region
of lower pressure. Shaft 502 may rotate and/or recipro-
cate relative to dielectric element 504. The active elec-
trostatic seal of the present invention limits gas leakage
along the shaft and is characterized by low seal wear.
[0060] Operation of the shaft seal 500 is illustrated in
FIG. 17. The voltages applied to electrodes 520, 522,
524, 526, 528 and 530 cause axially moving waves in
cylindrical element 504. The moving waves define pock-
ets 540 and 542, which move in the direction of arrow
544. Moving pockets 540 and 542 transport gas axially
with respect to shaft 502, thus limiting gas leakage in a
direction opposite the direction of gas transport.
[0061] While there have been shown and described
what are at present considered the preferred embodi-
ments of the present invention, it will be obvious to those
skilled in the art that various changes and modifications
may be made therein without departing from the scope
of the invention as defined by the appended claims.

Claims

1. An electrostatic device comprising
a conductive element (12) and a dielectric el-

ement (16) each having a surface, the surfaces of
the dielectric element (16) and the conductive ele-
ment (12) being closely spaced or contacting, one
of said conductive element and said dielectric ele-
ment being flexible; a plurality of electrodes (20, 22,
24; 260, 262, 264) positioned adjacent to and elec-
trically isolated from the surface of the dielectric el-
ement; and a voltage source for applying voltages

to the electrodes for transporting a gas between the
surfaces of the conductive element and the dielec-
tric element; characterised in that:

the electrodes comprise concentric closed
loops, and the voltage source generates volt-
ages that include attractive voltage segments
and non-attractive voltage segments in a re-
peating sequence, and wherein the voltages
are phased such that the attractive voltage seg-
ments and the non-attractive voltage segments
move from electrode to electrode to define a ra-
dial direction of gas transport.

2. An electrostatic device as defined in claim 1, char-
acterised in that said electrodes include at least
three electrodes (260, 262, 264) and wherein the
voltages applied to said electrodes produce a mov-
ing wave in said flexible element that transports the
gas.

3. An electrostatic device as defined in claim 1 or 2,
characterised in that the conductive element com-
prises a workpiece.

4. An electrostatic device as defined in claim 1, 2 or 3,
characterised in that the surface of said dielectric
element is substantially planar.

5. An electrostatic device as defined in any one of the
preceding claims, characterised in that each of
said electrodes comprises a ring.

6. An electrostatic device as defined in any one of the
preceding claims, characterised in that the sur-
face of said dielectric element has a periphery and
wherein said electrodes are located at or near the
periphery of the surface for transporting gas away
from the periphery and thereby limiting leakage of
gas at the periphery of the surface.

7. An electrostatic device as defined in any one of the
preceding claims, characterised in that said elec-
trodes are located between layers of said dielectric
element.

8. A plattern assembly for processing of semiconduc-
tor wafers including an electrostatic device as
claimed in any one of claims 1 to 7.

9. An electrostatic device comprising:

a conductive element and a dielectric element
each having a cylindrical surface, the surfaces
of said dielectric element and said conductive
element being closely-spaced or contacting,
one of said conductive element and said die-
lectric element being flexible;
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a plurality of electrodes positioned adjacent to
and electrically isolated from the surface of said
dielectric element; and characterised by
a voltage source for applying voltages to said
electrodes for transporting a gas located be-
tween the surfaces of said conductive element
and said dielectric element.

10. An electrostatic device as defined in claim 9 where-
in one of said conductive element and said dielectric
element comprises a shaft.

11. An electrostatic device as defined in claim 9 where-
in said conductive element comprises a shaft and
wherein said dielectric element is flexible.

12. An electrostatic device as defined in claim 11
wherein said electrodes comprise axially-spaced
rings.

13. An electrostatic device as defined in claim 9 where-
in each of said electrodes comprises a closed loop.

14. An electrostatic device as defined in claim 9, where-
in the conductive element comprises a workpiece.

15. An electrostatic device as defined in claim 9 where-
in said electrodes are located between layers of
said dielectric element.

16. A method for transporting a gas, comprising the
steps of:

providing a conductive element and a dielectric
element having surfaces that are closely-
spaced or contacting, one of said conductive
element and said dielectric element being flex-
ible;
positioning a plurality of electrodes comprising
concentric closed loops adjacent to and electri-
cally isolated from the surface of said dielectric
element; and
applying voltages to said electrodes for trans-
porting a gas located between the surfaces of
said conductive element and said dielectric el-
ement, wherein the step of applying voltages
comprises generating voltages that each in-
clude attractive voltage segments and non-at-
tractive voltage segments in a repeating se-
quence and phasing said voltages such that
said attractive voltage segments and said non-
attractive voltage segments move from elec-
trode to electrode and define a radial direction
of gas transport.

17. A method as defined in claim 14 wherein the step
of applying voltages to said electrodes includes ap-
plying voltages for electrostatically clamping said

conductive element to said dielectric element.

Patentansprüche

1. Eine elektrostatische Vorrichtung umfassend ein
leitendes Element (12) und ein dielektrisches Ele-
ment (16), deren jedes eine Oberfläche besitzt, wo-
bei die Oberflächen des dielektrischen Elements
(16) und des leitenden Elements (12) einander eng
benachbart sind oder einander berühren und eines
dieser Elemente, das leitende Element oder das di-
elektrische Element, flexibel ist; eine Mehrzahl von
Elektroden (20, 22, 24; 260, 262, 264) der Oberflä-
che des dielektrischen Elements benachbart und
von dieser elektrisch isoliert angeordnet ist; und ei-
ne Spannungsquelle zur Spannungsversorgung
der Elektroden zum Transport eines Gases zwi-
schen den Oberflächen des leitenden Elements und
des dielektrischen Elements, dadurch gekenn-
zeichnet daß
die Elektroden konzentrische, geschlossene
Schleifen umfassen und die Spannungsquelle
Spannungen erzeugt, welche in abwechselnder
Folge anziehende Spannungsabschnitte und nich-
tanziehende Spannungsabschnitte einschließen,
und wobei die Spannungen eines solche Phasen-
lage aufweisen, daß die anziehenden Spannungs-
abschnitte und die nicht anziehenden Spannungs-
absehnitte von Elektrode zu Elektrode wandern, um
eine radiale Richtung des Gastransports zu definie-
ren.

2. Eine elektrostatische Vorrichtung wie in Anspruch
1 definiert, dadurch gekennzeichnet, daß die
Elektroden wenigstens drei Elektroden (260, 262,
264) umfassen, wobei die an diese Elektroden ge-
legten Spannungen in diesen flexiblen Elementen
eine sich bewegende, das Gas transportierende
Welle erzeugen.

3. Eine elektronische Vorrichtung wie in den Ansprü-
chen 1 oder 2 definiert, dadurch gekennzeichnet,
daß das leitende Element ein Werkstück umfaßt.

4. Eine elektronische Vorrichtung wie in den Ansprü-
chen 1, 2 oder 3 definiert, dadurch gekennzeich-
net, daß die Oberfläche dieses dielektrischen Ele-
ments im wesentlichen eben ist.

5. Eine elektronische Vorrichtung wie in einem der
vorhergehenden Ansprüche definiert, dadurch ge-
kennzeichnet, daß jede dieser Elektroden einen
Ring umfaßt.

6. Eine elektronische Vorrichtung wie in einem der
vorhergehenden Ansprüche definiert, dadurch ge-
kennzeichnet, daß die Oberfläche des dielektri-
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schen Elements einen Umfang hat und diese Elek-
troden am oder nahe dem Umfang der Oberfläche
angeordnet sind, um Gas vom Umfang weg zu
transportieren und dadurch die Gasleckage am
Umfang der Oberfläche zu begrenzen.

7. Eine elektronische Vorrichtung wie in einem der
vorhergehenden Ansprüche definiert, dadurch ge-
kennzeichnet, daß diese Elektroden zwischen
Schichten des dielektrischen Elements angeordnet
sind.

8. Eine Plattenanordnung zur Bearbeitung von Halb-
leiter-Wafers, die eine elektrostatische Vorrichtung
umfaßt, wie sie in einem der Ansprüche 1 bis 7 be-
ansprucht ist.

9. Eine elektrostatische Vorrichtung umfassend:

ein leitendes Element und ein dielektrisches
Element, deren jedes eine zylindrische Ober-
fläche besitzt, wobei die Oberflächen dieses di-
elektrischen Elements und dieses leitenden
Elements einander eng benachbart sind oder
einander berühren und eines dieser Elemente,
das leitende Element oder das dielektrische
Element, flexibel ist:

eine Mehrzahl von Elektroden der Oberflä-
che dieses dielektrischen Elements be-
nachbart und gegenüber dieser elektrisch
isoliert angeordnet sind, gekennzeichnet
durch eine Spannungsquelle zum Anle-
gen von Spannungen an diesen Elektro-
den zum Transport eines zwischen den
Oberflächen dieses leitenden Elements
und dieses dielektrischen Elements ange-
ordneten Gases.

10. Eine elektrostatische Vorrichtung wie in Anspruch
9 definiert, in welcher eines dieser Elemente, das
leitende Element oder das dielektrische Element,
eine Welle umfaßt.

11. Eine elektrostatische Vorrichtung wie in Anspruch
9 definiert, bei welcher dieses leitende Element ei-
ne Welle umfaßt und das dielektrische Element fle-
xibel ist.

12. Eine elektrostatische Vorrichtung wie in Anspruch
11 definiert, bei welcher die Elektroden Ringe um-
fassen, die in axialer Richtung voneinander Abstän-
de aufweisen

13. Eine elektrostatische Vorrichtung wie in Anspruch
9 definiert, bei welcher die Elektroden eine ge-
schlossene Schleife umfassen.

14. Eine elektrostatische Vorrichtung wie in Anspruch
9 definiert, bei welcher das leitende Element ein
Werkstück umfaßt.

15. Eine elektrostatische Vorrichtung wie in Anspruch
9 definiert, bei welcher die Elektroden zwischen
Schichten des dielektrischen Elements angeordnet
sind.

16. Ein Verfahren zum Transport eines Gases umfas-
send folgende Schritte:

Bereitstellung eines leitenden Elements und ei-
ne dielektrischen Elements, die Oberflächen
aufweisen, die einander eng benachbart sind
oder einander berühren, wobei eines dieser
Elemente, das leitende Element oder das di-
elektrische Element, flexibel ist,

Positionierung einer Mehrzahl von Elektroden,
die konzentrische, geschlossene Schleifen um-
fassen, der Oberfläche des dielektrischen Ele-
ments benachbart und gegenüber dieser elek-
trisch isoliert, und

Anlegen von Spannungen an diesen Elektro-
den, um ein zwischen den Oberflächen dieses
leitenden Elements und dieses dielektrischen
Elements angeordnetes Gas zu transportieren,
wobei der die Spannungen anlegende Schritt
das Erzeugen von Spannungen umfaßt, deren
jede anziehende Spannungssegmente und
nichtanziehende Spannungssegmente in sich
wiederholender Folge einschließt, sowie eine
derartige phasenmäßige Ordnung der Span-
nungen, daß die anziehenden Spannungsseg-
mente und die nichtanziehenden Spannungs-
segmente sich von Elektrode zu Elektrode be-
wegen und eine radiale Richtung des Gas-
transports definieren.

17. Ein Verfahren wie in Anspruch 16 definiert, bei wel-
chem der die Spannungen an den Elektroden anle-
gende Schritt es einschließt, Spannungen anzule-
gen, die das leitende Element elektrostatisch am di-
elektrischen Element festklemmen.

Revendications

1. Dispositif électrostatique, comprenant un élément
conducteur (12) et un élément diélectrique (16)
ayant chacun une surface, les surfaces de l'élément
diélectrique (16) et de l'élément conducteur (12)
étant espacées de manière proche ou étant en con-
tact, l'un dudit élément conducteur et dudit élément
diélectrique étant flexible ; une pluralité d'électro-
des (20, 22, 24 ; 260, 262, 264) positionnées de ma-
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nière adjacente à la surface de l'élément diélectri-
que, et isolées électriquement de celle-ci; et une
source de tension pour appliquer des tensions aux
électrodes afin de transporter un gaz entre les sur-
faces de l'élément conducteur et de l'élément
diélectrique ; caractérisé en ce que :

les électrodes comprenant des boucles fer-
mées concentriques, et la source de tension
génère des tensions qui incluent des segments
de tension attractive et des segments de ten-
sion non-attractive selon une séquence se ré-
pétant, et les tensions étant mises en phase de
manière à ce que les segments de tension at-
tractive et les segments de tension non-attrac-
tive se déplacent d'électrode en électrode afin
de définir une direction radiale de transport de
gaz.

2. Dispositif électrostatique tel que défini dans la re-
vendication 1, caractérisé en ce que lesdites élec-
trodes incluent au moins trois électrodes (260, 262,
264), et dans lequel les tensions appliquées auxdi-
tes électrodes produisent une onde se déplaçant
dans ledit élément flexible qui transporte le gaz.

3. Dispositif électrostatique tel que défini dans la re-
vendication 1 ou 2, caractérisé en ce que l'élément
conducteur comprend une pièce à traiter.

4. Dispositif électrostatique tel que défini dans la re-
vendication 1, 2 ou 3, caractérisé en ce que la sur-
face dudit élément diélectrique est sensiblement
plane.

5. Dispositif électrostatique tel que défini dans l'une
quelconque des revendications précédentes, ca-
ractérisé en ce que chacune desdites électrodes
comprend un anneau.

6. Dispositif électrostatique tel que défini dans l'une
quelconque des revendications précédentes, ca-
ractérisé en ce que la surface dudit élément dié-
lectrique a une périphérie, et lesdites électrodes
sont positionnées au niveau de la périphérie de la
surface, ou à proximité de celle-ci, afin d'éloigner
du gaz de la périphérie et ainsi limiter une fuite de
gaz au niveau de la périphérie de la surface.

7. Dispositif électrostatique tel que défini dans l'une
quelconque des revendications précédentes, ca-
ractérisé en ce que lesdites électrodes sont posi-
tionnées entre des couches dudit élément diélectri-
que.

8. Ensemble formant plateau, pour traiter des plaquet-
tes semiconductrices incluant un dispositif électros-
tatique selon l'une quelconque des revendications

1 à 7.

9. Dispositif électrostatique, comprenant :

un élément conducteur et un élément diélectri-
que ayant chacun une surface cylindrique, les
surfaces dudit élément diélectrique et dudit élé-
ment conducteur étant espacée de manière
proche ou étant en contact, l'un dudit élément
conducteur et dudit élément diélectrique étant
flexible ;
une pluralité d'électrodes positionnées de ma-
nière adjacente à la surface dudit élément dié-
lectrique, et isolées électriquement de celle-ci ;
et caractérisé par
une source de tension pour appliquer des ten-
sions auxdites électrodes afin de transporter un
gaz situé entre les surfaces dudit élément con-
ducteur et dudit élément diélectrique.

10. Dispositif électrostatique tel que défini dans la re-
vendication 9, dans lequel l'un dudit élément con-
ducteur et dudit élément diélectrique comprend un
arbre.

11. Dispositif électrostatique tel que défini dans la re-
vendication 9, dans lequel ledit élément conducteur
comprend un arbre, et dans lequel ledit élément dié-
lectrique est flexible.

12. Dispositif électrostatique tel que défini dans la re-
vendication 11, dans lequel lesdites électrodes
comprennent des anneaux espacés axialement.

13. Dispositif électrostatique tel que défini dans la re-
vendication 9, dans lequel chacune desdites élec-
trodes comprend une boucle fermée.

14. Dispositif électrostatique tel que défini dans la re-
vendication 9, dans lequel l'élément conducteur
comprend une pièce à traiter.

15. Dispositif électrostatique tel que défini dans la re-
vendication 9, dans lequel lesdites électrodes sont
positionnées entre des couches dudit élément dié-
lectrique.

16. Méthode pour transporter un gaz, comprenant les
étapes consistant à :

se pourvoir d'un élément conducteur et d'un
élément diélectrique ayant des surfaces qui
sont espacées de manière proche ou qui sont
en contact, l'un dudit élément conducteur et du-
dit élément diélectrique étant flexible ;
positionner une pluralité d'électrodes compre-
nant des boucles fermées concentriques adja-
centes à la surface dudit élément diélectrique,
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et isolées électriquement de celle-ci ; et
appliquer des tensions auxdites électrodes
pour transporter un gaz situé entre les surfaces
dudit élément conducteur et dudit élément dié-
lectrique, l'étape d'application de tensions com-
prenant une génération de tensions qui incluent
chacune des segments de tension attractive et
des segments de tension non-attractive selon
une séquence se répétant, et une mise en pha-
se desdites tensions de manière à ce que les-
dits segments de tension attractive et lesdits
segments de tension non-attractive se dépla-
cent d'électrode en électrode et définissent une
direction radiale de transport de gaz.

17. Méthode telle que définie dans la revendication 14,
dans laquelle l'étape d'application de tensions
auxdites électrodes comprend l'application de ten-
sions pour fixer de manière électrostatique ledit élé-
ment conducteur sur ledit élément diélectrique.
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