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ELECTROSTATIC CHUCK WITH SEPARATED ELECTRODES

BACKGROUND OF THE DISCLOSURE
1. Technical Field
[0001] The present disclosure relates generally to integrated circuit
processing, and more particularly, to electrostatic clamping devices for
coupling a workpiece and methods for reducing workpiece contamination in the

coupling.

2. Related Art
[0002] Electrostatic chucks are widely used to support/hold wafers for
processing, €.g., ion implantation, in integrated circuit (IC) processing systems.
An electrostatic chuck includes a chuck body having at least one electrode
within the chuck body. When a voltage is applied to the electrodes, an
electrical field is created adjacent to a surface of the chuck body such that a
wafer can be clamped to the surface to be retained. The surface may include
embossment portions, referred to as mesas, to support the wafer e;nd to reduce
physical contact with the wafer.
[0003] In the clamping, the backside of the clamped wafer has a physical
contact with the chuck surface, e.g., mesas, of the electrostatic chuck. This
contact may result in particles that contaminate the wafer and may contaminate
the processing chambers of the wafer, which are generally referred to as
backside particles. The contaminating backside particles usually damage

devices manufactured from the wafer and cause yield losses.
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SUMMARY OF THE INVENTION
[0004] A first aspect of the invention is directed to an electrostatic
clamping device for coupling a workpiece, the electrostatic clamping device
comprising:
an embossment portion on a surface of a body to contact the workpiece; and
at least two electrodes within the body; wherein the two electrodes are
separated by a separation portion below the embossment portion.
[0005] A second aspect of the invention is directed to an electrostatic
clamping device for coupling a workpiece, the electrostatic clamping device
comprising: an embossment portion on a surface of a body to contact the
workpiece; and at least two electrodes within the body; wherein the two
electrodes are configured such that when a voltage is applied to the two
electrodes, an electrical field adjacent to the embossment portion created by
the two electrodes is substantially parallel to the surface of the body.
[0006] A third aspect of the invention is directed to a method for reducing
contamination to a workpiece supported by an electrostatic chuck, the method
comprising: creating an electrical field substantially parallel to a surface of the
electrostatic chuck adjacent to an embossment portion of the electrostatic
chuck.
[0007] The foregoing and other features of the invention will be apparent

from the following more particular description of embodiments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The embodiments will be described in detalil, with reference to the
following figures, wherein like designations denote like elements, and wherein:
[0009] FIG. 1 shows a schematic planar view of an electrostatic
clamping device according to an embodiment of the disclosure.
[6010] FIG. 2 shows a schematic cross-sectional view of the
electrostatic clamping device of FIG. 1 according to an embodiment of the
disclosure.
[0011] FIG. 3 shows a schematic planar view of an electrostatic
clamping device according to an alternative embodiment of the disclosure.
[0012] It is noted that the drawings of the disclosure are not to scale.
The drawings are intended to depict only typical aspects of the disclosure, and
therefore should not be considered as limiting the scope of the invention. In the

drawings, like numbering represents like elements among the drawings.

DETAILED DESCRIPTION
[0013] The current disclosure is based on the finding that backside
particles are located mainly around the positions that the wafer contacts the
mesas of the electrostatic chuck. The current disclosure reduces backside
particle contamination to a workpiece by creating an electrical field
substantially parallel to a surface of the chuck body adjacent to the
embossment portions on the surface. Any method may be used to create such
a surface parallel electrical field, and all are included. For example, FIG. 1

shows a planar view of an electrostatic clamping device (clamping device) 10
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according to an embodiment of the disclosure. FIG. 2 shows a cross-sectional
view of electrostatic clamping device 10 of FIG. 1.

[0014] Referring to FIGS. 1-2, clamping device 10 includes a body 12
having a body surface 14. Embossment portions (embossment) 16, e.g.,
mesas, are on surface 14.. Embossments 168 may contact workpiece 30
(shown in phantom in FIG. 2) coupled to clamping device 10. At least two
electrodes 18 are within body 12 in a layer under surface 14. According to an
embodiment, the at least two electrodes, e.g., 18a and 18b, are separated by
a separation portion 20, e.g., a gap, below embossment 16. Part of separation
portion 20 is directly below embossment 18. As such, as shown in FIG. 2, there
is no electrode directly below embossment 16.

[0015] According to an embodiment, as shown in FIG. 1, separation
portion 20 includes at least one first portion 22 directly below an embossment
16 and at least one second portion 24 extending from first portion 22 along the
respective two electrodes (i.e., the two electrodes 18 separated by separation
portion 20) 18, e.g., 18a and 18b. That is, second portion 24 is below, but not
directly below embossment(s) 16.

[0016] According to an embodiment, as shown in FIG. 1, first portion 22
covers a planar area that encloses a planar area covered by embossment 16.
That is, if embossment 16 is projected onto the same plane as separation
portion 20, the planar area of embossment 16 will be totally within the planar
area of first portion 22. As such, as shown in FIG. 2, a distance 26 between
electrodes 18a and 18b, in x-axis, at a location substantially directly below

embossment 16 is larger than a planar dimension 28 of the embossment in the
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same x-axis. Preferably, the planar area of first portion 22 is only slightly

larger, i.e., less than 10 percent larger, than the planar area of embossment 16.

[0017] According to an embodiment, first portion 22 has a planar shape
substantially similar to, but bigger than, a planar shape of embossment 16.
FIG. 1 shows that embossment 16 and first portion 22 both have an
oval/circular planar shape. However, the current invention is not limited to any
specific shape of embossmentQ 16 and/or first portion 22. First portion 22 may
have a height, i.e., in the z-axis, approximately twice of a height 25, in the same
z-axis, of embossment 16. However, this is not necessary and other height 23
of first portion 22 relative to that of embossment 16 are also pessible and
included in the invention. In the current description, a “height’ refers to a
dimension in the z-axis that is perpendicular to surface 14 of electrostatic chuck
10.

[0018] According to an embodiment, as shown in FIG. 1, second portion
24 is narrower than first portion 22 in the x-axis along which electrodes 18a and
18b are separated. Correspondingly, at least one of the two electrodes, 18a
and 18b, includes a recess portion 29 that is substantially directly below
respective embossment 16. As such, distance 26 between electrodes 18a and
18b at a location substantially directly below embossment 16 is larger than a
distance 27 between electrodes 18a and 18b at another location, i.e., a location
other than recess portion 29.

[0019] According to an alternative embodiment, as shown in FIG. 3,

electrostatic clamping device 110 includes a second portion 124 that is
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substantially as wide as first portion 122 in the x-axis along which electrodes
118a and 118h are separated.

[0020] In the case that multiple embossments 16 are positioned in a line,
as shown in, e.g., FIG. 1, each first portion 22 directly below the multiple
embossments 16 shares a second portion 24 with an immediately adjacent first
portion 22. As such, separation portion 20 includes multiple first portions 22
and multiple second portions 24 connected in a line along respective
electrodes 18a, 18b.

[0021] As shown in FIGS. 1 and 3, according to an embodiment, around
a first portion 22/122, the respective two immediately adjacent electrodes, e.g.,
18a/118a and 18b/118b, are substantially parallel to one another. The
inclusion of recess portions 29 does not affect the parallel position between
electrodes 18a and 18b. FIGS. 1 and 3 show that electrodes 18a/118a and
18b/118b are substantially parallel to one another throughout the y-axis, which
is a specific embodiment. The scope of the invention is not limited by the
configuration shown in FIGS. 1 and 3.

[0022] According to an embodiment, two immediately adjacent
electrodes 18 that are separated by separation portion 20, e.g., 18a and 18b,
are connected to different polarities (illustrated by “+” and “-“ in FIGS. 1 and 3)
of a voltage source (not shown). As a consequence, when a clamping voltage
is applied to electrodes 18a and 18b, an electrical field adjacent to
embossment 18 will be created, which is substantially parallel to surface 14 of
body 12. Any type of clamping voltage may be used, and all are included in the

invention. For example, the clamping voltage may be one of a direct current
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(DC) and an alternating current (AC). Preferably, according to an
embodiment, a bipolar square wave voltage having a peak-to-peak amplitude
of at least 1000 volts and a frequency in the range of approximately 30 Hz to
approximately 300 Hz may be used as the clamping voltage. As such, the “+"
and “-“ used in FIGS. 1 and 3 do not limit any electrodes 18 to a specific
polarity, but only indicate that adjacent electrodes 18, e.g., 18a and 18b, are
connected to different polarities of the clamping voltage.

[0023] The foregoing description of various aspects of the disclosure
has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise form disclosed,
and obviously, many madifications and variations are possible. Such
modifications and variations that may be apparent to a person skilled in the art
are intended to be included within the scope of the invention as defined by the

accompanying claims.
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CLAIMS
What is claimed is:
1. An electrostatic clamping device for coupling a workpiece, the
electrostatic clamping device comprising:
an embossment portion on a surface of a body to contact the
workpiece; and
at least two electrodes within the body;
wherein the at least two electrodes are separated by a separation

portion below the embossment portion.

2. The electrostatic clamping device of claim 1, wherein the separation
portion includes a first portion substantially directly below the
embossment portion and a second portion extending from the first

portion along the at least two electrodes.

3. The electrostatic clamping device of claim 2, wherein the first portion
covers a planar area that encloses a planar area covered by the

embossment portion.
4, The electrostatic clamping device of claim 2, wherein the first portion
has a planar shape substantially similar to and bigger than a planar

shape of the embossment portion.

5. The electrostatic clamping device of claim 2, wherein the first portion
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has a height approximately twice of a height of the embossment portion.

10.

11.

The electrostatic clamping device of claim 2, wherein the second portion
is narrower than the first portion in an axis along which the at least two

electrodes are separated.

The electrostatic clamping device of claim 2, wherein the second portion
is substantially as wide as the first portion in an axis along which the at

least two electrodes are separated.

The electrostatic clamping device of claim 2, further comprising multiple
embossment portions in a line, wherein each first portion substantially
directly below the multiple embossment portions shares a second

portion with an immediately adjacent first portion.

The electrostatic clamping device of claim 2, wherein the at least two
electrodes are substantially parallel to one another adjacent to the first

portion of the separation portion.

The electrostatic clamping device of claim 1, wherein, when a voltage is

applied to the two electrodes, an electrical field adjacent the

embossment portion is substantially parallel to the surface of the body.

The electrostatic clamping device of claim 10, wherein the voltage is one



WO 2008/118683 PCT/US2008/057320

of a direct current (DC) or an alternating current (AC)

12.  The electrostatic clamping device of claim 1, wherein the separation

portion includes a gap in the body.

13.  An electrostatic clamping device for coupling a workpiece, the

electrostatic clamping device comprising:

an embossment portion on a surface of a body to contact the
workpiece; and

at least two electrodes within the body;

wherein the at least two electrodes are configured such that when
a voltage is applied to the at least two electrodes, an electrical field
adjacent to the embossment portion created by the at least two

electrodes is substantially parallel to the surface of the body.

14.  The electrostatic clamping device of claim 13, wherein the two
electrodes are substantially parallel to one another around a location

substantially directly below the embossment portion.

15.  The electrostatic clamping device of claim 13, wherein the two

electrodes are separated by a separation portion.

16.  The electrostatic clamping device of claim 15, wherein a distance

between the at least two electrodes at a location substantially directly

10
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below the embossment portion is larger than a planar dimension of the

17.

18.

19.

embossment in a same axis.

The electrostatic clamping device of claim 16, wherein at least one of the
at least two electrodes includes a recess portion substantially directly
below the embossment portion such that the distance between the two
electrodes at the location substantially directly below the embossment
portion is larger than a distance between the at least two electrodes at

another location.

The electrostatic clamping device of claim 15, wherein the at least two

electrodes are separated by a gap in the body.

A method for reducing contamination to a workpiece supported by an
electrostatic chuck, the method comprising:

creating an electrical field substantially parallel to a surface of the
electrostatic chuck adjacent to an embossment portion on a surface of

the electrostatic chuck.

11
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20.

21

22.

The method of claim 19, wherein the surface parallel electrical field is
created by applying a voltage to two electrodes separated by a
separation portion, the separation portion covering a planar area bigger
than the embossment at a location substantially directly below the

embossment portion.

The method of claim 20, wherein the voltage is one of a direct current

(DC) or an alternating current (AC)

The method of claim 20, wherein the separation portion is a gap with a

height approximately twice of a height of the embossment portion.

12



WO 2008/118683 PCT/US2008/057320

1/3

FIG. 1




WO 2008/118683

FIG. 2

10

PCT/US2008/057320

2/3

..............

X-axis

18, 18b

16

=

—— 26 —p

j - 28 >

18, 18a




WO 2008/118683 PCT/US2008/057320

3/3

FIG. 3
%
2,

y-axis



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/057320

| A. CLASSIFICATION OF SUBJECT MATTER

INV. (C23C14/50 H01J37/20

HO1L21/683

HO1L21/687  H02N13/00

According to Inlemétibnal Patent Classification (IPC) or to both nationat classification and IPC

B. FIELDS SEARCHED

‘C23C HO1J HO1L H02N

Minimum documentation searched (classmcatlon system tollowed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

‘EPO-Internal, WPI Data

Elecironic data base consulted during the intemational search (name of data base and, where practical, search terms used) -

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of documgnt, with indimtioq, where appropriate, of the relevant passages Relevant to claim No. .
P,X, WO 2008/020955 A (VARIAN SEMICONDUCTOR _ o 1,2,10,
L EQUIPMENT [US]; ENGLAND JONATHAN GERALD 11,13,
[GB]; MUK) 21 February 2008 (2008 -02-21) e 15,16,19
P,A abstract 8,20,21
- figure 4 .
page 13, line 23 - page 17 line 10
(L Pr10r1ty) .
X US 5 656 093 A (BURKHART VINCENT E [US] ET'v~ - 1-11,
AL) 12 August 1997 (1997-08-12) ‘ 13-17,
o _ ‘ : 19-21
Y .the whole ‘document 12,18,22
X US 5 764 471 A (BURKHART VINCENT E [US]) 8 ) ‘1-18
i -] "9 June 1998 (1998-06-09)
Y abstract - 12,18,22
A figures 1,2 -~ 19-21.
cotumn 3, line 29 - column 5, line 31
—/—.

m Further docurnents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A" document deﬁnmg the general state of the an whlch is not,
considered to be of particular relevance
*E" earlier document but published on or afier the |nternat|onal
_ fiting date .
*L* document which may throw doubts on priority clalm(s) or
which is cited to establish the publication date of another
citation or other special reason {(as specified)

other means

- *P* document published prior to the international filing date but
later than the priority date claimed

*O" document referring to an oral disciosure, use, exhibition or -

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered nove! or cannot be considered to
involve an inventive step.when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—-
ments, such combination being obvious to a person skdlled
in the art.

=& document member of the same palem family

Date of the actual completion of the international search

20 June 2008

Date of mailing of the intemational search report

.26/06/2008

Name and mailing address of the ISA/
European Patent Cffice, P.B. 5818 Patemlaan 2
NL ~ 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

De Kroon, Arnoud

Form PCT/ISA/210 {second sheet) (April 2005) -




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/057320

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT -

Relevant to claim No.

AL) 25 August 2005 (2005-08-25)
abstract ’

figure 1 L

paragraph [0026] - paragraph [0027]

Category* | Citation of document, with indication, where appropriate, of the relevant passages
X US 2004/040665 Al (MIZUNO SHIGERU [JP] ET 1,10,11,
- . AL) 4 March 2004 (2004-03-04) 13,15,19
A abstract _ : 2,5,17,
' : _ 20,21

figures 1-6,23-25

paragraph [0006] - paragraph [0016]

paragraph [0019] - paragraph [0022]

paragraph [0076] - paragraph [0110] -

US 2005/183669 Al (PARKHE VIJAY D [US] ET 1-22

Form PCT/ISA/210 {continuation of second shest) {April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2008/057320

Publication Patent family Publication
date member(s) date

Patent document
cited in search report

WO 2008020955 A

21-02-2008 US 2008044257 Al 21-02-2008
US 5656093 A 12-08-1997 AT 227471 1 15-11-2002
' : : DE . 69716796 D1 . - 12-12-2002
DE . 69716796 T2 - 31-07-2003
EP- 0794566 Al 10-09-1997
JP 3266537 B2 18-03-2002
_ JP - 9327188 A 16-12-1997
US 5764471 A ‘09-06-1998 EP 0806834 A2 12-11-1997
Y | 3943188 B2 11-07-2007
JP 10098092 A 14-04-1998
~JP . 2007165915 A 28-06-2007
us - 5923521 A 13-07-1999
US 2004040665 Al 04-03-2004 KR 20040002552 A 07-01-2004
- ' TW 233658 B 01-06-2005
US 2006158823 Al 20-07-2006 -
- US 2005183669 Al . = 25-08-2005 CN 1922724 A 28-02-2007
' JP 2007527625 T - 27-09-2007
KR 20070097296 A - 04-10-2007
US 2005252454 Al 17-11-2005
WO 2005083752 A2 09-09-2005 -

Form PCT/ISA/210 (patent family mnex) {April 2005)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

