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CLAIMS

‘What is claimed is:

1. An electrostatic chuck comprising:

a surface layer activated by a voltage in an electrode tgfform an

5 electric charge to electrostatically clamp a substrate to the gfectrostatic

chuck, the surface layer including a plurality of protrusighs comprising a

photo-patternable polymer and a charge control layegfo which the plurality
of polymer protrusions adhere, the plurality of pojffmer protrusions

extending to a height above portions of the chggfze control layer surrounding

10 the plurality of polymer protrusions to suppgfit the substrate upon the

plurality of polymer protrusions during

substrate.
2. An electrostatic chuck accordingto Claim 1, wherein the photo-patternable
L5 polymer comprises a photo-phtternable polymer that is liquid at room

20
4 An elegfrostatic chuck according to Claim 1, wherein the photo-patternable
ler comprises an epoxy based photo-patternable polymer.
25 5. An electrostatic chuck according to Claim 1, wherein the photo-patternable

polymer comprises at least one of a polyimide based photo-patternable

polymer and a benzocyclobutene based photo-patternable polymer.

An electrostatic chuck according to Claim 1, wherein the charge control

layer comprises silicon carbide.
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7. An electrostatic chuck according to Claim 1, wherein the charge control

layer comprises diamond like carbon,

5 8. An electrostatic chuck according to Claim 1, wherein the charggfcontrol
layer comprises a surface resistivity of between about 10° offis per square to

about 10'" ohms per square.

9. An electrostatic chuck according to Claim 1, whergh the polymer
10 profrusions comprise a height of between about # microns and about 12
microns.

10.  An electrostatic chuck according to Clgfm 1, wherein the polymer
protrusions comprise a diameter of ghout 900 microns.
15
11. An electrostatic chuck accordjfig to Claim 1, further comprising a gas seal

ring comprising a photo-pgfternable polymer.

12.  An electrostatic chugk according to Claim 11, wherein the gas seal ring
20  comprises at leasyfne of an epoxy based photo-patternable polymer, a
benzocyclobuyfhe based photo-patternable polymer and a polyimide based

photo-pattegfiable polymer.

13.  Anelfctrostatic chuck according to Claim 1, wherein the plurality of
25 pgfymer protrusions comprise a surface roughness of between about 0.02 pm

nd about 0.05 pm.

An electrostatic chuck according to Claim 1, wherein the photo-patternable
polymer comprises a material having a tensile strength of greater than about

70 megapascals (MPa).
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15, An electrostatic chuck according to Claim 1, wherein the photo-patternable
polymer comprises a material having a Young’s modulus of less than abgfut

3.5 gigapascals (GPa).

5 16.  Anelectrostatic chuck according to Claim 1, further comprisingfa conductive
path covering at lcast a portion of a workpiece-contacting syflace of a gas
seal ring of the electrostatic chuck, the conductive path cgfprising at least a

portion of an clectrical path to ground.

10 17.  Anelectrostatic chuck according to Claim 16, wiferein the conductive path

comprises diamond-like carbon.

18.  An clectrosiatic chuck according to Clg#n 16, wherein the photo-paiiernable
polymer comprises a photo-patterngifle polymer that is liquid at room
15 temperature prior to baking, and Jfherein the charge control layer comprises
a surface resistivity of betwecgfabout 10* ohms per square (o about 10!

ohms per square.

19.  An electrostatic chugll comprising:
20 a surface Yler activated by a voltage in an clectrode to form an

electric chargedo electrostatically clamp a substrate to the clectrostatic

|0
N
|5

1ght above portions of the charge control layer surrounding the plurality
f polymer protrusions to support the substrate upon the plurality of polymer

protrusions during clectrostatic clamping of the substrate.

An electrostatic chuck according to Claim 19, wherein the conductive
polymer compriscs a polymer from the group consisting of: a blend of a
carbon nanotube and a polymer; and a conductive nanoparticle doped

polymer,
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A method of manufacturing an electrostatic chuck, the method comprisigh:
exposing a photo-patternable polymer, on a surface of the

electrostatic chuck, to light through a mask, the electrostatic chucl

. comprising a charge control layer underlying at least a portion g the photo-

patternable polymer; and

removing areas of the surface of the electrostatic ghiuck based on a
pattern of exposure of the surface to the light through gfie mask, thereby
forming a plurality of polymer protrusions on the gfface of the electrostatic
chuck, the plurality of polymer protrusions adhgfing to the charge control
layer and exiending to a height above portiopf of the charge control layer

surrounding the plurality of polymer protgfsions.

A method according to Claim 21, cgfprising laminating a polymer sheet
including the photo-patternab:e gblymer over at least a portion of the charge

control layer.

A method according toflaim 21, comprising spraying a liquid polymer
including the photo-pftternab:e polymer over at least a portion of the charge

control layer.

A method gfcording to Claim 21, wherein the photo-patternable polymer
comprigfl a material having a tensilc strength of greater than about 70
meggfascals (MPa) and having a Young’s modulus of less than about 3.5

giglpascals (GPa).

A method according to Claim 21, further comprising covering at least a
portion of a workpiece-contacting surface of a gas seal ring of the
electrostatic chuck with a conductive path, the conductive path comprising at

Icast a portion of an electrical path to ground.
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AMENDED CLAIMS
received by the International Bureau on 17 March 2014 (17.03.2014)

What is claimed is:

1. An electrostatic chuck comprising:

a surface layer activated by a voltage in an electrode to fogfl an electric charge to
electrostatically clamp a substrate to the electrostatic chuck, thgfsurface layer including a
plurality of protrusions comprising a hard-baked photo-patigfned polymer and a charge
control layer to which the plurality of polymer protrusiopf adhere, the plurality of
polymer protrusions extending to a height above portifns of the charge control layer
surrounding the plurality of polymer protrusions tgfSupport the substrate upon the
plurality of polymer protrusions during electrogfatic clamping of the substrate.
2. An electrostatic chuck according to Claigf 1, wherein the hard-baked photo-patterned
‘polymer comprises a polymer that, prifr to baking, is photo-patternable, and liquid at

room temperature.

3. An electrostatic chuck accorgfing to Claim 1, wherein the hard-baked photo-patterned
polymer comprises a polyfer that, prior to baking, is photo-patternable, and solid at room
temperature,

4, An electrostaticfhuck according to Claim 1, wherein the hard-baked photo-patterned

sed polymer, the hard-baked photo-patternable polymer being a polymer that, prior to
baking, is photo-patternable.

An elecrrostatic chuck according to Claim 1, wherein the charge control layer comprises

silicon carbide.

AMENDED SHEET (ARTICLE 19)
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An electrostatic chuck according to Claim 1, wherein the charge control layer compfises

diamond like carbon.

An elecrrostatic chuck according to Claim 1, wherein the charge control lg€er comprises a

surface resistivity of between about 10® ohms per square to about 10'! ghms per squatre,

An electrostatic chuck according to Claim 1, wherein the polymgf protrusions comprise a

height of between about 3 microns and about 12 microns.

An electrostatic chuck according to Claim 1, wherein (H€ polymer protrusions comprise a

diameter of about 900 microns.

An electrostatic chuck according to Claim |, er comprising a gas seal ring

comprising 4 hard-baked photo-patterned gflymer.

An electrostatic chuck according to (flaim 11, wherein the hard-baked photo-patterned
polymer of the gas seal ring comgfises at least one of an epoxy based polymer, a
benzocyclobutene based polypfier and a polyimide based polymer, the hard-baked photo-
patternable polymer being gfpolymer that, prior to baking, is photo-patternable.

An electrostatic chuglaccording to Claim 1, wherein the plurality of polymer protrusions

comprise a surfacgfroughness of between about 0.02 pm and about 0.05 pm.

An electrospftic chuck according to Claim {, wherein the hard-baked photo-patterned
polymerf£omprises a material having a tensile strength of greater than about 70

meggfascals (MPa).
n electrostatic chuck according to Claim 1, wherein the hard-baked photo-patterned
polymer comprises a material having a Young's modulus of less than about 3.5

gigapascals (GPa).

An electrostatic chuck according to Claim 1, further comprising a conductive path

covering at least a portion of a workpiece-contacting surface of a gas seal ring of the

AMENDED SHEET (ARTICLE 19)
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electrostatic chuck, the conductive path comprising at least a portion of an electric

to ground.

An electrostatic chuck according to Claim 16, wherein the conductive pathfcomprises

diamond-like carbon.

An electrostatic chuck comprising;
a surface layer activated by a voltage igfan electrode to form an elecwic charge 1o
electrostatically clamp a substrate to the elgfirostatic chuck, the surface layer including a
plurality of protrusions comprising a cog@uctive polymer and a charge control layer to
which the plurality of polymer protryffions adhere, the plurality of polymer protrusions
extending to a height above portigfs of the charge control layer surrounding the plurality
of polymer protrusions to suppgfft the substrate upon the plurality of polymer protrusions
during electrostatic clamping of the substrate.
An electrostatic chucjfaccording to Claim 19, wherein the conductive polymer comprises
a polymer from group cousisting of: a blend of a carbon nanotube and a polymer; and

a conductive nafloparticle doped polymer.

A methog/of manufacturing an electrostatic chuck, the method comprising:
exposing a phofo-pattemab]e polymer, on a surface of the electrostatic chuck, to
through a mask, the electrostatic chuck comprising a charge control layer underlying
least a portion of the photo-patternable polymer;

removing areas of the surface of the electrostatic chuck based on a pattern of
exposure of the surface to the light through the mask, thereby forming a plurality of
polymer protrusions on the surface of the electrostatic chuck, the plurality of polymer
protrusions adhering to the charge control layer and extending to a height above portions

of the charge control layer surrounding the plurality of polymer protrusions; and

AMENDED SHEET (ARTICLE 19)
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hard-baking the plurality of polymer profrusions.

A method according to Claim 21, wherein the photo-patterglble polymer comprises a
material having a tensile strength of greater than about 78 megapascals (MPa) and having
a Young’s modulus of less than about 3.5 gigapascalf(GPa).

A method according to Claim 21, further compfising covering at least a portion of a
workpiece-contacting surface of a gas seal ghg of the electrostatic chuck with a

conductive.path, the conductive path copfprising ar least a portion of an electrical path to

AMENDED SHEET (ARTICLE 19)
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What is claimed is:

1.

An electrostatic chuck comprising:

a surface layer activated by a voltage in an electrode to form an electric charge to
electrostatically clamp a substrate to the electrostatic chuck, the surface layer including a
plurality of protrusions comprising a hard-baked photo-patierned polymer and a charge
control layer to which the plurality of polymer protrusions adhete, the plurality of
polymer protrusions extending to a height above portions of the charge control layer
surroundmg the plurality of polymer protrusions to support the substrate upon the

plurality of polymer protrusions during electrostatic clamping of the substrate.

An electrostatic chuck according to Claim 1, wherein the hard-baked photo-patterned
polymer comprises a polymer that, prior to baking, is photo-patternable, and liquid at

room temperature.

An electrostatic chuck according to Claim 1, wherein the hard-baked photo-patterned
polymer comprises a polymer that, prior to baking, is photo-patternable, and solid at room

temperature.

An electrostatic chuck according to Claim 1, wherein the hard-baked photo-patterned
polymer coraprises an epoxy based polymer that, prior to baking, is photo-patternable.

An electrostatic chuck according to Claim 1, wherein the hard-baked photo-patterned
polymer comprises at least one of a polyimide based polymer and a benzocyclobutene
based polymer, the hard-baked photo-patternable polymer being a polymer that, prior to
baking, is photo-patternable.

An elecurostatic chuck according to Claim 1, wherein the charge control layer comprises

silicon carbide.




10.

12.

13.

14,

15,

16.

-25-

An electrostatic chuck according to Claim 1, wherein the charge control layer comprises

diamond like carbon.

An elecrrostatic chuck according to Claim 1, wherein the charge control layer comprises a

surface resistivity of between about 10® ohms per square to about 10! ohms per squate,

An electrostatic chuck according to Claim 1, wherein the polymer protrusions comprise a

height of between about 3 microns and about 12 microns,

An electrostatic chuck according to Claim 1, wherein the polymer protrusions comprise a

diameter of about 900 microns.

An electrostatic chuck according to Claim I, further comprising a gas seal ring

comprising & hard-baked photo-patterned polymer.

An electrostatic chuck according to Claim 11, wherein the hard-baked photo-patterned
polymer of the gas seal ring comprises at least one of an epoxy based polymer, a
benzocyclobutene based polymer and a polyimide based polymer, the hard-baked photo-
parternable polymer being a polymer that, prior to baking, is photo-patternable.

An electrostatic chuck according to Claim 1, wherein the plurality of polymer protrusions

comprise a surface roughness of between about 0.02 pm and about 0.05 pm.

An electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemned
polymer comprises a material having a tensile strength of greater than about 70

megapascals (MPa).

An elecrrostatic chuck according to Claim 1, wherein the hard-baked photo-patterned
polymer comprises a material having a Young’s modulus of less than about 3.5

gigapascals (GPa).

An electrostatic chuck according to Claim 1, further comprising a conductive path

covering at least a portion of a workpiece-contacting surface of a gas seal ring of the
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electrostatic chuck, the conductive path comprising at least a portion of an electrical path

to ground.

An electrostatic chuck according to Claim 16, wherein the conductive path comprises

diamond-like carbon.

An electrostatic chuck according to Claim 16, wherein the hard-baked photo-patterned
polymer comprises a polymer that, prior to baking, is photo-patternable, and liquid at
room temperature, and wherein the charge control layer comprises a surface resistivity of

between about 10° ohms per square to about 10'' ohms per square.

An electrostatic chuck comprising;

a surface layer activated by a voltage in an electrode to form an elecwic charge 1o
electrostatically clamp a substrate to the electrostatic chuck, the surface layer including a
plurality of protrusions comprising a conductive polymer and a charge control layer to
which the plurality of polymer protrusions adhere, the plurality of polymer protrusions
extending to a height above portions of the charge control layer surrounding the plurality
of polymer protrusions to support the substrate upon the plurality of polymer protrusions

during electrostatic clamping of the substrate.

An clectrostatic chuck according to Claim 19, wherein the conductive polymer comprises
a polymer from the group consisting of: a blend of a carbon nanotube and a polymer; and

a conductive nanoparticle doped polymer.

A method of manufacturing an electrostatic chuck, the method comprising:

exposing a phofo-pattemab]e polymer, on a surface of the electrostatic chuck, to
light through a mask, the electrostatic chuck comprising a charge control layer underlying
at least a portion of the photo-patternable polymer;

removing areas of the surface of the electrostatic chuck based on a pattern of
exposure of the surface to the light through the mask, thereby forming a plurality of
polymer protrusions on the surface of the electrostatic chuck, the plurality of polymer
protrusions adhering to the charge control layer and extending to a height above portions

of the charge control layer surrounding the plurality of polymer protrusions; and
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hard-baking the plurality of polymer profrusions.

A method according to Claim 21, comprising laminating a polymer sheet including the

photo-patternable polymer over at least a portion of the charge control layer.

A method according to Claim 21, comprising spraying a liquid polymer including the

photo-patternable polymer over at least a portion of the charge control layer.

A method according to Claim 21, wherein the photo-patternable polymer comprises a
material having a tensile strength of greater than about 70 megapascals (MPa) and having

a Young’s modulus of less than about 3.5 gigapascals (GPa).

A method according to Claim 21, further comprising covering at least a portion of a
workpiece-contacting surface of a gas seal ring of the electrostatic chuck with a
conductive.path, the conductive path comprising ar least a portion of an electrical path to

ground.




