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CLAIMS 

What is claimed is: 

10 

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 thejfectrostatic 
chuck, the surface layer including a plurality of protrusjjms comprising a 
photo-patternable polymer and a charge control layej^o which the plurality 
of polymer protrusions adhere, the plurality of pojfrner protrusions 
extending to a height above portions of the ch^e control layer surrounding 
the plurality of polymer protrusions to supp^t the substrate upon the 
plurality of polymer protrusions during Electrostatic clamping of the 
substrate. 

2. An electrostatic chuck accordinXto Claim 1, wherein the photo-patternable 
15 polymer comprises a photo-jetternable polymer that is liquid at room 

temperature prior to bakii 

20 

3. An electrostatic chufk according to Claim 1, wherein the photo-pattemable 
polymer compri^s a photo-patternable polymer that is solid at room 
temperature onor to baking. 

4. An eleorostatic chuck according to Claim 1, wherein the photo-patternable 
polmer 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. 

30 

6. An electrostatic chuck according to Claim 1, wherein the charge control 
layer comprises silicon carbide. 
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10 

An electrostatic chuck according to Claim 1, wherein the charge control^ 
layer comprises diamond like carbon. 

An electrostatic chuck according to Claim 1, wherein the charejrcontrol 
layer comprises a surface resistivity of between about 10s ojjfms per square to 
about 1011 ohms per square. 

An electrostatic chuck according to Claim 1, wherjjn the polymer 
protrusions comprise a height of between aboutjnmicrons and about 12 
microns. 

15 

10. An electrostatic chuck according to Clarni 1, wherein the polymer 
protrusions comprise a diameter of acout 900 microns. 

11. An electrostatic chuck according to Claim 1, further comprising a gas seal 
ring comprising a photo-paffernable polymer. 

12, An electrostatic chuoR according to Claim 11, wherein the gas seal ring 
20 comprises at leasttone of an epoxy based photo-patternable polymer, a 

benzocyclobuTOie based photo-patternable polymer and a polyimide based 
photo-patta(nabie polymer. 

13. An eb£trostatic chuck according to Claim 1, wherein the plurality of 
25 polymer protrusions comprise a surface roughness of between about 0.02 jim 

md about 0.05 ^im. 

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-patternabl^ 

polymer comprises a material having a Young's modulus of less than ai^tt 

3.5 gigapascals (GPa). 

5 16. An electrostatic chuck according to Claim 1, further comprising conductive 

path covering at least a portion of a workpiece-contacting s^ace of a gas 

seal ring of the electrostatic chuck, the conductive path comprising at least a 

portion of an electrical path to ground. 

10 17. An electrostatic chuck according to Claim 16, v^rein the conductive path 

comprises diamond-like carbon. 

18. An electrostatic chuck according to Claffn 16, wherein the photo-patternable 

polymer comprises a photo-patternajfle polymer that is liquid at room 

15 temperature prior to baking, andJmerein the charge control layer comprises 

a surface resistivity of betwegfabout 108 ohms per square to about 1011 

ohms per square. 

19. An electrostatic chudfcomprising: 

20 a surface Wyer activated by a voltage in an electrode to form an 

electric charg^o electrostatically clamp a substrate to the electrostatic 

chuck, the ^rface layer including a plurality of protrusions comprising a 

conducture polymer and a charge control layer to which the plurality of 

polyrafer protrusions adhere, the plurality of polymer protrusions extending to 

25 a height above portions of the charge control layer surrounding the plurality 

5f polymer protrusions to support the substrate upon the plurality of polymer 

protrusions during electrostatic clamping of the substrate. 

An electrostatic 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. 
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10 

21. A method of manufacturing an electrostatic chuck, the method comprisy^: 

exposing a photo-patternable polymer, on a surface of the 

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

. comprising a charge control layer underlying at least a portionthe photo-

patternable polymer; and 

removing areas of the surface of the electrostaticjfiuck based on a 

pattern of exposure of the surface to the light through Jfie mask, thereby 

forming a plurality of polymer protrusions on the sirface of the electrostatic 

chuck, the plurality of polymer protrusions adha/ng to the charge control 

layer and extending to a height above portion^ of the charge control layer 

surrounding the plurality of polymer prot»sions. 

22. A method according to Claim 21, comprising laminating a polymer sheet 

15 including the photo-patternable golymer over at least a portion of the charge 
control layer. 

20 

23. A method according to JElaim 21, comprising spraying a liquid polymer 

including the photo j^tternable polymer over at least a portion of the charge 

control layer. 

25 

24. A method according to Claim 21, wherein the photo-patternable polymer 

compris^ 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 

gjjfipascals (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 

least a portion of an electrical path to ground. 
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AMENDED CLAIMS I 
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 am electrode to foyr an electric charge to 

electrostatically clamp a substrate to the electrostatic chuck, tha^urface layer including a 

plurality of protrusions comprising a hard-baked photo-patxamed polymer and a charge 

control layer to which the plurality of polymer protrusioas adhere, the plurality of 

polymer protrusions extending to a height above port^ns of the charge control layer 

surrounding the plurality of polymer protrusions to^upport the substrate upon the 

plurality of polymer protrusions during electrostatic clamping of the substrate. 

2. An electrostatic chuck according to Clairar 1, wherein the hard-baked photo-patterned 

polymer comprises a polymer that, piw to baking, is photo-patternable, and liquid at 

room temperature. / 

3. An electrostatic chuck accoynng 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. / 

4. An electrostatiychuck according to Claim 1, wherein the hard-baked photo-patterned 
polymer comprises an epoxy based polymer that, prior to baking, is photo-patternable. 

5. An eltanrostatic chuck according to Claim 1", wherein the hard-baked photo-patterned 

poller comprises at least one of a polyimide based polymer and a benzocyclobutene 

J^ised polymer, the hard-baked photo-patternable polymer being a polymer that, prior to 

/ baking, is photo-patternable. 

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

silicon carbide. 

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

diamond like carbon. 

8. An electrostatic chuck according to Claim 1, wherein the charge control lafer comprises a 

surface resistivity of between about 10s ohms per square to about 10n^nms per square, 

9. An electrostatic chuck according to Claim 1, wherein the polymjrprotrusions comprise a 

height of between about 3 microns and about 12 microns. 

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

diameter of about 900 microns. 

11. An electrostatic chuck according to Claim 1, fi^ther comprising a gas seal ring 

comprising a hard-baked photo-patterned uflymer. 

12. An electrostatic chuck according to Gnaim 11, wherein the hard-baked photo-patterned 

polymer of the gas seal ring comonses at least one of an epoxy based polymer, a 
benzocyclobutene based poller and a polyimide based polymer, the hard-baked photo-

patternable polymer being a^olymer that, prior to baking, is photo-patternable. 

13. An electrostatic chucjfaccording to Claim 1, wherein the plurality of polymer protrusions 

comprise a surfaa^oughness of between about 0.02 fim and about 0.05 nm. 

14. An electronic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

polymeycomprises a material having a tensile strength of greater than about 70 

megajiascals (MPa), 

15. ^.n electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

polymer comprises a material having a Young's modulus of less than about 3.S 

gigapascals (GPa). 

16. 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^ath 
to ground. 

17. An electrostatic chuck according to Claim 16, wherein the conductive patl^omprises 
diamond-like carbon. 

18. An electrostatic chuck according to Claim 16, wherein the hard-lmed 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 10s ohms per square to about 1011 ohmsy£r square. 

19. An electrostatic chuck comprising: 

a surface layer activated by a voltage ia/an electrode to form an electric charge to 

electrostatically clamp a substrate to the elaRrostatic chuck, the surface layer including a 

plurality of protrusions comprising a coyouctive polymer and a charge control layer to 

which the plurality of polymer protn^fons adhere, the plurality of polymer protrusions 

extending to a height above porti^s of the charge control layer surrounding the plurality 
of polymer protrusions to support the substrate upon the plurality of polymer protrusions 

during electrostatic clampingof the substrate. 

20. An electrostatic chucj^ccording to Claim 19, wherein the conductive polymer comprises 
a polymer from thfl^roup consisting of: a blend of a carbon nanotube and a polymer, and 

a conductive nanoparticle doped polymer. 

21. A method^>f manufacturing an electrostatic chuck, the method comprising: 

^exposing a photo-pattemable polymer, on a surface of the electrostatic chuck, to 

liglff 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 protrusions, 

22. A method according to Claim 21, comprising laminating a polymer sheet inciting the 
photo-patternable polymer over at least a portion of the charge control hyt 

23. 

24. 

A method according to Claim 21, comprising spraying a liquid pol /tx including the 
photo-patternable polymer over at least a portion of the charge c</ol layer. 

A method according to Claim 21, wherein the photo-patterpble polymer comprises a 
material having a tensile strength of greater than about Tfi megapascals (MPa) and having 
a Young's modulus of less than about 3.5 gigapascaL^GPa). 

25. A method according to Claim 21, further comar-sing covering at least a portion of a 
workpiece-contacting surface of a gas seal afig of the electrostatic chuck with a 
conductive .path, the conductive path cognising at least a portion of an electrical path to 
ground. 

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-pattemed 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. 

2. An electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

polymer comprises a polymer that, prior to baking, is photo-patternable, and liquid at 

room temperature. 

3. 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. 

4. An electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

polymer comprises an epoxy based polymer that, prior to baking, is photo-patternable. 

5. An electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

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. 

6. 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. 

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

surface resistivity of between about 10s ohms per square to about 10l! ohms per square. 

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

height of between about 3 microns and about 12 microns. 

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

diameter of about 900 microns. 

11. An electrostatic chuck according to Claim 1, further comprising a gas seal ring 

comprising a hard-baked photo-patterned polymer. 

12. 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-

pattemable polymer being a polymer that, prior to baking, is photo-pattemable. 

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

comprise a surface roughness of between about 0.02 fim and about 0.05 nm. 

14. An electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

polymer comprises a material having a tensile strength of greater than about 70 

megapascals (MPa). 

15. An electrostatic chuck according to Claim 1, wherein the hard-baked photo-pattemed 

polymer comprises a material having a Young's modulus of less than about 3.5 

gigapascals (GPa). 

16. 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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clectrostatic chuck, the conductive path comprising at least a portion of an electrical path 
to ground. 

17. An electrostatic chuck according to Claim 16, wherein the conductive path comprises 
diamond-like carbon. 

18. 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 10s ohms per square to about 1011 ohms per square. 

19. 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 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. 

20. An electrostatic 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. 

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

exposing a photo-pattemable 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 protrusions, 

22. 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. 

23. 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. 

24. 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). 

25. 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 least a portion of an electrical path to 
ground. 


