
 32  

located. With this Faraday cage serving to conduct RF currents around the internal 

volume of the electrostatic chuck 107/107A, internal components and circuitry within the 

internal volume of the electrostatic chuck 107/107A are protected from RF induced 

damage. Also, the Faraday cage configuration serves to delivery the RF signals to the 

upper region of the electrostatic chuck 107/107A in a uniform manner, which translates 5 

into a more uniform plasma density across the substrate 105. Additionally, because the 

clamp electrode assembly 201 is located near the top surface of the electrostatic chuck 

107/107A in the Faraday cage configuration, it is possible to reliably deliver lower 

frequency RF signals, e.g., 2 MHz down to 400 kHz or less, to the plasma processing 

region 119. And, because the lower frequency RF signals are transmitted around the 10 

internal volume of the electrostatic chuck 107/107A, there is a significantly reduced 

likelihood of parasitic discharge within the internal volume of the electrostatic chuck 

107/107A. 

[0062]  Although the foregoing invention has been described in some detail for 

purposes of clarity of understanding, it will be apparent that certain changes and 15 

modifications can be practiced within the scope of the appended claims.  Accordingly, 

the present embodiments are to be considered as illustrative and not restrictive, and the 

invention is not to be limited to the details given herein, but may be modified within the 

scope and equivalents of the described embodiments. 

  20 
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Claims 

 1. An electrostatic chuck, comprising: 

 a base plate formed of an electrically conductive material; 

 a ceramic layer attached to a top surface of the base plate using a bond layer 

disposed between the base plate and the ceramic layer, the ceramic layer having a top 5 

surface including an area configured to support a substrate; 

 a clamp electrode assembly positioned within the ceramic layer in an orientation 

substantially parallel to the top surface of the ceramic layer and at an upper location 

within the ceramic layer such that a region of the ceramic layer between the clamp 

electrode assembly and the top surface of the ceramic layer is substantially free of 10 

other electrically conductive material, wherein the clamp electrode assembly is 

configured to extend horizontally through the ceramic layer to at least span an area 

underlying the area of the top surface of the ceramic layer that is configured to support 

the substrate; and 

 a plurality of RF power delivery connection modules distributed in a substantially 15 

uniform manner about a perimeter of the ceramic layer, each of the plurality of RF 

power delivery connection modules configured to form an electrical connection from the 

base plate to the clamp electrode assembly at its respective location so as to form an 

RF power transmission path from the base plate to the clamp electrode assembly at its 

respective location, wherein the base plate, the plurality of RF power delivery 20 

connection modules, and the clamp electrode assembly together form a Faraday cage 

to direct RF power transmission around an internal volume of the electrostatic chuck, 

and 

wherein each of the plurality of RF power delivery connection modules includes a first 

electrical connection extending from the base plate to an exposed embedded 25 



 34  

conductive segment within the ceramic layer, wherein a portion of the exposed 

embedded conductive segment is exposed at a bottom of the ceramic layer, and 

wherein each of the plurality of RF power delivery connection modules includes a 

second electrical connection extending from the exposed embedded conductive 

segment through the ceramic layer to the clamp electrode assembly. 5 

 

 2. The electrostatic chuck as recited in claim 1, wherein the first electrical 

connection includes an electrically conductive pin in compression against the exposed 

portion of the exposed embedded conductive segment, wherein the electrically 

conductive pin is electrically connected to the base plate to enable transmission of RF 10 

signals from the base plate to the electrically conductive pin. 

 

 3. The electrostatic chuck as recited in claim 2, wherein the electrically 

conductive pin is configured to transmit up to 30 amperes of electrical current. 

 15 

 4. The electrostatic chuck as recited in claim 1, wherein the second electrical 

connection includes one or more interior embedded conductive segments within the 

ceramic layer, wherein each of the one or more interior embedded conductive 

segments is oriented substantially parallel to the top surface of the ceramic layer, and 

wherein the second electrical connection includes one or more vertical conductive 20 

structures positioned to electrically connect the one or more interior embedded 

conductive segments to each other and to the exposed embedded conductive segment 

and to the clamp electrode assembly. 
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 5. The electrostatic chuck as recited in claim 4, wherein at least one of the 

vertical conductive structures extends through the ceramic layer between the exposed 

embedded conductive segment and a lowest one of the interior embedded conductive 

segments, and wherein at least one of the vertical conductive structures extends 

through the ceramic layer between a highest one of the interior embedded conductive 5 

segments and the clamp electrode assembly, and wherein at least one of the vertical 

conductive structures extends through the ceramic layer between each vertically 

neighboring set of two of the interior embedded conductive segments when present. 

 

 6. The electrostatic chuck as recited in claim 4, wherein at least four of the 10 

vertical conductive structures extends through the ceramic layer between the exposed 

embedded conductive segment and a lowest one of the interior embedded conductive 

segments, and wherein at least four of the vertical conductive structures extends 

through the ceramic layer between a highest one of the interior embedded conductive 

segments and the clamp electrode assembly, and wherein at least four of the vertical 15 

conductive structures extends through the ceramic layer between each vertically 

neighboring set of two of the interior embedded conductive segments when present. 

 

 7. The electrostatic chuck as recited in claim 1, wherein the plurality of RF 

power delivery connection modules includes eight RF power delivery connection 20 

modules positioned near a periphery of the ceramic layer, with each of the eight RF 

power delivery connection modules separated from each adjacent one of the eight RF 

power delivery connection modules by an angle of about 45 degrees as measured 

about a centerline of the ceramic layer extending perpendicular to the top surface of the 

ceramic layer. 25 
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 8. The electrostatic chuck as recited in claim 1, wherein the clamp electrode 

assembly is formed as a single electrode configured to operate in a monopolar mode. 

 

 9. The electrostatic chuck as recited in claim 1, wherein the clamp electrode 

assembly is formed as two electrodes configured to operate in a bipolar mode. 5 

 

 10. The electrostatic chuck as recited in claim 1, further comprising: 

 a perimeter RF power delivery electrode formed within the ceramic layer at a 

vertical location within the ceramic layer below the clamp electrode assembly, the 

perimeter RF power delivery electrode having an annular shape defined by a top 10 

surface, a bottom surface, an inner edge, and an outer edge, the top and bottom 

surfaces of the perimeter RF power delivery electrode oriented substantially parallel to 

the top surface of the ceramic layer, the inner edge of the perimeter RF power delivery 

electrode positioned radially closer to a centerline of the ceramic layer than an outer 

edge of the primary RF power delivery electrode, wherein the centerline of the ceramic 15 

layer extends perpendicular to the top surface of the ceramic layer, and wherein the 

outer edge of the perimeter RF power delivery electrode is positioned farther from the 

centerline of the ceramic layer than the outer edge of the clamp electrode assembly. 

 

 11. The electrostatic chuck as recited in claim 10, wherein each of the 20 

plurality of RF power delivery connection modules includes a first electrical connection 

extending between the base plate and an exposed embedded conductive segment 

within the ceramic layer, wherein a portion of the exposed embedded conductive 

segment is exposed at a bottom of the ceramic layer, and 



 37  

 wherein each of the plurality of RF power delivery connection modules includes 

a second electrical connection extending from the exposed embedded conductive 

segment through the ceramic layer to the clamp electrode assembly, wherein the 

second electrical connection includes a lower electrical connection extending through 

the ceramic layer from the exposed embedded conductive segment to the perimeter RF 5 

power delivery electrode and an upper electrical connection extending through the 

ceramic layer from the perimeter RF power delivery electrode to the clamp electrode 

assembly. 

 

 12. The electrostatic chuck as recited in claim 11, wherein the ceramic layer 10 

includes a central region and a peripheral region, the central region including the area 

configured to support the substrate, the peripheral region configured to circumscribe the 

central region, the ceramic layer having a bottom surface that extends in a planar 

manner across both the central region and the peripheral region, the central region 

having a first overall thickness as measured perpendicular to the bottom surface of the 15 

ceramic layer, the peripheral region having a second overall thickness as measured 

perpendicular to the bottom surface of the ceramic layer, wherein the second overall 

thickness is less than the first overall thickness, wherein an entirety of the clamp 

electrode assembly is positioned within the central region, and wherein the peripheral 

region includes a portion of the perimeter RF power delivery electrode. 20 

 

 13. The electrostatic chuck as recited in claim 1, wherein the region of the 

ceramic layer between the clamp electrode assembly and the top surface of the 

ceramic layer being substantially free of other electrically conductive material 

corresponds to the region of the ceramic layer between the clamp electrode assembly 25 
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and the top surface of the ceramic layer including no electrically conductive material, or 

to the region of the ceramic layer between the clamp electrode assembly and the top 

surface of the ceramic layer including sparsely distributed electrically conductive 

material that does not interfere with transmission of RF signals, or to the region of the 

ceramic layer between the clamp electrode assembly and the top surface of the 5 

ceramic layer including some electrically conductive material that is electrically isolated 

from other surrounding electrically conductive materials, or to the region of the ceramic 

layer between the clamp electrode assembly and the top surface of the ceramic layer 

including electrically conductive material of a thickness small enough to not shield RF 

signals. 10 

 

 14. A system for plasma processing, comprising: 

 a processing chamber; 

 an electrostatic chuck positioned within the processing chamber, the electrostatic 

chuck including 15 

  a base plate formed of an electrically conductive material, 

  a ceramic layer attached to a top surface of the base plate using a bond 

layer disposed between the base plate and the ceramic layer, the ceramic layer having 

a top surface including an area configured to support a substrate, 

  a clamp electrode assembly positioned within the ceramic layer in an 20 

orientation substantially parallel to the top surface of the ceramic layer and at an upper 

location within the ceramic layer such that a region of the ceramic layer between the 

clamp electrode assembly and the top surface of the ceramic layer is substantially free 

of other electrically conductive material, wherein the clamp electrode assembly is 

configured to extend horizontally through the ceramic layer to at least span an area 25 
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underlying the area of the top surface of the ceramic layer that is configured to support 

the substrate, and 

  a plurality of RF power delivery connection modules distributed in a 

substantially uniform manner about a perimeter of the ceramic layer, each of the 

plurality of RF power delivery connection modules configured to form an electrical 5 

connection from the base plate to the clamp electrode assembly at its respective 

location so as to form an RF power transmission path from the base plate to the clamp 

electrode assembly at its respective location; and 

 an RF power source connected to transmit RF power to the base plate of the 

electrostatic chuck, 10 

 wherein the base plate, the plurality of RF power delivery connection modules, 

and the clamp electrode assembly of the electrostatic chuck together form a Faraday 

cage to direct RF power transmission around an internal volume of the electrostatic 

chuck, and  

wherein each of the plurality of RF power delivery connection modules includes a first 15 

electrical connection extending from the base plate to an exposed embedded 

conductive segment within the ceramic layer, wherein a portion of the exposed 

embedded conductive segment is exposed at a bottom of the ceramic layer, and 

wherein each of the plurality of RF power delivery connection modules includes a 

second electrical connection extending from the exposed embedded conductive 20 

segment through the ceramic layer to the clamp electrode assembly. 

 

 15. The system for plasma processing as recited in claim 14, wherein the 

clamp electrode assembly is formed as a single electrode configured to operate in a 

monopolar mode. 25 
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 16. The system for plasma processing as recited in claim 15, further 

comprising: 

 a clamping power source electrically connected to the clamp electrode 

assembly, the clamping power source configured to supply electrical current to the 

single electrode of the clamp electrode assembly in a manner that causes electrostatic 5 

clamping of the substrate to the top surface of the ceramic layer when the substrate is 

present. 

 

 17. The system for plasma processing as recited in claim 14, wherein the 

clamp electrode assembly is formed as two electrodes configured to operate in a 10 

bipolar mode. 

 

 18. The system for plasma processing as recited in claim 17, further 

comprising: 

 a clamping power source electrically connected to the clamp electrode 15 

assembly, the clamping power source configured to supply electrical current to the two 

electrodes of the clamp electrode assembly in a manner that causes electrostatic 

clamping of the substrate to the top surface of the ceramic layer when the substrate is 

present. 

 20 

  

 


