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CLAIMS 

1. 	An electrode assembly comprising a thermal control plate, a silicon-based 

showerhead electrode, and securing hardware, wherein: 

the thermal control plate comprises a backside, a frontside, and one or more 

process gas passages configured to direct process gas to the frontside of the thermal 

control plate; 

the silicon-based showerhead electrode comprises a backside, a frontside, and a 

plurality of showerhead passages extending from the backside of the silicon-based 

showerhead electrode to the frontside of the silicon-based showerhead electrode; 

the silicon-based showerhead electrode further comprises a plurality of partial 

recesses formed in the backside of the silicon-based showerhead electrode, the partial 

recesses leaving a thickness of silicon-based electrode material between the recess and 

the frontside of the silicon-based showerhead electrode; 

the silicon-based showerhead electrode further comprises backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode; 

the thermal control plate further comprises securing hardware passages 

configured to permit securing hardware to access the backside inserts positioned in the 

partial recesses along the backside of the silicon-based showerhead electrode; 

the thermal control plate and the silicon-based showerhead electrode are 

engaged such that the frontside of the thermal control plate faces the backside of the 

silicon-based showerhead electrode, the showerhead passages in the silicon-based 

showerhead electrode are aligned with the process gas passages in the thermal control 

plate, and the securing hardware passages are aligned with the backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode; 

the securing hardware extends at least partially through the securing hardware 

passages in the thermal control plate into engagement with the backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode; and 
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the securing hardware and the backside inserts are configured to maintain 

engagement of the thermal control plate and the silicon-based showerhead electrode and 

to permit disengagement of the thermal control plate and the silicon-based showerhead 

electrode while isolating the silicon-based electrode material of the silicon-based 

showerhead electrode from frictional contact with the securing hardware during 

disengagement; and 

the silicon-based electrode material comprises single crystal silicon, wherein the 

partial recesses are formed within the single crystal silicon. 

2. 	An electrode assembly as claimed in claim 1  wherein the securing hardware and  

the backside inserts are configured to permit repeated engq.ement and disen.a.ement 

of the thermal control plate and the silicon-based showerhead electrode, nondestructive 

disengagement of the thermal control plate and the silicon-based showerhead electrode, 

or both. 

3 	An electrode, assembly as claimed in claim I wherein the securing hardware, the 

backside inserts,  and the-partial recess are configured such that, with the secu_rgin 

hardware and backside inserts in an engaged state, the backside insert is able to move 

with the securing hardware within the partial recess, without becomin. dislodged from 

the recess.  

4. An electrode assembly as claimed in claim 1 wherein the hardness of the 

backside inserts does not exceed the hardness of the silicon-based electrode material. 

5. An electrode assembly as claimed in claim I wherein the backside inserts 

comprise polyetheretherketone (PEEK) formulated ancl manufactured,  such that the 

hardness of the backside inserts does not exceed the hardness of the silicon-based 

electrode material. 

26. 	An electrode assembly as claimed in claim 1 wherein the thickness of silicon-

based electrode material between the recess and the frontside of the silicon-based 

showerhead electrode is at least approximately 0.25 cm. 

37. 	An electrode assembly as claimed in claim 1 wherein the thickness of silicon-

based electrode material between the recess and the frontside of the silicon-based 

showerhead electrode is at least approximately 25% of the total thickness of the silicon-

based showerhead electrode. 
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8. 	An electrode assembly as claimed in claim 1 wherein the backside inserts are 

positioned in the 	artial recesses such that the 	are inset relative to the backside of the 

silicon-based showerhead electrode. 

49. 	An electrode assembly as claimed in claim 1 wherein the backside insert 

comprises a tool engaging portion and one or more lateral shielding portions configured 

to permit a tool to engage the backside insert without extending beyond the periphery of 

the insert. 

510. 	An electrode assembly as claimed in claim 1 wherein:_at least one of the 

backside inserts is configured as an anchor in one of the partial recesses formed in the 

backside of the silicon-based showerhead electrodes-ate 

backinsert tabs that 	 - - 	- 4 - 	portions the 	-side 	-comprises 	are eanfigured-to-comp 	. 

formed ' 	he - - 	a 4 - 	- 	*al- 	._a  , - -cad-eleetrode-in-an-insert-and-ratate 

11.._ 	 An electrode assembly as claimed in claim 10 wherein the backside insert 

comprises tabs that are configured to complement underctttportions formed in the 

electrode material of the showerhead electrode in an insert and rotate manner. 

12. An electrode assembly as claimed in claim 11 wherein the backside insert is 

secured in the recess in a spring-loaded state. 

13. An electrode assembly as claimed in claim 12 wherein the outside diametrical 

dimensions of the backside insert and the size and shape of the tabs are chosen to allow 

for movement of the insert in the partial recess in the spring-loaded state. 

14. An electrode assembly as claimed in claim 10 wherein the backside insert is 

anchored in the  partial recess by a threaded portion formed in the silicon-based 

electrode material. 

615. 	An electrode assembly as claimed in claim 10 wherein the partial recess 

comprises an undercut portion and the backside insert is anchored in the partial recess 

by positioning it to at least partially extend into the undercut portion of the partial 

recess. 

716. 	An electrode assembly as claimed in claim 10 wherein the backside insert is 

configured as a stud comprising a backside extension configured to extend into one of 

the securing hardware passages in the thermal control plate and the securing hardware 
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is configured to access the backside extension of the backside insert in the securing 

hardware passage. 

817. 	An electrode assembly as claimed in claim 1 wherein: _the securing hardware 

and the backside inserts are configured to provide spring-loaded engagement of the 

the thermal control plate and 	silicon-based showerhead electrode;--and 

at4east-e 

recesses formed in thehackside of the silicon-based-showerhead-electrode-and-the 

securing hardware•comprises-a-spring element-configured to oppose-a-force-of 

engagement-provided when-the securing-hardware aecesses the backside insert. 

18. 	An  electrode assembly as claimed in claim 17 wherein at least one of the 

backside inserts is configured as an anchor in one of the partial recesses formed in the 

backside of the silicon-based showerhead electrode and the securim.hardware 

comprises a spring element configured to oppose a force of engagement provided when 

the securing hardware accesses the backside insert. 

919. 	An electrode assembly as claimed in claim 1 wherein the silicon-based 

showerhead electrode comprises a single-piece, circular showerhead construction or a 

multi-component, circular showerhead construction comprising a circular central 

electrode and one or more peripheral electrodes arranged about the circumference of the 

central electrode. 

20. 	An electrode assembly as claimed in claim 1 wherein the electrode assembly 

further comprises a thermally conductive gasket positioned between the frontside of the 

thermal control plate and the backside of the, silicon-based showerhead electrode. 

Mt. A plasma processing chamber comprising a vacuum source, a process gas 

supply, a plasma power supply, a substrate support, and an upper electrode assembly-as 

claimed-in-claim-1 wherein: 

the vacuum source is configured to at least partially evacuate the •lasma 

processing chamber; 

the substrate support is positioned in an evacuated portion of the plasma 

processing._ chamber and comprises a substrate,  electrode spaced from the upper 

electrode assembly,. 



13 

the substrate electrode and the upper electrode assembly are operatively coupled 

to the plasma power supply; 

the tIpper electrode assembly comprises a thermal control plate, a silicon-based 

showerhead electrode, and securing hardware; 

the thermal control plate comprises a backside, a frontside, and one or more 

process gas passages confignred to direct process gas from the process gas supplyto_the 

frontside of the thermal control plate; 

the silicon-based showerhead electrode comprises a  backside, a frontside, and a, 

plurality of showerhead passages extending from the backside of the silicon-based  

showerhead electrode to the frontside of the silicon-based showerhead electrode.,  

the silicon-based showerhead electrode  further comprises a pturalit of •artial 

recesses formed in the backside of the silicon-based showerhead electrode, the partial 

recesses leaving kthickness of  silicon-based electrode material between the recess and 

the frontside of the silicon-based showerhead electrode; 

the silicon-based showerhead electrode further comprises inserts positioned in 

the partial recesses along the backside of the silicon-based showerhead electrode; 

the thermal control plate further com irises securin• hardware 	assa. es  

configured to_permit securing hardware to access the backside inserts positioned in the 

partial recesses along the  backside of the silicon-based showerhead electrode;  

the thermal control plate and the, silicon-based showerhead electrode are 

enggsed such that the frontside of the thermal _  control plate faces the backside of the 

silicon-based showerhead electrode„the showerhead passages in the silicon-based 

showerhead electrode are aligned with the process gas passages in the thermal control 

plate, and the securing hardware passages are aligned with the backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode;  

the securing hardware extends at least partially through the securing hardware  

passages _in_ the thermal control plate into engagement with the backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode; 
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the securing hardware and the backside inserts are configured to maintain 

engagement of the thermal control plate and the silicon-based showerhead electrode and 

to permit disengagement of the thermal control plate and the silicon-based showerhead 

electrode while isolating..the silicon-based electrode material of the silicon-based 

showerhead electrode from frictional,  contact with the securing hardware _during 

disengagement; and 

the silicon-based electrode material comprises single crystal silicon, wherein the 

partial recesses are formed within the single crystal silicon. 

1-1-r------A-silieon-based-showcrhead-electrode-comprising-a-baeksideT-a- ontsideTa 

pluralit-ef-showerhead-passagesra-plurality-of-ba 	... .. 	. 

bac cside inserts---wherelm 

• --based 

showerhead-eleetrode-to-the-fronts-ide-ofthe-s-iheon--based-showerhead electrode; 

the plurality of-baekside-recesses-are--formed....in-the...backsride-of the-silicon based 

showerhead-eleetrodeTthe-baekside-recesses-leaving-a-thiekness-ofsilieon-hased 

electrode-material-between-the-reecss---and-thefrontside-of-the-si-licen-based-showerhead 

electrodes 

the 	 the aekside of 

silicon-based-showerheadeleetrode 

the-hacksid' 	 ' 	'• 	" 	• omprise a-threadede- 	4- 	4 . 	-1' 	, 	.. 	--eaded-ifiside-diarneter-;  

• dedinside-diameter-; and-a-tool engaging-portion-formed 

the-tool-engaging-portion-is-formed uch-that-the-backside-insert-further-comprises-one 

lateral 	 between the-tool-engaging-portion-and4he-threaded or-more 	shielding portions 

. . 	 engaged-with-the4oel-engaging-peftion-ofthe 

backside-insert-from-extending-beyond-the--threaded-outside-diameter-ofthe-insert- 

12. 	A 	 1 -si-licon-based-Overhead-wer-head-electrodess-e-laimed4n-elaim 	-wherein-the-torque 

file receiving-slots-define-a-progrossively non-constrietive-er-os 	a a 	-along-a 

direction the-insert- -parallel-to-the axis of rotation of 	-backside 

22. 	. An electrode assemblycomprising.a thermal -control 	late, a silicon-based 

showerhead electrode, securing. hardware, and a thermally conductive gasket wherein: 



15 

the thermal control plate comprises a backside, a frontside and one or more 

process gas passages configured to direct process gas to the frontside of the thermal 

control plate:, 

the silicon-based showerhead electrode comprises a backside, a frontside, and ,_a 

plurality of showerhead passages extending from the backside of the silicon-based 

showerhead electrode to the frontside of the silicon-based showerhead electrode., 

the silicon-based showerhead electrode further  comprises a plurality of partial 

recesses formed in the backside of the silicon-based showerhead electrode, the partial 

recesses leaving a thickness of silicon-based electrode material between the recess and 

the frontside of the silicon-based showerhead electrode;  

the silicon-based showerhead electrode further comprises backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode; 

the thermal control plate further comprises securing hardware passages 

configured to permit securing hardware to access the backside inserts positioned in the 

partial recesses along the backside of the silicon-based showerhead electrode; 

the thermal control plate and the silicon-based showerhead electrode are 

engaged such that the frontside of the thermal control plate faces the backside of the 

silicon-based showerhead electrode the showerhead assa es in the silicon-based 

showerhead electrode are aligned with the_ process.,.  gas passages in the thermal control 

plate, and the securing hardware passages are aligned with the backside inserts 

positioned in the partial recesses along the backside of the silicon-based showerhead 

electrode; 

the securing hardware extends at least partially through the securint hardware 

passages in the thermal control plate into engagement with the backside inserts  

positioned,in the_partial recesses along the backside of the silicon-based showerhead 

electrode; 

the securing hardware  and the backside inserts are configured to maintain 

engagement of the thermal control plate and the silicon-based showerhead electrode and 

to pennit disengagement of the ,  thermal control plate and the silicon-based showerhead 

electrode while isolating the silicon-based electrode material of the silicon-based 
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showerhead electrode from frictional contact with the securing hardware durin_ 

disengagement; 

the thermally conductive, gasket is positioned between the frontside of the 

thermal control plate and the backside of the silicon-based showerhead electrode; 

the silicon-based electrode material comprises sipgle costal silicon; and 

the backside inserts are anchored in the partial recesses via a bonding agent.,  


