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A semiconductor substrate processing system, comprising: 

a substrate support defined to support a substrate in exposure to a processing region; 

a fir 	plasma chamber defined to generate a first plasma and supply reactive 

5 	constituents of . e first plasma to the processing region; and 

a second ►  asma chamber defined to generate a second plasma and supply reactive 

constituents of the s cond plasma to the processing region, 

wherein the 	1 st and second plasma chambers are defined to be independently 

controlled. 

10 2. A semicon• . ctor substrate processing system as recited in clause 1, further 

comprising: 

a first power supply defi ed to supply a first power to the first plasma chamber; 

a first process gas supply • efined to supply a first process gas to the first plasma 

chamber; 

15 a second power supply define 1 to supply a second power to the second plasma 

chamber; and 

a second process gas supply defines to supply a second process gas to the second 

plasma chamber. 

3. A semiconductor substrate proce Sing system as recited in clause 2, wherein 

20 	either the first and second power supplies are in 	pendently controllable, or the first and 

second process gas supplies are independently con ollable, or both the first and second 

power supplies and the first and second process gas sup • ies are independently controllable. 

4. A semiconductor substrate processing syst: 	as recited in clause 2, wherein 

the first power is either direct current (DC) power, ra 	ofrequency (RF) power, or a 

25 	combination of DC and RF power, and wherein the second rmAier is either DC power, RF 

power, or a combination of DC and RF power. 

5. A semiconductor substrate processing system as rec ed in clause 1, wherein 

the first and second plasma chambers are defined to operate in either . simultaneous manner 

or a pulsed manner, wherein the pulsed manner includes either the firs 	lasma chamber or 

30 	the second plasma chamber operating at a given time and in an alternating s quence. 

6. A semiconductor substrate processing system as recited in cl 	se 1, wherein 

the substrate support is defined to be movable in a direction substantially perp 	dicular to a 

top surface of the substrate support upon which the substrate is to be supported. 
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7. A semiconductor substrate processing system as recited in clause 1, wherein 

one r both of the first and second plasma chambers is defined to have an energizable plasma 

outlet , :ion defined to provide supplemental electron generation to increase ion extraction. 

8. A semiconductor substrate processing system as recited in clause 2, wherein 

5 	the substrata support includes an electrode defined to apply a bias voltage across the 

processing regi k 	between the substrate support and the first and second plasma chambers. 

9. A 	-miconductor substrate processing system as recited in clause 1, further 

comprising: 

a baffle structur 	disposed between the first and second plasma chambers to extend 

10 	from the first and second .lasma chambers toward the substrate support, wherein the baffle 

structure is defined to redu 	fluid communication between the first and second plasma 

chambers. 

10. A semiconductor s 	strate processing system as recited in clause 1, further 

comprising: 

15 an exhaust channel formed betw 	n the first and second plasma chambers to extend 

away from the processing region in a direc sn substantially perpendicular to a top surface of 

the substrate support upon which the substrate 	to be supported. 

11. A semiconductor substrate proces ing system as recited in clause 10, further 

comprising: 

20 a baffle structure disposed within the exhaust 	hannel between the first and second 

plasma chambers so as to extend from the first and se and plasma chambers toward the 

substrate support, wherein the baffle structure is defined 	o reduce fluid communication 

between the first and second plasma chambers, and wherein the baffle structure is sized 

smaller than the exhaust channel so as to provide for exhaust 	ow through the exhaust 

25 	channel around the baffle structure. 

12. A semiconductor substrate processing system, comprisin!..• 

a chamber having a top structure, a bottom structure, and si a ewalls extending 

between the top and bottom structures, wherein the chamber encloses a prose' ing region; 

a substrate support disposed within the chamber and defined to support 	substrate in 

30 	exposure to the processing region; 

a top plate assembly disposed within the chamber above the substrate support, he top 

plate assembly having a lower surface exposed to the processing region and opposite th. top 

surface of the substrate support, the top plate assembly including a first plurality of plas 	. 
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ports 	onnected to supply reactive constituents of a first plasma to the processing region, the 

top plat assembly including a second plurality of plasma ports connected to supply reactive 

constituen 	of a second plasma to the processing region. 

13. A semiconductor substrate processing system as recited in clause 12, wherein 

5 	the substrate s .port is defined to be movable in a direction substantially perpendicular to a 

top surface of the .ubstrate support upon which the substrate is to be supported. 

14. A se I iconductor substrate processing system as recited in clause 12, wherein 

the substrate support 	ncludes an electrode defined to apply a bias voltage across the 

processing region betw- -n the substrate support and the lower surface of the top plate 

10 	assembly. 

15. A semiconductor substrate processing system as recited in clause 12, further 

comprising: 

a first plurality of plasma , icrochambers each defined to generate the first plasma 

and supply reactive constituents of t s e first plasma to one or more of the first plurality of 

15 	plasma ports; and 

a second plurality of plasma mic ochambers each defined to generate the second 

plasma and supply reactive constituents of t , e second plasma to one or more of the second 

plurality of plasma ports. 

16. A semiconductor substrate proces ng system as recited in clause 15, further 

20 	comprising: 

a first power supply defined to supply a first i ower to the first plurality of plasma 

microchambers; 

a first process gas supply defined to supply a first p ocess gas to the first plurality of 

plasma microchambers; 

25 	a second power supply defined to supply a second pow 	to the second plurality of 

plasma microchambers; and 

a second process gas supply defined to supply a second pre ess gas to the second 

plurality of plasma microchambers. 

17. A semiconductor substrate processing system as recited in 1 /4 1ause 16, wherein 

30 	either the first and second power supplies are independently controllable, .r the first and 

second process gas supplies are independently controllable, or both the fir 	and second 

power supplies and the first and second process gas supplies are independently co 	ollable. 

18. A semiconductor substrate processing system as recited in clause 1 	further 
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prising: 

a first plasma chamber defined to generate the first plasma and supply reactive 

consti 	- nts of the first plasma to each of the first plurality of plasma ports; and 

a 	cond plasma chamber defined to generate the second plasma and supply reactive 

5 	constituents 	f the second plasma to each of the second plurality of plasma ports. 

19. semiconductor substrate processing system as recited in clause 18, further 

comprising: 

a first power upply defined to supply a first power to the first plasma chamber; 

a first process 	as supply defined to supply a first process gas to the first plasma 

10 	chamber; 

a second power sup ly defined to supply a second power to the second plasma 

chamber; and 

a second process gas sup • y defined to supply a second process gas to the second 

plasma chamber. 

15 20. A semiconductor substr e processing system as recited in clause 19, wherein 

either the first and second power suppli 	are independently controllable, or the first and 

second process gas supplies are independe , tly controllable, or both the first and second 

power supplies and the first and second process !.as supplies are independently controllable. 

21. A method for processing a semicomuctor substrate, comprising: 

20 placing a substrate on a substrate support in e . osure to a processing region; 

generating a first plasma of a first plasma type; 

generating a second plasma of a second plasma 	• te different than the first plasma 

type; and 

supplying reactive constituents of both the first and sec I d plasmas to the processing 

25 	region to affect a processing of the substrate. 

22. A method for processing a semiconductor substrate 	s recited in clause 21, 

wherein the first plasma is generated to have a first ratio of ion density 	radical density, and 

wherein the second plasma is generated to have a second ratio of ion • ensity to radical 

density, the second ratio of ion density to radical density in the second plasm. being different 

30 	than the first ratio of ion density to radical density in the first plasma. 

23. A method for processing a semiconductor substrate as recited in 	lause 21, 

further comprising: 

using a first power and a first process gas to generate the first plasma; and 
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using a second power and a second process gas to generate the second plasma. 

4. 	A method for processing a semiconductor substrate as recited in clause 23, 

further c . 	prising: 

inde . endently controlling either the first and second powers, or the first and second 

5 process gases, 	r both the first and second powers and the first and second process gases. 

25. A 	ethod for processing a semiconductor substrate as recited in clause 23, 

wherein the first po 	er is either direct current (DC) power, radiofrequency (RF) power, or a 

combination of DC an 	RF power, and wherein the second power is either DC power, RF 

power, or a combination o DC and RF power. 

10 26. A method fo processing a semiconductor substrate as recited in clause 21, 

wherein reactive constituents 	om both the first and second plasmas are supplied in a 

substantially uniform manner thro,lhout the processing region in exposure to the substrate. 

27. A method for processing a semiconductor substrate as recited in clause 21, 

wherein reactive constituents from the 	st and second plasmas are generated and supplied in 

15 either a simultaneous manner or a puls :4 manner, wherein the pulsed manner includes 

generation and supply of reactive constituent of either the first plasma or the second plasma 

at a given time and in an alternating sequence. 

28. A method for processing a semico , ductor substrate as recited in clause 21, 

further comprising: 

20 generating supplemental electrons to increase io , extraction from one or both of the 

first and second plasmas into the processing region. 

29. A method for processing a semiconductor su state as recited in clause 21, 

further comprising: 

applying a bias voltage across the processing region from t e substrate support so as 

25 to attract ions from one or both of the first and second plasmas toward 	e substrate. 

30. A method for processing a semiconductor substrate as 	- cited in clause 21, 

further comprising: 

positioning a baffle structure between a first port through which the first plasma is 

supplied to the processing region and a second port through which the secon i plasma is 

30 supplied to the processing region. 

31. A semiconductor substrate processing system, comprising: 

a plate assembly having a process-side surface exposed to a plasma proces'ng  

region; 
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an exhaust channel formed through the process-side surface of the plate assembly to 

provide •r removal of exhaust gases from the plasma processing region; 

a p sma microchamber formed inside the exhaust channel; 

a gas upply channel formed through the plate assembly to flow a process gas to the 

5 plasma microch. 	ber in the exhaust channel; and 

a power d- ivery component formed within the plate assembly to transmit power to 

the plasma microcha ber, so as to transform the process gas into a plasma within the plasma 

microchamber in the e 	aust channel. 

32. A semicow uctor substrate processing system as recited in clause 31, further 

10 comprising: 

an electrode disposed • tside of the plate assembly that when energized causes ions 

to be attracted from the plasm. microchamber in the exhaust channel into the plasma 

processing region. 

33. A semiconductor subst .te processing system as recited in clause 32, further 

15 comprising: 

a substrate support disposed to 	pport a substrate in exposure to the plasma 

processing region, wherein the electrode is di • osed within the substrate support. 

34. A semiconductor substrate proce' ing system as recited in clause 33, wherein 

the exhaust channel is defined to remove gases 	om the processing region in a direction 

20 substantially perpendicular to and away from a surf. e of the substrate support upon which 

the substrate is to be supported. 

35. A semiconductor substrate processing syst m as recited in clause 31, further 

comprising: 

a power supply defined to supply the power to the powe delivery component; and 

25 a process gas supply defined to supply a process gas to the tas supply channel. 

36. A semiconductor substrate processing system as reci -d in clause 31, wherein 

the power delivery component is defined as a coil formed within 	e plate assembly to 

circumscribe the plasma microchamber in the exhaust channel. 

37. A semiconductor substrate processing system, comprising: 

30 a chamber having a top structure, a bottom structure, and side 	.11s extending 

between the top and bottom structures, the chamber including a processing regio • 

a substrate support disposed within the chamber, the substrate support ha ing a top 

surface defined to support a substrate in exposure to the processing region; 
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a top plate assembly disposed within the chamber above the substrate support, the top 

plat. assembly having a lower surface exposed to the processing region and opposite the top 

surfac- of the substrate support, the top plate assembly including: 

a first set of plasma microchambers each formed into the lower surface of the 

5 	top plate ass, mbly, 

first network of gas supply channels formed to flow a first process gas to 

each of the first s t of plasma microchambers, each of the first set of plasma microchambers 

defined to transfo 	the first process gas into a first plasma in exposure to the processing 

region, 

10 a set of e 	aust channels formed through the lower surface of the top plate 

assembly to provide for rem• al of exhaust gases from the processing region, 

a second set of lasma microchambers respectively formed inside the set of 

exhaust channels, and 

a second network of ...!s supply channels formed to flow a second process gas 

15 	to each of the second set of plasma 	icrochambers, each of the second set of plasma 

microchambers defined to transform the se and process gas into a second plasma in exposure 

to the processing region. 

38. A semiconductor substrate proce 	ing system as recited in clause 37, wherein 

the first set of plasma microchambers are inte persed with the second set of plasma 

20 	microchambers in a substantially uniform manner a oss the lower surface of the top plate 

assembly. 

39. A semiconductor substrate processing syste , 	as recited in clause 37, further 

comprising: 

a first power supply defined to supply a first power to the first set of plasma 

25 	microchambers; 

a first process gas supply defined to supply a first process gas to the first network of 

gas supply channels; 

a second power supply defined to supply a second power to the sec aid set of plasma 

microchambers; and 

30 a second process gas supply defined to supply a second process gas to the second 

network of gas supply channels. 

40. A semiconductor substrate processing system as recited in clause 39, 	• erein 

either the first and second power supplies are independently controllable, or the first ,nd 
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second process gas supplies are independently controllable, or both the first and second 

pow 	supplies and the first and second process gas supplies are independently controllable. 

1. 	A semiconductor substrate processing system as recited in clause 39, further 

comprisint• 

5 a firs set of power delivery components respectively disposed within the top plate 

assembly about he first set of plasma microchambers, each of the first set of power delivery 

components conne ted to receive the first power from the first power supply; and 

a second set • power delivery components respectively disposed within the top plate 

assembly about the second set of plasma microchambers, each of the second set of power 

10 delivery components conn cted to receive the second power from the second power supply. 

42. A semicondu or substrate processing system as recited in clause 37, wherein 

the first and second sets of 	lasma microchambers are defined to operate in either a 

simultaneous manner or a pulsed ‘ anner, wherein the pulsed manner includes either the first 

set of plasma microchambers or the s cond set of plasma microchambers operating at a given 

15 time and in an alternating sequence. 

43. A semiconductor substrate 	rocessing system as recited in clause 37, wherein 

the substrate support is defined to be mo .ble in a direction extending perpendicularly 

between the top surface of the substrate suppo , upon which the substrate is to be supported 

and the lower surface of the top plate assembly. 

20 44. A semiconductor substrate processing ystem as recited in clause 37, wherein 

the substrate support includes an electrode defined 	o apply a bias voltage across the 

processing region between the substrate support and th 	lower surface of the top plate 

assembly. 

45. A method for processing a semiconductor substra e, comprising: 

25 placing a substrate on a substrate support in exposure to a p ocessing region; 

operating a first set of plasma microchambers in exposure t • the processing region, 

whereby each of the first set of plasma microchambers generates a firs • lasma and supplies 

reactive eons tl ments of the first plasma to the processing region, the 	st set of plasma 

microchambers located above the processing region opposite from the substra 	support; and 

30 operating a second set of plasma microchambers in exposure to the pros: sing region, 

whereby each of the second set of plasma microchambers generates a second • asma and 

supplies reactive constituents of the second plasma to the processing region, whe eM the 

second plasma is different than the first plasma, the second set of plasma microcha 'hers 
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la ated above the processing region opposite from the substrate support and interspersed in a 

subs ntially uniform manner among the first set of plasma microchambers. 

46. A method for processing a semiconductor substrate as recited in clause 45, 

further co a prising: 

5 suppl.  ing a first power to the first set of plasma microchambers; 

supplyin a first process gas to the first set of plasma microchambers; 

supplying a econd power to the second set of plasma microchambers; and 

supplying a se and process gas to the second set of plasma microchambers. 

10 

47. A metho • for processing a semiconductor substrate as recited in clause 46, 

further comprising: 

independently control 	g either the first and second powers, or the first and second 

process gases, or both the first an a second powers and the first and second process gases. 

48. A method for proce' ing a semiconductor substrate as recited in clause 46, 

wherein the first power is either direc 	urrent (DC) power, radiofrequency (RF) power, or a 

15 combination of DC and RF power, and 	herein the second power is either DC power, RF 

power, or a combination of DC and RF pow: . 

49. A method for processing a se 	conductor substrate as recited in clause 46, 

further comprising: 

removing exhaust gases from the processing 	gion through a set of exhaust channels 

20 defined to remove gases from the processing region in . direction substantially perpendicular 

to and away from a top surface of the substrate support up• 	which the substrate is placed. 

50. A method for processing a semiconductor s a state as recited in clause 49, 

wherein the second set of plasma microchambers are respect - ly defined inside the set of 

exhaust channels. 

25 51. A method for processing a semiconductor substrate . . recited in clause 45, 

further comprising: 

operating the first set of plasma microchambers to generate the firs •lasma to have a 

first ratio of ion density to radical density; and 

operating the second set of plasma microchambers to generate the secon a plasma to 

30 have a second ratio of ion density to radical density, the second ratio of ion density • radical 

density in the second plasma being different than the first ratio of ion density to 	a dical 

density in the first plasma. 

52. A method for processing a semiconductor substrate as recited in clause 51, 
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herein the f rst plasma has a higher radical density than ion density, and wherein the second 

pla ma has a higher ion density than radical density. 

53. A method for processing a semiconductor substrate as recited in clause 45, 

wherein he first and second sets of plasma microchambers are operated in a simultaneous 

5 	manner. 

54. A method for processing a semiconductor substrate as recited in clause 45, 

wherein the first . nd second sets of plasma microchambers are operated in a pulsed manner, 

wherein the pulsed , anner includes operation of either the first set of plasma microchambers 

or the second set of pl. ma microchambers at a given time and in an alternating sequence. 

10 55. A metho• for processing a semiconductor substrate as recited in clause 45, 

further comps 	ing: 

applying a bias voltag- across the processing region from the substrate support so as 

to attract ions from one or both o the first and second plasmas toward the substrate. 

15 


