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A semiconductor substrate processing system, comprising:

a sibstrate 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
constituents of the first plasma to the processing region; and

a second plasma chamber defined to generate a second plasma and supply reactive
constituents of the s&cond plasma to the processing region,

wherein the fist and second plasma chambers are defined to be independently
controlled.

2. A semicond¥ctor substrate processing system as recited in clause 1, further
comprising:

a first power supply defihed to supply a first power to the first plasma chamber;

a first process gas supply \defined to supply a first process gas to the first plasma
chamber;

a second power supply definey to supply a second power to the second plasma
chamber; and

a second process gas supply defineY to supply a second process gas to the second
plasma chamber.

3. A semiconductor substrate procesging system as recited in clause 2, wherein
either the first and second power supplies are indgpendently controllable, or the first and
second process gas supplies are independently contollable, or both the first and second
power supplies and the first and second process gas supplies are independently controllable.

4. A semiconductor substrate processing systom as recited in clause 2, wherein
the first power is either direct current (DC) power, radipfrequency (RF) power, or a
combination of DC and RF power, and wherein the second pgwer is either DC power, RF
power, or a combination of DC and RF power.

5. A semiconductor substrate processing system as recNed in clause 1, wherein
the first and second plasma chambers are defined to operate in either A simultaneous manner
or a pulsed manner, wherein the pulsed manner includes either the first\plasma chamber or
the second plasma chamber operating at a given time and in an alternating sgquence.

6. A semiconductor substrate processing system as recited in clause 1, wherein
the substrate support is defined to be movable in a direction substantially perpéndicular 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 rggion defined to provide supplemental electron generation to increase ion extraction.
A semiconductor substrate processing system as recited in clause 2, wherein
the substrate\ support includes an electrode defined to apply a bias voltage across the
processing regidpn between the substrate support and the first and second plasma chambers.
9. A sgmiconductor substrate processing system as recited in clause 1, further
comprising:
a baffle structurd disposed between the first and second plasma chambers to extend
from the first and second plasma chambers toward the substrate support, wherein the baffle
structure is defined to reducg fluid communication between the first and second plasma
chambers.
10. A semiconductor sistrate processing system as recited in clause 1, further
comprising:
an exhaust channel formed betwdgn the first and second plasma chambers to extend
away from the processing region in a direcfipn substantially perpendicular to a top surface of
the substrate support upon which the substrates to be supported.
11. A semiconductor substrate processing system as recited in clause 10, further
comprising:
a baffle structure disposed within the exhaustchannel between the first and second
plasma chambers so as to extend from the first and segond plasma chambers toward the
substrate support, wherein the baffle structure is defined Mo 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\flow through the exhaust
channel around the baffle structure.
12. A semiconductor substrate processing system, comprisin};
a chamber having a top structure, a bottom structure, and si§ewalls extending
between the top and bottom structures, wherein the chamber encloses a procesging region;
a substrate support disposed within the chamber and defined to support ¥ substrate in
exposure to the processing region;
a top plate assembly disposed within the chamber above the substrate support,\the top
plate assembly having a lower surface exposed to the processing region and opposite thy top

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

13. \ A semiconductor substrate processing system as recited in clause 12, wherein
the substrate stpport is defined to be movable in a direction substantially perpendicular to a
top surface of thejubstrate support upon which the substrate is to be supported.

14. A semiconductor substrate processing system as recited in clause 12, wherein
the substrate support\includes an electrode defined to apply a bias voltage across the
processing region between the substrate support and the lower surface of the top plate
assembly.

15. A semiconductqr substrate processing system as recited in clause 12, further
comprising:

a first plurality of plasma ¥picrochambers each defined to generate the first plasma
and supply reactive constituents of tRe first plasma to one or more of the first plurality of
plasma ports; and

a second plurality of plasma mickochambers each defined to generate the second
plasma and supply reactive constituents of tke second plasma to one or more of the second
plurality of plasma ports.

16. A semiconductor substrate processing system as recited in clause 15, further
comprising:

a first power supply defined to supply a first Rower to the first plurality of plasma
microchambers;

a first process gas supply defined to supply a first pxocess gas to the first plurality of
plasma microchambers;

a second power supply defined to supply a second powsr to the second plurality of
plasma microchambers; and

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

plurality of plasma microchambers.

17. A semiconductor substrate processing system as recited in §lause 16, wherein
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prising:

a first plasma chamber defined to generate the first plasma and supply reactive
constitdents of the first plasma to each of the first plurality of plasma ports; and

cond plasma chamber defined to generate the second plasma and supply reactive
constituents Rf 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 Supply 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
chamber;
a second power supRly defined to supply a second power to the second plasma
chamber; and
a second process gas supply defined to supply a second process gas to the second
plasma chamber.
20. A semiconductor substrale processing system as recited in clause 19, wherein
either the first and second power supplidg are independently controllable, or the first and
second process gas supplies are independektly controllable, or both the first and second
power supplies and the first and second process'gas supplies are independently controllable.
21. A method for processing a semiconductor substrate, comprising:
placing a substrate on a substrate support in eXposure to a processing region;
generating a first plasma of a first plasma type;

generating a second plasma of a second plasma t¥pe different than the first plasma

type; and

supplying reactive constituents of both the first and secogd plasmas to the processing
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 t§ radical density, and
wherein the second plasma is generated to have a second ratio of ion\{Jensity to radical
density, the second ratio of ion density to radical density in the second plasma\being different
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,

independently controlling either the first and second powers, or the first and second
process gases,
25. A

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

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

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

combination of DC an¥ RF power, and wherein the second power is either DC power, RF
power, or a combination of DC and RF power.

26. A method fol\processing a semiconductor substrate as recited in clause 21,
wherein reactive constituents Yrom both the first and second plasmas are supplied in a
substantially uniform manner throtyghout 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 figst and second plasmas are generated and supplied in
either a simultaneous manner or a pulsdd manner, wherein the pulsed manner includes
generation and supply of reactive constituenty, of either the first plasma or the second plasma
at a given time and in an alternating sequence.

28. A method for processing a semicoyductor substrate as recited in clause 21,
further comprising:

generating supplemental electrons to increase 10} extraction from one or both of the
first and second plasmas into the processing region.

29. A method for processing a semiconductor sulstrate as recited in clause 21,
further comprising;:

applying a bias voltage across the processing region from the substrate support so as
to attract ions from one or both of the first and second plasmas towardthe substrate.

30. A method for processing a semiconductor substrate as 1¢cited in clause 21,
further comprising;:

positioning a baffle structure between a first port through which theXirst plasma is
supplied to the processing region and a second port through which the seconq plasma is
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¥ing

region;
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an exhaust channel formed through the process-side surface of the plate assembly to
provide for removal of exhaust gases from the plasma processing region;

a plysma microchamber formed inside the exhaust channel;

a gas Xupply channel formed through the plate assembly to flow a process gas to the
plasma microchmber in the exhaust channel; and

a power délivery component formed within the plate assembly to transmit power to
the plasma microchaigber, so as to transform the process gas into a plasma within the plasma
microchamber in the exRaust channel.

32. A semiconYuctor substrate processing system as recited in clause 31, further
comprising:

an electrode disposed oOytside of the plate assembly that when energized causes ions
to be attracted from the plasmd microchamber in the exhaust channel into the plasma
processing region.

33. A semiconductor substkate processing system as recited in clause 32, further
comprising:

a substrate support disposed to sypport a substrate in exposure to the plasma
processing region, wherein the electrode is diSposed within the substrate support.

34. A semiconductor substrate procedging system as recited in clause 33, wherein
the exhaust channel is defined to remove gases fom the processing region in a direction
substantially perpendicular to and away from a surfage of the substrate support upon which
the substrate is to be supported.

35. A semiconductor substrate processing systgm as recited in clause 31, further
comprising:

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

a process gas supply defined to supply a process gas to the\gas supply channel.

36. A semiconductor substrate processing system as recit¢d in clause 31, wherein
the power delivery component is defined as a coil formed within the plate assembly to
circumscribe the plasma microchamber in the exhaust channel.

37. A semiconductor substrate processing system, comprising:

a chamber having a top structure, a bottom structure, and sidewglls extending
between the top and bottom structures, the chamber including a processing region,
a substrate support disposed within the chamber, the substrate support haking 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
platy assembly having a lower surface exposed to the processing region and opposite the top
surfacé\of the substrate support, the top plate assembly including:
a first set of plasma microchambers each formed into the lower surface of the
top plate assgmbly,
first network of gas supply channels formed to flow a first process gas to
each of the first s§¢ of plasma microchambers, each of the first set of plasma microchambers
defined to transform\the first process gas into a first plasma in exposure to the processing
region,
a set of exRaust channels formed through the lower surface of the top plate
assembly to provide for remoyal of exhaust gases from the processing region,
a second set of Rlasma microchambers respectively formed inside the set of
exhaust channels, and
a second network of ggs supply channels formed to flow a second process gas
to each of the second set of plasma \nicrochambers, each of the second set of plasma
microchambers defined to transform the segond process gas into a second plasma in exposure
to the processing region.
38. A semiconductor substrate procedging system as recited in clause 37, wherein
the first set of plasma microchambers are intelgpersed with the second set of plasma
microchambers in a substantially uniform manner acgoss the lower surface of the top plate
assembly.
39. A semiconductor substrate processing systexa as recited in clause 37, further
comprising:
a first power supply defined to supply a first power\to the first set of plasma
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 secynd set of plasma
microchambers; and
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,

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

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 connexted to receive the first power from the first power supply; and
a second set of power delivery components respectively disposed within the top plate
assembly about the secqnd set of plasma microchambers, each of the second set of power
delivery components connggted to receive the second power from the second power supply.
42. A semiconductor substrate processing system as recited in clause 37, wherein
the first and second sets of Rlasma microchambers are defined to operate in either a
simultaneous manner or a pulsed tyanner, wherein the pulsed manner includes either the first
set of plasma microchambers or the sgcond set of plasma microchambers operating at a given
time and in an alternating sequence.
43. A semiconductor substrate Rrocessing system as recited in clause 37, wherein
the substrate support is defined to be mowable in a direction extending perpendicularly
between the top surface of the substrate supportupon which the substrate is to be supported
and the lower surface of the top plate assembly.
44. A semiconductor substrate processing\system as recited in clause 37, wherein
the substrate support includes an electrode defined Yp apply a bias voltage across the
processing recion between the substrate support and thg lower surface of the top plate
assembly.
45, A method for processing a semiconductor substrate, comprising:
placing a substrate on a substrate support in exposure to a pxpcessing region;
operating a first set of plasma microchambers in exposure td, the processing region,
whereby cach of the first set of plasma microchambers generates a firs\plasma and supplies
reactive constiiuents of the first plasma to the processing region, the Nyst set of plasma
microchambers located above the processing region opposite from the substra¥g support; and
operating a second set of plasma microchambers in exposure to the procegsing region,
whereby cach of the second set of plasma microchambers generates a second
supplies reactive constituents of the second plasma to the processing region, whekgin the

second plasma is different than the first plasma, the second set of plasma microchargbers
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logated above the processing region opposite from the substrate support and interspersed in a
subsantially uniform manner among the first set of plasma microchambers.

A method for processing a semiconductor substrate as recited in clause 45,
further cogprising:

ing a first power to the first set of plasma microchambers;

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

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

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

47. A method for processing a semiconductor substrate as recited in clause 46,
further comprising:

independently controlling either the first and second powers, or the first and second
process gases, or both the first an{ second powers and the first and second process gases.

48. A method for processing a semiconductor substrate as recited in clause 46,
wherein the first power is either direct\current (DC) power, radiofrequency (RF) power, or a
combination of DC and RF power, and Wherein the second power is either DC power, RF
power, or a combination of DC and RF pow

49. A method for processing a semNconductor substrate as recited in clause 46,
further comprising:

removing exhaust gases from the processing ¥egion through a set of exhaust channels
defined to remove gases from the processing region in a\direction substantially perpendicular
to and away from a top surface of the substrate support upog which the substrate is placed.

50. A method for processing a semiconductor sulstrate as recited in clause 49,
wherein the second set of plasma microchambers are respectivgly defined inside the set of
exhaust channels.

51. A method for processing a semiconductor substrate a§ recited in clause 45,
further comprising:

operating the first set of plasma microchambers to generate the first\plasma to have a
first ratio of ion density to radical density; and

operating the second set of plasma microchambers to generate the seconq plasma to
have a sccond 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
density in the first plasma.

52. A method for processing a semiconductor substrate as recited in clause 51)
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herein the 1irst plasma has a higher radical density than ion density, and wherein the second
plasma has a higher ion density than radical density.
53. A method for processing a semiconductor substrate as recited in clause 45,
wherein\the first and second sets of plasma microchambers are operated in a simultaneous
manner.
54.  \A method for processing a semiconductor substrate as recited in clause 45,
wherein the first\and second sets of plasma microchambers are operated in a pulsed manner,
wherein the pulsed Ynanner includes operation of either the first set of plasma microchambers
or the second set of plasma microchambers at a given time and in an alternating sequence.
55. A method\for processing a semiconductor substrate as recited in clause 45,
further comprising:
applying a bias voltageé\across the processing region from the substrate support so as

to attract 1ons {rom one or both oRthe first and second plasmas toward the substrate.




