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FIG. 2A

(57) Abstract: Atmospheric inductively coupled plasma torch comprising a vessel within which the plasma is generated and a coil
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METHODS AND APPARATUS FOR IGNITING AND SUSTAINING
PLASMA

{0001} In the manufacture of semiconductor prodacts, substrates such as waters undergo
deposition and etching processes to form features thereon. The processing of semiconductor
substrates often leaves residues, such as polymer deposition, between processing steps.
Atmospheric inductively coupled plasma torches have been emploved to clean substrates i
preparation for further processing.
|0002] To facilitate discussion, Fig. 1 shows a typical prior art atmospheric inductively
coupled plasma torch 100, whuch cludes 2 double-wall eylinder 102, Cylinder 102 15 typically
formed out of quartz or a similarly suitable materzal. A cooling gas miet 104 permits a cooling
gas, such as nitrogen or air for example, to be injected in between the cylinder walls to thermally
regulate double~wall eylinder 102 during vse. By employing an appropriate cooling gas, thermal
damage to atmospheric inductively coupled plasma torch 100 due to the high heat dissipation
from the plasma therein 1s prevented.
{0003} A coil 106 15 shown wrapped around the outer periphery of double-wall cvhinder
102, During use, a process gas {e.g., hydrogen or nitrogen) 15 introduced into the mterior volume
of evhinder 102 through process gas inlet 108. When an appropriate duver RF signal (e g, at 40
MHz) is supplied to coil 106, coil 106 acts as part of a senies LC resonance cireuit to ignite a
plasma from the process gas. To help cool coil 106 duning use, liuad cooling 15 typreally
employed.
|0004] The inductively coupled plasma formed within atmospheric inductively coupled
plasma torch 100 1s ejected from opening 120. The hot jet of plasma or activated neutral species
giected from opening 120 may then be employed to remove or clean materials, such as unwanted
polymer deposition after an 1on mplantation process, from substrates.
|0005] As 1s known, the induced voltage on coil 106 s a function of the frequency of the
driver RF signal. At 40 Mz, a typical atmospheric inductively coupled plasma torch may
expenience up to 20 KV {peak-to-peak) between the ends of cod 106, for example. The hugh
mduced voltage s necessary for igniting plasma at typical atmospheric conditions.
[0006] However, the high RF driver frequency employed in the prior art (g.g., 40 MHz or
higher) presents cost and engineenng challenges. For example, many processing systems

already enmploy lower-frequency RF sources {e.g., 10-30 MHz, such as 13.56 MHz or 27.12



WO 2012/054579 PCT/US2011/056853

MHz) for etching and deposition. Accordingly, components and expertise for designing,
manufacturing, qualifving, and mamtaining lower-frequency subsystems are readily avatlable at
lower cost. Further, tool-to-tool repeatability s improved when a lower driver RF frequency 1s
emploved.
0007} The mvention relates to methods and apparatus for tgmiting and sustaining plasma
at a lower driver RF frequency in an atmosphenic inductively coupled plasma torch,
BRIEF DESCRIPTION OF THE DRAWINGS

{0008] The present invention 15 illustrated by way of example, and not by way of
fmitation, i the figures of the accompanymng drawings and in which hike reference numerals
refer to similar elements and iy which:
| 0009] To facilitate discussion, Fig. 1 shows a typical prior art atmospheric inductively
coupled plasma torch.
joo1y] Fig. 2A-2D show cut-away drawings of an example improved 2-layer coil that
employs the ULLU winding patter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{0011} The present invention will now be desenibed in detail with reference to a few
embodiments thereof as iHlustrated 1n the accompanying drawings. In the following description,
numerouns specific details are set forth in order to provide a thorough vnderstanding of the
present tnvention. It wall be apparent, however, to one skilled in the art, that the present
mvention may be practiced without some or all of these specific detasls. In other instances, well
known proecess steps andfor structures have not been deseribed m detail in order to not
unnecessarily obscure the present invention.
{0012} As discussed earlier, the induced voltage on the cond that functions ag part of a
sertes L.C resonance circut 1s a function of the driver RF frequency. Lowering the driver RF
frequency has the effect of towering the induced voltage on the coil. Unless compensation 13
made, the lower induced voltage may be nsufficient o wnite the plasma i an atmospheric
mductively coupled plasma torch.
{0013} As s known, the induced voltage on the cosl 15 also a function of the coil
mductance, or L. Generally speaking, increasing the inductance of such a coul has the effect of
mereasing the imduced voltage on the coil. By mereasing the conl’s inductance, a high induced

voltage may be mamtained even if the driver RF frequency s lowered. Alternatively, a higher
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mduced voltage may be achieved if the driver RF frequency remamns the same.

{0014} One way to increase the coib’s induciance 13 by increasing the number of turns.
Generally speaking again, the mductance of a cylindrical coil 5 proportional to the square of the
nwmber of turns. For example, for a cylindrical coit geometry (solenocid) and without
considering the ends of the coil, dropping the driver RF frequency by a factor of 3 {e.g., gomng
from 40 MHz to 13 MHz) would require compensation in the form of a 1. 7X increase on the
nunber of turns (with 1.7 bemng roughly the square root of 3) to mamtain roughly the same
mduced voltage across the coil.

j0015] However, it is realized by the inventors heremn that mncreasing the number of turns
of the coil by simply adding more windings presents other problems. With reference to Fig. 1,
for exanmple, the plasma length and other plasma characteristics are divectly or mdirectly affected
when the coil length (CL in Fag. 1) 15 increased. For many applications, the changes in the
plasma length and w other plasma characteristics are undesirable. Even if the change 1n the
plasma length and other plasma characteristics can be accommodated, there is a physical timit to
the number of turns that can be added since form factor requivements may prevent the
atmospheric inductively coupled plasma torch from exceeding a certain length or bulk, for
example.

[0016] In the transformer art, 1t is known that the number of turns of a coil can be
effectively moereased by utilizing a multi-laver cotl. In a two-layver cotl of the type typically
employed i transformers, for example, an outer cotl laver of 10 turns may overlay an mner coll
layer of 100 turns, effectively providing a coil with an effective number of turns greater than 100
without creasing the coil length.

{00171 However, the mventors herein realize that the atmospheric mdactively coupled
plasma torch apphication involves arcing risks that are not typically experienced m transformer
cotl dessgns. As discussed earlier, the indoced voltage between the ends of the coil may
approach multiple tens of thousands of volts to effectively 1gnite plasma at atmospheric
conditions. If two cotl layers are wound such that the coil ends are spatially close to one another,
arcing may oceur,

[0018] Suppose, for example, the winding for the first coil layer end may start at an
arbitrary point X on the quartz eylinder, proceeds toward pomt Y as it 18 wound around the

quartz cylinder to form an inner coil layver, advances from the inner coil layer to the outer coil
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layer at point Y, and 18 wound back toward pomt X on the guartz eylinder to form the other end
of the coil. At this stage, both ends of the cotl are near point X, If the voltage difference
between the two ends of the coil exceeds the breakdown voltage of the mediom situated between
the two coil ends (typically air), it 1s possible that arcmg may occur between both coil ends due
to the high voltage difference and the closeness of both cotl ends.

{0019 Embodiments of the invention relate to methods and apparatys for maintainimg a
plasma-ignition capable voltage on the coil of an aimospheric inductively coupled plasma torch
without increasing the physical fength of the coil or unduly increasing its bulk while minimizing
arcing damage. The coil discussed heresn represents the coil that 15 wound around the cylinder
or vessel {since 1t’s possible to have a non-cyvhindrical vessel) that is used to generate and contain
the plasma. In various embodiments, novel winding patterns {and methods therefor} are
provided to numimize the voltage difference between adjacent muolti-turns. As the term is
employed herein, a multi-turn refers to multiple {at least two} turns that are wound on top of one
another and are wound continuously from the bottom turn to the top turn or vice versa.

{00201 In one or more embodiments, novel winding patterns (and methods therefor) keep
the voltage difference between adjacent multi-turns to a few thousand volts (as compared to tens
of thousands} to minmuze arcing. In one or more embodiments, novel winding patterns {and
methods therefor) keep the ends of the coil {1.e, the parts of the coil that experience the highest
voltage difference) more physically separated than possible m the prior art to muninuze arcing.
{0021} Generally speaking, the coil is wound such that all winding layvers of a simgle
multi-turn are completed before proceeding to the next multi-turn. One vaniation relates to
whether the winding starts at the lowest (inner-most or closest (o the eviinder) wanding laver for
the first turn of @ mulit-turn or ai the appermost {outer-most or furthest from the cviinder)
winding laver for the first turn of the multi-turn.  Another varation occurs i whether the cross-
over from a multi-turn to #s adjacent multi-turn occars at the same winding laver (e.g., the cross-
over 15 made from upper-most laver of multi-turn X o upper-most faver of sudti-twrn X+1, or
the cross-over 1s made from lowest layer of multi-turn X to lowest layer of multi-tuen X1} or at
a different winding layver {e.g., the cross-over 15 made from upper-most layer of multi-turn X to
lowest layer of nulti-turn X+1, or the cross-over is made from lowest laver of multi-tum X to
upper-most laver of multi-turn X+1).

{0022} In the following discussion, a two-laver coil 1s described. However, it should be



WO 2012/054579 PCT/US2011/056853

understood that the apparatus and methods herein can be extended to 3-layer, d-layer or more by
simply perfosming the windings for all favers of a mudti-turn before starting on an adjacent
mutti-turn, for example.

[0023] In one or more embodiments, a LULU (lower-upper-lower-upper) winding pattern
1s formed between the {irst two adjacent mudti-turns m a two-laver cold. The pattern repeats for
the next two multi-turns, and for the next two, and so forth, The LULU pattern involves first
winding the coil close to the plasma cylinder {the lower layer, which is the “L” part of the LULU
pattern). This represents the first “L” m the pattern “LULU™. Next, the winding is done for the
upper laver racially further away from the plasma cylinder i the same multi-turn. This
represents the first “U” in the pattern "LULU”. These two windings {lower layer, then upper
layer) form the first multi-turn {(which happens to be double-turn for a two-layer coil). 1t should
be noted that both individeal turns or wraps of an L-U double-turn are located at the same
distanice di with respect to the end 160 of the guartz cylinder.

{0024} Next, the coil 18 led 1o the lower laver of the adjacent multi-turn, agaio close o the
plasma cylinder. This represents the second "1 m the pattern “LULUY. Next, the winding 15
done for the upper layer radially further away from the plasma eylinder in the same adjacent
multi-turn. This represents the second “U™ in the pattern “LULU”™. These two windings (lower
layer, then upper layer) form the second double-turn. The second double-turn s located at a
sufficiently different distance d2 (measured with respect to the end 160 of the quartz eyhinder) to
minimize cross talk with L-U pawr 1 at distance d1. The third double-turn and fourth double~turn
proceed sumitarly.

{0025] It should be noted that if three lavers are mvolved, the patiern simply becomes
“LalnUnlA0n U7, for example, where the designation Ly represents the lowest layer that is
closest to the cvlinder for the first triple turn, the designation Uy denotes the mtermediate layer
for the first triple turn and designation Uy, denotes the upper most laver that is radially the
furthest away from the cylinder for the first triple turmn. Analogously, the designation Ly
represents the lowest layer that s closest to the cvlinder for the second triple turn, the
designation Ly denotes the mtermediate layer for the second triple turn and designation Uz
denotes the upper most laver that is radially the furthest away from the cylinder for the second
triple turn. 1n this case, the lower laver 1s wound fisst, and then the intermediate upper layer

radially further out for the same triple turn 1s wound, Afterward, the upper-most layer that is
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radially even further out 13 woand for the same triple turn. The coil 1s then led to the lower layer
of the adjacent triple turn to repeat. H four layvers are mvolved, the pattern becomes

LU Ul sl Us U Uss”, for example. In this manner, any mumber of lavers may be
accommodated.

10026} Also note that 1t 1s possible to wind a ULUL pattern for the first two adjacent
multi-turng in a two-layer coil. In other words, it 15 possible to wind upper and lower for one
multi-turn, cross-over, and wind upper and lower for the adjacent multi-turn. The pattern repeats
for the next two multi-turns, and for the next two, and so forth. For three layers, it becomes
“LhLsbyahla a7, for example, where the designation Uy represents the upper most layer for
the first triple turn, the designation Ly denotes the mtermediate laver for the first riple torn and
designation Ly» denotes the lowest layer that is closest to the cvlinder for the first triple turn.
Analogously, the designation U, represents the upper most fayer for the second triple turn, the
designation Ly denotes the intermediate fayer for the second triple turn and designation Lo
denotes the lowest layer that is closest to the evlinder for the second triple tum.

{00271 In one or more embodiments, a LUUL (lower-upper-upper-tower) winding pattern
1s formed between the first two adjacent multi-turns in a twoe-laver coil. The pattern repeats for
the next two multi-turns, and for the next two, and so forth. The LUUL pattern involves first

S

winding the coil laver close to the plasma cvlinder. This represents the first “L” m the pattern
“LUULT. Next, the winding 1s done for the upper layer radially forther away from the plasma
cylinder in the same multi-tarn. This represents the first “U™ in the pattern “LUUL”. These two
windings (lower laver, then upper layer) form the fivst multi-tum,

{0028} Next, the coil 1s crossed over 1o the upper layver of the adjacent multi-turn, This
represents the second "1 i the pattern “LUUL”. Next, the winding 1s done for the lower layer
closer to the plasma cvimder in the same adjacent multi-turn. This represents the second L7 in
the pattern “LULIL”. These two windings (lower layer, then upper layer) form the second malti-
turn. The thied and fourth mudti-turns proceed sinudarly.

{0029 It should be noted that if three lavers are involved, the pattern simply becomes
LUy UliaaUnLs™ for the fisst paw of adjacent multi-turns, for example, where the designation
L; represents the lowest layer that 15 closest to the cylinder for the first double turn, the
designation Uy, denotes the intermediate laver for the first double turn and designation Uy

denotes the upper most laver that s radially the furthest away from the cylinder for the first

o
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double turn. Analogously, the designation Lo represents the lowest laver that 1s closest (o the
cyviinder for the second double turn, the designation Uz denotes the imntermediate layer for the
second double turn and designation U denotes the upper most layer that 1s radially the furthest
away from the cvlinder for the second double turn, In this case, the lower layer is wound first,
and then the mtermediate upper laver radially further out for the same mulit-turn 18 wound.
Afterward, upper-most layer that is radially even further out is wound for the same multi-turn.
The cotl 1s then led to the upper-miost laver of the adjacent mulu-turn. Next, the intermediate
upper layer of that adjacent multi-turn is wound. Next, the lower laver of that adjacent nuulti-
turn 1s wound. If four lavers are involved, the pattern becomaes “LiUn Ul UnUs U™, for
example. In this manner, any number of layers may be accommeodated.

[0030] Also note that it is possible to wind a ULLU pattern for the first two adjacent
double turns in a two-layer coil. In other words, it 18 possible to wind upper and lower for one
multi-turn, cross-over, and wind lower and upper for the adjacent multi-turn. The pattern repeats
for the next two multi-turns, and for the next two, and so forth. For three layers, it becomes
“UhLpLasLaalnUh7, for example, where the designation Uy represents the upper most fayer for
the first triple turn, the designation Ly denotes the mtermediate laver for the first riple torn and
designation L2 denotes the lowest laver that is closest to the eyvlinder for the first triple tum.
Analogously, the designation U, represents the upper most layer for the second triple twn, the
designation Ly denotes the intermediate layer for the second triple turn and designation Loy
denotes the lowest layer that s closest to the evhinder for the second trple furn

{00311 In one or more embodiments, the winding employs a continuous conductor and
foltows a single direction (1.e., either clock-wise or counter-clockwise) and proceeds unti] all
winding layers of a single multi-turn 1s completed. Then the winding proceeds to the next multi-
turn and completes all winding layers of the next multi-turn. Then the windmg proceeds to the
next muolti-turn and so on. Multi-turns are added linearly iy one divection along the linear length
of the cylinder as adiacent multi-turns are added. In one or more embodunents, the grounded
end of the cotl 1s at an cuter-most winding.  Alternatively or additionally| 1 one or more
embodiments, the high voltage end of the coil is at an ocuter-most winding. 1n one or more
embodiments, 2-6 nun copper or copper atloy tubing is employed as coil matenial. The outer
surface can be silver plated for better conductivity at hizh RF frequencies (skin effect of RF

ourrent).
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|0032] In one or more embodiments of the invention, the coil is 8 tube-in-a-tube
configuration n which a smaller tube 1s disposed mside a larger tube through the use of a double
wall tube (with appropriate spacer structures in between}. A cooling flurd {such as high-purity
water or & sumilarly suitable cooling fluid) 15 injected into one tube (either the mner or outer
tube) at one end of the coil, travels to the other end of the coil in the same tube, and 15 diverted
mto the other tube for returming to the original end of the coil. This configuration simplifies
plumbing installation and maintenance. [f the coil end that is emploved to inject and extract the
cooling fluid is also the grounded coil end, tap water or other “none high-purity” cooling fluids
may be used for cooling since the cooling fluid 1s not introduced into or extracted from the high
voltage coil end. Introducing or extracting the cooling fluid at the grounded side avoids RF
current leakage to undesirable locations 1n the plasma torch device due to a residual conductivity
of the cooling flud

0033 The features and advantages of the mvention may be better understoed with
reference to the figures and discussions that follow. Fig. 2A-2D show cut-away drawings of an
example improved 2-layer coil that employs the ULLU winding pattern. InFig 24, Uy and Ly
form the first multi-turn, and then Ly and Uy form the adjacent multi-turn. Uy represents the
upper {outer) laver of the first multisturn. L represents the lower (nner) layver of the first multi-
turn, Ly represents the lower (mner) layer of the second multi-turn. Uy represents the upper
{outer) layer of the second multi-turn. In this example, the sequence 13 UL lpUs Note that
the coil 18 wound continuously clockwise (looking up from the bottom of the coit in the figure)
the direction of arvow 252 and proceeds in the divection of arrow 234 as additional multi-turns
are added.

{0034} Fig. 2B represenis the contimuation of the ULLU winding pattern of Fig. 2A with
the second multi-turn pair shown i more detasls. Agam, Uy and L, form the first multi-tugn,
and Ly and Uy form the adjacent multi~tum.

{0035] Fig. 2C represents the continuation of the ULLLU winding patiern of Figs. 2B and
2ZA, with a third multi-turn pair added. Agamn, Uy and Ly form the first multi-turn, and Lg and
Uy form the adjacent multi-tam. Ul represents the upper (outer} layer of the third mulii-turn. Lo
represents the lower (inner) layer of the third multi-turn. In this example, the sequence 1s
UslaloUnlicLe

[0036] Fig. 2D represents the continuation of the ULLU winding pattern of Figs. 2C, 2B,
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and 2A, with a fourth molti-turn added. Again, U, and Ly form the first multi~turn, and L and
LUy form the adjacent multi-turn. Uy represents the upper {outer) laver of the third multi-turmn. L
represents the lower {inner) layer of the thurd malti-tern. Ly represents the lower {inner} laver of
the fourth multi-turn,  Up, represents the upper {outer) layer of the fourth multi-turn. At this
point, the pattern 1s UL aLaUgUcLeLpUp.

{0037} As can be appreciated from Fig, 2D as well, the two ends of the coil are spatially
separated such that they are at opposite ends of the col linearly speaking (i.e., along the direction
of arrow 254}, This would not have been possible if the entire lower laver had been wound first,
and then the winding had doubled back on top of the lower layer to form the upper layver (as was
commaonly done with transformer windings). Preferably (but not absolutely required), the two
ends of the coil are at 180-degree with respect to one another (as shown in Fig. 2D) to maximize
spatial separation.

[0038] As can be appreciated from the foregomy, emtbodunents of the mvention
effectively increase the number of turns without increasing the overall height of the coil (the
height of the coil solenoid), which increases the mductance of the coil to effectively increase the
induced voltage across the length of the coil while mimimizing arcing. By increasing the induced
voltage on the corl, plasma may be more easily sgnited and/or sustained with the same or lower
RF driver frequency.

[0039] Having disclosed exemplary embodiments and the best mode, modifications and
varngtions may be made to the disclosed embodiments while remaining within the sabject and

spirtt of the mvention as defined by the following claims.

9



WO 2012/054579 PCT/US2011/056853

CLAIMS

1. An apparatus for generating plasma, comprising:

a vessel within which said plasma s generated; and

a cotl configured to receive an RF driver signal to at least sustain said plasma, said coil
bemng wound around a periphery of said vessel, said coil having a plurality of winding lavers,
said cotl 18 constructed such that all winding layers of said plurality of winding layers are wound
for a given multi-turn before an adjacent multi-turn is wound, said adjacent multi-turn being
adjacent to said given multi-turn.
2. The apparatus of claim 1 wheremn said given multi-turn 1s wound from lowest layer of
said given multi-turn to upper-most laver of said given mult-turn.
3 The apparatus of claim 2 wherein said adjacent multi-turn 15 wound from upper-most
laver of said adjacent multi-tum to towest layer of said adjacent multi-turn.
4 The apparatus of clatm 2 wherein said adjacent mult-turn 18 wound from lowest layer of
satd adjacent mult-turn to upper-most laver of said adjacent multi-turn,
hg The apparatus of claim 1 wherein said vessel represents a plasma-generating cylinder of

an atmospheric inductively coupled plasma torch.

6. The apparatus of claim 1 wheremn sard pherality of layers represent two layers,
7. The apparatus of claim 1 wherein said plurality of layers represent three layers.
8 The apparatus of claim 1 wherein said coil 1§ implemented by one of a tube~-in-a-tube

configuration and & side~by-side tubmg configuration

9, The apparatus of claim 8 wherein a first end of said coil is coupled to ground, sad first
end also represents an end for iyecting and extracting cooling (uid.

16, The apparatus of claim 1 wherein saxd RF driver signal has a frequency between about 10
MHz to about 100MHz.

11 An atmospheric inductively coupled plasma torch configured for processing plasma
substrates with plasma, comprising:

a vessel within which said plasma s generated, said vessel having at least & first inlet for
receiving a process gas and at least an open end for ejecting said plasma from said vessel, said
vessel further includes a second inlet for recerving cooling gas and an outlet for removing said
cooling gas; and

a cotl wound around a periphery of said vessel, said coil having at least two spaced-apar

10
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winding layvers, said coif bemng constructed such that all winding lavers of a grven malui-tum i
wound before an adjacent multi-turn 1s wound, said adjacent multi-turn being adjacent to said
given mudti-turn, and wherein a first end of said coil 15 coupled to ground, a second end of said
coil 15 coupled to receive 3 RF driver signal that is configured to ignite said plasma during said
Processmg.
12. The atrospheric inductively coupled plasma torch of claim 11 wherein said given mult-
turn 15 wound from lowest layer of said given multi-turn to upper-most layer of said given multi-
turn.
13, The atmospheric inductively coupled plasma torch of claim 12 wherein said adjacent
multi-turn continues from said upper-most laver of said given multi-turn and 15 wound from
upper-most layver of said adjacent multi-tum to lowest layer of said adjacent multi-turn.
14, The atmospheric inductively coupled plasma torch of claim 12 wherein said adjacent
multi-turn continues from said upper-most layer of said given multi-turn and is wound from
fowest layer of said adjacent multi-turn to upper-most layer of said adjacent multi-turn.
15 The atmospheric inductively coupled plasma torch of claym 11 wherein said given multi~
turn 1s wound from upper-most layer of said given multi-turn to lowest layer of said given mwult-
turn.
16, The atmospheric inductively coupled plasma torch of claim 15 wherein said adjacent
multi-turn contimues from said lowest laver of said given multi-turn and is wound from lowest
layer of sard adjacent multi-turn to uppermost laver of said adjacent multi-turn.
17. The atmospheric inductively coupled plasma torch of claim 15 wherein said adjacent
multi-turn continues from said lowest layer of said given multi-turn and is wound from upper-
most fayer of said adjacent mudti-turn {0 lowest layer of said adjacent mudti-tugn.
18. The atmospheric inductively coupled plasma torch of clamm 11 wherein said coil 15
waplemented by a tabe-in-a-tube.
18, The atmosphenc inductively coupled plasma torch of clatm 11 wherein sard driver RF
signal has a driver RF frequency 1 the range of about 10 MHz to about 30 MHz.
20, An atmosphenc mmductively coupled plasma torch configured for processing plasma
substrates with plasma, comprising:

means for confining said plasma, sawd means having at least an mlet for receiving a

process gas and at least an open end for ejecting said plasma;

11
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a cotl wound around a pertphery of sawd vessel, saxd cod having at least two spaced-apart
winding layers, said cotl being constructed sach that all winding lavers of a given muli-turn 1s
wound before an adjacent multi-turn 18 wound, said adjacent multi-turn being adjacent to said
given multi-turn, and wherein a first end of said coil is coupled to ground; and

means for generating a RF driver signal, said RY driver signal beng provided 10 a second

end of said coul during said processing.



WO 2012/054579 PCT/US2011/056853

o < 0s

108

&N

Plasma

® ® O




[N
e

WO 2012/054579 PCT/US2011/056853




WO 2012/054579 PCT/US2011/056853




]

INTERNATIONAL SEARCH REPORT

PCT/US

PCT/US2011/056853

A. CLASSIFICATION OF SUBIJECT MATTER
IPC(8) - HO1J 17/10 (2012.01)
USPC - 336/223

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) -HO1F 27/28, 27/34, 27/41, 27/42, 41/00; HO1J 17/10; HO1L 23/12 (2012.01)

USPC - 313/341, 343, 344, 634, 315/057, 336/170, 223

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent, ORBIT, PATBASE, Google Patent, ProQuest, Google

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Applicant's Admitted Prior Art, figure 1; paragraphs [0002], [0003], [0004] 1-20

Y US 3,142,809 A (REMENYIK) 28 July 1964 (28.07.1964) entire document 1-20

Y US 2,931,850 A (WREFORD) 05 April 1960 (05.04.1960) entire document 8-9, 18

A US 3,084,299 A (LORD) 02 April 1963 (02.04.1963) entire document 1-20

A US 7,631,828 B2 (HORIGUCHI et al) 15 December 2009 (15.12.2009) entire document 1-20

A US 5,476,229 A (ISHIKAWA) 19 December 1995 (19.12.1995) entire document 1-20

A GB 1,114,013 A (PODNIK) 15 May 1968 (15.05.1968) entire document 1-20

D Further documents are listed in the continuation of Box C.

]

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than
the priority date claimed

“Q”

“T"  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

31 January 2012

Date of mailing of the international search report

10 FEB 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report

