wo 20107144555 A2 [ 10K O OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

7
4
4 ]

(43) International Publication Date
16 December 2010 (16.12.2010)

PO

(10) International Publication Number

WO 2010/144555 A2

(51) International Patent Classification:
HO5H 1/46 (2006.01) HO1L 21/205 (2006.01)

HOIL 21/3065 (2006.01)

(21) International Application Number:

PCT/US2010/037942

(22) International Filing Date:

9 June 2010 (09.06.2010)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:

61/186,710 12 June 2009 (12.06.2009) Us

Applicant (for all designated States except US): LAM
RESEARCH CORPORATION [US/US]; 4650 Cushing
Parkway, Fremont, California 94538 (US).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): LONG, Maolin
[CN/US]; ¢/o Lam Research Corporation, Legal Depart-
ment, 4650 Cushing Parkway, Fremont, California 94538
(US). JAFARIAN-TEHRANI, Seyed Jafar [US/US]; ¢/
o Lam Research Corporation, Legal Department, 4650
Cushing Parkway, Fremont, California 94538 (US).

Agent: NGUYEN, Joseph A.; PO Box 700640, San Jose,
California 95170 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: ADJUSTING CURRENT RATIOS IN INDUCTIVELY COUPLED PLASMA PROCESSING SYSTEMS

Sonlrot uni 244
1 1.0 circu

£

gy Fower spitter
= 204

1 . nipedance
¥ 236

impedancs
234

Powst saurce
270

Plasma processing system
00

S |

FIG. 2

(57) Abstract: A plasma processing system for generating plasma to process at least a water. The plasma processing system may
include a first coil for conducting a first current for sustaining at least a first portion of the plasma. The plasma processing system
may also include a second coil for conducting a second current for sustaining at least a second portion of the plasma. The plasma
processing system may also include a power source for powering the first current and the second current. The plasma processing
system may also include a parallel circuit for adjusting one of the amperage of the first current and the amperage of the second
current. The parallel circuit may be electrically coupled between the power source and at least one of the first coil and the second
coil. The parallel circuit may include an inductor and a variable capacitor electrically connected in parallel to each other.
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ADJUSTING CURRENT RATIOS IN INDUCTIVELY COUPLED
PLASMA PROCESSING SYSTEMS
BACKGROUND OF THE INVENTHON

00013 The present invention relates to plasma processing systems. In particular, the
present invention relates to plasma processing systems having capability of coll corrent ratio
adjustment for controlling plasma uniformity.
o002} Plasma processing systems are emploved in vanous industries for fabricating
devices on wafers. For example, the industries may include semiconductor, magnetic
read/write and storage, optical system, and nucro-electromechanical system (MEMS)
inclustries. A plasma processing system may generate and sustain plasma in a plasma
processing chamber to perform etching andfor deposition on a wafer sach that device featores
may be formed on the wafer. In fabricating devices, 1t may be important to control plasma
uniformity in order 1o satisfy certain production viekd requirements and/or certain feature
specifications. In general, plasma uniformity control may involve utilizing a power splitter
having current adjustment capability, as discussed with reference to the example of Fig. 1.
{0003

Fig. 1 shows a schematic representation illustrating a cross-sectional view of
an example prior art plasma processing system 100, Plasma processing system 100 may
mclade a plasma processing chamber, which may melude structural components such as a
chamber wall 132, a pinnacle 130, a dielectric window 128, etc., for containing plasma, as
tHustrated by plasima 180, Inside the plasma processing chamber, plasma processing system
100 may include a chuck 136 {such as an electrostatic chuck) for supporting a wafer, as
iustrated by water 134, during plasma processing.,
00041 Plasma processing system 100 may also include a radio frequency (RF) power
source 170, an inner coil 126 disposed on dielectric window 128 and electrically coupled
with RF power source 170, and an outer coil 124 electrically coupled with RF power source
170 and surroanding funer cotl 126, Immer coil 126 and outer coil 124 may be disposed inside
cotl enclosure 138, which may be coupled to chamber wall 132, RF power sowrce 170 may
produce RF currents conducted by mner coil 126 and outer coil 124 for generating and
sustaming plasma 180, For example, inner coil 126 may conduct a first RY current mainly
for sustaining an inner portion of plasma 180 (near inner coll 126), and outer coil 124 may
conduct a second RY current mainly for sestaining an outer portion of plasma 180 (near inner

coil 124).
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FO005] Plasma processing system 100 may also include a power sphitter 112 for
adjusting the RF currents conducted by inner cotl 126 and outer coil 124, thereby controlling
the wniformity of plasma 180, Power splitter 112 may be electrically coupled with RF power
source 170 throngh a matching network 102, Power splitter 112 may include a varigble
capacitor 116 electrically coupled between RF power source 170 and inner coif 126 for
adjusting the amperage of the first RF current, thereby adjusting the density of the inner
portion of plasma 180, Power splitter 112 may also include another variable capacitor 12
electrically coupled between RF power source 170 and outer coil 126 for adjusting the
amperage of the second RF current, thereby adjusting the density of the outer portion of
plasma 180, By enabling separate adjustment of different portions of plasma 180, power
splitter 112 way facilitate controlling the wutormity of plasma 180,

0000} However, power splitter 112 may involve several disadvantages. For
example, given that power splitter 112 requires two variable capaciors 116 and 120, costs for
manufacturing, maintaining, and operating power splitter 112 may be substantially high.
Currently, a vartable capacitor {such as a vartable vacuum capacitor) may cost more than
1,000 US Dollars; therefore, manufacturing power slitter 112 may cost more than 2,000 US
Dollars. Moreover, each of variable capacitors 116 and 120 may mclude mechanical parts
that may incur substantial maimtenance and operating costs. In addition, each of variable
capacitors 116 and 120 may require a step motor for actuating the mechanical parts to
perform capacitance adjustment. The two step motors also may mcur sigruficant
manufacturing, maintenance, and operating costs for power splitter 112, As a result, power
sphitter 112 may substantially increase the manufactoring, maintenance, and operating costs
of plasma processing system 100,

16007} The two variable capacitors and the two step motors may include a
substantially large number of mechanical moving parts. The substantially large number of
mechamcal moving parts may mtroduce significant rehability problems in operating plasma
processing system 100, Malfunction of any of the mechanical moving parts may nepatively
affect the plasma processing process and may lead to undesirable production vield.

(0008} In addition, given the Hinutations of existing commercially avaable
capactors, power splitter 112 may provide only a limited usable current ratio range.
Operating plasma processing system 100 outside of the usable range may lead to unstable
plasma, arcing, or fuilure of tunming by matching network 102; as a vesult, production yield

requirements and/or device feature specifications may not be satisfied.
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SUMMARY OF INVENTION
00091 An embodiment of the invention is related to a plasma processing system for
generating plasma fo process at least a wafer. The plasma processing system may include a
first coil for conducting a first current for sustaining at least a first portion of the plasma. The
plasma processing system may also include a second coit for conducting a second current for
sustaining at least a second portion of the plasma. The plasma processing system may also
mclude a power source for powering the first current and the second current. The plasma
processing system may also include a parallel circuit for adjusting one of the amperage of the
first current and the amperage of the second current. The parallel circult may be electrically
coupled between the power source and at least one of the first cotl and the second coil. The
paralle! circuit may include an inductor and a variable capacitor electvically connected in
paratlel to each other.
(001N The above sunmary relates 1o ondy one of the many embaodiments of the
mvention disclosed herein and is not intended to Hmit the scope of the invention, which is set
forth i the claims herein. These and other features of the present invention will be described
in more detail below in the detailed description of the invention and in conjunction with the
following figures,
BRIEF DESCRIPTION OF THE DRAWINGS
0011} The present invention is iltustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and m which ke reference numerals
refer to similar elements and in which:
(0012} Fig. I shows a schematic representation illastrating a cross-sectional view of
an example prior art plasma processing system.
{0013} Fig. 2 shows a schematic representation lustrating a cross-sectional view of a
plasma processing system including a power sphtter in accordance with one or more
embodiments of the present invention.
(0014} Fig. 3 shows a schematic representation illustrating an electrical model of a
power splitter 1 accordance with one or more embodiments of the present Invention.
(0015} Fig. 4 shows a schematic representation tHustrating an electrical model of a
power sphitter in accordance with one or more embodiments of the present invention.
DETAILED DESCRIPTION OF EMBODIMENTS
[0016] The present invention will now be described 1 detarl with reference to a few
embodiments thereof as tHustrated in the accompanying drawings. In the following

description, numerous specific details are set forth in order to provide a thorough
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understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details, In
other instances, well known process steps and/or structures have not been described in detail
i order 1o not unnecessarily obscure the present mvention.

F0017]

One or more embodiments of the invention relate to a plasma processing
system for generating plasma to process at 1east a substrate. The plasma processing svstem
may include a first coil for conducting a first current {e.g.. an R¥ current) for sustaining at
least a first portion of the plasma. The plasma processing system may also inclode a second
coll for conducting a second current {e.g., an RF cwrrent) for sustaining at least a second

portion of the plasma. The plasma processing svstem mav alse include a power source (e,

an RF power source) electrically coupled with the first coil and the second coil for powering
the first current and the second current. The plasma processing system may also include a
power sphitter for adjusting the amperage of the first corrent, 1o adjust the ratio of the first
current to the second current for controlling the uniformity of the plasma.

{0018} In one or more embodiments, the fivst cotl and second coil may be disposed in
a substantially coaxial arrangement, for achieving substantially symmetrical distribution of
plasma. 1n one or move embodiments, the first coil and second cotl may be disposed ina
substantially eccentric arrangement, for meeting specific plasma distribution requirements.
(0019} In one or more embodiments, the fivst cotl may represent an inger coil, and the
second coll may represent an outer coll having a diameter farger than the diameter of the tirst
coil. In one or more embodiments, at least a portion of the second coil may surround at least
a portion of the first coil.

00203 In one or more embodiments, the first coil may represent gn outer coil, and the
second coil may represent an inner coil having a diameter smaller than the diameter of the
first coil. In one or more embodiments, at least a portion of the second coil may be
surrounded by at least a portion of the first cotl.

(00213 In one or more embodiments, the first coil and the second coil may be
disposed on the same plane, such that supporting hardware design may be simplified and that
the tolerance of the cod-to-windew gap tolerance may be consistently controlled. In
additional, the coplanar coil arrangement could be the optimal configuration for some plasma

gns. In one or more embodiments, the first cotl may be disposedona

Pec

processing system dest
first plane, and the second coll may be disposed on a second plane that is different from the
first plane, for optimuen coil arrangements given particular plasma processing system

designs.
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0022} The power splitter may include a parallel inductor-capacitor cirouit (ie., a
parallel LC circuit, or a tank circwit) for changing the tmpedance between the power source
and the first coil to adjust the amperage of the firsst current. The parallel LC circuit may be
electrically coupled between a matching network and the first coil, and/or electrically conpled
between the power source and the first col. The parallel LC circuit may include an inductor
and a variable capacitor (such as a variable vacuwm capacitor or a variable air-gap capacitor),
wherein the inductor and the variable capacitor may be electrically connected in parallel to
each other.

100233 In contrast with the atorementioned example prior art arrangements that
require two variable capacitors, embodiments of the tnvention mav require only one variable
capacitor for controlling plasma uniformity in plasma processing systems that include two
plasma-sustaining cotls. Advantageously, embodiments of the invention may be assoctated
with substantially lower costs and substantially igher reliability.

(00243 In addition, with resonance effects {or harmonic oscillation effects), the
parallel LC circnit may provide a substantially larger value range for the tmpedance between
the matching network and the first coul than the range provided by the variable capacitor
{such as variable capacitor 116 dlustrated m the example of Fig. 1) atihzed m prior act
arrangements. As a result, embodiments of the iovention may advantageously enable a
substantially larger current ratio range for satisfying more production yield requirements
and/or more device feature requirements.  For example, embodiments of the invention may
enable adjusting the current ratio between a negative value and a positive value {e.g., in the
range of about -0.5 to about 2.0} in a continnous manner. In contrast, prior art arrangements
may not be gble to provide continuous adjustment from a positive current ratio to g negative
current ratio without causing interruptions, difhiculties, or even failure in operation.

00251 It may be generally believed that the resonance effects of thigh-Q) paraliel LC
circuits may cause controllability problems or sensttivity problems around the resonant point;
therefore, the use of parallel LC circuits may be typically avoided in designing and
manufacturing plasma processing systems. However, since the impedance typically appears
in the denominator when calculating andfor adjusting the current, extremely high impedance
at the resonant point may actually correspond to a very small value of the corrent; as a result,
the operation may be continvously smooth from the normal mode (with a positive corrent
ratio} to the reversed current mode (with a negative current ratio) with well-behaved
sensiivity, without mcurting the generally believed controllability problems or sensitivity

problems, In a non-obvious manner, embodiments of the invention may take advantage of
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the resonance effects of parallel LC circuit to provide a wider current ratio range to further

]

erthance the controllability of plasma processing system
[0026] In one or more embodiments, the power splitter may further include an
additional inductor electrically coupled between the power sonrce and the second coil. The
additional inductor may mtroduce impedance to reduce the amperage of the second current.
Advantageously, the current ratio range may be further expanded to satisfv even more
production yield requirements and/or even more device feature requirements.

(00273 The features and advantages of the present inveation may be better understood
with reference to the higures and discussions that follow,

00281 Fig. 2 shows a schematic representation illustrating g cross-sectional view of a
plasma processing system 200 including a power splitter 204 in accordance with one or more
embodiments of the present invention. Plasma processing system 200 may include one or
more components, such as a plasma processing chamber, a chuck, a power source, coils, a
coil enclosure, and/or a matching network, that may be similar to or different from one or
more components of plasma processing systern 100 discussed 1o the example of Fig. 1. In
particular, plasma processing system 200 may inclode a power splitter 204 that is novel and
tventive m view of power sphiter 112 of plasma processing systemn 100 illustrated m the
example of Fig. 1, for facilitating plasma aniformity control through adjusting the ratio
between currents conducted by the cotls.

{0029} Power splitter 204 may be electrically coupled with an R¥ power source 270
through a matching network 206. Power splitter 204 may include a paraliel inductor-
capactor circnit 208 {or parallel circurt 208) electrically coupled between RF power source
270 and a col 216 for adjusting the amperage of the current (e.g., an R¥ current} conducted
bv coil 216. The termination of coil 216 may represented by impedance 236, Parallel circuit
208 may include an inductor 210 and a variable capacitor 212 electrically connected in
paratiel to each other. Parallel circwat 208 may form a tank circuit such that the resonance
effects of the tank circuit may introduce a wide range of possible impedance values between
matching network 206 and coil 216 (and/or between RY power source 270 and cotl 216).
Accordingly, power splitter 204 may enable 8 wide range for the ratio between the amperage
of the current conducted by col 216 and the amperage of the current conducted by another
coll, ustrated by a cotl 214, The termination of coil 214 may be represented by impedance
234, In one or more embodiments, coil 214 may swround coil 216, Advantageously, plasma
processing system 200 may be able to satisfy more production vield requirements andfor

more device feature requirements than plasma processing system 100.
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FO0304 Power splitter 204 may require only one variable capacitor {1.e., variable
capacitor 212) and only one associated step motor, in comparison with two variable
capacitors and two associated step motors required by power splitter 112 of plasma
processing svstem 100, Advantageously, the mannfacturing, maintenance, and/or operating
costs associated with power splitter 204 may be substantially lower than the costs associated
with power splitter 112, In addition, with fewer mechanical moving parts, power splitter 204
may also have substantially higher reliability than power splitter 112,

(00313 In one or more embodiments, instead of being electrically coupled between
matching network 206 and cotl 216, paraliel circuit 208 may be electrically coupled between
matching network 206 and coil 214 for adjusting the anmperage of the current (e.g., an RF
cwrent) conducted by coil 214 to, for example, satisfy different plasma uniformity control
requirenents.

(0032} For adjusting the ratio between the current conducted by coil 216 and the
current conducted by coil 214, power splitter 204 (or plasma processing system 200} may
require only one parallel circuit or only one variable capacitor. Advantageously, in achieving
desirable plasma uniformity control, costs may be minimized, and reliability may be
maximized.

10033} Plasma processing system 200 may also include a control unit 244 {which may
mclude one or more monttoring devices) for driving variable capacitor 212 i power sphitter
204 1o regulate the RF current ratio to the destired setpomt.

(0034} Plasma processing svstem 200 may also include a cooler 242 {(e.g., a cooling
fan) for cooling paraliel circuit 208, to ensure the optimal performance of power splitter 204
In one more embodiments, inductor 210 may be plated with a highly conductive material,
sach as silver, for facilitating heat dissipation to ensure the optimal performance of power

splitter 204 with low power loss,

(0035} Fig. 3 shows a schematic representation iHustrating an elecirical model of a
power sphitter 304 in accordance with one or more embodiments of the present invention.
Power splitter 304 may be implemented in a plasma processing svstem similar to plasma
processing system 200 illustrated in the example of Fig. 2 and mav be electrically coupled
with an RF power source 370 through a matching network 306,

(003063 Power splitter 304 may include a parallel inductor-capacitor circuit 308 {or
parailel circuit 308) electrically coupled between RF power source 370 and a coil 316

{modeled with resistance and inductance) for adjusting the amperage of the corrent {e.2., an
E .} Py p Loy Y el

=
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RF cwrrent) conducted by coil 316, The current conducted by coit 316 may sustain at least a
portion of the plasma generated i the plasma processing system. Parallel circuit 308 may
include an inductor 310 and a variable capacitor 312 electrically connected tn parallel to each
other. Parallel circuit 308 may form a tank circuit with resonance effects to enlarge the range
of possible impedance values between RF power source 370 and coil 316.

(0037} Power splitter 304 may also include an additional inductor 338 electrically
coupled between RF power sowrce 370 and a coil 314, with imductor 338 and parallel circait
308 being electrically connected n parallel to each other. Inductor 338 may introduce
impedance to reduce the amperage of the current conducted by coil 314 {wherein the current
conducted by coil 314 may sustain at least a different portion of the plasma). As a result, the
range of the ratio of the current conducted by coil 316 to the current conducted by coil 314
may be further expanded to further improve the plasma uniformity control capability of the
plasma processing system. Advantageously, even more production yield reguirersents andfor
even more device feature requirements may be satisfied.

0038} Various conuection arrangements for power splitter 304 and the coils may be
implemented 1o satisfyv vartous plasma processing requirements. In one or more
embodiments, coil 316 may represent an inner col surrounded by coil 314, which may
represent an outer coil. In one or more embodiments, coil 316 may represent an outer coil
saurrounding cotl 314, which may represent an inner cotl.

{00391 Fig. 4 shows a schematic representation tustrating an electrical model of a
power sphtter 404 in accordance with one or more embodiments of the present invention,
Power splitter 404 may be implemented in a plasma processing system similar to plasma
processing system 200 illustrated in the example of Fig. 2 but haviag more coils for finer
plasoa eniformity control. For example, the coils may include coil 432, coil 454, and coil
436, wherein each of the coils 15 modeled as resistance and indoctance. Power splitter 404
may be electrically coupled with an RF power source 470 through a matching network 406,
0040} Power splitter 404 may ncinde a parallel inductor-capacitor circuit 408 {(or
parallel circuit 408) electrically coupled between RF power source 470 and coil 454 for
adjusting the amperage of the current {e.g., an R¥F current) conducted by coil 454, wherein the
current conducted by cotl 454 may sustain at least a first portion of plasma in the plasma
processing system. Power splitter 404 may also mclude a parallel inductor-capacitor cireuit
414 {ov paraliel circuit 414) electrically coupled hetween RF power source 470 and coil 452
for adjusting the amperage of the current {e.g.. an RF current} conducted by coil 452, wheren

the current conducted by coil 452 may sustain at least a second portion of the plasma. Each
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of parallel circwit 408 and parallel circuit 414 may have features and advantages sunilar to
those of one or more of parallel circwit 208 and parallel circuit 308 discussed above with
reference to the examples of Fig. 2 and Fig, 3, respectively.

(0041} Power splitter 404 may also include an additional inductor 438 electrically
coupled between RF power source 470 and coif 456, with inductor 438 and at least parallel
circait 414 being electrically connected in parallel to each other. Inductor 438 may introduce
mpedance to reduce the amperage of the current conducted by cod 456, wherein the current
conducted by coil 456 mav sustain at least a third portion of the plasma. As a result, the
difference between the current conducted by coil 454 and the current conduocted by coil 456
may be further enlarged, and the difference between the current conducted by coil 452 and
the current conducted by coil 456 also may be further enlarged. Advamageously, the plasma
uniformity controf capability of the plasma processing system may be further enhanced to
satisfy even more production yield requurements andfor even more device featare
reqUIrements,

00421 Various conuection arrangements for power splitter 404 and the coils may be
implemented 1o satisfy various plasma processing requirements. The coils may be disposed
on the same plane or on different planes, according to various embodiments. In one or more
embaodiments, the colls may be disposed m a substantially coaxial arrangement. In one or
more embodiments, coit 452 may swround coil 454, which may surround coil 456, In one or
more embodiments, coit 456 may swrroend coit 454, which may surround cotl 452, 1o one or
more embodiments, coil 452 mav surrouad cotl 456, which may surround coil 454,

{0043} In one or more embodiments, the plasma processing system may melude more
than three coils (Le., including one or more coils in addition to coils 452, 454, and 456) for
sustaining various portion of the plasma to facilitate even finer control of plasma wniformity.
For example, the plasma processing system may inclade N coils, wherein N represents an
tnteger that is greater than 3. Power sphiter 404 may include N-1 (1.2, N minus 1) parallel
mductor-capacitor circults for adjusting the amperages of currents conducted by N-1 of the N
colls, e.¢., except cotl 456, Each of the parallel inductor-capacitor circuits may be
electrically coupled between RF power source 470 and one of the N-1 coils. The parallel
inductor-capacitor circults may have features and advantages similar to those of one or more
of parallel circurt 208 and parallel circoit 308 discussed above with reference 1o the examples
of Fig. 2 and Fig. 3, respectively.

0044} As can be appreciated from the foregoing, embodiments of the present

fnvention may reduce the required quantity of costly variable capacttors in implementing



WO 2010/144555 PCT/US2010/037942

plasma uniformity contro capability for plasma processing systems.  Advantageously,
manufacturing, maintenance, and operating costs of plasma processing systems may be
reduced.

00451 Embodiments of the invention may also effectively reduce the number of
mechanical parts in plasma processing systems. Advantageously, reliability of plasma
processing systems may be improved.

{00461 Embodiments of the invention may also take advantage of the resonance
effects of parallel LC circuts to enlarge corrent ratio range in controlling plasma uniformity.
Advantageously, more production vield requirements and/or more device feature
requirements may be satisfied,

00471 Embodiments of the invention may also facilitate implementation of wore
coils for individually sustaining different portion of plasma. Advantageously, finer
granularity of plasma sstformity control uay be enabled for satistving more sophisticated
plasma processing requirements.

0048} While this invention has been described in terms of several embodiments,
there are alterations, permutations, and equivalents, which fall within the scope of this
tvention. [t should also be noted that there are many alternative ways of implementing the
methods and apparatuses of the present mvention. Foarthermore, embodiments of the present
mvention may find utility in other applications. The abstract section is provided herein for
convemence and, due to word count {imitation, 18 accordingly written for reading
convenience and should not be employed 1o linut the scope of the claims, It is therefore
intended that the following appended claims be interpreted as including all such alterations,

permutations, and equivalents as fall within the true spirit and scope of the present invention.

10
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CLAIMS

What is claimed i
1. A plasma processing system for generating plasma to process at least a water, the plasma
PrOCcessing system comprising:

a first coil for conducting a first current for sustaining at least a first portion of the
plasma;

a second coil for conducting a second cwrent for sustaining at least a second portion
of the plasma;

a power source for powering the first current and the second current, the power source
being electrically coupled with the first coil and the second coil; and

a first paralle! circuit for adjusting one of an amperage of the first current and an
amperage of the second current, the first parallel circuit being electrically coupled between
the power source and at least one of the first coil and the second coil, the first parallel cireuit
mchoding at least a first inductor and a first variable capacitor, the first inductor and the first
variable capacitor being electrically connected in paraliel to each other.
2. The plasma processing system of clatm | comprising at most one variable capacitor for
adjusting one or more of the amperage of the first current and the amperage of the second
current, the at most one variable capacitor being the first variable capacitor.
3. The plasma processing system of claim 1 comprising at most one parallel circuit for
adjusting one or more of the amperage of the first current and the amperage of the second
current, the at most one parallel circuit being the first parallel cirewit.
4. The plasma processing system of clanm 1 wherein

the first paratlel circuit is for adjusting the amperage of the first current but not the

amperage of the second cwrent, and

the second coil surrounds the first coil,
5. The plasma processing system of claim 4 further comprising a second inductor for
reducing the amperage of the second current, the second inductor being electrically coupled
between the power source and the second coil, the second inductor and the first paralie!
circuit being electrically connected in parallel 1o each other.
6. The plasma processing system of claim 1 wherem

the first parallel circuit is for adjusting the amperage of the second current but not the

amperage of the first current, and

11
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the second cotl surrounds the first coil.
7. The plasma processing system of claim 6 further comprising a second inductor for
reducing the amperage of the first corrent, the second inductor being electrically coupled
between the power sowrce and the first cotl.
8. The plasma processing system of claim 1 further comprising a cooler for cooling the firs
paratlel circuit,
9. The plasma processing system of claim | further comprising:

a third cotl for conducting a third current for sustaining at least a third portion of the
plasma, the power source bemng further configured for powering the third current; and

a second parallel circuit for adjusting the amperage of the second current, the second
paratlel circuit being electrically coupled between the power source and the second coil, the
second parallel circuit including at least a second inductor and a second variable capacitor,
the second mductor and the second variable capacitor being electrically connected i parallel
to each other,

wherein the furst parallel circunit is electrically coupled between the power source and
the first cotl for adjusting the amperage of the first current.
10, The plasma processing system of claim 9 wherein

the third coil surrounds the second coil, and

the second coil surrounds the first coil.
11, The plasma processing svstens of claim 9 further comprising a third indoctor for reducing
an amperage of the third current.
12, The plasma processing system of claim 11 wherein

the third coil swrrounds the second coil, and

the second cotl surrounds the first coil.
13. The plasma processing svstem of claim 11 wherein

the third coil surrounds the first coil, and

the second coil surrounds the third coil.
4. The plasma processing svstem of claim 1| wherein

the first coil sarvounds the second cotl, and

the second coil surrounds the third coil.

1S, The plasma processing system of claim 1 compnising:
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a number of coils for conducting a plorality of currents for sustaining at least a
plurality of portions of the plasma, the power source bemng configured for powering the
plurality of cwrrents, the coils incloading at least the first coil and the second coil; and

a number of parallel inductor-capacitor crrcuits for adjusting amperages of a number
of the currents, the number of the parallel indoctor-capacitor circuits being the number of the
coils minus one, the number of the parallel inductor-capacitor circuits being at least three.
16. The plasma processing svstem of claim 15 finther comprising an a second inductor for
reducing an amperage of a third current, the second mductor and the first inducior being
etectrically connected in parallel to each other, the third current bemg configured to be
conducted by a third coil, the second inductor being electrically coupled between the power
source and the third coil, none of the parallel mductor-capacitor circuits being electrically
coupled between the power source and the third coil.

17. A power splitter for adjusting a ratio of an amperage of a first current to an amperage of a
second cuprent i1 g plasma processing svstem, the plasma processimg svstem inchuding a first
coil for conducting the first current for sustaining at least a first portion of a plasma, the
plasma processing system further tnchuding a second coul for conducting the second current
for sustaining at least a second portion of the plasma, the plasma processing system further
mchiding a power source for powenng the first current and the second current, the power
splitter comprising:

a first inductor electrically coupled between the power sowrce and the first coil; and

a first variable capacitor electrically coupled between the power source and the first
coil, the first inductor and the first variable capacitor being electrically connected in parallel
to form a first parallel inductor-capacitor cirenit.

18. The power splitter of claim 17 further comprising a second inductor for reducing the
anperage of the second current, the second inductor being electrically coupled between the
power source and the second coil, the second inductor and the first inductor being electrically
counected i parallel to each other.

19. The power splitter of claim 17 farther comprising a second paraliel inductor-capacitor
circuit, the second parallel inductor-capacitor civcut being electrically coupled between the
power source and a third codl for adjusting an amperage of a third current conducted by the
third coil, the second parallel inductor-capacitor circuit including a second inductor and a

second variable capacitor, the second inductor and the second vartable capacitor being

13
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etectrically connected in parallel to each other, the plasma processing system further
inctuding the third coil.

20. The power splitter of claim 19 further comprising a third inductor for reducing the
amperage of the second current, the third inductor being electrically coupled between the
power source and the second cotl, the third inductor and the first inductor being electrically

connected in parallel to each other.
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