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cessing are provided herein. In some embodiments, an inductively coupled
plasma apparatus may include a bottom wall comprising a hub and a ring
coupled to the hub by a capacitor, wherein the hub and the ring are each
electrically conductive, and where the hub has a central opening aligned with
a central axis of the inductively coupled plasma apparatus; a top wall spaced
apart from and above the bottom wall, wherein the top wall has a central
opening aligned with the central axis, and wherein the tope wall is electric-
ally conductive; a sidewall electrically connecting the ring to the top wall;
and a tube electrically connecting the hub to the top wall, the tube having a
central opening aligned with the central axis.



WO 2014/110237 A1 W00V A0 T A A

Published:
—  with international search report (Art. 21(3))



WO 2014/110237 PCT/US2014/010843

INDUCTIVELY COUPLED PLASMA SOURCE

FIELD

[0001] Embodiments of the present invention generally relate to plasma processing

equipment.

BACKGROUND

[0002] Inductively coupled plasma (ICP) reactors generally form plasmas by
inducing current in a process gas disposed within a process chamber via one or
more inductive coils disposed outside of the process chamber. The inductive coils
are typically disposed above the chamber and connected to a radio frequency (RF)

power source.

[0003] Due to the configuration of the one or more inductive coils above the
process chamber, process gases are typically introduced into the chamber from
entry ports in sidewalls of the chamber. When RF current is fed to the inductive
coils via a feed structure from an RF power source, an electric field generated by the
inductive coils can form an inductively coupled plasma from the process gases.

[0004] However, the inventors have observed that process gases introduced from
the side of the chamber can cause non-uniformities in the plasma formation within

the chamber.

[0005] Accordingly, the inventors have devised an improved inductively coupled
plasma process apparatus as described herein.

SUMMARY

[0006] Embodiments of methods and apparatus for plasma processing are
provided herein. In some embodiments, an inductively coupled plasma apparatus
may include a bottom wall comprising a hub and a ring coupled to the hub by a
capacitor, wherein the hub and the ring are each electrically conductive, and where
the hub has a central opening aligned with a central axis of the inductively coupled
plasma apparatus; a top wall spaced apart from and above the bottom wall, wherein

the top wall has a central opening aligned with the central axis, and wherein the tope

1
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wall is electrically conductive; a sidewall electrically connecting the ring to the top
wall; and a tube electrically connecting the hub to the top wall, the tube having a
central opening aligned with the central axis.

[0007] In some embodiments, an inductively coupled plasma reactor may include a
chamber body having a processing volume; and an inductively coupled plasma
apparatus according to any of the embodiments described herein to couple RF
energy into the processing volume.

[0008] Other and further embodiments of the present invention are described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the present invention, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the invention depicted in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.

[0010] Figure 1 depicts a schematic side sectional view of an inductively coupled

plasma reactor in accordance with embodiments of the present invention.

[0011] Figure 2 depicts a sectional view of an embodiment of the inductively
coupled plasma apparatus of Figure 1 taken along line A-A of Figure 1.

[0012] Figure 3 depicts a sectional view of an embodiment of the inductively
coupled plasma apparatus of Figure 1 taken along line A-A of Figure 1.

[0013] Figure 4 depicts a schematic side sectional view of an inductively coupled

plasma apparatus in accordance with embodiments of the present invention.

[0014] Figure 5 depicts a schematic side sectional view of an inductively coupled
plasma reactor including an inductively coupled plasma apparatus in accordance

with embodiments of the present invention.

[0015] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
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figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION

[0016] Methods and apparatus for plasma processing are provided herein. The
inventive methods and plasma processing apparatus may advantageously provide a
more uniform plasma to a process chamber as compared to conventional apparatus.
In addition, the inventive methods and plasma processing apparatus may
advantageously provide a more uniform plasma as compared to conventional
apparatus when sized to accommodate a range of diameter substrates, e.g., from
200mm to 450mm, thus providing a more uniform processing result on a substrate

being processed with the plasma.

[0017] Figure 1 depicts a schematic side view of an inductively coupled plasma
(ICP) reactor (reactor 100) including an ICP apparatus 102 in accordance with
embodiments of the present invention. The reactor 100 generally includes a
process chamber 104, having a conductive body (wall 130) and a dielectric lid 120
that together define an inner volume 105, the ICP apparatus 102 disposed above
the dielectric lid 120 (sometimes referred to as a dielectric window or a dielectric
plate), and a controller 140. A substrate support 116, illustratively shown with a
substrate 115 disposed thereon, is disposed within the inner volume 105. The wall
130 is typically coupled to an electrical ground 134. In some embodiments, the
substrate support 116 may be configured as a cathode coupled to a bias power
source 122. The bias power source 122 may illustratively be a source of up to about
1000 W (but not limited to about 1000 W) at a frequency of approximately 13.56
MHz that is capable of producing either continuous or pulsed power, although other
frequencies and powers may be provided as desired for particular applications. In
other embodiments, the bias power source 122 may be a DC or pulsed DC source.
In some embodiments, the bias power source 122 may be capable of providing
multiple frequencies or one or more second sources (not shown) may be coupled to

the substrate support 116 to provide multiple frequencies.
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[0018] As illustrated in Figure 1, the dielectric lid 120 is substantially flat. The ICP
apparatus 102 is typically disposed above the dielectric lid 120 of the process
chamber 104 and is configured to inductively couple radio frequency (RF) energy
into the process chamber 104.

[0019] The ICP apparatus 102 generally includes a top wall 106 and a bottom wall
132 coupled together at a radially outer portion by a sidewall 110 and at a radially
inner portion by a tube 112. The bottom wall 132 includes a ring 114 and a hub 118
electrically coupled together by a plurality of capacitors 128. The top wall, ring 114,
hub 118, sidewall 110, and tube 112 are each electrically conductive. For example,
the hub 118, ring 114, sidewall 110, top wall 106, and tube 112 may be formed from

any process compatible metallic material, for example aluminum.

[0020] The top wall 106 is electrically coupled at an outer portion to a first end of
the sidewall 110 and electrically coupled at an inner portion to a first end of the tube
112. The top wall 106 may include a central opening that is aligned with a central
opening 152 of the tube 112. The second end of the sidewall 110 is electrically
coupled to a first edge portion of the ring 114 and the second end of the tube 112 is
electrically coupled to an edge portion of the hub 118. The hub 118 may include a
central opening that is aligned with a central opening of the tube 112. The tube 112,
the top wall 106, the sidewall 110, and the bottom wall 132 effectively form a toroidal
coil, coil 109, about axial centerline 101.

[0021] In the non-limiting embodiment illustrated in Figure 2, the hub 118 and the
ring 114 are concentric annular rings with the hub 118 inside the ring 114. The hub
118 has a central opening 202. The outer radius 118a of the hub 118 is less than
the inner radius 114b of the ring 114 such that the hub 118 and ring 114 are spaced
apart by a gap R. Bridging the gap R is a plurality of capacitors 128 such that the
hub 118 and ring 114 are electrically coupled. Twelve capacitors 128 are shown for
illustrative purposes only. A greater number or lesser number of capacitors 128 may
be used.

[0022] In an alternate non-limiting embodiment illustrated in Figure 3, the hub 118
comprises a plurality of radially outwardly directed spokes 302 and the ring 114
comprises a plurality of radially inwardly directed spokes 304. The radially outwardly

4
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directed ends 302a of the spokes 302 are spaced apart from the radially inwardly
directed ends 304a of the spokes 304 by a gap R. Bridging each gap R is a
capacitor 128 such that the hub 118 and the ring 114 are electrically coupled.

[0023] Returning to Figure 1, an optional ferrite core 121 may encircle a portion of
the tube 112. In some embodiments, the ferrite core 121 may be formed from
materials having a high magnetic permeability such as, but not limited to, Ni-Zn, for
example. The relative magnetic permeability (u/uo) of the ferrite core 121 may be
between about 10 u/up and 10,000 u/up, although other materials having different
relative magnetic permeability may also be used depending on the operating
frequency of the RF current flows used. In some embodiments, the type of ferrite
material used is selected based on the temperature dependency of resistivity and
permeability of the ferrite.

[0024] Primary energy input 107 may make one or more turns within the coil 109 to
form a coil 103 (Figure 5) before terminating at an electrically conductive portion of
the coil 109, for example top wall 106. In some embodiments, the coil 103 may be
formed by one or more turns about the optionally provided ferrite core 121 before
terminating at an electrically conductive portion of the coil 109, for example at tube
112. The ferrite core 121 may beneficially increase the inductance of the coil 103
and may beneficially influence the induced current in the coil 109. The ferrite core
121 may also increase the inductance in the coil 109 formed by the tube 112, the top
wall 106, the sidewall 110, and the bottom wall 132. If included, the ferrite core 121
may advantageously influence the formation of the field generated by the ICP
apparatus 102.

[0025] In some embodiments, and as depicted in Figure 4, a primary inductor coil
(e.g., a conductive coil), coil 402, is wound about the tube 112 in place of the
optional ferrite core 121. In some embodiments, the coil 402 may be provided in
combination with a ferrite core (not shown). The ferrite core may increase the
inductance of the coil, advantageously influencing the inductive plasma formation. A
first end of the coil 402 is electrically coupled to the RF power source 108 and a
second end is coupled to the sidewall 110 (as shown) or to the ring 114, and
ultimately, to ground connection 135. When energized, the coil 402 induces a
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current in the tube 112, top wall 106, sidewall 110 and bottom wall 132 (i.e., coil
109). As discussed below, the central opening 152 of the tube 112 has a zero, or
near zero, electric field when RF power is provided to the apparatus, thereby
advantageously allowing apparatus elements, for example gas distribution conduit
148, to be placed inside the tube 112 without adversely effecting or being affected
by the electromagnetic field generated by the ICP apparatus 102.

[0026] In the non-limiting embodiment of Figure 4, the coil 402 is illustrated as a
cylindrical coil for ease of illustration only. Differently shaped coils, for example
conical shaped coils, may be used as well. The coil 402 may also be wound from a
plurality of conductive elements, each individually coupled to the RF power source
108 and each individually coupled to a ground connection 135.The relative position
along the tube 112, the number of turns, and the profile of the coil 402 can each
adjusted as desired to control, for example, the profile or density of the plasma being
formed via controlling the inductance in the coil 109. The diameter of the coil 402
may affect the characteristics of the plasma formed, thereby affecting the process
result on a substrate being processed with the plasma. The inventors have
observed that a coil 402 diameter close to the diameter of the tube 112 has a more
direct affect on the processing of the center of the substrate. Similarly, a coil 402
having a larger diameter, that is a diameter close to that of the substrate, has been
observed to affect the processing of the perimeter regions of the substrate.

[0027] Figure 5 is illustrative of an inductively coupled plasma apparatus in which
the coil 103 does not include a ferrite core. This is sometimes referred to as an air
core coil. Primary energy input 107 is coupled to one or more (one shown) helically
coiled structures (e.g., one or more conductive coils) wound about a path encircling
the tube 112, forming a toroid (e.g., a toroidal path). In some embodiments the
toroidal path is substantially planar. In some embodiments, the toroidal path is
substantially perpendicular to the central axis of the tube 112. The center of the
toroid is aligned with a path around the tube 112 forming a toroidal coil, i.e., coil 103.
The coil is coupled to ground, for example through a ground connection 502 to an
electrically conductive portion of the ICP apparatus 102, for example the coil 109 as
shown, or directly to ground.
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[0028] Returning to Figure 1, in some embodiments, a heater may be provided
proximate the dielectric lid 120. For example, a heater 154 may be disposed
between the dielectric lid 120 and the bottom wall 132. Alternatively or in
combination, the heater 154 may be embedded in or disposed on either the hub 118
or the ring 114 or in both the hub 118 and the ring114. For example, in some
embodiments, the hub 118 and/or the ring 114 may be formed from a top piece and
a separate mating bottom piece, with the top and bottom pieces configured to
contain one or more heater elements between the mating surfaces. The top and
bottom pieces may be joined together by appropriate joining techniques, such as
welding or with the use of mechanical fasteners. Desirable components, for
example heaters 154, may be embedded or otherwise incorporated with the hub 118
or the ring 114 and provided with a separate power source. Other desirable
components for example a Faraday shield may additionally, or alternately, be
embedded in the hub 118 or the ring 114.

[0029] An RF power source 108 is coupled to the ICP apparatus 102. The RF
power source 108 can provide RF power at a frequency and power as appropriate
for a particular application and/or chamber configuration. For example, the RF
power source 108 may illustratively be capable of producing up to about 5000 W
(but not limited to about 5000 W) at a fixed or tunable frequency in a range from
about 50 kHz to about 62 MHz, although other frequencies and powers may be
provided as desired for particular applications.

[0030] The RF power source 108 is coupled to the ICP apparatus 102 via a power
lead 124 coupled to a primary energy input 107. Matching circuitry 136 may be
provided to match the impedance of the plasma in the process chamber to minimize
RF power reflected back to the RF power source 108. As depicted in Figure 1, in
some embodiments the power lead 124 extends through a portion of the central
opening 152 of tube 112 and passes through an aperture 113 in the tube 112 into
the hollow center of the coil 109. The power lead 124 terminates at a conductive
component of the ICP apparatus 102, for example at a radially outer surface of the
tube 112 or an inner surface of the top wall 106. The ICP apparatus 102 further
includes a ground connection 135 to provide an RF path to ground. In some
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embodiments, the ground connection 135 is disposed on the sidewall 110. This is

sometimes referred to as a tuned transformer coupled system.

[0031] When receiving power from the RF power source 108, the ICP apparatus
102 forms an electric field that advantageously energizes process gases provided to
the inner volume of the process chamber to form a plasma. The tube 112, the top
wall 106, the side wall 110, the ring 114, the hub 118 and the capacitors 128 form a
coil 109 configured as a one turn air core toroidal coil. In embodiments including a
ferrite core positioned about the tube 112, the coil 109 is configured as a ferrite
based toroidal coil. The coil 109 may form a primary winding of a transformer. This
primary winding may be driven by another matching network (not shown) consisting
of a series and shunt capacitor When energized, for example when provided with
power from the RF power source 108, coil 109 facilitates the formation of a plasma
in the process chamber 104.

[0032] The inventors have noted that an ICP apparatus constructed as described
above produces a zero, or near zero, magnetic field in the central opening 152
(Figure 1) of the tube 112. A zero, or near zero, magnetic field at the central
opening 152 of the tube 112 allows placement of apparatus elements, for example
gas distribution conduit 148, inside the tube 112 without adversely effecting the
function of the ICP apparatus 102. Other elements may be placed in the central
opening 152 as well.

[0033] The controller 140 comprises a central processing unit (CPU) 144, a
memory 142, and support circuits 146 for the CPU 144 and facilitates control of the
components of the reactor 100, such as the gas panel 138, the RF power source
108, and the bias power source 122, and, as such, of methods of forming a plasma,
such as discussed herein. The controller 140 may be one of any form of general-
purpose computer processor that can be used in an industrial setting for controlling
various chambers and sub-processors. The memory, or computer-readable
medium, 142 of the CPU 144 may be one or more of readily available memory such
as random access memory (RAM), read only memory (ROM), floppy disk, hard disk,
or any other form of digital storage, local or remote. The support circuits 146 are
coupled to the CPU 144 for supporting the processor in a conventional manner.
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These circuits include cache, power supplies, clock circuits, input/output circuitry
and subsystems, and the like. The memory 142 stores software (source or object
code) that may be executed or invoked to control the operation of the reactor 100 in
the manner described herein. The software routine may also be stored and/or
executed by a second CPU (not shown) that is remotely located from the hardware
being controlled by the CPU 144.

[0034] During operation, the substrate 115 (such as a semiconductor wafer or
other substrate suitable for plasma processing) may be placed on the substrate
support 116 and process gases may be supplied from a gas panel 138 through a
gas distribution conduit 148 and a gas distribution device, for example nozzle 126, to
form a gaseous mixture 150 within the process chamber 104. Other gas distribution
devices, such as a showerhead, may be used. The gaseous mixture 150 may be
ignited into a plasma 155 in the process chamber 104 by applying power from the
RF power source 108 to the ICP apparatus 102. In some embodiments, power from
the bias source 122 may be provided to the substrate support 116.

[0035] Thus, an apparatus for plasma processing are provided herein. The
inventive ICP apparatus advantageously facilitates the formation of a uniform
plasma above a substrate within a process chamber. A plasma formed utilizing the
inventive ICP apparatus is more uniformly formed and distributed, providing a more
uniform processing result on a substrate being processed with the plasma.

[0036] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof.
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Claims:

1. An inductively coupled plasma apparatus, comprising:

a bottom wall comprising a hub and a ring coupled to the hub by a capacitor,
wherein the hub and the ring are each electrically conductive, and where the hub
has a central opening aligned with a central axis of the inductively coupled plasma
apparatus;

a top wall spaced apart from and above the bottom wall, wherein the top wall
has a central opening aligned with the central axis, and wherein the top wall is
electrically conductive;

a sidewall electrically connecting the ring to the top wall; and

a tube electrically connecting the hub to the top wall, the tube having a central
opening aligned with the central axis.

2. The apparatus of claim 1, wherein at least one of:
the hub comprises a plurality of radially outwardly directed spokes; or
the ring comprises a plurality of radially inwardly directed spokes.

3. The apparatus of claim 1, wherein the hub comprises a plurality of radially
outwardly directed spokes and the ring comprises a corresponding plurality of
radially inwardly directed spokes that are aligned with the plurality of radially
outwardly directed spokes, and wherein the capacitor comprises a plurality of
capacitors at least one each joining respective radially outwardly directed spokes to

corresponding radially inwardly directed spokes.

4. The apparatus of any of claims 1 to 3, further comprising:
a dielectric plate disposed below the bottom wall and comprising a gas

distribution device axially aligned with the tube.

5. The apparatus of claim 4, further comprising:
a gas distribution conduit fluidly coupled to the gas distribution device and

extending through the central openings of the tube and the top wall.

10
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6. The apparatus of any of claims 1 to 3, wherein at least one of the hub or the
ring comprise a heater.

7. The apparatus of any of claims 1 to 3, further comprising a ferrite core
encircling a portion of the tube.

8. The apparatus of any of claims 1 to 3, further comprising a conductive coll
wound about a portion of the tube and coupled to a ground through an electrically
conductive portion of the apparatus.

9. The apparatus of claim 8, wherein the conductive coil is helically wound about
a toroidal path encircling the tube.

10.  The apparatus of claim 9, wherein the conductive coll is:
electrically coupled to ground; or

wound about a ferrite core.

11.  The apparatus of any of claims 1 to 3, further comprising:
a primary energy input, a first end of which is electrically bonded to an
electrically conductive portion of the apparatus.

12.  The apparatus of claim 11, wherein the primary energy input is electrically
bonded to at least one of the tube or the top wall.

13.  The apparatus of claim 11, further comprising:

a conductive coil wound about a portion of the tube and having a first end
coupled to the ring or the sidewall, wherein the primary energy input is electrically
bonded to a second end of the conductive coil opposite the first end.

14.  The apparatus of claim 11, wherein a second end of the primary energy input

is coupled to a power source.

11
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15.  Aninductively coupled plasma reactor, comprising:

a chamber body having a processing volume; and

an inductively coupled plasma apparatus supported by the chamber body to
couple RF energy into the processing volume, the inductively coupled plasma
apparatus as described in any of the preceding claims.

12



WO 2014/110237 PCT/US2014/010843
-

100

- }/‘\ 101

: 124 136 )\( 108
(|
1?8 P N\ 1
100 )52 05 7 -
e A S - ,— 102
b i M2 f—~110
1| XN 135
"4 B[ o2 e T
A \1281185 128/ A
N
188\ 18— /11111 B 120
( 105 “— 126
GAS =
PANEL
! 1 ~—_ 104
190 115
134 |(’—(—‘ |
( 116 ——
L I
() 122

144 L

SUPPORT
CIRCUITS
142 T MEMORY 140

CONTROLLER
FIG. 1




WO 2014/110237

-

202

2/3

PCT/US2014/010843

118

114

118a

FIG. 2

302

128

114b

118
114

FIG. 3

304a
304



WO 2014/110237

-

3/3

PCT/US2014/010843

108
| A
e ol
109 1252— 106 -
-
j 5 ( 102
M R = 1 ’
402 A@Ez ;% L
== w
I ”///////A\'//// — 1
e i N ®
FIG. 4
108
| A
e 0
109 — 106 )
> (
g 4 ] - ,/ 102
103 A@g E@ — 110
12— é 128 s
””//'—H—’/////: r_ll//////l—|(|—‘|///// =
I ////////(\//// — 1

/1N

132

FIG. 5



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/010843

A. CLASSIFICATION OF SUBJECT MATTER
HOSH 1/24(2006.01)i, HOSH 1/46(2006.01)i

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)
HO5H 1/24;, HO1L 21/3065; C23C 16/513;, C23F 1/02, HO1L 21/66;, HOSH 1/00;, C23C 16/505; C23C 16/00; B23K 10/00; HOSH 1/46

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: plasma source, inductive coupling, central opening, tube, gas, air core toroidal coil,
reactor, process chamber, process volume

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2002-0033233 A1 (STEPHEN E. SAVAS) 21 March 2002 1-15
See paragraphs [00011-[0009], [0013]-[0015], [00271-[0032], [0039],
[0050]-[0057]; and figures 2A-B, 3.

A US 2009-0042321 A1 (YUICHIRO SASAKI et al.) 12 February 2009 1-15
See paragraphs [0002], [0007], [0043], [0054], [0222]; and figure 1A.

A US 2008-0122367 A1 (GEORGY K. VINOGRADOV et al.) 29 May 2008 1-15
See paragraphs [0004], [0007], [0037]1-[0039], [0044], [0048], [0051];
and figure 1.

A US 2011-0104902 A1 (YOHEI YAMAZAWA et al.) 05 May 2011 1-15

See paragraphs [0002]-[0006], [0010], [0099]1-10103]; and figure 1.

A US 2002-0023899 A1 (MARWAN H. KHATER et al.) 28 February 2002 1-15
See paragraphs [0002]-[0004], [0031]-[0032], [0037]; and figure 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
25 April 2014 (25.04.2014) 28 April 2014 (28.04.2014)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division

« Korean Intellectual Property Office

¥ 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

incéirhile No. +82-42-472-7140 Telephone No. +82-42-481-8746
Form PCT/ISA/210 (second sheet) (July 2009)

KIM, Sung Gon




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/010843

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2002-0033233 Al 21/03/2002 None

US 2009-0042321 Al 12/02/2009 JP 2010-522423 A 01/07/2010
JP 5357037 B2 04/12/2013
TW 2008-49344 A 16/12/2008
WO 2008-123391 A2 16/10/2008
WO 2008-123391 A3 15/01/2009

US 2008-0122367 Al 29/05/2008 CN 101543140 A 23/09/2009
CN 101543140 B 18/09/2013
JP 2010-507878 A 11/03/2010
JP 4815533 B2 16/11/2011
KR 10-1155840 B1 20/06/2012
KR 10-2009-0068233 A 25/06/2009
TW 2008-33181 A 01/08/2008
WO 2008-069157 Al 12/06/2008

US 2011-0104902 Al 05/05/2011 CN 102054649 A 11/05/2011
CN 102056395 A 11/05/2011
CN 102157325 A 17/08/2011
JP 2011-119657 A 16/06/2011
JP 2011-119658 A 16/06/2011
JP 2011-119659 A 16/06/2011

KR 10-2011-0046349 A 04/05/2011
KR 10-2011-0046354 A 04/05/2011

TW 2012-07883 A 16/02/2012
US 2011-0094995 Al 28/04/2011
US 8608903 B2 17/12/2013
US 2002-0023899 Al 28/02/2002 AU 2001-86661 Al 13/03/2002
AU 8666101 A 13/03/2002
TW 536437 B 11/06/2003
US 6459066 Bl 01/10/2002
WO 02-19387 A2 07/03/2002
WO 02-19387 A3 30/01/2003

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

