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FIG. 1B

(57) Abstract: Embodiments described herein generally relate to a method and apparatus for fabricating a chamber component for a
plasma process chamber. In one embodiment a chamber component used within a plasma processing chamber is provided that includes
a metallic base material comprising a roughened non-planar first surface, wherein the roughened non-planar surface has an Ra surface
roughness of between 4 micro-inches and 80 micro-inches, a planar silica coating formed over the roughened non-planar surface,
wherein the planar silica coating has a surface that has an Ra surface roughness that is less than the Ra surface roughness of the
roughened non-planar surface, a thickness between about 0.2 microns and about 10 microns, less than 1% porosity by volume, and

contains less than 2B atoms/centimeters” of aluminum.
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PROCESS CHAMBER PROCESS KIT WITH PROTECTIVE COATING

BACKGROUND
Field

[0001] The present disclosure relates generally to tools and components
for use in a plasma processing chamber apparatus. More specifically, the
present disclosure relates {0 a method for producing a plasma processing

chamber component that is resistive to a corrosive plasma environment.

Description of the Related Art

0001} Semiconductor processing involves a number of different chemical
and physical processes whereby minute integrated circuits are created on &
substrate. Lavers of materials which make up the integrated circuit are
created by chemical vapor deposition, physical vapor deposition, epitaxial
growth, and the like. Some of the layers of material are patterned using
photoresist masks and wet or dry etching techniques. The substrate utilized to
form integrated circuiis may be silicon, galium arsenide, indium phosphide,
glass, or other appropriate material.

o002} A typical semiconducior processing chamber includes a chamber
body defining a process zone, a gas distribution assembly adapted to supply
a gas from a gas supply into the process zone, a gas energizer, e.g., a
plasma generaior, utilized to energize the process gas {0 process a substrale
positioned on a substrate support assembly, and a gas exhaust. During
plasma processing, the energized gas is often comprised of ions and highly
reactive species which eiches and erodes exposed portions of the processing
chamber components, for example, an electrostatic chuck that hoids the
substrate during processing. Additionally, processing by-products are often
deposited on chamber components which are pericdically cleaned typically
with highly reactive fluorine. [n-sifu cleaning procedures used {o remove the
processing byproducts from within the chamber body may further erode the
integrity of the processing chamber components.  Aftack from the reactive
species during processing and cleaning reduces the lifespan of the chamber

components and increase service frequency. Addilionally, flakes from the
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eroded parts of the chamber componenis may become a source of particulate
contamination during substrate processing. Further, trace metals from the
base material of a chamber component may leach cut of the chamber
component and contaminate the substrale. As such, the chamber
components are generally replaced afler a number of process cycles and
before the chamber componenis provide inconsisient or undesirable
properties during substrate processing.  However, frequent replacement of
chamber componenis reduces service life of the processing chamber,
increases chamber downlime, increases maintenance freguency, and reduces
substrate yields.

[0003] Therefore, there is a need for an improved method for forming
chamber components that are more resistive o a plasma processing chamber

environment.

SUMMARY

{00043 Embodiments described herein generally relate 1o a method and
apparatus for fabricating a chamber component for a plasma process
chamber. In one embodiment a chamber componant used within a plasma
processing chamber is provided that includes a metallic base material
comprising a roughened non-planar first surface, wherein the roughened non-
planar surface has an Ra surface roughness of between 4 micro-inches and
80 micro-inches, a planar silica coating formed over the roughened non-
planar surface, wherein the planar silica coating has a surface that has an Ra
surface roughness that is less than the Ra swface roughness of the
roughened non-planar surface, a thickness betwsen about 0.2 microns and
about 10 microns, less than 1% porosity by volume, and contains less than

2E12 gtoms/centimeters? of aluminum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] 5o that the manner in which the above recited features of the

present disclosure can be understood in detail, a more particular description
of the disclosure, briefly summarized above, may be had by reference 1o
embodiments, some of which are lllustrated in the appended drawings. llisio

be noted, however, that the appendsd drawings illustrate only typical
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embodiments of this disclosure and are therefore not to be considered limiting
of its scope, for the disclosure may admil to other equally effective

embodiments.

[B008] Figure 1A illustrates a sectional view of one embodiment of a
plasma processing chamber component that may be used within a processing

chamber.

18007} Figure 1B is an enlarged view of the plasma processing chamber

component of Figure 1A.
10008] Figure 2 schematically illustrates a plasma processing system.

1800%] Figure 3 is a data sheet showing testing of the plasma resistant

coating on the chamber component as described herein.

10010} To facilitate understanding, identical reference numerzls have been
used, where possible, to designate identical elements that are common 1o the
figures. If is contemplated that elements and feaiures of one embodiment
may be beneficially incorporated in other embodiments without further

recitation.

DETAILED DESCRIPTION

(6011} Figure 1A illustrates a sectional view of one embodiment of a
plasma processing chamber component 100 that may be used within a
processing chamber. Figure 1B is an enlarged view of the plasma processing
chamber component 100 of Figure 1A, Although the chamber component 100
is shown in Figure 1A as having a rectangular cross-section, for the purposes
of discussion it is undersiood that the chamber component 100 may take the
form of any chamber part, including, but not limited {o, a chamber body, a
chamber body upper liner, a chamber body iower liner, chamber body plasma
door, a cathode liner, a chamber lid gas ring, a throtliing gate valve spool, a
plasma screen, a pedestal, a substrale support assembly, a showerhead, a

gas nozzle, and the like.
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00123 The chamber component 100 has at least one exposed surface 114
that is exposed o the plasma environment within the processing chamber
when in use. The chamber component 100 includes a body 102 having a
plasma resistant coating 104 disposed on an outer surface 112 of a non-
planar (roughened) surface 108 of the body 102. The plasma resistant
coating 104 fills in pits and valieys of the non-planar surface 1086 (e.g.,
planarizes the non-planar surface 108) to create a surface that is much

smocther than the non-planar surface 106.

[0013] The body 102 of the chamber component 100 is a metallic material,
such as aluminum, stainless steel as well as alloys thereof, or a ceramic
material. The plasma resistant coating 104 is a silica material (e.g., silicon
dioxide (Si02)) material that is fully crystallized. A thickness 116 of the
plasma resistant coating 104 is about 0.2 microns {um) to about 10 um, or
greater. The plasma resistant coaling 104 has a porosity of less than about 1
% by volume. The outer surface 112 is finished {0 an average surface
roughness (Ra) of about 4 micro-inches (W) to about 80 ", However, the
plasma resistant coating 104 has an Ra less than the Ra of the outer surface
112.

0014} The plasma resistant coating 104 is applied using techniques such
as painting, spreading, or spraying the outer surface 112 with a silica material.
Then, the plasma resistant coating 104 is annealed by placing the coated
chamber component 10C in a furnace. The heating relieves surface tension in
the plasma resistant coating 104 which makes the plasma resistant coating
104 conformal or flat as well as smooth. The heating may be al a
temperature of about 200 degrees Celsius, or less. The heating may be

performed for about one hour.

18015] Figure 2 schematically Hustrales a plasma processing system 200.
The plasma processing system 200 including a chamber body 225 defining a
processing volume 241, The chamber body 225 includes a sealable slit valve
tunnel 224 to allow entry and egress of a substrate 201 from the processing
volume 241. The chamber body 225 includes sidewalls 226 and a lid 243.

The sidewalis 226 and lid 243 may be fabricated from metals or ceramic

4
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materials and include the plasma resisiant coating 104 as described herein.
The plasma processing system 200 further comprises an antenna assembly
270 disposed over the lid 243 of the chamber body 225. A radio frequency
(RF) power source 215 and a matching network 217 are coupled to the

antenna assembly 270 to provide energy for plasma generation.

100186] The antenna assembly 270 comprises ong of more coil antennas
disposed coaxial with an axis of symmetry 273 (g.q. a longitudinal axis) of the
plasma processing system 200 As shown in Figure 2, the plasma
processing system 200 includes an ouler coil antenna 271 and an inner coil
antenna 272 disposed over the lid 243, In one embodiment, the coil antennas
271, 272 may be independently controlied. It should be noted, even though
two coaxial antennas are described in the plasma processing system 200,
other configurations, such as one coll antenna, three or more coil antenna

configurations may be contemplated.

00173 The inner coil antenna 272 includes one or more electrical
conductors wound as a spiral with small pitch and forming an inner antenna
volume 274. A magnetic field establishes in an inner antenna volume 274 of
the inner coil antenna 272 when an slectrical current goes through the one or
more electrical conductors. As discussead below, embodiments of the present
disclosure provide a chamber exiension volume within the inner anienna
volume 274 of the inner coil antenna 272 10 generale plasma using the

magnetic field in the inner antenna volume 274.

[0018] it should be noted, that the inner coil antenna 272 and the outer coil
antenna 271 may have other shapes according to application, for exampie to
match a certain shape of a chamber wall, or to achieve symimeiry or
asymmetry within the chamber body 225. In one embodiment, the inner coll
antenna 272 and the outer coil antenna 271 may form inner antenna volumss

in the shape of hyper-rectangle.

0019} The plasma processing system 200 further includes a substrate
support 240 disposed in the processing voiume 241, The substrate support

240 supports the substrate 201 during processing.  In one embodiment, the
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substrate support 240 is an elecirostatic chuck. A bias power source 220 and
a matching network 221 may be connected o the subsirate support 240. The
bias power source 220 provides bias polential to a plasma generated in the

processing volume 241,

18020} In the embodiment shown, the subsirate support 240 is surrounded
by a ring-shapad cathode liner 256. A plasma containment screen or baffle
252 covers the top of the cathode liner 256 and covers a peripheral portion of
the substrate support 240, The substrate support 240 may contain materials
that are incompatible or vulnerable o a corrosive plasma processing
environment, and the cathode liner 256 and the baffle 252 isolate substrate
support 240 from the plasma and contain the plasma within the processing
volume 241, respectively. In one embodiment, the cathode liner 256 and
haffles 252 may include a high purily plasma resistant coating 104 that is
resistive to the plasma contained within the processing volume 241, The
plasma resistant coaling 104 on the cathode liner 256 and baffles 252 as
described above improves the service life of the cathode liner 256 and baffles
252.

10024} A plasma screen 250 is disposad on top of the substrate support
240 to control the spatial distribution of charged and neutral species of the
plasma across the surface of the substrate 201. In one embodiment, the
plasma screen 280 includes a substantially flat member electrically isolated
from the chamber walls and comprises a plurality of apertures that vertically
extend through the flat member. The plasma screen 250 may include a high
purity plasma resistant coating 104 as described above which resists the

process environment within the processing volume 241,

002233 The lid 2432 has an opening 244 to allow entrance of one or more
processing gases. In one embodiment, the opening 244 may be disposed
near a center axis of the plasma processing system 200 that corresponds (o

the center of the subsirate 201 being processed.

0023} The plasma processing system 200 includes a chamber exiension

251 disposed over the lid 2432 covering the opening 244. In one embodiment,
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the chamber exiension 251 is disposed inside a coil antenna of the anlenna
assembly 270. The chamber extension 251 defines an extension volume 242

in fluid communication with the processing volumes 241 via the opening 244,

(00241 The plasma processing system 200 includes a gas distribution
showerhead shown as a baffle nozzle assembly 255 disposed adjacent to the
opening 244 in the processing volume 241 and the extension volume 242,
The baffle nozzle assembily 255 direcis one or more processing gases into the
processing volume 241 through the extension volume 242, In one
embodiment, the baffle nozzle assembly 255 has a by-pass path allowing a
processing gas to enter the processing volume 241 without going through the
exiension volume 242. The baffle nozzle assembly 255 may be fabricated
from aluminum and include the plasma resistant coating 104 as descoribed

above,

13025] Because the extension volume 247 is within the inner antenna
volume 274, processing gas in the exiension volume 242 is exposed io the
magnetic field of the inner coll antenna 272 prior o entering the processing
volume 241. The usage of the extension volume 242 increases the plasma
intensity within the processing volume 241 withoul an increase in power

applied to the inner coil antenna 272 or the outer coll antenna 271.

18025] The plasma processing system 200 includes a pump 230, and a
throttle valve 235 to provide vacuum and exhaust the processing volume 241,
The throitle valve 235 may include a gate valve spool 254, The gate valve
spool 254 may be fabricated from aluminum. The plasma processing system
200 further includes a chiller 245 1o control the temperature of the plasma
processing systemn 200. The throtile valve 235 may be disposed between the
pump 230 and the chamber body 225 and may be operable to contrd

pressure within the chamber body 225,

(00271 The plasma processing system 200 also includes a gas delivery
system 202 to provide one or more processing gases to the processing
volume 241. The gas delivery system 202 is iocated in a housing 205

disposed directly adiacent to, such as under, the chamber body 225. The gas

~J
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delivery system 202 seleclively couples one or more gas sources located in
one or more gas panels 204 to the baffle nozzie assembly 255 o provide
process gases to the chamber body 225 The gas delivery system 202 is
connected to the baffle nozzle assembly 255 o provide gases 1o the
processing volume 241, The housing 205 is located in close proximity to the
chamber body 225 to reduce gas transilion fime when changing gases,

minimize gas usage, and minimize gas waste.

[0028] The plasma processing system 200 further includes a lift system
227 for raising and lowering the substrate support 240 that supports the
subsirate 201 in the chamber body 225.

10029} In the embodiment shown, the chamber body 225 is protected by a
fower liner 222 and an upper liner 223 which may be aluminum and include

the plasma resistant coating 104 as described above.

{0036} The gas delivery system 202 may be used o supply at least two
different gas mixiures to the chamber body 225 at an instantaneous rate as
further described below. In an optional embodiment, the plasma processing
system 200 may include a spectral monitor operable {o measure the depth of
an etched trench and a deposited film thickness as the trench is being formed
in the chamber body 225, with the ability to use other spectral features to
determine the state of the reactor. The plasma processing system 200 may
accommodate a variety of substrate sizes, for example a subsirate diameter

of up to about 300 mm or greater.

0031} Various chamber components in the processing system 200
described above may be fabricated using the plasma resistant coating 104 as
described above. These chamber components are frequently exposed 10 the
plasma processing environment. For example, the plasma resistant coating
104 may be applied io the chamber body 225, the chamber body upper liner
223, the chamber body lower liner 222, a chamber body plasma door 224, a
cathode liner 258, a chamber lid gas ring, a throtiling gate valve spool 254, &
plasma screen 250, the baffle nozzie assembly 255, baffles 252, and s

pedestal or subsirate support 240.
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00323 Figure 3 is a dala sheet 300 showing testing of the plasma resistant
coating 104 on the chamber component 100. The tesiing of the plasma
resistant coating 104 showed low levels of frace metals in or on the plasma
resistant coating 104. This evidences that the plasma resistant coating 104
effectively blocks metal atoms from the body 102 of the chamber component
100 from leaching into the coating 104. For example, aluminum conceniration
in the plasma resistant coating 104 was less than about 2E™
atoms/centimeter squared (atoms/cm?).  Many other trace metals were
present in or on the plasma resistant coating 104 but were below critical

levels.

[0033] The disciosed process chamber and components thereof may be
used in one or more subsirate processing operations. The below description

provides one such exemplary process, but other processes are contemplated.

15034] In one example, a process chamber, such as the chamber body
225, is treated with a Hz plasma without a substrate placed therein. The
plasma treatment of the chamber body 225 prior {0 infroducing a substrate {o
the chamber may be referrad to as Plasma Every Wafer (PEW). The plasma
treating of the process chamber, or PEW, may include introducing one or
more gases, such as Oy, No, NHs, Ar, Ho, He, or combinations thereof, info the
chamber body 225, and energizing the one or more gases o form a plasma.
Alternatively, PEW may include introducing a plasma confaining radicals
and/or ions of oxygen, nifrogen, hydrogen, ammonia, hydroxide or
combination thereof into the chamber body 225, and the plasma is formed in a

remote plasma source outside of the chamber body 225.

[0035] in one embodiment, NH; and Ar gases are introduced into the
chamber body 225, In another embodiment, O, and H; gases are infroduced
into the chamber body 225. In ancther embodiment, O and Ar gases are
introduced into the chamber body 225, in another embodiment, O, gas is
introduced info the chamber body 225. In vet another embodiment, Nz gas is
introduced into the chamber body 225, Typically the plasma treaiment of the
chamber body 225 prior fo introducing the subsirate involves introducing or

forming a plasma containing oxygen or pitrogen in the process chamber.

g
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[0038] in some embodiments, the one or more gases are energized by an
RF power source. The RF power may be puised at 2% io 70% duly cycle and
may range from about 100 W to about 2500 W. The RF power may be a
continuous wave ranging from about 100 W o about 2500 W. The chamber
body 225 may have a chamber pressure ranging from about 10 milli Torr (mT)
to about 200 mT during the plasma treaiment of the chamber body 225. The
process temperature, which may be the temperature of the substrate support
pedestal, such as the substrate support 240, may range from 20 degrees C to
about 500 degrees C.

[0037] Thereafter, a substrate, optionally having a gate stack thereon, is
freated by a hydrogen containing plasma within the chamber body 225. The
hydrogen-containing plasma treatment of the substrate may include
infroducing a hydrogen containing gas, such as Mo gas, or a hydrogen
containing gas and an inert gas, such as Ar gas, into the chamber body 225,
and energizing the Hy gas or Hy/Ar gases {0 form a hydrogen containing
plasma. Ar gas may be added to the H; gas in order to improve the service
lifetime of the chamber body 225 (further mitigating the hydrogen containing
plasma atiack of componenis inside the chamber body 225) and to moduiale
the H" radical concentrations. In some embodiments, the H; gas or Hy/Ar
gases are energized by an RF power source, such as the RF power source
215, The RF power may be pulsed at 2% to 60% duty cycle and may range
from aboui 100 W o about 2500 W. The RF power may be a coniinuous
wave ranging from about 100 W {0 about 2500 W. The chamber body 225
may have a chamber pressure ranging from about 10 mT {o about 200 mT
during the hydrogen confaining plasma treatment of the substrale. The
process temperature, which may be the iemperaiure of the subsirate support,
may range from 20 °C to about 500 °C. The substrate may be freated by the
hydrogen coniaining plasma for about 10 to 360 seconds. In one
embodiment, the chamber pressure is about 100 mT, the Hz gas is flowed into
the chamber body 225 at about 25 standard cubic centimeters per minute
(scormy and Ar gas is flowed into the chamber body 225 at about 875 scom,
the RF power is about 500 W, the process temperature is about 400 degrees

C, and the substrate is treated by the hydrogen containing plasma for about

10
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30 to 80 seconds. After the substrate is treated with the hydrogen containing

plasma, the substrate may be removed from the chamber body 225.

[0038] it is contemplaied that other and further processes may be
performed within the chamber body 225. Moreover, it is contemplaied that
coated chamber components may be ulilized with other and additional

ocesses.

1803%] With the example and explanations above, the features and spirits
of the embodiments of the disclosure are described. Those skilled in the art
will readily observe that numerous modifications and alterations may be
made. Accordingly, the above disclosure should be construed as limited only

by the metes and bounds of the appended claims.

11
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Claims:

1. A chamber component used within a plasma processing
chamber, comprising:

a meiallic base material comprising a roughenad non-planar
surface, wherein the roughened non-planar surface has an average
surface roughness {(Ra) of between 4 micro-inches and 80 micro-
inches; and

a planar silica coating formed over the roughened non-planar
surface, wherein the planar silica coating has:

a surface that has an Ra that is less than the Ra of the
roughened non-planar surface,

a thickness between about 0.2 microns and about 10 microns,

less than 1% porosity by volume, and

contains less than 2E'2 atoms/centimeters? of aluminum.

2. The chamber component of claim 1, wherein the metallic base

material comprises aluminum.

3. The chamber component of claim 1, wherein the metallic base

material comprises a gas distribution showerhead,

4. The chamber component of claim 1, wherein the metallic base

material comprises a nozzle assembly.

5. The chamber component of claim 1, wherein the metallic base

material comprises a baffle.

8. The chamber component of claim 1, wherein the metallic base

material comprises a liner.

7. The chamber component of claim 6, wherein the liner comprises
12
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a cathode liner,

8. A method for fabricating a chamber component for use in a
plasma processing environment, comprising:

forming a body of the chamber component from a metal
material;

depositing a layer of silica on the body; and

heating the layer of silica and the metal material, wherein the
layer of silica includes:

a surface that has an Ra surface roughness that is less than the
Ra surface roughness of the roughened non-planar surface,

a thickness between about 0.2 microns and about 10 microns,

less than 1% porosity by volume, and

contains less than 2E'? atoms/centimeters? of aluminum.

Q. The method of claim 8, wherein the mstallic base maternal

comprises aluminum.

10, The method of claim 8, wherein the metallic base material

comprises a gas distribution showerhead.

14. The method of claim 8, wherein the metallic base material

comprises a nozzle assembly.

12. The method of claim 8, wherein the metallic base material

comprises a baffle.

13. The method of claim 8, wherein the metsllic base material

comprises a liner.

14, The method of claim13, wherein the liner comprises a cathode

13
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linar,

15, A method, comprising:

plasma freating a process chamber with a plasma containing nitregen
or oxygen, the process chamber including the chamber component
comprising:

a metallic base material comprising a roughened non-planar
surface, wherein the roughened non-planar surface has an average
surface roughness (Ra) of between 4 micro-inches and 80 micro-
inches;

a planar silica coating formad over the roughened non-planar
surface, wherein the planar silica coating has  a surface that has an
Ra ithat is less than the Ra of the roughened non-planar surface, a
thickness belween aboul 0.2 microns and about 10 microns, less than
1% porosity by volume, and contains less than 2E%
atoms/centimeters? of aluminum;
placing a substrate inlo the process chamber, wherein a stack is

disposed on the substrate; and

plasma treating the stack disposed on the substrate.

14



WO 2019/240915 PCT/US2019/033259

173

106

Y,
oY

100

114

FIG. 1B



WO 2019/240915 PCT/US2019/033259

213
473
411 \ k\
B BT S
471 ? 474 47!
| L 442 E
470 L ! \“ |
a
443 —— | — %.
425 \ 9
2" | 444 455 401
423G 44 o
J— 4 104 435
424 — T ] U : a Ei w450
) | A
- AN 456 104}
//f L )
426 402 AN . f{/
§ — . 454
405
404
491
g 427
420 /-@ {\
A 445 20

FIG. 2



PCT/US2019/033259

WO 2019/240915

3/3

¢ Old

ol G> 1S 8> 6> 6> o> |0z Zi> |2k INIWITHNSYIN

g g 9 8 8 6 ol b ) ) LA NOILDF LG
I ad M eg as ug ) ol i7 IS

P> log>  |al>  |eg > lel> s> 18> o> |z INIWITHNSYIN

Pl 02 gl al D a4 81 51 02 12 LA NOILDF LG
sy e | B9 uz | np N 00 o upy 10

z>  zz>  |eez  |e%> |68l |8 p6> 1688 | 6LL> | 6SE> INIWIHNSYIN

1z zz iz G5 08 b ¥6 661 |61 |SSH LA NOILDF LA
A | eD 3 Mol O BN g ag ¥

00e —




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/033259

A. CLASSIFICATION OF SUBJECT MATTER

HO01J 37/32(2006.01)i, HO1L 21/67(2006.01)i, HO1L 21/02(2006.01)i, HO1L 21/56(2006.01)i

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

B. FIELDS SEARCHED

HO1L 21/02; HO1L 21/56

Minimum documentation searched (classification system followed by classification symbols)
HO1J 37/32; BOSD 1/08; B32B 15/04; B32B 17/06; C04B 35/505; C23C 16/00; C23C 4/12; C25D 11/02; HO1L 21/3065; HO1L 21/67,

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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)
cKOMPASS(KIPO internal) & Keywords: corrosive, plasma, protective coating, resistive, surface roughness (Ra), silica

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See the entire document .

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2006-0292310 A1 (HIEN-MINH HUU LE et al.) 28 December 2006 1-15
See paragraphs 33-74, claims 1-28 and figures 2-8.
A US 2015-0376760 A1 (FM INDUSTRIES, INC.) 31 December 2015 1-15
See paragraphs 49-53, claims 1-25 and figure 1.
A US 2014-0272459 A1 (LAM RESEARCH CORPORATION) 18 September 2014 1-15
See the entire document .
A US 2010-0119843 A1 (JENNIFER Y. SUN et al.) 13 May 2010 1-15
See the entire document .
A US 2014-0318974 A1 (KERONITE INTERNATIONAL LIMITED) 30 October 2014 1-15

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

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

"D" document cited by the applicant in the international application

"E" eatlier 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)

"O" 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

"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

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

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

'

myn

ngn

Date of the actual completion of the international search
17 September 2019 (17.09.2019)

Date of mailing of the international search report

17 September 2019 (17.09.2019)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No, 182-42-481-8578

Authorized officer

S

PARK, Hye Lyun

prteniry,

Telephone No. +82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/033259
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2006-0292310 Al 28/12/2006 CN 1891861 A 10/01/2007
CN 1891861 B 12/05/2010
JP 2007-027707 A 01/02/2007
JP 5bb4465 B2 23/07/2014
KR 10-1314747 Bl 08/10/2013
KR 10-2007-0000370 A 02/01/2007
TW 200706690 A 16/02/2007
TW 1332035 B 21/10/2010
US 2015-0376760 Al 31/12/2015 CN 106460195 A 22/02/2017
CN 106460195 B 21/05/2019
JP 2017-520679 A 27/07/2017
JP 6312278 B2 18/04/2018
KR 10-1967971 Bl 19/08/2019
KR 10-2017-0023780 A 06/03/2017
US 9790581 B2 17/10/2017
WO 2015-199752 Al 30/12/2015
US 2014-0272459 Al 18/09/2014 CN 104046981 A 17/09/2014
KR 10-2014-0111997 A 22/09/2014
TW 201500184 A 01/01/2015
TW 1629167 B 11/07/2018
US 9337002 B2 10/05/2016
US 2010-0119843 Al 13/05/2010 CN 102210196 A 05/10/2011
CN 102210196 B 25/06/2014
JP 2012-508467 A 05/04/2012
JP 2016-076711 A 12/05/2016
JP 6278584 B2 14/02/2018
KR 10-1309716 Bl 17/09/2013
KR 10-2011-0091759 A 12/08/2011
TW 201030891 A 16/08/2010
TW 1389248 B 11/03/2013
US 8206829 B2 26/06/2012
WO 2010-054112 A2 14/05/2010
WO 2010-054112 A3 29/07/2010
US 2014-0318974 Al 30/10/2014 GB 2513575 A 05/11/2014
GB 2513575 B 31/05/2017
US 9765440 B2 19/09/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




	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 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report

