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A FILM STRUCTURE FOR ELECTRIC FIELD GUIDED PHOTORESIST
PATTERNING PROCESS

BACKGROUND

Field

[0001] The present disclosure generally relates to methods and apparatuses for
processing a substrate, and more specifically to methods and apparatuses for

enhancing photoresist profile control.

Description of the Related Art

[0002] Integrated circuits have evolved into complex devices that can inciude
miilions of components (e.g., transistors, capacitors and resisiors) on a single chip.
Photolithography may be used to form components on a chip. Generally the process
of photolithography involves a few basic stages. initially, a photoresist layer is
formed on a substrate. The photoresist layer may be formed by, for example, spin-
coating. The photoresist layer may include a resist resin and a photoacid generator.
The photoacid generator, upon exposure to electromagnetic radiation in the
subsequent exposure stage, alters the solubility of the photoresist in the
deveiopment process. The electromagnetic radigtion may have any suilable
wavelength, such as a wavelength in the exireme ultra violet region. The
electromagnetic radiation may be from any suitable source, such as, for example, a
1932 nm ArF laser, an electron beam, an ion beam, or other source. Excess solvent

may then be removed in a pre-exposure bake process.

[0003] it an exposure stage, a photomask or reticle may be used to selectively
expose certain regions of a photoresist layer disposed on the substrate to
electromagnetic radiation. Other exposure methods may be maskless exposure
methods. Exposure to light may decompose the photoacid generator, which
generates acid and resulls in a latent acid image in the resist resin.  After exposure,
the substrate may be heated in a post-exposure bake process. During the post-
exposure bake process, the acid generated by the photoacid generator reacts with
the resist resin in the photoresist layer, changing the solubility of the resist of the

photoresist layer during the subsequent development process.
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[0004] After the postexposure bake, the substrate, and, particularly, the
photoresist layer may be developed and rinsed. After development and rinsing, a
patterned photoresist layer is then formed on the subsirate, as shown in Figure 1.
Figure 1 depicts an exemplary top seclional view of the subsirate 100 having the
patternad photoresist layer 104 disposed on a target material 102 to be etched.
Openings 106 are defined between the patterned photoresist layer 104, after the
development and rinse processes, exposing the underlying target material 102 for
gtching to transfer features onto the target material 102. However, inaccurate control
or iow resolution of the lithography exposure process may cause in poor critical
dimension of the photoresist layer 104, resulting in unacceptable line width
roughness (LWR) 108, Furthermore, during the exposure process, acid (shown as in
Figure 1) generated from the photoacid generator may randomly diffuse to any
regions, including the regions protected under the mask uniniended to be diffused,
thus creating undesired wigging or roughness profile 150 at the edge or interface of
the patlierned photoresist layer 104 interfaced with the openings 106. Large line
width roughness (LWR) 108 and undesired wiggling profile 150 of the photoresist
layer 104 may result in inaccurate feature transfer to the target material 102, thus,

eventually leading to device failure and yield loss.

[6005] Therefore, there is a need for a method and an apparatus to control line
width roughness (LWR) and enhance resclution as well as dose sensitivity so as to

obtain a patierned photoresist layer with desired critical dimensions.

SUMMARY

[00086] Embodiments of the present disclosure include a method for forming a film
structure to efficiently control of distribution and diffusion of acid from a photoacid
generator in a photoresist layer during an exposure process or a pre- or post-
exposure baking process. In one example, a device structure includes a film
structure disposed on a substrate, and a plurality of openings formed in the film
structure, wherein the openings formed across the substrate has a critical dimension

uniformity between about 1 nm and 2 nm.
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[0007] in another embodiment, a method of processing a substrate includes
applying a photoresist layer comprising a photoacid generator to on a multi-layer
disposed on a substrate, wherein the multi-layer comprises an underlayer formed
from an organic maiterial, inorganic material, or a mixture of organic and inorganic
materials, exposing a first portion of the photoresist layer unprotected by a
photomask to a radiation light in a lithographic exposure process, and applying an
glectric field or a magnetic field to alter movement of photoacid generated from the

photoacid generator substantially in a vertical direction.

[0008] it yet another embodiment, a method of processing a substrate includes
applying a photoresist layer on an underlayer disposed on a substrate, exposing a
first portion of the photoresist layer unprotected by a photomask to a radiation light
in a lithographic exposure process, performing a baking process on the photoresist
tayer and the underlayer, and applying an electric field or a magnetic field while

performing the baking process.

BRIEF DESCRIPTION OF THE DRAWINGS

[6003] So 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 to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of this disclosure
and are therefore not 10 be considerad limiting of its scope, for the disclosure may

admit to other equally effective embodiments.

(0010} Figure 1 depicts a top view of an exemplary structure of a patterned

photoresist layer disposed on a substrate conventionally in the art;

(0011} Figures 2 is a schematic cross-sectional view of an apparatus for

processing a substrate, according to one embodiment;

[0012] Figure 3 is a top view of one embodiment of an electrode assembly

disposed in the apparatus of Figure 2;
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[0013] Figure 4 depict an acid distribution control of a photoresist layer disposed

on a film structure during an exposure process,

[8014] Figure 5 depicts an acid distribution control of a photoresist layer on a film

structure with a desired profile during a post exposure baking process; and

[6015] Figure 6 is a flow diagram of one method of control acid distribution of a

photoresist layer during an exposure process.

[06018] To facilitate understanding, identical reference numerals have been used,
wherever possible, (o designate identical elements that are common to the Figures.
Additionally, elements of one embodiment may be advantageously adapted for

utilization in other embodiments described herein.

DETAILED DESCRIPTION

[0017] Methods for enhancing profile control of a photoresist layer formed by
photolithography are provided. The diffusion of acid generated by a photoacid
generator during a post-axposure bake procedure that contributes to line edge/width
roughness may be mitigated by utilizing a film structure disposed under the
photoresist layer as disclosed herein. The electric field application controls the
diffusion and distribution of the acids generated by the photoacid generator in the
photoresist layer as well as in an underlaver disposed in a film structure under the
photoresist layer, thus preventing the line edge/width roughness that results from
random diffusion. Methods for forming a film structure disposed under the
photoresist layer utilized to control aforementioned acid distribution and diffusion are

disciosed herain.

[0018] Figure 2 is a schematic cross-sectional view of an apparatus for
processing a substrate, according to one embodiment. As shown in the embodiment
of Figure 2, the apparatus may be in the form of a vacuum processing chamber 200,
in other embodiments, the processing chamber 200 may not be coupled to a

vacuuim source.



WO 2020/149903 PCT/US2019/055863

[0019] The processing chamber 200 may be an independent stand alone
processing chamber. Alternatively, the processing chamber 200 may be part of a
procassing system, such as, for example, an in-line processing system, a cluster
processing system, or the frack processing system as needed. The processing
chamber 200 is described in detail below and may be used for a pre-exposure bake,

a post-exposure bake, and/or other processing steps.

[0020] The processing chamber 200 includes chamber walls 202, an elecirode
assembly 216, and a substrate support assembly 238, The chamber walls 202
include sidewalis 208, a lid assembly 210, and a bottom 208. The chamber walls
202 partially enclose a processing volume 212, The processing volume 212 is
accessed through a substrate transfer port (not shown) configured to facilitate
movement of a substrate 240 into and out of the processing chamber 200, In
embodiments where the processing chamber 200 is part of a processing system, the
substrate transfer port may allow for the substrate 240 to be transferred {o and from

an adjoining transfer chamber.

[0021] A pumping port 214 may optionally be disposed through one of the lid
assembly 210, sidewalis 206 or botiom 208 of the processing chamber 200 to
couple the processing volume 212 to an exhaust port. The exhaust port couples the
pumping port 214 o various vacuum pumping components, such as a vacuum
pump. The pumping components may reduce the pressure of the processing volume
212 and exhaust any gases and/or process by-products out of the processing
chamber 200. The processing chamber 200 may be coupled {0 one or more supply
sources 204 for delivering one or more source compounds inio the processing

volume 212.

[0022] The substrate support assembly 238 is centrally disposed within the
processing chamber 200, The subsirate support assembly 238 supports the
substrate 240 during processing.  The substrate support assembly 238 may
comprise a body 224 that encapsulates at least one embedded heater 232, In some
embodiments, the substrate support assembly 238 may be an electrostatic chuck.

The heater 232, such as a resistive element, is disposed in the substrate support

5
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assembly 238. The heater 232 controliably heats the substrate support assembly
238 and the substrate 240 positioned thereon to a predetermined temperature. The
heater 232 is configured to guickly ramp the temperature of the subsirate 240 and to
accurately control the temperature of the substrate 240, In some embodiments, the
heater 232 is connected o and controlled by the power source 274, The power
source 274 may alternatively or additionally apply power to the substrate support
assembly 238, The power source 274 may be configured similarly to the power
source 270, discussed below. Furthermore, it is noted that the heater 232 may be
disposed from other locations of the processing chamber 200, such as from
chamber wall, chamber liner, edge ring that circumscribes the substrate, the
chamber ceiling and the like, as needed to provide thermal energy to the subsirate

240 disposed on the substrate support assembly 238

{60623} In some embodiments, the substrate support assembly 238 may be
configured 1o rotate.  In some embodiments, the substrate support assembly 238 is
configured {o rotate about the z-axis. The substrate support assembly 238 may be
configured to continuously or constantly rotate, or the substrate support assembly
238 may be configured 1o rotate in a step-wise or indexing manner. For example,
the substrate support assembly 238 may rotate a predetermined amount, such as

90°, 180°, or 270°, and then rotation may stop for a predetermined amount of time.

[0024] Generally, the substrate support assembly 238 has a first surface 234 and
a second surface 226. The first surface 234 is opposite the second surface 226.
The first surface 234 is configured to support the substrate 240. The second surface
226 has a stem 242 coupled thereto. The substrate 240 may be any type of
substrate, such as a dielectric substrate, a glass substrate, a semiconductor
substrate, or a conductive substrate. The substrate 240 may have a matenal layer
245 disposed thereon. The material layer 245 may be any desired layer. In other
embodiments, the subsirate 240 may have more than one material layer 245. The
substrate 240 also has a photoresist layer 250 disposed over the material layer 245,
The substrate 240 has been previously exposed to electromagnetic radiation in an
exposure stage of a photolithography process. The photoresist layer 250 has latent

image lines 255 formed therein from the exposure stage. The latent image lines 255
8
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may be substantially paraliel. In other embodiments, the iatent image lines 255 may
not be substantially parallel. Also as shown, the first surface 234 of the substrate
support assembly 238 is separated from the electrode assembly 216 by a distance ¢
in the z-direction. The stem 242 is coupled 1o g Iift system (not shown) for moving
the substrate support assembly 238 between an elevaled processing position {(as
shown) and a lowered substrate transfer position. The lift system may accurately
and precisely control the position of the substrate 240 in the z-direction. In some
embodiments, the Iifi system may also be configured o move the substrate 240 in
the x-direction, the y-direction, or the x-direction and the y-direction. The stem 242
additionally provides a conduit for electrical and thermocouple leads between the
substrate support assembly 238 and other components of the processing chamber
200. A bellows 246 is coupled to the substrate support assembly 238 to provide a
vacuum seal between the processing volume 212 and the atmosphere outside the
processing chamber 200 and facilitate movement of the substrate support assembly

238 in the z-direction.

[0025] The lid assembly 210 may optionally include an inlet 280 through which
gases provided by the supply sources 204 may enter the processing chamber 200.
The supply sources 204 may optionally controllably pressurize the processing
volume 212 with a gas, such as nitrogen, argon, helium, other gases, or
combinations thereof. The gases from the supply sources 204 may creale a
controlied environment within the processing chamber 200, An actuator 280 may be
optionally coupled between the lid assembly 210 and the electrode assembly 216,
The actuator 290 is configured 1o move the elecirode assembly 216 in one or more
of the x, vy, and z directions. The x and y directions are referred o herein as the
lateral directions or dimensions. The actuator 280 enables the electrode assembly
216 to scan the surface of the substrate 240, The actuator 290 also enables the
distance d to be adjusted. In some embodiments the electrode assembly 216 is
coupled to the lid assembly 210 by a fixed stem {not shown). In other embodiments,
the electrode assembly 216 may be coupled to the inside of the bottom 208 of the
processing chamber 200, to the second surface 226 of the subsirate support

assembly 238, or to the stem 242. In still other embodiments, the electrode

7
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assembly 216 may be embedded between the first surface 234 and the second

surface 226 of the substrate support assembly 238.

[0028] The electrode assembly 216 includes at least a first elecirode 258 and a
sacond electrode 260. As shown, the first electrode 258 is coupled o a power
source 270, and the second elecirode 260 is coupled to an optional power supply
275. in other embodiments, one of the first electrode 258 and the second electrode
260 may be coupled {0 a power supply and the other electrode may be coupled to a
ground. In some embodiments, the first electrode 258 and the second electrode 260
are coupled to a ground and the power source 274 that delivers power to the
substrate support is a bipolar power supply that switches between a positive and
negative bias. In some embodiments, the power source 270 or the power supply
275 may be coupled to both the first electrode 258 and the second electrode 260, In
other embodiments, the power source 270 or the power supply 275 may be coupled
io the first electrode 258, the second electrode 260, and the substrate support
assembly 238, In such embodiments, the pulse delay to each of the first elecirode
258, the second electrode 260, and the substrate support assembly 238 may be
different. The elecirode assembly 216 may be configured to generate an slectric
fieid parallel to the x-y plane defined by the first surface of the substrate support
assembly 238, For example, the electrode assembly 216 may be configured to
generate an electric field in one of the vy direction, x direction or other direction in the

x-y plane.

[0027] The power source 270 and the power supply 275 are configured to supply,
for example, between about 500 V and about 100 kV to the electrode assembly 216,
io generate an electric field having a strength between about 0.1 MV/im and about
100 MV/m. In some embodiments, the power source 274 may also be configured to
pravide power to the electrode assembly 216, In some embodiments, any or all of
the power source 270, the power source 274, or the power supply 275 are a pulsed
direct current (DC) power supply. The pulsed DC wave may be from a half-wave
rectifier or a full-wave rectifier. The DC power may have a frequency of between
about 10 Hz and 1 MHz. The duty cycle of the pulsed DC power may be from

between about 5% and about 85%, such as between about 20% and about 60%. In
8
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some embodiments, the duty cycle of the pulsed DC power may be between about
20% and about 40%. in other embodiments, the duty cycle of the puised DC power
may be about 60%. The rise and fall time of the pulsed DC power may be between
about 1 ns and about 1000 ns, such as between about 10 ns and about 500 ns. In
other embodiments, the rise and fall time of the pulsed DC power may be between
about 10 ns and about 100 ns. In some embodiments, the rise and fall time of the
pulsed DC powsr may be about 500 ns. In some embodiments, any or all of the
power source 270, the power source 274, and the power supply 275 are an
alternating current power supply. In other embodiments, any or all of the power
source 270, the power source 274, and the power supply 275 are a direct current

power supply.

[0028] In some embodiments, any or all of the power source 270, the power
source 274, and the power supply 275 may use a DC offsel. The DC offset may be,
for example, between about (% and about 75% of the applied voltage, such as
batwean about 5% and about 80% of the applied voltage. In some embodiments,
the first electrode 258 and the second electrode 260 are pulsed negatively while the
substrate support assembly 238 is also pulsed negatively. In these embodiments,
the first electrode 258 and the second electrode 260 are the substrate support
assembly 238 are synchronized but offset in time. For example, the first electrode
258 may be at the “one” state while the substrate support assembly is at the “zerd”
state,” then the substrate support assembly 238 in the one state while the first

glectrode 258 is at the zero state.

{60628} The electrode assembly 216 spans approximately the width of the
substrate support assembly 238. In other embodiments, the width of the electrode
assembly 216 may be less than that of the substrate support assembly 238, For
example, the elecirode assembly 216 may span between about 10% to about 80%,
such as about 20% and about 40%, the width of the substrate support assembly
238, In embodiments where the electrode assembly 216 is less wide than the
substrate support assembly 238, the actuator 290 may scan the electrode assembly
216 across the surface of the substrate 240 positioned on the first surface 234 of the

substrate support assembly 238, For example, the actuator 290 may scan such that
g
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the electrode assembly 216 scans the entire surface of the substrate 240, In other
embodiments, the actuator 280 may scan only certain portions of the substraie 240,
Alternatively, the substrate support assembly 238 may scan underneath the

glectrode assembly 216.

[0030] in some embodiments, one or more magnets 296 may be positioned in
the processing chamber 200, In the embodiment shown in Figure 1, the magnets
296 are coupled to the inside surface of the sidewalls 206, In other embodiments,
the magnets 296 may be positioned in other locations within the processing
chamber 200 or outside the processing chamber 200, The magnets 296 may be, for
example, permanent magnets or electromagnets. Representative permanent
magnets include ceramic magnets and rare earth magnets. in embodiments where
the magnets 286 include electromagnets, the magnets 296 may be coupled fo a
power source {(not shown). The magnets 296 are configured {o generate a magnelic
field in a direction perpendicular or parallel to the direction of the electric field fines
generated by the electrode assembly 216 at the first surface 234 of the substirate
support assembly 238, For example, the magnets 29¢ may be configured to
generate a magnetic field in the x-direction when the electric field generated by the
glectrode assembly 216 is in the y-direction. The magnetic field drives the charged
species 355 (shown in Figure 2) and polarized species (not shown) generated by the
photoacid generators in the photoresist layer 250 in a direction perpendicular to the
magnetic field, such as the direction paraliel with the latent image lines 255 By
driving the charged species 355 and polarized species in a direction parallel with the
latent image lines 255, line roughness may be reduced. The uniform directional
movement of the charged species 355 and polarized species s shown by the double
headed arrow 370 in Figure 3. In conirast, when a magnetic field is not applied, the
charged species 355 and polarized species may move randomly, as shown by the

arrows 370,

[6031] Continuing to refer to Figure 3, the electrode assembly 216 includes at
least the first electrode 258 and the second electrode 260. The first elecirode 258
includes a first terminal 310, a first support structure 330, and one or more antennas

320. The second elecirode 260 includes a second terminal 311, a second support
10
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structure 331, and one or more antennas 321. The first terminal 310, the first
support structure 330, and the one or more antennas 320 of the first electrode 258
may form a unitary body. Alternatively, the first electrode 258 may include separate
portions that may be coupled together. For example, the one or more antennas 320
may be detachable from the first support structure 330, The second electrode 260
may similarly be a unitary body or be comprised of separate detachable
components.  The first electrode 258 and the second electrode 260 may be
fabricated by any suitable technigue. For example, the first elecirode 258 and the
second electrode 260 may be fabricated by machining, casting, or additive

manufacturing.

[0032] The first support structure 330 may be made from a conductive material,
such as metal. For example, the first support structure 330 may be made of silicon,
polysilicon, silicon carbide, molybdenum, aluminum, copper, graphite, silver,
platinum, gold, palladium, zinc, other materials, or mixiures thereof. The first
suppaort structure 330 may have any desired dimensions. For example, the length L
of the first support structure 330 may be between about 25 mm and about 450 mm,
for example, between about 100 mm and about 300 mm. In some embodiments,
the first support structure 330 has a length L approximately equal to a diameter of a
standard semiconductor substrate. In other embodiments, the first support structure
330 has a length L that is larger or smaller than the diameter of a standard
semiconductor substrate. For example, in different representative embodiments, the
tength L of the first support structure 330 may be about 25 mm, about 51 mm, about
76 mm, about 100 mm, about 150 mm, about 200 mm, about 300 mm, or about 450
mm.  The width W of the first support structure 330 may be between about 2 mm
and about 25 mm. In other embodiments, the width W of the first support structure
330 is less than about 2 mm. In other embodiments, the width W of the first support
structure 330 is greater than about 25 mm. The thickness of the first support
structure 330 may be between asbout 1 mm and about 10 mm, such as between
about 2 mm and about 8 mm, such as about 5 mm. In some embodiments, the first
support structure 330 may be sguare, cylindrical, rectangular, oval, rods, or other

shapes. Embodiments having curved exterior surfaces may avoid arcing.

11
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[0033] The support structure 330 may be made of the same materials as the
second support structure 331, The range of dimensions suitable for the first support
structure 330 is also suitable for the second support structure 331, In some
embodiments, the first support structure 330 and the second support structure 331
are made of the same material. In other embodiments, the first support structure
330 and the second support structure 331 are made of different materials. The
lengths L, widths W, and thicknesses of the first support structure 330 and the

second support struciure 331 may be the same or different.

[6034] The one or more antennas 320 of the first electrode 258 may also be
made from a conductive material. The one or more antennas 320 may be made
from the same materials as the first support structure 330. The one or more
antennas 320 of the first electrode 258 may have any desired dimensions. For
example, a length L1 of the one or more antennas 320 may be between about 25
mm and about 450 mm, for example, between about 100 mm and about 300 mm. In
some embodiments, the first support structure 330 has a length L1 approximately
equal to the diameter of a standard substrate. In other embodimenis, the length L1
of the one or more antennas 320 may be between about 75% and 90% of the
diameter of g standard substrate. A width W1 of the one or more antennas 220 may
be batween about 2 mm and about 25 mm. In other embodiments, the width W1 of
the one or more antennas 320 s less than about 2 mm. In other embodiments, the
width W1 of the one or more antennas 320 is greater than about 25 mm. The
thickness of the one or more antennas 320 may be betweaen about 1 mm and about
10 mm, such as between about 2 mm and about 8 mm. The one or more antennas
320 may have a cross-section that 1s square, rectangular, oval, circular, cylindrical,

or another shape. Embodiments having round exterior surfaces may avoid arcing.

[0035] Each of the antennas 320 may have the same dimensions. Alternatively,
some of the one or more antennas 320 may have different dimensions than one or
more of the other antennas 320. For example, some of the one or more antennas
320 may have different lengths L1 than one or more of the other antennas 320.

Each of the one or more antennas 320 may be made of the same material. in other

12
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embodiments, some of the antennas 320 may be made of a different material than

other antennas 320.

[0036] The antennas 321 may be made of the same range of materials as the
antennas 320. The range of dimensions suitable for the antennas 320 is also
suitable for the antennas 321. In some embodiments, the antennas 320 and the
antennas 321 are made of the same material. In other embodiments, the antennas
320 and the antennas 321 are made of different materials. The lengths L1, widihs
W1, and thicknesses of the antennas 320 and the antennas 321 may be the same or

different.

[6037] The antennas 320 may inciude between 1 and about 40 antennas 320.
For example, the antennas 320 may include between about 4 and about 40
antennas 320, such as between sbout 10 and about 20 antennas 220. In other
embodiments, the antennas 320 may include more than 40 antennas 320. In some
embodiments, each of the antennas 320 may be substantially perpendicular to the
first support structure 330, For example, in embodiments where the first support
structure 330 s straight, each antenna 320 may be substantially paraliel {0 the first
support structure 330, Each of the antennas 320 may be substantially paralle! to
each of the other antennas 320. Each of the antennas 321 may be similarly

positioned with respect to the support structure 331 and each other antenna 321.

[6038] Each of the antennas 320 has a terminal end 323. Each of the antennas
321 has a terminal end 325 A distance C is defined between the first support
structure 330 and the terminal end 325 A distance C' is defined between the
second support struciure 331 and the terminal end 323. Each of the distances C
and C' may be between about 1 mm and about 10 mm. In other embodiments, the
distances C and €' may be less than about 1 mm or greater than about 10 mm. In
some embodiments, the distance C and the distance € are equal In other

embodiments, the distance C and the distance C are different.

[0033] A distance A is defined between facing surfaces of one of the antennas
321 and an adjacent one of the aniennas 321. The distance A’ is defined between

facing surfaces of one antenna 320 and an adjacent one the antennas 320. The
13
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distances A and A’ may be greater than about &6 mm. For example, the distances A
and A" may be between about 6 mm and about 20 mm, such as between about 10
mm and about 15 mm. The distances A and A’ between each adjacent antennas
321, 320 may be the same or different. For example, the distances A’ between the
first and second, second and third, and third and fourth antennas of the one or more
antennas 320 may be different. In other embodiments, the distances A’ may be the

same.

[6048] A distance B is defined between facing surfaces of one of the antennas
320 and an adjacent one of the antennas 321. The distance B may be, for example,
greater than about 1 mm. For exampile, the distance B may be between about 2 mm
and about 10 mm, such as between about 4 mm and about &6 mm. The distance B
defined between may be the same, each distance B may be different, or some
distances B may be the same and somae distances B may be different. Adjusting the

distance B allows for easy conirol of the electric field strength.

[0041] The antennas 320, 321 may be oriented in an alternating arrangement
above the pholtoresist layer 250, For example, the antennas 320 of the first
electrode 258 and the antennas 321 of the second electrode 260 may be positioned
such thai at least one of the antennas 320 is positioned between two of the
antennas 321. Additionally, at least one antenna 321 may be positioned between
two of the antennas 320. In some embodiments, all but one of the antennas 320 is
pasitionad between two of the antennas 321, In those embodiments, all but one of
the antennas 321 may be positioned belween two of the antennas 320. In some
embodiments, the antennas 320 and the antennas 321 may each have only one

antasnna.

[0042] in some embodimenis, the first electrode 258 has a first terminal 310, and
the second electrode 260 has a second terminal 311, The first terminal 310 may be
a contact between the first electrode 358 and the power source 270, the power
supply 275, or a ground. The second terminal 311 may be a contact between the
second electrode 260 and the power source 270, the power source 270, or a

ground. The first terminal 310 and the second terminal 311 are shown as being at
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one end of the first electrode 258 and the second electrode 260, respeciively. In
other embodiments, the first terminal 310 and the second terminal 311 may be
positioned at other locations on the first electrode 258 and the second elecirode,
respectively. The first terminal 310 and the second terminal 311 have different
shapes and sizes than the first support structure 330 and the support structure 331,
respectively. In other embodiments, the first terminal 310 and the second terminal
311 may have generally the same shapes and sizes as the first support structure

330 and the support structure 331, respecitively.

[0043] it operation, a voltage may be supplied from a power supply, such as the
power souwrce 270, the power source 274, or the power supply 275, to the first
terminal 310, the second terminal 311, and/or the substrate support assembly 238
The supplied voltage creates an electric field between each antenna of the one or
more antennas 320 and each antenna of the one or more antennas 321. The
glectric field will be strongest between an antenna of the one or more antennas 320
and an adiacent antenna of the one or more antennas 321. The interleaved and
aligned spatial relationship of the antennas 320, 321 produces an electric field in a
direction paraliel to the plane defined by the first surface 234 of the subsirate
support assembly 238. The substrate 240 is positioned on the first surface 234 such
that the latent image lines 255 are parallel 1o the electric field lines generaied by the
electrode assembly 216. Since the charged species 355 are charged, the charged
species 355 are affected by the electric field. The electric field drives the charged
species 355 generated by the photoacid generators in the photoresist layer 250 in
the direction of the electric field. By driving the charged species 355 in a direction
parallel with the latent image lines 255, line edge roughness may be reduced. The
uniform directional movement is shown by the double headed arrow 370, In
contrast, when a voltage is not applied to the first terminal 310 or the second
terminal 311, an electric field is not created {o drive the charged species 355 in any
particular direction. As a result, the charged species 355 may move randomly, as

shown by the arrows 370", which may result in wariness or line roughness.

[0044] Figure 4 depicts a film structure 404 disposed on a substrate 400 during a

ithography exposure process. A photoresist layer 407 is disposed on the film
15
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structure 404, The film structure 404 includes an underiayer 405 disposed on a
hardmask layer 403 and further on a target layer 402. The target layer 402 is later
patterned for forming the desired device features in the target layer 402, In one
example, the underlayer 405 may be an organic material, an inorganic material, or a
mixture of organic or inorganic materials. In the embodiment wherein the underlayer
405 is an organic material, the organic material may be a cross-linkable polymeric
material that may be coated onto the substrate 400 through a spin-on process, and
then thermally cured so that the photoresist layer 407 may be later applied thereon.
in the embodiment wherein the underlayer 405 is an inorganic material, the
inorganic material may be a dielectric material formed by any suitable deposition

technigues, such as CVD, ALD, PVD, spin-on-coating, spray coating or the like.

[0045] The underlayer 405 functions as a planarizing layer, an antireflective coat
and/or photoacid direction controller, which may provide etch resistance and line
edge roughness control when transferring the patiern into the underlying hardmask
layer 403 and the target layer 402, The patterning resistant functionality from the
underiayer 405 may work with the underiying hardmask layer 403 during the transfer
of the resist process. In one example, the underlayer 405 does not interact with the
photoresist layer 407 and does not have interfacial mixing andfor diffusion or cross

contamination with the photoresist layer 407.

[00486] The underlayer 405 includes one or more additives, such as acid agents,
(e.g., photoacid generators (PAGS) or acid catalyst), base agents, adhesion
promoters or photo-sensitive components. The one or more additives may be
disposed in organic solvent or resin andfor an inorganic matrix material. Suitable
examples of the acid agents including photoacid generators (PAGs) and/or acid
catalyst selected from a group consisting of sulfonic acids (e.g., p-ioluenesulfonic
acid, styrene sulfonic acid), sulfonates (eg., pyridinium p-toluenesulfonate,
pyridinium  trilluoromethanesulfonate, pyridinium  3-nitrobenzensulfonate), and
mixtures thereof. Suitable organic solvent may include homo-polymers or higher
polymers containing two or more repeating units and polymeric backbone. Suitable
examples of the organic scivent include, but are not limited to, propyleng glycol

methyl ether acetate (PGMEA), ethyl lactate (EL), propyiene glycol methyl ether
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(PGME), propylene glycol n-propyl ether (PnP), cyclohexanone, acstone, gamma

butyrolactone (GBL), and mixtures thereof.

[0047] In one example, the underiayer 405 provides aclive acid agents, base
agents or ronoic/non-ironic specias during the ithographic exposure process, pre-
or post- exposure baking process, {o assist control the photoacid flowing direction

from the upper photoresist layer 407,

[0048] The hardmask layer 403 may be an ARC layer fabricated from a group
consisting of silicon oxide, silicon nifride, silicon oxynitride, silicon carbide,
amorphous carbon, doped amorphous carbon, TECS oxide, USG, SOG, organic
silicon, oxide containing material titanium nitride, titanium oxynitride, combinations

thereof and the like.

[0049] The photoresist layer 407 may be a positive-tone photoresist and/or a
negative-tone photoresist that are capable of undergoing a chemically amplified

reaction. The photoresist layer 407 is a polymer organic material.

[6050] As discussed above, an electric field from the elecirode 116, as well as a
magnetic field from the magnets 296, may be applied during a lithography exposure
proceass, pre- or post- exposure baking process, particularly, a post exposure baking
process. In the example depicted in Figure 4, the electric field and/or and magnetic
fieid is applied during a lithography exposure process. During the lithographic
axposure process, a light radiation 412 is directed 1o a first region 408 of the
photoresist layer 407 while with a second region 406 of the photoresist layer 407
protected by a photomask 410. Photoacid, shown as ¢ in Figure 4, is generated in
the exposad first region 408 in the photoresist layer 407 when photoacid generator
(PAG) is exposed to the light radiation 412, such as a UV light radiation. However,
oftentimes, movement of photoacid are generally random and photoacid distribution
may not be evenly distributed in the first region 408 or may not have a clear
boundary set an the interface 430 formed in a plane (interfaced with the second
region 406) defining between the first region 408 and the second region 406,
resuiting in portion of photoacid drifting and diffusing into the second region 406, as

shown in the arrow 422, unintended {o have photoacid generation. As such, lateral
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photoacid movement {g.g., a direction paraliel to a planar surface of the substrate
400) drifted into the second region 406, as shown in the arrow 422, may result in line
edge roughness, resolution loss, photoresist footing, profile deformation, thus
causing inaccurate feature transfer to the underlying target layer 402 andfor

eventually leading to device failure.

[0051] Although the example discussed here is shown as the movement of
electrons from the photoacid, it is noted that any suitable species, including charges,
charged particles, photons, wons, electrons, or reactive species in any forms, may
aiso have similar effects when the electric field is applied to the photoresist layer
407,

[0052] By applying an electric field and/or magnetic field (o the photoresist layer
407, distribution of photoacid in the exposed first region 408 may be efficiently
controlied and confined. The electric field as applied to the photoresist layer 407
may move photoacid in a vertical direction (e.g., y direction shown by arrows 416
and 420 substantially perpendicular to the planar surface of the substrate 400) with
minimal lateral motion {e.g., x direction shown by the arrow 422) without diffusing
into the adjacent second region 406. Generally, photoacid may have certain polarity
that may be effected by the electric field or magnetic field applied thereto, thus
orienting photoacid in certain directions, thus creating a desired directional
movement of the photoacid in the exposed first region 408 without crossing into the
adjacent protectad second region 406. In one example, the photoacid may further be
controlled to move directionally at a longitudinal direction (g.g., z direction shown by
arrow 428, defined in a plane interfaced with the second region 406 of the
photoresist layer 407 protected by the photomask 410) along a lateral plane, as
shown by arrow 414, so as {o control the longitudinal distribution of photoacid
confined in the exposed first region 408 without crossing at a x direction, as shown
by arrow 422, into the second region 406 of the photoresist layer 407. The magnetic
field generated to the photoresist layer 407 may cause the electrons o orbit along a
certain magnetic line, such as the longitudinal direction {e.g., z direction shown by
arrow 428) so as to further control the photoacid in a desired three-dimensional

distribution. The interaction between the magnetic field and the electric field may
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optimize trajectory of photoacid at a certain path as desired and confined in the
exposed first region 408. Furthermore, vertical photoacid movement is desired {o
smooth out standing waves that are naturally produced by the light exposure tool,
thus enhancing exposure resoelution. In one embodiment, an electric field having a
strength between about 0.1 MV/im and about 100 MV/m may be applied to the
photoresist layver 407, during a lithographic exposure process, pre- or post baking
procass, to confine photoacid generated in the photoresist layer 407 in a vertical
direction, e.g., at a y direction. In one embodiment, a magnetic field of between 0.1
Tesla (T) and 10 Tesla {T), along with the electric field, may be applied to the
photoresist layer 407, during a lithographic exposure process, pre- or post baking
process, to confine photoacid generated in the photoresist layer 407 in both
longitudinal direction and vertical direction, e.g., at y and z directions, with minimum
lateral direction, e.g., at x direction. While in combination of the magnetic field along
with the electric figld, the pholoacid as generated may be further confined to be
distributed in the longitudinal direction, e.g., in the direction shown by the arrow 428,
remaining in the first region 408 of the photoresist layer 407, parallel along the

interface 430 within the exposed first region 408.

[0053] Figure & depicts another profile of photoacid distribution that may be
controlled by utilizing an electric field, magnetic field, or combinations thereof o
specifically control the photoacid located at certain zones during a post exposure
baking process. The exposed region 502 of the photoresist laver 407 has chemically
altered from the first region 408 as shown in Figure 4, after the lithographic exposure
process. After the photoresist layer 407 is lithographically exposed, a post exposure
baking process is then performed to cure the photoresist layer 407, including the
exposed region 502 and the remaining regions {(e.g., shielded by the photomask
during the lithographic exposure process) in the photoresist layer 407. During the
post exposure baking process, the acid agent (e.g., such as photoacid), base agent,
or other suitable additive from the underiayer 405 may be controlled in a manner
that can assist distribution/movement of the photoacid within the photoresist layer
407 in a desired direction, as shown by the arrow 506 in Figure 5. The additive in the

underfayer 405 is diffused to the upper photoresist layer 504 during the post
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exposure baking process (or even during the lithographic exposure process), which
helps to improve the sensitivity of the photoresist layer 407 so as {o maintain a
vertical profile of the photoresist layer 407, As a result, after development and rinse,

a substantially vertical profile may be obtained in the photoresist layer 407.

[0054] in one embodiment, the additives, such as acid agents or photoacid as
one example, from the underiayar 405 may be thermally driven upwards, as shown
by the arrow 508, during the post exposure baking process so that the profile of the
photoresist layer 407 may be efficiently controlled. Furthermore, as the additives
from the underlayer 405 may be driven at a particular direction upward by the
glectric field, magnetic field, or combinations thereof during the post exposure
baking process, the electrons provided from the addiives may be controlled at
cerfain moving path, such as predominantly in a vertical direction toward the
photoresist layer 407, By doing so, the desired vertical structure may be defined and
confined in the photoresist laver 407 as needed. It is noted that the examples of the
photoresist layer 407 depicted in Figures 4-5 are formed with a straight edge profile
(e.g., a vertical sidewall). However, the profile of the photoresist layer 407 may be

formed in any desired shapes, such as a tapered or flare-cut opening as needed.

[0055] After the post exposure baking process, an anisotropic etching process, or
cther suitable patterning/etching processes, may be performed to transfer features

into the underlayer 405, the hardmask layer 403 and the target layer 402 as needed.

[0056] Figure & depicts a flow diagram of a method 600 for utilizing an underlayer
disposed under a pholoresist layer 1{o  assist  controling photoacid
distribution/diffusion in a photoresist layer during a lithographic exposure process or
during a pre- or a post- exposure baking process. The method 800 beings at
operation 602 by positioning a subsirate, such as the subsirate 400 described
above, into a processing chamber, such as the processing chamber 200 depicted in

Figures 2-3, with an electrode assembly and a magnetic assembly disposed therein.

[0057] At operation 604, after the substrate 400 is positioned, an electric field
and/or a magnetic field may be individually or collectively applied to the processing

chamber (during a lithographic exposure process andfor post exposure baking
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pracess) to control photoacid movement within in a photoresist layer having an
underiayer disposed thereunder. After the electric field and/or a magnetic field is
individuaily or collectively applied {o the photoresist layer and the underlayer
disposed on the substirate, photoacid as generated may move primarily in a vertical
direction, a longitudinal direction, a circular direction, rather than a lateral diraction.
As a result of the assistance provided by the underlaver disposed under the
photoresist layer, the photoacid movement in the photoresist layer may be efficiently

conirolled.

[0058] At operation 606, after the exposure process, a post exposure baking
process is performed to cure the photoresist layer and the underlayer. During the
baking process, an eneargy (e.q., an electric energy, thermal energy or other suitable
energy) may also be provided to the underiaver. In one exampie depicted here, the
gnergy is a thermal energy provided to the substrate during the post exposure
baking process. The additives from the underlayer may also assist controlling the
flow direction of the photoacid within the photoresist layer. By ulilizing directional
control of photoacid distribution In a predetermined path having a patterned
photoresist layer, a desired edge profile with high resolution, does sensitivity,
resistance o line collapse, and stochastics failure, and minimum ling edge
roughness may be obtained. In one example, by utilizing the underlaver structure,
the critical dimension uniformity (CDU) (g.g., critical dimension variation) may be
reduced from generally from 3 nm to 6 nm down to 1 nm to 2 nm or less, which is
about 50% to 600% uniformity improvement. The line width roughness (LWR) may
be reduced from generally from 3 nm to 5 nm down to 1 nm o 2 nm or less, which is
about 50% to 600% roughness improvement. Furthermore, a distance between a
first tip end of a first trench to a second tip end of a second trench may be reduced
from generally from 30 nm {o 50 nm down 1o 10 nm {0 20 nm. Furthermore, some
types of defects, such as corner rounding, footing, deformed profile, slanted sidewall

profile, may also be efficiently eliminated and reduced.

[0059] The previously described embodiments have many advantages, including
the following. For example, the embodiments disclosed herein may reduce or

eliminate line edge/widih roughness with high resolution and sharp edge profile. The
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aforementioned advantages are llustrative and not limiting. 1t is not necessary for

ail embodiments to have all the advantages.

[0060] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:

1. A device struciure, comprising:

a film structure disposed on a substrate; and

a plurality of openings formed in the film siructure, wherein the openings
formed across the substrate has a critical dimension uniformity between about 1 nm

and 2 nm.

2. The device structure of claim 1, wherein the opening has a line width

roughness (LWR) between about 3 nm about 5 nm.

3. The device structure of claim 1, wherein the openings in the film structure are
patternad by utilizing an underlayer while patterning the film structure, wherain the
underiayer has an acid agent selected from a group consisting of sulfonic acids,

sulfonates and mixtures thereof.

4. A method of processing a substrate, the method comprising:

applying a photoresist layer comprising a photoacid generator to on a multi-
layer disposed on a subsirate, wherein the multi-layer comprises an underlayer
formed from an organic material, inorganic matenal, or a mixture of organic and
inorganic materiails;

exposing a first portion of the photoresist layer unprotected by a photomask
to a radiation light in a lithographic exposure process; and

applying an electric field or a magnetic field to alter movement of photoacid

generated from the photoacid generator substantially in a vertical direction.

5. The method of claim 4, further comprising:
baking the photoresist layer and the underlayer; and
applying an electric field or a magnetic field while baking the photoresist layer

and the underiayer.

6. The method of claim 4, wherein the electric field or the magnetic field is

applied to the photoresist layer during the lithographic exposure process.
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7. The method of claim 5, wherein applying the electric field further comprises:
performing a pre-baking process to the photoresist layer and the underlayer
disposed on the substrate, wherein the electric field or the magnetic field is applied

to the photoresist layer during the pre-baking process.

8. The method of clam 4, wherein the underlayer comprises one or maore

additives in an organic polymer solvent.

9. The method of claim 8 wherein the additives are selecied from a group
consisting of acid agents, base agents, adhesion promoters and photo-sensitive

components.

10, The method of claim 9, wherein the additives is an acid agent selected from a

group consisting of sulfonic acids, sulfonates and mixtures thereof.

11. The method of claim 8, wherein the organic polymer solvent is selected from
a group consisting of propylene glycol methyl ether acetate (PGMEA), ethy! iactate
(EL), propylene glycol methy! sther (PGME), propylene glycol n-propyl ether (PnP),

cyclohexanone, acetone, gamma butyrolactone {(GBL), and mixtures thereof,

12.  The method of claim 4, wherein the multi-layer further comprises a hardmask

layer disposed under the underlayer and above the substrate.

13.  The method of claim 12, wherein the hardmask layer is selected from a group
consisting of silicon oxide, silicon nitride, silicon oxynitride, silicon carbide,
amorphous carbon, doped amorphous carbon, TEOS oxide, USG, SOG, organic
silicon, oxide containing material titanium nitride, titanium oxynitride, combinations

thereof.

14, The method of claim 4, further comprising:
patterning the multi-layer on the substrate; and

24
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forming a piurality of openings in the multi-layer, wherein the openings formed

across the substrate has a critical dimension uniformity between about 1 nm and 2
Fim.

15, The maethod of claim 14, wherein the opening has a line width roughness

(LWR) between about 3 nm about 5 nm.

25



PCT/US2019/055863

WO 2020/149903

175

AN

HLMMIHIIINNN

150

1

PRIOR ART)

FIG

{



A AJUN0OS HAMOd

PCT/US2019/055863

WO 2020/149903

2/5

¢ Old
vz
f diNNd
= WNNOYA
802 = ol
N KN ~ I
NS
0z
wmw AN : 8¢ Q_wm | eze
“ \ m
. .
1 /) I \ w
i N2 & _rk&g\»ﬁ | -
962 \VWM  — rﬂf o / N — 062
e — ~
/ v [lerd mmw m.wm \»\ 9T ger
SN\ S /. e [/
09z~ 06z— HOLYNLOV
N Ax//
/) N
oLz~ 082~
o0z
AlddNS H3IMOd SIOHNOS AlddNS AlddNS H3IMOd
siz—" poz—" 0rz



PCT/US2019/055863

WO 2020/149903

3/5

097 LEE~

A ANNNNNANRANNNNRNNRNNNNNN

NI

o D . \
v L .. \\ T M
~ a1 2 628 o \\
/u. = \ ] h ,,/ﬁm
— Z 076 — /f\swmm
L] |
o 7

€ Ol



WO 2020/149903

4/5

PCT/US2019/055863

408 430 420 430

FIG. 4

504 .

M/// ////,f// /
l/:'/(f/!// %LW/

508 -]

LTI TETTTLLS ‘4\~4
A S ARRARRRRAAN,
\\T”Tﬂm\\\\\\\\\\ \

\ UL

e

A

- 410
407
A\ 406
L 404
_— 403
402
400
504
07— 0
R’
05
- 403
402

SUBSTRATE 400

FIG. 5



WO 2020/149903 PCT/US2019/055863

o/5

- 600
PROVIDING A SUBSTRATE INTO [~ 602
A PROCESSING CHAMBER
PROVIDING A E-FIELD TO —~_ 604

A PHOTORESIST LAYER DISPOSED
ON AN UNDERLAYER ON

THE SUBSTRATE

BAKING THE PHOTORESIST LAYER (—~_ 606
ON THE SUBSTRATE

FIG. 6



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2019/055863

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/027(2006.01)i, HO1L 21/02(2006.01)i, GO3F 7/20(2006.01)i, HO1L 21/768(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/027; B32B 3/10; B82Y 10/00; C08G 75/00; GO3F 7/20; GO3F 7/26; HO1L 21/768

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)
cKOMPASS(KIPO internal) & Keywords: electric field, magnetic field, photoacid generator, underlayer

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2016-0011515 A1 (APPLIED MATERIALS, INC.) 14 January 2016 1-2,4-7,12-15
See paragraphs [0006]-[0007]1, [0023]1, [0051]-[0056], claims 1-3 and
figures 4A-6.
Y 3,8-11
Y US 2012-0129108 A1 (EMAD AQAD et al.) 24 May 2012 3,8-11

See paragraphs [0012]-[0016], [0036], [0058] and claims 1, 4.

A US 2010-0203299 A1 (DAVID ABDALLAH et al.) 12 August 2010 1-15
See claims 1, 15 and figure 7.

A KR 10-2017-0107592 A (APPLIED MATERIALS, INC.) 25 September 2017 1-15
See claim 11 and figure 3.

A KR 10-1647158 B1 (BREWER SCIENCE INC.) 09 August 2016 1-15
See claims 1-2, 7, 9.

|:| 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

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eartlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other 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
30 January 2020 (30.01.2020) 30 January 2020 (30.01.2020)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office JANG, Gijeong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsmlile No. +82-42-481-8578 Telephone No. +82-42-481-8364

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



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2019/055863
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016-0011515 Al 14/01/2016 US 9366966 B2 14/06/2016
US 2012-0129108 Al 24/05/2012 CN 102603586 A 25/07/2012
EP 2452932 A2 16/05/2012
JP 2012-136507 A 19/07/2012
JP 2017-008068 A 12/01/2017
KR 10-2012-0052884 A 24/05/2012
TW 201229019 A 16/07/2012
TW 1541226 B 11/07/2016
US 9156785 B2 13/10/2015
US 2010-0203299 Al 12/08/2010 CN 102308260 A 04/01/2012
CN 102308260 B 23/10/2013
EP 2396703 Al 21/12/2011
EP 2396703 Bl 10/06/2015
JP 2012-517612 A 02/08/2012
JP 5531353 B2 25/06/2014
KR 10-1628423 Bl 08/06/2016
KR 10-2011-0118781 A 01/11/2011
TW 201030804 A 16/08/2010
TW 1515767 B 01/01/2016
US 8084186 B2 27/12/2011
WO 2010-092420 Al 19/08/2010
KR 10-2017-0107592 A 25/09/2017 CN 106463355 A 22/02/2017
JP 2017-525131 A 31/08/2017
JP 2018-164076 A 18/10/2018
JP 6306747 B2 04/04/2018
JP 6582081 B2 25/09/2019
KR 10-1780407 Bl 21/09/2017
KR 10-2017-0013275 A 06/02/2017
TW 201546571 A 16/12/2015
TW 201812481 A 01/04/2018
TW 1603164 B 21/10/2017
TW 1645263 B 21/12/2018
US 2015-0355549 Al 10/12/2015
US 9377692 B2 28/06/2016
WO 2015-191209 Al 17/12/2015
KR 10-1647158 Bl 09/08/2016 CN 101971102 A 09/02/2011
CN 101971102 B 12/12/2012
EP 2245512 A2 03/11/2010
EP 2245512 B1 11/09/2019
JP 2011-514662 A 06/05/2011
JP 5357186 B2 04/12/2013
TW 200947133 A 16/11/2009
TW 1467337 B 01/01/2015
US 2009-0191474 Al 30/07/2009
US 2011-0223524 Al 15/09/2011

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2019/055863
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 8133659 B2 13/03/2012
US 8415083 B2 09/04/2013
WO 2009-097436 A2 06/08/2009
WO 2009-097436 A3 15/10/2009

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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

