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(57) Abstract: The present disclosure relates to plasma injection configurations for process chambers, and related apparatus, chamber
kits, and methods for semiconductor manufacturing. In one or more embodiments, a processing chamber applicable for use in semi-
conductor manufacturing includes one or more sidewalls, a window at least partially defining a processing volume, a substrate support
disposed in the processing volume, and one or more heat sources operable to heat the processing volume. The processing chamber
includes a flow housing disposed at least partially outwardly of the one or more sidewalls, and one or more radio frequency (RF) coils
disposed at least partially around the flow housing.
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PLASMA INJECTION CONFIGURATIONS FOR PROCESSING
CHAMBERS, AND RELATED APPARATUS, CHAMBER KITS, AND
METHODS

BACKGROUND

Field

[0001] The present disclosure relates to plasma injection configurations for
process chambers, and related apparatus, chamber kits, and methods for

semiconductor manufacturing.

Description of the Related Art

[0002] Semiconductor substrates are processed for a wide variety of
applications, including the fabrication of integrated devices and microdevices.
One method of processing substrates includes depositing a material, such as
a semiconductor material or a conductive material, on an upper surface of the
substrate. For example, epitaxy is one deposition process that deposit films of
various materials on a surface of a substrate in a processing chamber. During
processing, various parameters can affect the uniformity of material deposited

on the substrate.

[0003] However, operations (such as epitaxial deposition operations) can be
long, expensive, and inefficient, and can have limited capacity and throughput.
Operations can also be limited with respect to application modularity.
Moreover, hardware can involve relatively large dimensions that occupy higher
footprints in manufacturing facilities. Additionally, processing can involve non-
uniformities, which can involve hindered device performance and/or reduced
throughput. For example, activation of gases can be limited and/or can involve
non-uniform activation, which can cause limited and/or non-uniform film growth
and/or dopant concentration. The activation of gases can be limited, for
example, at relatively low processing temperatures for device production (such
as complementary field-effect transistor (CFET) devices). Moreover, relatively
higher processing temperatures can involve unintended dopant diffusion and/or

hindered device performance.
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[0004] Therefore, a need exists for improved apparatuses and methods in

semiconductor processing.

SUMMARY

[0005] The present disclosure relates to plasma injection configurations for
process chambers, and related apparatus, chamber kits, and methods for

semiconductor manufacturing.

[0006] In one or more embodiments, a processing chamber applicable for
use in semiconductor manufacturing includes one or more sidewalls, a window
at least partially defining a processing volume, and a substrate support
disposed in the processing volume. The processing chamber includes one or
more heat sources operable to heat the processing volume, a flow housing
disposed at least partially outwardly of the one or more sidewalls, and one or
more radio frequency (RF) coils disposed at least partially around the flow

housing.

[0007] In one or more embodiments, a chamber kit applicable for
semiconductor manufacturing includes a substrate support having a first outer
dimension, a first plate having a second outer dimension that is larger than the
first outer dimension, and a second plate. The second plate has a third outer

dimension that is larger than the second outer dimension.

[0008] In one or more embodiments, a method of substrate processing
includes heating a substrate on a substrate support to a target temperature,
flowing a first process gas to a first flow level aligning with the substrate, and

flowing a plasma to the first flow level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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 exemplary
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embodiments and are therefore not to be considered limiting of its scope, may

admit to other equally effective embodiments.

[0010] Figure 1 is a schematic side cross-sectional view of a processing

chamber, according to one or more embodiments.

[0011] Figure 2A is a schematic partial top cross-sectional view of a

processing chamber, according to one or more embodiments.

[0012] Figure 2B is a schematic side cross-sectional view of a flow housing

assembly, according to one or more embodiments.

[0013] Figures 3-5 are a schematic side cross-sectional view of a processing

chamber, according to one or more embodiments.

[0014] Figure 6 is a schematic perspective view of a side of a processing

chamber, according to one or more embodiments.

[0015] Figure 7 is a schematic block diagram view of a method of substrate
processing for semiconductor manufacturing, according to one or more

embodiments.

[0016] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0017] The present disclosure relates to plasma injection configurations for
process chambers, and related apparatus, chamber kits, and methods for
semiconductor manufacturing. In one or more embodiments, a plurality of
levels are used for gas and plasma injection. In one or more embodiments, the
plasma is used to activate gases in relatively low temperature epitaxial

deposition operations.

[0018] The disclosure contemplates that terms such as “couples,”

” o

“coupling,” “couple,” and “coupled” may include but are not limited to bonding,

3
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embedding, welding, fusing, melting together, interference fitting, and/or

fastening such as by using bolts, threaded connections, pins, and/or screws.

» o » o

The disclosure contemplates that terms such as “couples,” “coupling,” “couple,”

and “coupled” may include but are not limited to integrally forming. The

” o » o

disclosure contemplates that terms such as “couples,” “coupling,” “couple,” and
“‘coupled” may include but are not limited to direct coupling and/or indirect
coupling, such as indirect coupling through components such as links, blocks,

and/or frames.

[0019] Figure 1 is a schematic side cross-sectional view of a processing
chamber 100, according to one or more embodiments. The processing
chamber 100 is a deposition chamber. In one or more embodiments the
processing chamber 100 is applicable for semiconductor manufacturing. In one
or more embodiments, the processing chamber 100 is an epitaxial deposition
chamber. The processing chamber 100 is utilized to grow an epitaxial film on
a substrate 102, and the processing chamber 100 is used to supply a plasma
for plasma operations (such as plasma-assisted film deposition, supply of ions
into the substrate 102, pre-cleaning of the substrate 102, etching of the
substrate 102, and/or cleaning of the processing chamber 100). In one or more
embodiments, the processing chamber 100 creates a cross-flow of precursors
across a top surface 150 of the substrate 102. The processing chamber 100 is

shown in a processing condition in Figure 1.

[0020] The processing chamber 100 includes an upper body 156, a lower
body 148 disposed below the upper body 156, and a flow module 112 disposed
between the upper body 156 and the lower body 148. The upper body 156, the
flow module 112, and the lower body 148 form a chamber body. Disposed
within the chamber body is a substrate support 106, a plate 108, one or more
heat sources 141, 143, and a window 110 (e.g., a lower window, for example a
lower dome). The window 110 is formed of an energy transmissive material,
such as transparent quartz. In one or more embodiments, the plate 108 is a
window, such as an upper window, for example an upper dome. In such an
embodiment, the plate 108 can be formed of an energy transmissive material,

such as transparent quartz. The one or more heat sources 141, 143 include a

4
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plurality of lower heat sources 143 operable to heat a processing volume 136
from one side of the substrate 102 (e.g., from below the substrate 102). In one
or more embodiments, the one or more heat sources 141, 143 include a
plurality of upper heat sources 141 operable to heat the processing volume 136
from a second side of the substrate 102 (e.g., from above the substrate 102).
The chamber body and the plate 108 at least partially define the processing
volume 136. In one or more embodiments, the heat sources 141, 143 include
lamps (such as halogen lamps or UV lamps). The present disclosure
contemplates that other heat sources may be used (in addition to or in place of
the lamps) for the various heat sources described herein. For example,
resistive heaters, microwave powered heaters, light emitting diodes (LEDs),
lasers (e.g., laser diodes), and/or or any other suitable heat source singly or in

combination may be used for the various heat sources described herein.

[0021] The substrate support 106 is disposed in the processing volume 136
and between the plate 108 and the window 110. The substrate support 106 is
disposed between the one or more heat sources 141, 143, and the substrate
support 106 supports the substrate 102. The plate 108 is disposed between
the substrate support 106 and a lid 154 of the processing chamber 100. In one
or more embodiments, the substrate support 106 includes a susceptor. Other
substrate supports (including, for example, a substrate carrier and/or one or
more ring segment(s) that support one or more outer regions of the substrate
102) are contemplated by the present disclosure. The upper heat sources are
disposed between the lid 154 and the plate 108. The plurality of lower heat
sources 143 are disposed between the window 110 and a floor 152. The
plurality of lower heat sources 143 form a portion of a lower heat source module
145.

[0022] The processing volume 136 and a purge volume 138 are between
the plate 108 and the window 110. The processing volume 136 and the purge
volume 138 are part of an internal volume of the processing chamber 100. One

or more liners 111, 163 are disposed inwardly of the chamber body.

[0023] The substrate support 106 includes a top surface on which the

substrate 102 is disposed. The substrate support 106 is coupled to a shaft 118.
5
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In one or more embodiments, the substrate support 106 is coupled to the shaft
118 through one or more arms 119 coupled to the shaft 118. The shaft 118 is
coupled to a motion assembly 121. The motion assembly 121 includes one or
more actuators and/or adjustment devices that provide movement and/or
adjustment for the shaft 118 and/or the substrate support 106 within the

processing volume 136.

[0024] The substrate support 106 may include lift pin holes 107 disposed
therein. The lift pin holes 107 are each sized to accommodate a lift pin 132 for
lifting of the substrate 102 from the substrate support 106 before or after a
deposition process is performed. The lift pins 132 may rest on lift pin stops 134
when the substrate support 106 is lowered from a process position to a transfer
position. The lift pin stops 134 can include a plurality of arms 139 that attach
to a shaft 135.

[0025] The flow module 112 includes one or more gas inlets 114 (e.g., a
plurality of gas inlets), one or more purge gas inlets 164 (e.g., a plurality of
purge gas inlets), and one or more gas exhaust outlets 116. The one or more
gas inlets 114 are part of an inject portion 113 of the chamber body, and the
one or more gas exhaust outlets 116 are part of an exhaust portion 115 of the
chamber body. The one or more gas inlets 114 and the one or more purge gas
inlets 164 are disposed on the opposite side of the flow module 112 from the
one or more gas exhaust outlets 116. A pre-heat ring 117 is disposed below
the one or more gas inlets 114 and the one or more gas exhaust outlets 116.
The pre-heat ring 117 is disposed above the one or more purge gas inlets 164.
The pre-heat ring 117 can include a complete ring or one or more ring
segments. The one or more liners 111, 163 are disposed on an inner surface
of the flow module 112 and protects the flow module 112 from reactive gases
used during deposition operations and/or cleaning operations. The gas inlet(s)
114 and the purge gas inlet(s) 164 are each positioned to flow a respective one
or more process gases P1 and one or more purge gases P2 parallel to the top
surface 150 of a substrate 102 disposed within the processing volume 136. The
gas inlet(s) 114 are fluidly connected to one or more process gas sources 151

and one or more cleaning gas sources 153. The purge gas inlet(s) 164 are
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fluidly connected to one or more purge gas sources 162. The one or more gas
exhaust outlets 116 are fluidly connected to an exhaust pump 157. The one or
more process gases P1 supplied using the one or more process gas sources
151 can include one or more reactive gases (such as one or more of silicon
(Si), phosphorus (P), and/or germanium (Ge)) and/or one or more carrier gases
(such as one or more of nitrogen (N2) and/or hydrogen (Hz2)). The one or more
purge gases P2 supplied using the one or more purge gas sources 162 can
include one or more inert gases (such as one or more of argon (Ar), helium
(He), and/or nitrogen (N2)). One or more cleaning gases supplied using the one
or more cleaning gas sources 153 can include one or more of hydrogen (H)
and/or chlorine (Cl). In one or more embodiments, the one or more process
gases P1 include silicon phosphide (SiP) and/or phosphine (PHs), and the one

or more cleaning gases include hydrochloric acid (HCI).

[0026] One or more plasma gas sources 158 are also fluidly connected to
the gas inlet(s) 114. The one or more plasma gas sources 158 supply one or
more plasma precursor gases that can be ignited into a plasma. A flow housing
171 is disposed at least partially outward of the flow module 112 and is fluidly
connected to the flow module 112 through one or more flow channels 170
disposed between the flow housing 171 and the gas inlet 114. One or more
radio frequency (RF) coils 172 is disposed at least partially around the flow
housing 171. For example, the one or more RF coils 172 can be wound around
the flow housing 171. As a plasma gas P3 flows from the plasma gas source
158 and through the flow housing 171, the one or more RF coils ignite the
plasma gas P3 into a plasma PS1 which then flows through the one or more
flow channels 170 and into the gas inlet 114. The one or more flow channels
170 can be formed, for example, in one or more gas boxes. RF current flows
through the one or more RF coils while the gas P3 flows, which applies a
voltage across the gas P3 to ignite the gas P3 into the plasma PS1. The
present disclosure contemplates that an ion filter can be positioned such that
the ion filter filters ions from the plasma PS1 prior to the plasma PS1 flowing
over the substrate 102. The ion filter can include a conductive material
including, for example, silicon carbide (SiC), molybdenum, tungsten, stainless
steel, and/or aluminum (such as anodized aluminum). The ion filter can include
7
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an ion blocker plate. The one or more plasma gases P3 supplied using the one
or more plasma gas sources 158 can include one or more precursor gases to
generate plasma such as Xenon (Xe2), Neon (Nez), Helium (Hez2) Fluorine (F2),
Krypton (Kr2), and/or any mixtures of the thereof (such as Krypton Fluoride
(KrF). In one or more embodiments, the plasma gas P3 includes one or more
silicon-containing gases (e.g., silane, dichlorosilane (DCS), trichlorosilane
(TCS), disilane (DS), and/or tetraclorosilane) mixed with a carrier gas (e.g.,
argon, hydrogen, and/or helium). In one or more embodiments, the plasma gas
P3 includes one or more dopant gases, such as germane, diborane, and/or
phosphorous. Other gases are contemplated for the plasma gas P3. Other

precursor gases are contemplated to generate the plasma.

[0027] The one or more gas exhaust outlets 116 are further connected to or
include an exhaust system 109. The exhaust system 109 fluidly connects the
one or more gas exhaust outlets 116 and the exhaust pump 157. The exhaust
system 109 can assist in the controlled deposition of a layer on the substrate
102. The exhaust system 109 is disposed on an opposite side of the processing

chamber 100 relative to the flow module 112.

[0028] The processing chamber 100 includes the one or more liners 111,
163 (e.g., a lower liner 111 and an upper liner 163). The flow module 112
(which can be at least part of a sidewall of the processing chamber 100)
includes the one or more gas inlets 114 in fluid communication with the
processing volume 136. The one or more gas inlets 114 are in fluid
communication with one or more flow gaps between the upper liner 163 and a

lower liner 111.

[0029] During a deposition operation (e.g., an epitaxial growth operation),
the one or more process gases P1 flow through the one or more gas inlets 114,
through the one or more gaps, and into the processing volume 136 to flow over
the substrate 102.

[0030] The present disclosure also contemplates that the one or more purge
gases P2 can be supplied to the purge volume 138 (through the one or more

purge gas inlets 164) during the deposition operation, and exhausted from the

8
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purge volume 138. The one or more purge gases P2 flow simultaneously with
the flowing of the one or more process gases P1. The one or more process
gases P1 are exhausted through gaps between the upper liner 163 and the
lower liner 111, and through the one or more gas exhaust outlets 116. The one
or more purge gases P2 can be exhausted through one or more outlet
openings, and through the same one or more gas exhaust outlets 116 as the
one or more process gases P1. The present disclosure contemplates that that
the one or more purge gases P2 can be separately exhausted through one or
more second gas exhaust outlets that are separate from the one or more gas

exhaust outlets 116.

[0031] During a cleaning operation, one or more cleaning gases flow
through the one or more gas inlets 114, through the one or more gaps (between
the upper liner 163 and the lower liner 111), and into the processing volume
136.

[0032] The present disclosure contemplates that the plasma PS1 and the
one or more process gases P1 can flow simultaneously and/or sequentially with
respect to each other. In one or more embodiments during the cleaning
operation the plasma gas P3 is flowed through the flow housing 171
simultaneously with the process gases P1 (the plasma gas P3 can be flowed
with the process gases P1 or separately from the process gases P1), or before
or after the flowing of the one or more process gases P1. The plasma PS1 may
flow into the processing volume 136 before the processing gas P1 to pre clean
the substrate 102. The plasma may flow into the processing volume 136 after
the process gases P1 in order to clean the processing volume 136 after
deposition operations. In one or more embodiments, the plasma gas P3 flows
simultaneously with the process gases P1 through the flow housing 171. The
plasma PS1 and the process gases P1 may flow into the processing volume
136 simultaneously where the plasma PS1 may assist in the deposition
operation by facilitating activation of the process gas(es) P1 (e.g., by breaking
bonds of the process gas(es) P1. The present disclosure contemplates that a

voltage and/or a frequency of RF power 199 applied to the one or more RF coils
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172 can be varied and/or pulsed. The frequency can involve a single frequency

or multiple frequencies. The multiple frequencies can be combined.

[0033] The processing chamber 100 includes one or more sensor devices
195, 196, 197, 198 (e.g., metrology sensors, and/or temperature sensors)
configured to measure parameter(s) (e.g., temperature(s)) within the
processing chamber 100 and/or metrology parameter(s) of the substrate 102).
In one or more embodiments, the one or more sensor devices 195, 196, 197,
198 include a central sensor device 196 and one or more outer sensor devices
195, 197, 198. A controller 190 (described below) can control the one or more
sensor devices 195, 196, 197, 198, and can conduct method(s) analyzing
uniformity of substrate processing using at least one of the one or more sensor
devices 195, 196, 197, 198. In one or more embodiments, the one or more
sensor devices 195, 196, 197, 198 each include a sensor that includes one or
more of silicon (Si), carbon (C), gallium (Ga), and/or nitrogen (N). In one or
more embodiments, the one or more sensor devices 195, 196, 197, 198 each
include a silicon sensor, a silicon carbide (SiC) sensor, and/or a gallium nitride
(GaN) sensor. In one or more embodiments, one or more of the sensor devices
195, 196, 197, 198 is a pyrometer and/or optical sensor, such as an optical
pyrometer. The present disclosure contemplates that sensor devices other
than pyrometers may be used, and/or one or more of the sensor devices 195,
196, 197, 198 can measure properties (such as metrology properties) other
than temperature. For example, one or more of the sensor devices 195, 196,
197, 198 can measure one or more gas parameters and/or one or more plasma
parameters (such as ion density, electron temperature, electron density, ion
energy and angle distribution, enthalpy, radical density, and/or absorption). In
one or more embodiments, one or more of the sensor devices 195, 196, 197,
198 include a residual gas analyzer, an optical emission spectrometer, an
enthalpy probe, a Langmuir probe, Faraday cup, and/or an absorption

spectrometer.

[0034] In one or more embodiments, the one or more sensor devices 195,
196, 197, 198 include one or more upper sensor devices 196, 197, 198

disposed above the substrate 102 and adjacent the lid 154, and one or more

10
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lower sensor devices 195 disposed below the substrate 102 and adjacent the
floor 152. The present disclosure contemplates that at least one of the one or
more lower sensor devices 195 can be vertically aligned below at least one of

the upper sensor devices 196, 196, 197 (such as outer sensor device 197).

[0035] The present disclosure contemplates that all sensor devices can be
disposed above the plate 108 and/or on or adjacent to the lid 154. For example,

the one or more lower sensor devices 195 can be omitted.

[0036] Each sensor device 195, 196, 197, 198, can be a single-wavelength
sensor device or a multi-wavelength (such as dual-wavelength) sensor device.
In one or more embodiments, the processing chamber 100 includes any one,
any two, or any three of the four illustrated sensor devices 195, 196, 197, 198.
In one or more embodiments, the processing chamber 100 includes one or
more additional sensor devices, in addition to the sensor devices 195, 196, 197,
198. In one or more embodiments, the process chamber 100 may include
sensor devices disposed at different locations and/or with different orientations
than the illustrated sensor devices 195, 196, 197, 198.

[0037] As shown, a controller 190 is in communication with the processing
chamber 100 and is used to control processes and methods, such as the
operations of the methods described herein. The controller 190 is configured
to receive data or input as sensor readings from sensor(s) (such as one or more
of the sensor devices 195, 196, 197, 198). The sensor devices can include, for
example: sensor devices that monitor growth of layer(s) on the substrate 102;
and/or sensor devices that monitor temperatures of the substrate 102, the pre-
heat ring 117, the substrate support 106, and/or the liners 111, 163. As an
example, one or more sensor devices 195, 196, 197, 198 can measure
temperatures of the substrate 102 and/or the pre-heat ring 117, and power to
the one or more heat sources 141, 143 and/or the energy source 176 can be
controlled based on the measured temperatures (e.g., using a feedback
control). As described the one or more sensor devices can include, for example
pyrometers. In one or more embodiments, one or more thermocouples (e.g.,
proximity thermocouples) can be used in addition to or in place of the

pyrometers, and power to the one or more heat sources 141, 143 and/or the
11
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energy source 176 can be controlled based on the measured temperatures

(e.g., using a feedback control).

[0038] The controller 190 includes a central processing unit (CPU) 193 (e.g.,
a processor), a memory 191 containing instructions, and support circuits
192 for the CPU 193. The controller 190 controls various items directly, or via
other computers and/or controllers. In one or more embodiments, the controller
190 is communicatively coupled to dedicated controllers, and the controller 190

functions as a central controller.

[0039] The controller 190 is of any form of a general-purpose computer
processor that is used in an industrial setting for controlling various substrate
processing chambers and equipment, and sub-processors thereon or therein.
The memory 191, or non-transitory computer readable medium, is one or more
of a readily available memory such as random access memory (RAM), dynamic
random access memory (DRAM), static RAM (SRAM), and synchronous
dynamic RAM (SDRAM (e.g., DDR1, DDR2, DDR3, DDR3L, LPDDRS3, DDRA4,
LPDDR4, and the like)), read only memory (ROM), floppy disk, hard disk, flash
drive, or any other form of digital storage, local or remote. The support
circuits 192 of the controller 190 are coupled to the CPU 193 for supporting the
CPU 193. The support circuits 192 include cache, power supplies, clock
circuits, input/output circuitry and subsystems, and the like. Operational
parameters (e.g., a power supplied to the one or more heat sources 141, 143
and/or the one or more RF coils 172, a cleaning recipe, and/or a processing
recipe) and operations are stored in the memory 191 as a software routine that
is executed or invoked to turn the controller 190 into a specific purpose
controller to control the operations of the various chambers/modules described
herein. The controller 190 is configured to conduct any of the operations (such
as operations of the method 700) described herein. The instructions stored on
the memory, when executed, cause one or more of the operations (such as
operations of the method 700) described herein to be conducted in relation to
the processing chamber 100. The controller 190 and the processing chamber

100 are at least part of a system for processing substrates.

12
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[0040] The various operations described herein can be conducted
automatically using the controller 190, or can be conducted automatically or

manually with certain operations conducted by a user.

[0041] The controller 190 is configured to control power to the one or more
heat sources 141, 143 and/or the energy source 176, the deposition, the
cleaning, the rotational position, the heating, and gas flow through the
processing chamber 100 by providing an output to the controls for the sensor
devices 195, 196, 197, 198, the one or more heat sources 141, 143 and/or the
energy source 176, the process gas source 151, the purge gas source 162, the

motion assembly 121, and/or the exhaust pump 157.

[0042] During processing, in one or more embodiments, the substrate 102
is heated to a target temperature of 400 degrees Celsius or higher, or 600
degrees Celsius or less. In one or more embodiments, the target temperature
for the substrate 102 is within a range of 380 degrees Celsius to 600 degrees
Celsius, for example 400 degrees Celsius to 500 degrees Celsius. In one or
more embodiments, the target temperature for the substrate 102 is less than
500 degrees Celsius. In one or more embodiments, the target temperature for
the substrate 102 is 400 degrees Celsius or less, such as less than 200 degrees

Celsius (for example about 150 degrees Celsius).

[0043] Figure 2A is a schematic partial top cross-sectional view of a
processing chamber 200 according to one or more embodiments. Processing
chamber 200 is similar to processing chamber 100 shown in Figure 1 and
includes one or more aspects, features, components, operations, and/or

properties thereof.

[0044] The processing chamber 200 includes a plurality of flow housings
171A, 171B, 171C. Each flow housing 171A, 171B, 171C includes one or more
RF coils 172A, 172B, 172C disposed at least partially around the respective
flow housing 171A, 171B, 171C. In one or more embodiments, the flow
housings 171A, 171B, 171C respectively include a plurality of cooling channels
271A, 271B, 271C. One or more flow channels 170 respectively connect the

flow housing 171A, 171B, 171C to the processing volume 136.
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[0045] In one or more embodiments the RF coils 172 around flow housing
are controlled independently by powering the respective RF coils 172
independently of each other. One or more power sources 199A, 199B, 199C
are connected to the RF coils 172A, 172B, 172C, and the power sources 199A,
199B, 199C can respectively control the power applied to the individual RF coils
172A, 172B, and 172C.

[0046] Figure 2B is a schematic side cross-sectional view of a flow housing
assembly 250, according to one or more embodiments. The flow housing
assembly 250 includes the flow housing 171B which contains an internal
volume 272 in order to allow the gases to pass through. Cooling channels 271
are disposed in (e.g., are formed in one or more sidewalls of) the flow housing
171 to reduce or eliminate overheating of the flow housing 171. The cooling
channels 271 may flow any cooling fluids to cool plasma apparatuses, such as
water and/or air. The RF coils 172B surround the flow housing 171 in order to

apply a voltage to the gas and ignite the gas into a plasma.

[0047] Figure 3 is a schematic side cross-sectional view of a processing

chamber 300, according to one or more embodiments.

[0048] The processing chamber 300 is similar to the processing chamber
100 shown in Figure 1, and includes one or more aspects, features,

components, operations, and/or properties thereof.

[0049] The processing chamber 300 includes a door 301 (e.g., a slit valve),
a first plate 310, a second plate 311, and one or more liners 315. The door 301
is disposed above the gas exhaust outlets 116. The one or more liners 315
may include a single liner, or a plurality of liners stacked on each other. The
first plate 310 has an outer dimension D1 that is greater than an outer
dimension D2 of the substrate support 106. The second plate 311 has an outer
dimension D3 that is greater than the outer dimension D1 of the first plate 310.
The first plate 310 and the second plate 311 are made of an opaque material
(such as white quartz, black quartz, silicon carbide, and/or graphite coated with
silicon carbide). In one or more embodiments, the first plate 310 and/or the

second plate 311 have a solid cross section across the respective outer
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dimensions D1, D3. In one or more embodiments, the second plate 311 is
opaque and the upper heat sources 141 are omitted while the lower heat
sources 143 are included in Figure 3. In one or more embodiments, the second
plate 311 is transparent and the upper and lower heat sources 141, 143 are
included in Figure 3. The second plate 311 may include at least one reflective
outer surface, such as a reflective lower surface facing the first plate 310. In
one or more embodiments, the at least one reflective outer surface has a
reflectivity greater than about 90%, such as greater than about 98% for
wavelengths of about 150 nm or higher, such as 150 nm to about 15000 nm,
such as about 700 nm to about 15000 nm, about 700 nm to 1000 nm, or about
1000 nm to about 15000 nm. In one or more embodiments, the at least one
reflective outer surface has a reflectivity greater than about 90%, such as
greater than about 98% for wavelengths in the infrared range and/or the
ultraviolet range. A plurality of spacers 312 are disposed on the top surface of
the substrate support 106 and the first plate 310. The spacers 312 can include,
for example, sleeves and/or rods. The plurality of spacers 312 help to support
and raise or lower the first plate 310 and the second plate 311 when the
substrate support 106 is raised or lowered. \WWhen the substrate support 106 is
raised the plurality of spacers 312 disposed on the substrate support 106 can
contact the bottom surface of the first plate 310 to engage and raise the first
plate 311. The raising will then cause the first plate 310 to be raised along with
the substrate support 106. The plurality of spacers 312 disposed on the top
surface of the first plate 310 will then come into contact with the bottom surface
of the second plate 311. Continued raising will cause the second plate 311 to

raise with the first plate 310 when the substrate support 106 is raised.

[0050] The present disclosure contemplates that plasma-assisted process
gas(es) P1 can flow from the side of the substrate 102, and process gas(es) P1
can flow from the side of the substrate 102 while the plasma is omitted. The
present disclosure also contemplates that the plasma-assisted process gas(es)
P1 can flow from the side of the substrate 102, and process gas(es) P1 can

flow from above the substrate 102 while the plasma is omitted.
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[0051] In one or more embodiments, the processing chamber 300 includes
the flow housing 171 and the one or more RF coils 172 as previously described.
The flow housing 171 may be disposed outwardly of the flow module 112 as
depicted in the process chamber 100 in FIG. 1, or the flow housing 171 may be
disposed at least partially inside of the flow module 112 as depicted process
chamber 300. The RF coils 172 may be disposed around the outside of the flow
housing 171 as depicted in process chamber 100 in Figure 1, or the RF coils
172 may be disposed inside of (e.g., embedded in one or more sidewalls of)

the flow housing 171 as depicted for the process chamber 300 in Figure 3.

[0052] Figure 3 depicts the process chamber 300 in a position configured
for a deposition process. During the deposition process, a process gas P1 may
flow from the process gas supply 151. The process gas P1 is flowed through
the flow housing 171 and the gas inlet 114A into a first flow level 320. In one or
more embodiments the process gas P1 flows through a second gas inlet 114B
to circumvent the flow housing 171, in addition to or in place of flowing through
the gas inlet 114A. As an example, process gas(es) that are activated without
plasma assistance can flow through the gas inlet 114A and over the substrate
102. A third plate can be disposed to at least partially fluidly isolate gas flowing
through the second gas inlet 114B from gas flowing through the gas inlet 114A.
The third plate can include one or more aspects, features, components,
operations, and/or properties of the first plate 310. The third plate can have a
smaller outer dimension than the outer dimension D1. During the deposition
process the substrate support 106 is positioned so that the substrate 102
aligned with the first flow level 320. In one or more embodiments a plasma gas
P3 flows simultaneously from a plasma gas supply 158 through the flow
housing 171, where the plasma gas P3 is ignited by the one or more RF coils
172. The plasma PS1 then flows to the first flow 320 level simultaneously with
the process gas P1, in order to assist the process gas P1 in the deposition
process. The process gas P1 and the plasma PS1 then flow to the gas exhaust
outlet 116, and out of the processing volume 136 through the common exhaust
309.
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[0053] In one or more embodiments, during the deposition process, one or
more purge gases P2 flow from the purge gas supply 162 through the purge
gas inlets 164 and a third gas inlet 114C to a second flow level 321, third flow
level 322, fourth flow level 323, and fifth flow level. The purge gases P2 may
help maintain pressure throughout the process chamber 300 to facilitate
preventing the plasma and process gases from leaking from the first flow level
320 to other areas within the process chamber 300. The purge gases P2 then
flows through the plurality gas exhaust outlets 116 into the common exhaust
309.

[0054] Figure 4 depicts the process chamber 300 during a cleaning process.
At the cleaning process the substrate support 106 is lowered so that the
substrate 102 is aligned with the second flow level 321. As the substrate
support 106 is lowered, both the first plate 310 and the second plate 311 are
lowered until the bottom surface of the second plate 311 contacts at least one
of the one or more liners 315. The second plate 311 contacts at least one of
the one or more liners 315 because the second plate has the larger outer
dimension than both the substrate support 106 and the first plate 310. The first
plate 310 is then lowered until the bottom surface of the first plate 310 contacts
at least one of the one or more liners 315 due to the first plate having a larger
outer dimension than the substrate support 106. The first plate 310 resting on
the one or more liners 315 stops the first plate 310 from being lowered further
with the substrate support 106. The first plate 310 is positioned on the one or
more liners 315 so that the first plate 310 is aligned with the first flow level 320.
The substrate support 106 is then lowered so that the substrate 102 is aligned
with the second flow level 321. A distance D within a range of about 8 mm to
about 70 mm separates the top surface of the substrate support 106 and the

bottom surface of the first plate 320.

[0055] Figure 4 depicts the process chamber 300 in a position configured
for a cleaning process. In one or more embodiments during the cleaning
process a cleaning gas P4 (or an etchant gas) may flow from the cleaning gas
supply 153. The cleaning gas P4 is flowed through the flow housing 171 and

the gas inlet 114A into a first flow level 320. In more than one embodiments,
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the cleaning gas P4 flows through the second gas inlet 114B, in addition to or
in place of flowing through the gas inlet 114A. During the cleaning process the
first plate 310 is aligned with the first flow level 320. In one or more
embodiments a plasma gas P3 flows simultaneously from a plasma gas supply
158 through the flow housing 171, where the plasma gas P3 is ignited into the
plasma PS1 by the one or more RF coils 172. The plasma PS1 then flows to
the first flow 320 level along with the cleaning gas P4, in order to assist the
cleaning gas P4 in the cleaning process. The cleaning gas P4 and the plasma
PS1 then flow to the gas exhaust outlet 116, and out of the processing volume
136 through the common exhaust 309. In one or more embodiments the
cleaning gas P4 is flowed to the first flow level while the plasma PS1 is omitted.
In one or more embodiments the plasma PS1 is flowed to the first flow level

while the cleaning gas P4 is omitted.

[0056] In one or more embodiments, during the cleaning process, one or
more purge gases P2 flow from the purge gas supply 162 through the purge
gas inlets gas inlets 164 and a third gas inlet 114C to the second flow level 321,
third flow level 322, fourth flow level 323, and fifth flow level. The purge gases
P2 may help maintain pressure throughout the process chamber 300 to ensure
that the plasma PS1 and cleaning gas P4 do not leak from the first flow level
320 to other areas within the process chamber 300. The purge gases P3 then

flow through the plurality gas exhaust outlets 116 into the common exhaust 309.

[0057] Figure 5 depicts the processing chamber 300 in a position configured
for a second deposition process. In one or more embodiments, during the
second deposition process a process gas P1 may flow from the process gas
supply 151. The process gas P1 is flowed through the third gas inlet 114C into
the second flow level 321. During the deposition process the substrate support
106 is positioned so that the substrate 102 is in line with the first flow level 321.
The process gas P1 flows across the substrate 102 to the gas exhaust outlet

116, and out of the processing volume 136 through the common exhaust 309.

[0058] In one or more embodiments, during the second deposition process,
one or more purge gases P2 flow from the purge gas supply 162 through the

purge gas inlets gas inlets 164, the second gas inlet 114B, and the gas inlet
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114A with the flow housing 171 to the first flow level 320, third flow level 322,
fourth flow level 323, and fifth flow level. The purge gases P2 may help maintain
pressure throughout the process chamber 300 to facilitate preventing the
process gas P1 from leaking from the first flow level 320 to other areas within
the process chamber 300. The purge gases P2 then flows through the plurality
of gas exhaust outlets 116 and into the common exhaust 309. The process gas
P1 of Figure 5 can be replaced with the cleaning (or etchant) gas P4, such as
to etch the substrate 107. For example, the operations of Figure 5 can etch film
deposited on the substrate 102 at Figure 3, or the operations of Figure 5 can

pre-clean the substrate 102 prior to the deposition operations of Figure 3.

[0059] Figure 6 is a schematic perspective view of a side of a processing
chamber 600, according to one or more embodiments. The processing
chamber 600 is similar to the processing chamber 100 shown in Figure 1, and
includes one or more aspects, features, components, operations, and/or

properties thereof.

[0060] The processing chamber 600 includes a remote plasma source
(RPS) 610 which is fluidly coupled to a plurality of plasma connectors 630 that
fluidly connect to a plurality of plasma inlets 620 coupled to the flow module
112. This allows for a plasma to flow from the RPS 610 into the processing
chamber 600 to assist with the deposition and/or cleaning process. The plasma
originating from the RPS 610 may be flowed separately or in conjunction with
the plasma formed in the flow housing 171 as described above. The flow
housings 171A, 171B, and 171C and the plasma connectors 630 facilitate

supplying plasma in a plurality of zones for the respective flow levels 320 321.

[0061] Figure 7 is a schematic block diagram view of a method 700 of
substrate processing for semiconductor manufacturing, according to one or

more embodiments.

[0062] Operation 701 of the method 700 includes heating a substrate
positioned on a substrate support of a processing chamber. The substrate is
disposed in a processing volume of the processing chamber. The substrate

can be heated from both sides or from one side of the substrate. The heating
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includes heating the substrate to a target temperature. In one or more
embodiments, the target temperature is less than 500 degrees Celsius. In one

or more embodiments, the target temperature is 400 degrees Celsius or less.

[0063] Operation 702 includes flowing a first process gas to a first flow level.

The first process gas flows over the substrate aligned with the first flow level.

[0064] Operation 703 includes supplying a plasma to a first flow level in a
processing volume of the processing chamber. The plasma can be generated
outside of the processing volume and then flowed into the processing volume.
For example a plasma precursor gas can flow through the flow housing 171 as
described in Figure 1. A power may then be applied to an RF coil 172 disposed
at least partially around (e.g., surrounding) the flow housing 171 to generate
the plasma. The generated plasma is then flowed to the first flow level. In one
or more embodiments, the plasma of operation 703 is supplied during the
flowing of the first process gas of operation 702, and the plasma flows over the
substrate. In one or more embodiments, the plasma of operation 703 is

supplied before or after the flowing of the first process gas of operation 702.

[0065] Operation 705 includes moving the substrate. The substrate can be

moved, for example, by lifting or lowering the substrate support.

[0066] Operation 707 includes flowing a second process gas. The second
process gas can be supplied to the first flow level or a second flow level that is

aligned with the substrate after the moving of operation 705.

[0067] Operation 708 includes maintaining the processing volume at a
pressure. In one or more embodiments, the pressure is maintained to be less
than 60 Torr, such as within a range of O Torr to 30 Torr. In one or more
embodiments, the pressure is maintained to be less than 1 Torr, such as within

arange of O Torrto 5 mTorr.

[0068] Benefits of the present disclosure include reliable gas activation
(such as at relatively low processing temperatures); adjustability of gas
activation; modularity of using plasma operations and epitaxial deposition

operations in a single chamber; modularity in chamber application; more
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uniform gas activation; temperature uniformity (e.g., temperature uniformity in
an outer region of the substrate); reduced gas consumption and gas waste;
increased growth rates; and more uniform film growth and/or dopant
concentration. As an example, ions and/or radicals can be used to activate
gases for processing in addition to or in place of electromagnetic radiation (such

as infrared radiation and/or ultraviolet radiation).

[0069] Benefits also include enhanced device performance; reduced or
eliminated occurrences of unintended dopant diffusions; efficient processing;
and increased throughput. As an example, the gas activation is facilitated for
substrate target temperatures less than 500 degrees Celsius, such as target
temperatures within a range of 380 degrees to 500 degrees Celsius. For
example, gas can be activated for processing operations when the substrate is

at about 400 degrees Celsius.

[0070] It is contemplated that one or more aspects disclosed herein may be
combined. As an example, one or more aspects, features, components,
operations and/or properties of the processing chamber 100; the flow module
112, the flow housing(s) 171A, 171B, 171C, the RF coil(s) 172A, 172B, 172C,
the plasma gas source 158, the cooling channels 271, the processing chamber
300, the first plate 310, the second plate 311, the liner(s) 315, the first flow level
320, the second flow level 321, the processing chamber 600, the RPS 610,
and/or the method 700 may be combined. Moreover, it is contemplated that
one or more aspects disclosed herein may include some or all of the

aforementioned benefits.

[0071] 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 processing chamber applicable for semiconductor manufacturing,
comprising:

one or more sidewalls;

a window at least partially defining a processing volume;

a substrate support disposed in the processing volume;

one or more heat sources operable to heat the processing volume;

a flow housing disposed at least partially outwardly of the one or more
sidewalls; and

one or more radio frequency (RF) coils disposed at least partially

around the flow housing.

2. The processing chamber of claim 1, wherein the flow housing comprises

one or more cooling channels.

3. The processing chamber of claim 1, wherein the flow housing comprises

quartz or silicon carbide.

4. The processing chamber of claim 1, further comprising a second flow
housing and one or more second RF coils disposed at least partially around

the flow housing.

5. The processing chamber of claim 4, wherein a first power supplied to the
one or more RF coils is independently controllable relative to a second power

supplied to the one or more second RF coils.
6. The processing chamber of claim 1, further comprising a third flow
housing and one or more third RF coils disposed at least partially around the

third flow housing.

7. A chamber kit applicable for semiconductor manufacturing, comprising:

a substrate support having a first outer dimension;
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a first plate having a second outer dimension that is larger than the first
outer dimension; and
a second plate having a third outer dimension that is larger than the

second outer dimension.

8. The chamber kit of claim 7, wherein the first plate and the second plate

respectively comprise quartz or silicon carbide.

9. The chamber kit of claim 7, further comprising a flow housing and one

or more radio frequency (RF) coils.

10.  The chamber kit of claim 9, wherein the flow housing comprises one or

more cooling channels.
11.  The chamber kit of claim 9, further comprising a second flow housing
and one or more second RF coils disposed at least partially around the

second flow housing.

12. The chamber kit of claim 7, wherein the first plate has a solid cross

section across the second outer dimension.

13.  The chamber kit of claim 7, wherein the second plate has a solid cross

section across the third outer dimension.

14.  The chamber kit of claim 7, wherein the second plate comprises at least

one reflective outer surface.

15. The chamber kit of claim 7, wherein first plate and the second plate

respectively comprise at least one opaque outer surface.

16. A method of substrate processing, comprising:

heating a substrate on a substrate support to a target temperature;
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flowing a first process gas to a first flow level aligning with the substrate;
and

flowing a plasma to the first flow level.

17.  The method of claim 16, wherein the plasma flows to the first flow level

simultaneously with the flowing of the first process gas.

18.  The method of claim 16, wherein:
the flowing of the first process gas comprises flowing the first process
gas through a flow housing; and
the flowing of the plasma comprises:
flowing a plasma gas through a flow housing, and

applying a power to the plasma gas to generate the plasma.

19.  The method of claim 16, further comprising:
lowering the substrate support; and

flowing a second process gas to the first flow level.

20.  The method of claim 16, further comprising:
lowering the substrate support,

flowing a second process gas to a second flow level aligning with the
substrate.

24



PCT/US2024/056409

WO 2025/136567

161" X

A AOWBI

A

#NdO
2

¥

A

281

Sunosn wodd

ng

081~

L51

mﬁiw

oo
L
it

S
wo
i




PCT/US2024/056409

WO 2025/136567

%

218

601

ve Old

g1/l

Rt *1 724
a7l d661

Yiil

X007




3/8

mmmmmm

Q

ﬂ

/
giil




PCT/US2024/056409

WO 2025/136567

4/8

4
et

L0
g

~1a

~eq




PCT/US2024/056409

WO 2025/136567

5/8

4
et

L0
g

~1a

~eq




PCT/US2024/056409

WO 2025/136567

6/8

&9l

N

"
w51 Gle—"
~1a
~eq

F-¥

-
5




WO 2025/136567 PCT/US2024/056409

7/8

\\\“61@

FIG. 6

171A

172A




WO 2025/136567

8/8

7@@“‘\

701~ HEAT THE SUBSTRATE TO A
TARGET TEMPERATURE

702~| FLOW A FIRST PROCESS GAS
TO A FIRST FLOW LEVEL

703~  FLOWAPLASMATO THE

FIRST FLOW LEVEL
750 MOVE THE SUBSTRATE
707~ ELOW A SECOND PROCESS
GAS
T80 MAINTAIN A PRESSURE

FIG. 7

PCT/US2024/056409



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2024/056409

A.

CLASSIFICATION OF SUBJECT MATTER
C30B 25/10(2006.01)i; C30B 25/16(2006.01)i

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

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C30B 25/10(2006.01); C23C 16/00(2006.01); C30B 25/12(2006.01); C30B 25/14(2006.01); HO1J 37/32(2006.01);

HOIL 21/67(2006.01); HOSH 1/00(2006.01)

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)

eKOMPASS(KIPO internal) & Keywords: processing chamber, semiconductor manufacturing, side walls, window, processing
volume, substrate support, heat sources, flow housing, radio frequency coils, cooling channels, plasma

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 6095083 A (RICE, MICHAEL et al.) 01 August 2000 (2000-08-01)

X column 10, line 21 - column 12, line 40; column 13, lines 16-20; claim 1; and figures 4A, 1-6

4B

Y 16-18

A 7-15,19,20
US 2016-0362813 Al (APPLIED MATERIALS, INC.) 15 December 2016 (2016-12-15)

Y paragraphs [0026], [0030]; and figure 1A 16-18
US 2015-0075430 Al (APPLIED MATERIALS, INC.) 19 March 2015 (2015-03-19)

A claims 1, 5, 16 1-20
US 2007-0131173 Al (HALPIN, MICHAEL W. et al.) 14 June 2007 (2007-06-14)

A claims 1,9, 16 1-20

Further documents are listed in the continuation of Box C.

See patent family annex.

*

“p”

“pr
“g»

“p

“«o”

“p»

Special categories of cited documents:

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

document cited by the applicant in the international application
earlier application or patent but published on or after the international
filing date

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

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

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

w

D&

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

Date of the actual completion of the international search

Date of mailing of the international search report

35208, Republic of Korea

Facsimile No. +82-42-481-8578

07 March 2025 07 March 2025
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon HEO, Joo Hyung

Telephone No. +82-42-481-5373

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2024/056409
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2019-046453 Al (APPLIED MATERIALS, INC.) 07 March 2019 (2019-03-07)
A paragraphs [0024]-[0028]; and figure 2 1-20

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2024/056409
. Pate.‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 6095083 A 01 August 2000 EP 0840350 A2 06 May 1998
EP 0840365 A2 06 May 1998
EP 0840365 A3 29 October 2003
EP 0847591 Al 17 June 1998
EP 0849766 A2 24 June 1998
EP 0849766 A3 14 October 1998
EP 0877482 Al 11 November 1998
EP 0892422 A2 20 January 1999
EP 0892422 A3 14 April 1999
GB 2251977 A 22 July 1992
JP 04-247878 A 03 September 1992
JP 06-151367 A 31 May 1994
JP 06-215955 A 05 August 1994
JP 06-224679 A 12 August 1994
JP 06-283473 A 07 October 1994
JP 11-097430 A 09 April 1999
JP 11-135296 A 21 May 1999
JP 11-154600 A 08 June 1999
JP 1197430 A 09 April 1999
JP 2002-141341 A 17 May 2002
JP 2634313 B2 23 July 1997
JP 2634334 B2 23 July 1997
JP 2635267 B2 30 July 1997
JP 2997142 B2 11 January 2000
JP 3236216 B2 10 December 2001
JP 3363782 B2 08 January 2003
JP 3386868 B2 17 March 2003
JP 3422540 B2 30 June 2003
JP 3426040 B2 14 July 2003
KR 10-0255703 Bl 01 May 2000
KR 10-0265617 Bl 02 October 2000
KR 10-0281345 Bl 02 March 2001
KR 10-0362598 Bl 05 February 2003
KR 10-0369720  B1 17 March 2003
KR 10-0498585 Bl 09 September 2005
KR 10-0515122 Bl 28 November 2005
KR 10-0525961 Bl 21 December 2005
KR 10-0550420 Bl 25 May 2006
KR 10-1992-0014373 A 30 July 1992
KR 10-1992-0015968 A 27 August 1992
KR 10-1993-0007495 A 20 May 1993
KR 10-1994-0012770 A 24 June 1994
KR 10-1994-0012819 A 24 June 1994
KR 10-1995-0012615 A 16 May 1995
KR 10-1997-0077318 A 12 December 1997
KR 10-1997-0077319 A 12 December 1997
KR 10-1998-0032998 A 25 July 1998
KR 10-1998-0033120 A 25 July 1998
™ 399396 A 21 July 2000
™ 399396 B 21 July 2000

Form PCT/ISA/210 (patent family annex) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/056409
. Pate.‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
™ 462209 A 01 November 2001
us 2002-0096259 Al 25 July 2002
us 2004-0163764 Al 26 August 2004
us 5187454 A 16 February 1993
us 5210466 A 11 May 1993
us 5223457 A 29 June 1993
us 5226932 A 13 July 1993
uUsS 5572170 A 05 November 1996
uUsS 5574410 A 12 November 1996
us 5618382 A 08 April 1997
UsS 5707486 A 13 January 1998
us 5770099 A 23 June 1998
us 5772832 A 30 June 1998
us 5888414 A 30 March 1999
us 5908576 A 01 June 1999
us 6074512 A 13 June 2000
us 6077384 A 20 June 2000
us 6083412 A 04 July 2000
us 6090303 A 18 July 2000
UsS 6095084 A 01 August 2000
uUsS 6165311 A 26 December 2000
us 6252354 Bl 26 June 2001
us 6361644 Bl 26 March 2002
us 6365063 B2 02 April 2002
us 6399514 Bl 04 June 2002
us 6440221 B2 27 August 2002
us 6518195 Bl 11 February 2003
us 6524432 Bl 25 February 2003
us 6545420 Bl 08 April 2003
us 6572732 B2 03 June 2003
uUsS 6818140 B2 16 November 2004
WO 97-08734 Al 06 March 1997
WO 99-036931 A3 26 September 2002
uUs 2016-0362813 Al 15 December 2016 CN 107690487 A 13 February 2018
CN 107690487 B 09 March 2021
KR 10-2018-0008907 A 24 January 2018
KR 10-2696320  B1 20 August 2024
™ 201704523 A 01 February 2017
™ 1679296 B 11 December 2019
WO 2016-200568 Al 15 December 2016
uUs 2015-0075430 Al 19 March 2015 CN 105518839 A 20 April 2016
CN 105518839 B 28 May 2019
JP 06-397029 B2 26 September 2018
JP 2016-530730 A 29 September 2016
KR 10-2016-0055910 A 18 May 2016
KR 10-2165518 Bl 14 October 2020
™ 201519321 A 16 May 2015
™ 1639194 B 21 October 2018
us 10047457 B2 14 August 2018
WO 2015-038294 Al 19 March 2015

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/056409
. Pate.‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 2007-0131173 Al 14 June 2007 AU 6040498 A 18 August 1998
AU 6962196 A 27 March 1997
DE 69806578 T2 27 February 2003
DE 69835105 T2 07 December 2006
EP 0963459 A2 15 December 1999
EP 0963459 Bl 17 July 2002
EP 1209251 A2 29 May 2002
EP 1209251 A3 26 June 2002
EP 1209251 Bl 28 June 2006
JP 2001-508599 A 26 June 2001
P 4114016 B2 09 July 2008
KR 10-0539343 Bl 28 December 2005
KR 10-0549998 Bl 08 February 2006
KR 10-2000-0070401 A 25 November 2000
KR 10-2005-0053664 A 08 June 2005
us 06053982 A 25 April 2000
UsS 06113702 A 05 September 2000
uUsS 2001-0054390 Al 27 December 2001
us 2003-0075274 Al 24 April 2003
us 2004-0198153 Al 07 October 2004
us 6203622 Bl 20 March 2001
us 6343183 Bl 29 January 2002
uUsS 6454866 Bl 24 September 2002
uUsS 6491757 B2 10 December 2002
us 6692576 B2 17 February 2004
us 7186298 B2 06 March 2007
us 7655093 B2 02 February 2010
WO 97-09737 Al 13 March 1997
WO 98-32893 A2 30 July 1998
WO 98-32893 A3 12 November 1998
WO 2019-046453 Al 07 March 2019 CN 111033680 A 17 April 2020
JP 2020-532114 A 05 November 2020
KR 10-2020-0035186 A 01 April 2020
™ 201921419 A 01 June 2019
™ 1687966 B 11 March 2020
us 2019-062904 Al 28 February 2019

Form PCT/ISA/210 (patent family annex) (July 2022)



	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 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

