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SINTERED CERAMIC PROTECTIVE LAYER FORMED BY HOT PRESSING

TECHNICAL FIELD
{6002} Embodiments of the present invention relate, in general, to a method of forming a
sintered ceramic protective layer on a semiconductor processing chamber component through

hot pressing.

BACKGROUND

{6003} In the semiconductor industry, devices are fabricated by a number of
manutacturing processes producing structures of ever-decreasing size. Some manufacturing
processes such as plasma etch and plasma clean processes expose a substrate support (e.g., an
edge of the substrate support during wafer processing and the full substrate support during
chamber cleaning) to a high-speed stream of plasma to etch or clean the substrate. The
plasma may be highly corrosive, and may corrode processing chambers and other surfaces
that are exposed to the plasma.

{0004] Sintering technology has been used to produce monolithic bulk ceramics, such as
manufacturing chamber components. However, some monolithic bulk ceramics that have
desirable plasma resistance properties are expensive to manufacture and have undesirable
structural properties. Additionally, some monolithic bulk ceramics that have desirable
structural properties and that are relatively inexpensive to manufacture have undesirable

plasma resistance properties.

SUMMARY

{06005] Embodiments of the present disclosure relate to the production of sintered ceramic
protective layers and layered bulk ceramics via hot pressing technology. In one embodiment,
a method includes disposing a powder compact onto a surface of an article, wherein the
article is a chamber component of a processing chamber. The powder compact is hot pressed
against the surface of the article by heating the article and the powder compact and applying a
pressure of 15-100 Megapascals. The hot pressing sinters the powder compact into a sintered
ceramic protective layer and bonds the sintered ceramic protective layer to the surface of the
article.

{0006} In another embodiment, a method includes disposing a ceramic slurry onto a
surface of an article, wherein the article is a chamber component of a processing chamber.

The ceramic slurry or a green body formed from the ceramic slurry is hot pressed against the

-1-



WO 2018/164967 PCT/US2018/020734

surface of the article by heating the article and the ceramic slurry or green body and applying
a pressure of 15-100 Megapascals. The hot pressing sinters the ceramic slurry or green body
into a sintered ceramic protective layer and bonds the sintered ceramic protective layer to the
surface of the article.

[6007] In another embodiment, a method includes disposing a second sintered ceramic
article onto a first sintered ceramic article, wherein the first sintered ceramic article is a
chamber component of a processing chamber. The second sintered ceramic article is hot
pressed against the first sintered ceramic article by heating the first and second sintered
ceramic articles and applying a pressure of 15-100 Megapascals. The hot pressing bonds the

second sintered ceramic article to the first sintered ceramic article.

BRIEF DESCRIPTION OF THE DRAWINGS

{06008} Embodiments of the present invention are illustrated by way of example, and not
by way of limitation, in the figures of the accompanying drawings in which like references
indicate similar elements. It should be noted that different references to “an” or “one”
embodiment in this disclosure are not necessarily to the same embodiment, and such
references mean at least one.

{6009} FIG. 1 depicts a sectional view of a processing chamber according to an
embodiment;

[06010] FIG. 2 depicts an exemplary architecture of a manufacturing system according to
an embodiment;

{0011} FIG. 3A depicts a sectional view of a hot pressing chamber according to an
embodiment;

[0012] FIG. 3B depicts a sectional view of a hot pressing chamber that uses a mold,
according to an embodiment;

{0013} FIGS. 4A-4D depict sectional side views of exemplary articles with one or more
ceramic green bodies, ceramic sturries, powder compacts and/or sintered ceramic protective
layers disposed thereon according to embodiments;

{0014] FIG. 5 is a flow diagram illustrating a process for forming a sintered ceramic
protective layer onto an article from a powder compact, according to an embodiment;
{06015} FIG. 6 1s a flow diagram illustrating a process for forming multi-layer sintered
ceramic by hot pressing two pre-sintered ceramic articles together, according to an

embodiment; and
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{06016} FIG. 7 is a flow diagram illustrating a process for forming a sintered ceramic

protective layer onto an article from a ceramic slurry, according to an embodiment;

DETAILED DESCRIPTION OF EMBODIMENTS

{6017} Embodiments of the present invention provide an article, such as a chamber
component for a processing chamber. One or more ceramic layers may be formed on the
article by disposing a powder compact or ceramic slurry on the article and sintering the
powder compact or ceramic slurry using a hot pressing technique to form a dense sintered
ceramic protective layer joined to the article. In some embodiments, multiple sintered
ceramic protective layers are formed by repeating the process of applying a powder compact
or ceramic slurry to the article and hot pressing. Each resulting sintered ceramic protective
layer may have a composition of one or more of Y3Als012 (YAG), Y4ALGs (YAM), Y05,
Er 05, Gd,0;, Gd;AlsOy; (GAG), YF3, Nd; 03, EryAl O, ErAlsOy; (EAG), ErAlQ;,
Gdy Al Oy, GAALOs3, Nd3ALsOqn, NdyALOo, NdAIOs, Y,O,F,, a solid solution or multiphase
compound of Y;,0:-Zr0;, or a ceramic compound composed of Y4Al;Oy and at least one
phase consisting of Y205-Z2r0; (e.g., a solid solution of Y,03-Z1r0,). The improved plasma
erosion resistance provided by one or more of the disclosed sintered ceramic protective layers
may improve the service life of the chamber component, while reducing maintenance and
manufacturing cost.

[0018] Traditional ceramic coating techniques suffer from a unique set of disadvantages
or difficulties. For example, ceramic layers formed by plasma spray and other thermal spray
techniques are generally porous (e.g., with a porosity of about 3-5%), and the porosity
reduces an effectiveness of preventing erosion by plasma chemistry. Ceramic layers formed
from techniques such as 1on assisted deposition (IAD), physical vapor deposition (PVD) and
sputtering are relatively thin and often include vertical cracks and boundary defects at
locations of substrate imperfections. The vertical cracks and boundary defects reduce an
effectiveness of the ceramic layer at mitigating erosion by plasma chemistry. Atomic layer
deposition (ALD) is very time consuming and costly, and produces very thin films.

[0019] Embodiments discussed herein detail how to form a sintered ceramic protective
layer and a multi-layer ceramic article via hot pressing. The multi-layer ceramic article may
include a pre-sintered ceramic article that is relatively inexpensive and that has desirable
structural properties and/or thermal conductivity properties. An example of such a pre-
sintered ceramic article is a pre-sintered Al,O3; chamber component for a processing chamber.

Hot pressing may be performed to form a sintered ceramic protective layer over the pre-
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sintered ceramic article. The sintered ceramic protective layer has superior erosion and
corrosion resistance properties (e.g., improved erosion and plasma resistance to plasma
environments), but may be composed of a more expensive material than the pre-sintered
ceramic article and/or may have less desirable structural properties and/or thermal
conductivity properties (e.g., a lower elastic modulus, a lower wear resistance, lower
mechanical strength, a lower thermal conductivity, and so on). The sintered ceramic
protective layer may have a thickness of about 1-100 microns (e.g., that is thicker than what
is generally achievable by IAD, PVD and ALD processes), a relatively low porosity of about
% or less (e.g., that is lower than the porosity that is generally achievable by plasma spray
processes), and may lack vertical cracks and boundary defects. In some embodiments, the
porosity may be around 0.1%. The porosity is a measure of the void spaces in the sintered
ceramic protective layer, and is a fraction of the volume of voids over the total volume. The
large thickness of the sintered ceramic protective layer may act as a diffusion barrier that
prevents contaminants from diffusing from the article and onto a processed substrate.
{06020} FIG. 11s a sectional view of a semiconductor processing chamber 100 having one
or more chamber components that are coated with a sintered ceramic protective layer in
accordance with embodiments of the present invention. The processing chamber 100 may be
used for processes in which a corrosive plasma environment is provided. For exarple, the
processing chamber 100 may be a chamber for a plasma etcher or plasma etch reactor, a
plasma cleaner, and so forth. Examples of chamber components that may include a ceramic
layer include a substrate support assembly 148, an electrostatic chuck (ESC) 150, aring (e.g.,
a process kit ring or single ring), a chamber wall, a base, a gas distribution plate, a
showerhead, a liner, a liner kit, a shield, a plasma screen, a flow equalizer, a cooling base, a
chamber viewport, a chamber lid 104, a nozzle, and so on. The sintered ceramic protective
layer, which is described in greater detail below, may be formed by hot pressing, and may be
formed of a ceramic material that includes one or more of Y;AlsOy,, Y4AL O, Y05, EnO;s,
Gd,05, Gd3AlsOyy, YF;, NdyOs, ErgsAL Oy, ErsAlsOy;, ErAlO;, Gds AL Oy, GAAIO;,
Nd3Al504,, NdsAl Oy, NdAIOs, Y, OJF,, a solid solution or multiphase compound of Y,03-
Z10s, a ceramic compound composed of Y4AlLOs and at least one phase of Y203-ZrG; ora
solid solution or multiphase compound of Y;05-Zr0;-AlLO5. As illustrated, the substrate
support assembly 148 has a sintered ceramic protective layer 136, in accordance with one
embodiment. However, it should be understood that any of the other chamber components,

such as those listed above, may also include a sintered ceramic protective layer.
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{6021} In one embodiment, the processing chamber 100 includes a chamber body 102
and a showerhead 130 that enclose an interior volume 106 Alternatively, the showerhead
130 may be replaced by a lid and a nozzle in some embodiments. The chamber body 102
may be fabricated from aluminum, stainless steel or other suitable material. The chamber
body 102 generally includes sidewalls 108 and a bottom 110. One or more of the
showerhead 130 (or lid and/or nozzle), sidewalls 108 and/or bottom 110 may include a
ceramic layer.

{6022} An outer liner 116 may be disposed adjacent the sidewalls 108 to protect the
chamber body 102. The outer liner 116 may be fabricated and/or coated with a ceramic layer.
In one embodiment, the outer liner 116 is fabricated from aluminum oxide (Al,O;3).

{6023} An exhaust port 126 may be defined in the chamber body 102, and may couple the
interior volume 106 to a pump system 128. The pump system 128 may include one or more
pumps and throttle valves utilized to evacuate and regulate the pressure of the interior volume
106 of the processing chamber 100.

{0024} The showerhead 130 may be supported on the sidewall 108 of the chamber body
102. The showerhead 130 (or lid) may be opened to allow access to the interior volume 106
of the processing chamber 100, and may provide a seal for the processing chamber 100 while
closed. A gas panel 158 may be coupled to the processing chamber 100 to provide process
and/or cleaning gases to the interior volume 106 through the showerhead 130 or lid and
nozzle. Showerhead 130 may be used for processing chambers used for dielectric etch
(etching of dielectric materials). The showerhead 130 includes a gas distribution plate (GDP)
133 having multiple gas delivery holes 132 throughout the GDP 133. The showerhead 130
may include the GDP 133 bonded to an aluminum base or an anodized aluminum base. The
GDP 133 may be made from Si or SiC, or may be a ceramic such as Y,05, Al,O5, YAG, and
so forth.

{06025} For processing chambers used for conductor etch (etching of conductive
materials), a lid may be used rather than a showerhead. The lid may include a center nozzle
that fits into a center hole of the lid. The lid may be a ceramic such as Al,O; or Y;0;3. The
nozzle may also be a ceramic, such as Al;O; or Y205, The lid, base of showerhead 130, GDP
133 and/or nozzle may be coated with a sintered ceramic protective layer as described herein.
[0026] Examples of processing gases that may be used to process substrates in the
processing chamber 100 include halogen-containing gases, such as C,Fs, SFe, SiCly, HBr,

NF;, CF4, CHF;, CH;F;, F, NF;, Cl,, CCly, BCl; and SiF4, among others, and other gases
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such as O, or N,O. Examples of carrier gases include N, He, Ar, and other gases inert to
process gases {e.g., non-reactive gases). The sintered ceramic protective layer may be plasma
resistant, and may be resistant to plasmas and chemistries based on some or all of the
aforementioned halogen-containing gases. The substrate support assembly 148 is disposed in
the interior volume 106 of the processing chamber 100 below the showerhead 130 or lid. The
substrate support assembly 148 holds the substrate 144 during processing. A ring 146 (e.g., a
single ring) may cover a portion of the electrostatic chuck 150, and may protect the covered
portion from exposure to plasma during processing. The ring 146 may be silicon or quartz in
one embodiment.

{6027} An inner liner 118 may be coated on the periphery of the substrate support
assembly 148. In one embodiment, the inner liner 118 may be fabricated from the same
materials of the outer liner 116. Additionally, the inner liner 118 may be coated with a
sintered ceramic protective layer.

{0028} In one embodiment, the substrate support assembly 148 includes a mounting plate
162 supporting a pedestal 152, and an electrostatic chuck 150. The electrostatic chuck 150
further includes a thermally conductive base 164 and an electrostatic puck 166 bonded to the
thermally conductive base by a bond 138, which may be a silicone bond in one embodiment.
An upper surface of the electrostatic puck 166 is covered by the sintered ceramic protective
layer 136 in the illustrated embodiment. In one embodiment, the sintered ceramic protective
layer 136 is disposed on the upper surface of the electrostatic puck 166. In another
embodiment, the sintered ceramic protective layer 136 is disposed on the entire exposed
surface of the electrostatic chuck 150 including the outer and side periphery of the thermally
conductive base 164 and the electrostatic puck 166. The mounting plate 162 is coupled to the
bottom 110 of the chamber body 102 and includes passages for routing utilities (e.g., fluids,
power lines, sensor leads, etc.) to the thermally conductive base 164 and the electrostatic
puck 166.

{06029} The thermally conductive base 164 and/or electrostatic puck 166 may include one
or more optional embedded heating elements 176, embedded thermal isolators 174 and/or
conduits 168, 170 to control a lateral temperature profile of the substrate support assembly
148. The conduits 168, 170 may be fluidly coupled to a fluid source 172 that circulates a
temperature regulating fluid through the conduits 168, 170. The embedded thermal isolator
174 may be disposed between the conduits 168, 170 in one embodiment. The heater 176 is

regulated by a heater power source 178. The conduits 168, 170 and heater 176 may be
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utilized to control the temperature of the thermally conductive base 164, which may be used
for heating and/or cooling the electrostatic puck 166 and a substrate 144 (e.g., a wafer) being
processed. The temperature of the electrostatic puck 166 and the thermally conductive base
164 may be monitored using a plurality of temperature sensors 190, 192, which may be
monitored using a controller 195.

{06030} The electrostatic puck 166 may further include multiple gas passages such as
grooves, mesas and other surface features, which may be formed in an upper surface of the
electrostatic puck 166 and/or the sintered ceramic protective layer 136, The gas passages
may be fluidly coupled to a source of a heat transfer (or backside) gas such as helium via
holes drilled in the electrostatic puck 166. In operation, the backside gas may be provided at
controlled pressure into the gas passages to enhance the heat transfer between the
electrostatic puck 166 and the substrate 144. The electrostatic puck 166 includes at least one
clamping electrode 180 controlled by a chucking power source 182. The clamping electrode
180 (or other electrode disposed in the electrostatic puck 166 or conductive base 164) may
further be coupled to one or more RF power sources 184, 186 through a matching circuit 188
for maintaining a plasma formed from process and/or other gases within the processing
chamber 100. The power sources 184, 186 are generally capable of producing an RF signal
having a frequency from about 50 kHz to about 3 GHz, with a power output of up to about
10,000 Watts.

{0031} FIG. 2 illustrates an exemplary architecture of a manufacturing system, in
accordance with one embodiment of the present invention. The manufacturing system 200
may be a ceramics manufacturing system, which may include the processing chamber 100.
In some embodiments, the manufacturing system 200 may be a processing chamber for
manufacturing, cleaning, or modifying a chamber component of the processing chamber 100.
In one embodiment, manufacturing system 200 includes a first furnace 205 (e.g., used for hot
pressing), a second furnace 120 (e.g., used for burning off organic binders), a laser cutter 212,
an equipment automation layer 215, and/or a computing device 220. In alternative
embodiments, the manufacturing system 200 may include more or fewer components. For
example, manufacturing system may not include the laser cutter 212 in some embodiments
and/or may not include the second furnace 210 in some embodiments. In further
embodiments, the manufacturing system 200 may consist of the first furnace 205, which may

be a manual off-line machine.
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{06032] The first furnace 205 may be a machine designed to perform hot pressing. The
first furnace 205 may heat articles such as ceramic articles and concurrently apply pressure
that compresses a powder compact, ceramic slurry, green body and/or pre-sintered article
against a chamber component of a processing chamber. The first furnace 205 may include a
thermally insulated chamber, or oven, capable of applying a controlled temperature on
articles inserted therein. The first furnace 205 may include a press that is capable of exerting
a high pressure to press a material (e.g., a ceramic slurry, powder compact, green body, pre-
sintered article, etc.) against an article. In one embodiment, the press applies uniaxial
pressure.

{06033} In one embodiment, a chamber of the first furnace is hermitically sealed. The first
furnace 205 may include a pump to pump air out of the chamber, and thus to create a vacuum
within. The first furnace 205 may additionally or alternatively include a gas inlet to pump
gasses {(e.g., inert gasses such as Ar or N3) into its interior.

{0034} The first furnace 205 may include a manual furnace having a temperature
controller that is manually set by a technician during processing of ceramic articles. The first
furnace 205 may also be an off-line machine that can be programmed with a process recipe.
The process recipe may control ramp up rates, ramp down rates, process times, temperatures,
pressure, gas flows, applied voltage potentials, electrical currents, and so on. Alternatively,
first furnace 205 may be an on-line automated machine that can receive process recipes from
computing devices 220 {(e.g., personal computers, server machines, etc.) via an equipment
automation layer 215. The equipment automation layer 215 may interconnect the first
furnace 20S with computing devices 220, with other manufacturing machines, with
metrology tools, and/or other devices.

{06035} The second furnace 210 may be a similar to first furnace 205, and may include a
thermally insulated chamber, or oven, capable of applying a controlled temperature on
articles inserted therein. In one embodiment, a chamber of the second furnace is hermitically
sealed. The second furnace 210 may include a pump to pump air out of the chamber, and
thus to create a vacuum within. The second furnace 210 may additionally or alternatively
include a gas inlet to pump gasses (e.g., inert gasses such as Ar or N3) into its interior.
Notably, the second furnace 210 may not include a press. In embodiments, the second
furnace 210 is used to burn off organic materials (e.g., organic binders from a ceramic
slurry). The first furnace 205 may not be used to burn off the organics because the organics

might contaminate the first furnace 205, Accordingly, second furnace 210 may be a dedicated



WO 2018/164967 PCT/US2018/020734

machine used for burning off organics. An article with a ceramic slurry on at least one
surface may first be processed in the second furnace 210 to burn off an organic binder and
then may be processed in the first furnace 205 to form a sintered ceramic protective layer
bonded to the article.

{0036} Laser cutter 212 is a computer numerical control (CNC) machine that directs a
focused laser beam to cut a target. The laser cutter 212 may be, for example, a neodymium
laser, a neodymiumn yttrium-aluminum-garnet (Nd-YAG) laser or other type of laser. The
focused laser beam may cut the sintered ceramic protective layer after the sintered ceramic
protective layer is formed in the first furnace 20S. The sintered ceramic protective layer may
be cut to achieve a target shape. For example, the sintered ceramic protective layer may be
cut to the shape of a nozzle or other three-dimensional shape. Alternatively, the sintered
ceramic protective layer may have a target shape without performing laser cutting. For
example, complex and/or three-dimensional shapes may be achieved by using a mold during
the hot pressing in first furnace 205.

{6037} The equipment automation layer 215 may include a network (e.g., a location area
network (LAN)), routers, gateways, servers, data stores, and so on). The first furnace 2035,
second furnace 210 and/or laser cutter 212 may connect to the equipment automation layer
215 via a SEMI Equipment Communications Standard/Generic Equipment Model
(SECS/GEM) interface, via an Ethernet interface, and/or via other interfaces. In one
embodiment, the equipment autormation layer 215 enables process data (e.g., data collected
by the first furnace 205, second furnace 210 and/or laser cutter 212 during a process run) to
be stored in a data store (not shown). In an alternative embodiment, the computing device
220 connects directly to the first furnace 205, second furnace 210 and/or laser cutter 212,
{0038} In one embodiment, the first furnace 205, second furnace 210 and/or laser cutter
212 includes a programmable controller that can load, store and execute process recipes. A
programmable controller may control temperature settings, gas and/or vacuum settings, time
settings, applied voltage potentials, electrical currents, pressure settings, etc. of first furnace
205. Similarly, a programmable controller may control temperature settings, gas and/or
vacuum settings, time settings, applied voltage potentials, electrical currents, etc. of second
furnace 210. Similarly, a programmable controller may control power settings, may control a
position and orientation of a laser beam, and so on. The programmable controller of either
furnace may control a chamber heat up, may enable temperature to be ramped down as well

as ramped up, may enable multi-step heat treating to be input as a single process, may control
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pressure applied by a press, and so forth. A programmable controller of laser cutter 212 may
receive an electronic file that includes a sequence of cuts to make to achieve a target shape
for the sintered ceramic protective layer. The programmable controllers may include a main
memory (e.g., read-only memory (ROM), flash memory, dynamic random access memory
(DRAM), static random access memory (SRAM), etc.), and/or a secondary memory {(e.g., a
data storage device such as a disk drive). The main memory and/or secondary memory may
store instructions for performing hot pressing, heating and/or laser cutting processes, as
described herein.

{06039} The programmable controllers may also include a processing device coupled to
the main memory and/or secondary memory (e.g., via a bus) to execute the instructions. The
processing device may be a general-purpose processing device such as a microprocessor,
central processing unit, or the like. The processing device may also be a special-purpose
processing device, such as an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA), a digital signal processor (DSP), a network processor, or
the like. In one embodiment, programmable controller is a programmable logic controller
(PLC).

{0040] FIG. 3A depicts sintering system 300 that includes a sectional view of a hot
pressing chamber 302 according to an embodiment. For example, sintering system 300 may
be the same or similar to manufacturing system 200 described with respect to FIG. 2.
Sintering system 300 may be configured to perform hot pressing of a ceramic slurry, green
body or powder compact against an article to form a sintered ceramic protective layer on the
article. Asused herein, a green body is a ceramic layer that has not yet been sintered, and
includes a ceramic slurry, a powder compact, and a sol-gel that has been formed into a layer
on an article.

[0041] Sintering system 300 includes hot pressing chamber 302 having an interior 304
surrounded by walls and a bottom. In some embodiments, the interior 304 may be a sealed
chamber capable of maintaining low or high pressure conditions, and may be coupled to
appropriate gas flow sources. In some embodiments, the hot pressing chamber 302 includes a
furnace 306, which may enclose the hot pressing chamber 302, for example, in a cylindrical
fashion. The furnace 306 may be programmable, and include one or more temperature
sensors disposed within the hot pressing chamber 302 to provide feedback utilized to
maintain a target temperature. The furnace 306 may also be capable of ramping to a target

temperature at a target rate. In some embodiments, the furnace 306 may be operatively

~10-



WO 2018/164967 PCT/US2018/020734

coupled to a computing device 322 (which may be the same or similar to computing device
220 described with respect to FIG. 2) using, for example, a communications path 320. The
computing device 322 may run one or many stored recipes (which may be pre-defined or
operator-defined) that control the conditions of the furnace 306.

{0042} The hot pressing chamber 302 may include an opening 310 at one end. An article
312 on which a green body 314 has been formed may be inserted into the hot pressing
chamber 302. The green body 314 may be a ceramic slurry, powder compact, sol-gel or other
ceramic compound. A press 315 may then apply pressure to compress the green body 314
against the article 312. The press 315 (also referred to as a punch) applies pressure while the
furnace 306 heats the article 312 and green body 314. Note that only a single upper press 315
is shown. However, in embodiments a lower press may also be used that presses in an
opposite direction from the upper press 315. The heat and pressure cause the green body 314
to become a sintered ceramic protective layer that is bonded to the article 312.

{0043} FIG. 3B depicts sintering system 350 that includes a sectional view of a hot
pressing chamber 380 according to an embodiment. For example, sintering system 350 may
be the same or similar to manufacturing system 200 described with respect to FIG. 2.
Sintering system 350 may be configured to perform hot pressing of a green body such as a
ceramic slurry or powder compact against an article to form a sintered ceramic protective
layer on the article.

[0044] Sintering system 350 includes hot pressing chamber 380 having an interior 390
surrounded by walls and a bottom. In some embodiments, the interior 390 may be a sealed
chamber capable of maintaining low or high pressure conditions, and may be coupled to
appropriate gas flow sources. In some embodiments, the hot pressing chamber 380 includes a
furnace 366, which may enclose the hot pressing chamber 380, for example, in a cylindrical
fashion. The furnace 366 may be programmable, and include one or more temperature
sensors disposed within the hot pressing chamber 380 to provide feedback utilized to
maintain a target temperature. The furnace 366 may also be capable of ramping to a target
temperature at a target rate. In some embodiments, the furnace 366 may be operatively
coupled to a computing device 372 (which may be the same or similar to computing device
220 described with respect to FIG. 2) using, for example, a communications path 370. The
computing device 372 may run one or many stored recipes (which may be pre-defined or

operator-defined) that control the conditions of the furnace 366.
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{0045} The hot pressing chamber 380 may include an opening 360 at one end. An article
386 on which a green body 382 has been formed may be inserted into a mold 384. The green
body 382 may be formed on the article 386 before or after the article 286 is inserted into the
mold 384. An assembly of the article 386, green body 382 and mold 384 may be inserted into
the hot pressing chamber 380. The green body 382 may be a ceramic slurry, powder compact,
sol-gel or other ceramic compound. A press 365 may then apply pressure to compress the
green body 382 against the article 386. The press 365 applies pressure while the furnace 366
heats the article 386 and green body 382. The heat and pressure cause the green body 382 to
become a sintered ceramic protective layer that 1s bonded to the article 386. The mold 384
may shape the green body 382 so that the green body 382 achieves a shape that conforms to
an inner shape of the mold 384. Accordingly, complex and/or three-dimensional shapes may
be achieved for the sintered ceramic protective layer.

{0046] In some embodiments, the green body 314 and/or green body 382 are in the form
of a powder compact. In some embodiments, the green body 314 and/or green body 382 are
in the form of a sol-gel. In some embodiments, the green body 314 and/or 382 may be in the
form of a ceramic slurry. For example, the ceramic slurry may a slurry of ceramic particles
within a solvent. The solvent may include a low molecular weight polar solvent, including,
but not limited to, ethanol, methanol, acetonitrile, water, or combinations thereof. In some
embodiments, a pH of the ceramic slurry may be between about 5 and 12 to promote stability
of the ceramic slurry. The ceramic slurry may have high viscosity to allow the slurry to be
shaped into a target shape prior to sintering.

[0047] In some embodiments, a mass-median-diameter (D50) of the particles in the
ceramic slurry, which is the average particle diameter by mass, may be between about 10
nanometers and 10 micrometers. In some embodiments, a D50 of the particles may be
greater than 10 micrometers. In some embodiments, the slurry may be referred to as a
nanoparticle slurry when the D50 of the particles is less than 1 micrometer. In some
embodiments, the particles in the green body 314 and/or green body 382 may have
compositions that include one or more of Er;O;, Gd,03, Gd;Als04;, YF3, Nd,O;, Ery AL O,
Er;AlsOqy, ErAlOs, GdsALOg, GAAIO;, Nd3 AlsO1p, NdsAL Oy, NdAIO;, YO, F,, a solid
solution or multiphase compound of Y,0;-Zr0O,, or a ceramic compound composed of
Y4Al;Og and at least one phase of Y,03-ZrO;.

{06048] In some embodiments, a single green body 314, 382 may be pressed or deposited

(e.g., by dip-coating, a doctor blade technique, extrusion, etc.) onto article 312, 386, which
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may be a ceramic or metal base. In some embodiments, multiple sintered ceramic protective
layers are formed in sequence. A new green body may be formed over a sintered ceramic
protective layer and then processed by sintering system 300, 350 to form another sintered
ceramic protective layer over the previously formed sintered ceramic protective layer. In
some embodiments, a ceramic green body may be placed between two articles, such that the
two articles will be joined together after the ceramic green body has sintered.

{0049] FIGS. 4A-4D depict sectional views of example articles with one or more ceramic
green bodies and/or sintered ceramic protective layers disposed thereon according to
embodiments. FIG. 4A shows single-layer-coated article 400. The article 400 may be a flat
or planar article 402, which may be, for example, a ceramic article composed of one or more
of Al,O3, AIN, Si3Ny, or SiC. The article 402 includes a ceramic green body 404 disposed
thereon (e.g., a powder compact, a ceramic slurry or a sol-gel). In some embodiments, the
ceramic green body 404 may be a slurry that was deposited (e.g., by dip-coating, a doctor
blade technique, extrusion, etc.) onto the surface of the article 402. In some embodiments, a
thickness of the ceramic green body 404 may range from 1 micrometer to 100 micrometers.
In some embodiments, the thickness of the ceramic green body 404 may be greater than 100
micrometers.

{0050} The article 400 may be loaded into the hot pressing chamber 302 or 380 of
sintering system 300 or 350 to perform hot pressing, yielding a dense ceramic layer that is
joined to the article 402.

{6051} Referring to FIG. 4B, a multi-layer-coated article 410 is depicted as article 412
having a first sintered ceramic protective layer 414, a second sintered ceramic protective
layer 416, and a third sintered ceramic protective layer 418 disposed thereon in a layered
fashion (e.g., a stack). In a similar manner as described with respect to FIG. 4A, hot pressing
may be performed on the article 412 to produce a multi-layer ceramic article. The first
sintered ceramic protective layer 414 may have been formed in a first hot press process, the
second sintered ceramic protective layer 416 may have been formed in a second hot press
process, and the third sintered ceramic protective layer 418 may have been formed in a third
hot press process. Alternatively, a stack of three green bodies may have been formed, and a
single hot pressing processing may have been performed to co-sinter all three of the green
bodies to form the first sintered ceramic protective layer 412 bonded to article 412, the

second sintered ceramic protective body 416 bonded to first sintered ceramic protective layer
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414 and the third sintered ceramic protective layer 418 bonded to the second sintered ceramic
protective layer 418.

{06052} In some embodiments, the sintered ceramic protective layers 414, 416 and 418
may each be composed of the same ceramic material. In some embodiments, the sintered
ceramic protective layers 414, 416 and 418 may each be composed of different ceramic
materials, or may have alternating compositions (e.g., the first 414 and third 418 sintered
ceramic protective layers may be the same and the second sintered ceramic protective layer
416 may be different). In some embodiments, more or less than three sintered ceramic
protective layers may be formed on the article 412. In some embodiments, the thicknesses of
each layer of the stack may vary, with thicknesses of any suitable range described herein
(e.g., described with respect to the ceramic green body 404).

{6053} Referring to FIGS. 4C and 4D, hot pressing can be performed on chamber
components to produce dense ceramic layers thereon. For example, FIG. 4C depicts a single-
layer-coated chamber component 420, and FIG. 4D depicts a multi-layer-coated chamber
component 430. Each of articles 422 and 432 may be any chamber component described
with respect to FIG. 1, including a support assembly, an electrostatic chuck (ESC), a ring
(e.g., a process kit ring or single ring}, a chamber wall, a base, a gas distribution plate or
showerhead, a liner, a liner kit, a shield, a plasma screen, a flow equalizer, a cooling base, a
chamber viewport, a chamber lid, and so on. The articles 422 and 432 may be metals,
ceramics, metal-ceramic composites, polymers, or polymer-ceramic composites.

{0054} Vartous chamber components are composed of different materials. For example,
an electrostatic chuck may be composed of a ceramic such as Al,Os (alumina), AIN
(aluminum nitride), TiO (titanium oxide), TiN (titanium nitride) or SiC (silicon carbide)
bonded to an anodized aluminum base. Al,O;, AIN and anodized aluminum have poor

plasma erosion resistance. When exposed to a plasma environment with a fluorine chemistry
and/or reducing chemistry, an electrostatic puck of an electrostatic chuck may exhibit
degraded wafer chucking, increased helium leakage rate, wafer front-side and back-side
particle production and on-wafer metal contamination after about 50 radio frequency hours
(RFHrs) of processing. A radio frequency hour is an hour of processing.

{6055} A lid for a plasma etcher used for conductor etch processes may be a sintered
ceramic such as Al,Os since Al,Os has a high flexural strength and high thermal conductivity.
However, Al,O; exposed to fluorine chemistries forms AlF, particles as well as aluminum

metal contamination on wafers. Some chamber lids have a thick film protective layer on a
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plasma facing side to minimize particle generation and metal contamination and to prolong
the life of the lid. However, most thick film coating techniques have a long lead time.
Additionally, for most thick film coating techniques special surface preparation is performed
to prepare the article to be coated (e.g., the lid) to receive the coating. Such long lead times
and coating preparation steps can increase cost and reduce productivity, as well as inhibit
refurbishment. Additionally, most thick-film coatings have inherent cracks and pores that
might degrade on-wafer defect performance.

{06056} A process kit ring and a single ring may be used to seal and/or protect other
chamber components, and are typically manufactured from quartz or silicon. These rings
may be disposed around a supported substrate (e.g., a wafer) to ensure a uniform plasma
density (and thus uniform etching). However, quartz and silicon have very high erosion rates
under various etch chemistries (e.g., plasma etch chemistries). Additionally, such rings may
cause particle contamination when exposed to plasma chemistries.

[6057] A showerhead for an etcher used to perform dielectric etch processes 1s typically
made of anodized aluminum bonded to a SiC faceplate. When such a showerhead is exposed
to plasma chemistries including fluorine, AlF; may form due to plasma interaction with the
anodized aluminum base. Additionally, a high erosion rate of the anodized aluminum base
may lead to arcing and ultimately reduce a mean time between cleaning for the showerhead.
{6058] The examples provided above set forth just a few chamber components whose
performance may be improved by use of a flash sintered or spark plasma sintered protective
layer as set forth in embodiments herein.

[0059] Referring back to FIGS. 4C and 4D, the article 422 of the chamber component
420 and the article 432 of the chamber component 430 each may include one or more surface
features and/or have a three-dimensional shape (e.g., other than a planar shape). Referring to
FIG. 4C, a sintered ceramic protective layer 424 may be formed on a contoured surface of the
article 422. The sintered ceramic protective layer 424 may conform to a shape of the article
422 by using a mold or laser cutting.

{06060} Referring to FIG. 4D, at least a portion of article 432 of the chamber component
430 1s coated with first 434, second 436, and third 438 sintered ceramic protective layers,
similar to the article 412 of FIG. 4B. The sintered ceramic protective layers 414, 416, and
418 in the stack may all have the same thickness, or they may have varying thicknesses. Hot

pressing of the chamber component 430 may have been performed to produce a multi-layer
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ceramic layer joined to the surface of the chamber component 430. Shapes of the sintered
ceramic protective layers may be achieved using molds or laser cutting.

{06061} Any of the ceramic green bodies or ceramic layers/bodies produced by hot
pressing of ceramic green bodies may be based on a multicomponent compound formed by
any of the aforementioned ceramics. With reference to the ceramic compound composed of
Y4Al;Og and at least one phase of Y,05-Zr0,, in one embodiment, the ceramic compound
includes 62.93 molar ratio (mol%) Y03, 23.23 mol% ZrO; and 13.94 mol% Al O;. In
another embodiment, the ceramic compound can include Y,0s in a range of 50-75 mol%,
Zr(; in a range of 10-30 mol% and Al,O5 in a range of 10-30 mol%. In another
embodiment, the ceramic compound can include Y,0s in a range of 40-100 mol%, ZrO; in a
range of 0-60 mol% and Al;O3 in a range of 0-10 mol%. In another embodiment, the ceramic
compound can include Y;0; in a range of 40-60 mol%, ZrO; in a range of 30-50 mol% and
Al;O; in a range of 10-20 mol%. In another embodiment, the ceramic compound can include
Y,03 in a range of 40-50 mol%, Zr(O; in a range of 20-40 mol% and Al,O; in a range of 20-
40 mol%. In another embodiment, the ceramic compound can include Y;0s5 in a range of 70-
90 mol%, Zr(; in a range of 0-20 mol% and Al,O5 in a range of 10-20 mol%. In another
embodiment, the ceramic compound can include Y;0; in a range of 60-80 mol%, ZrO; in a
range of 0-10 mol® and Al,O3 in a range of 20-40 mol%. In another embodiment, the
ceramic compound can include Y»0s in a range of 40-60 mol%, Zr(}, in a range of 0-20
mol% and Al,O; in a range of 30-40 mol%. In another embodiment, the ceramic compound
can include Y»0; in a range of 30-60 mol%, Zr0; in a range of 0-20 mol% and Al;Osin a
range of 30-60 mol%. In another embodiment, the ceramic compound can include Y03 1n a
range of 20-40 mol%, Zr(; in a range of 20-80 mol% and ALO5 in a range of 0-60 mol%. In
other embodiments, other distributions may also be used for the ceramic compound.

[06062] In one embodiment, an alternative ceramic compound that includes a combination
of Y03, Zr0;, EnOs, Gdy0s and Si0; is used for the sintered ceramic protective layer. In
one embodiment, the alternative ceramic compound can include Y,0; in a range of 40-4S
mol%, ZrO; in a range of 0-10 mol%, Er;O; in a range of 35-40 mol%, Gd;05 in a range of
5-10 mol% and Si102 in a range of 5-15 mol%. In another embodiment, the alternative
ceramic compound can include Y,0; in a range of 30-60 mol%, ZrQ; in a range of 0-20
mol%, Er;Os in a range of 20-50 mol%, Gd;Os in a range of 0-10 mol% and Si02 in a range
of 0-30 mol%. In a first example, the alternative ceramic compound includes 40 mol% Y,0s,

5 mol% ZrO,, 35 mol®% Er,Os, S mol% Gd,05 and 15 mol% Si0;. In a second example, the
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alternative ceramic compound includes 45 mol% Y203, 5 mol% Zr0O;, 35 mol% ErOs, 10
mol% Gd,0; and S mol% S810,. In a third example, the alternative ceramic compound
includes 40 mol% Y,03, 5 mol% ZrO,, 40 mol% Er,Os, 7 mol% Gd, 05 and 8 mol® Si10;.
{0063} In one embodiment, the sintered ceramic protective layer includes a solid solution
or multiphase compound of yttrium oxide and zirconium oxide (Y203-Zr0;). The Y,05-ZrO;
compound may include Y,0;5 at 30-99 mol% and ZrO; 1-70 mol%. In one embodiment, this
compound includes 70-75 mol% Y,0; and 25-30 mol% Zr0,. In one embodiment, this
compound includes 60-80 mol% Y»03 and 20-40 mol% Zr0O,. In one embodiment, this
compound includes 60-70 mol% Y,0; and 20-30 mol% Zr(O,. In one embodiment, this
compound includes 50-80 mol% Y»0; and 20-50 mol% Zr0O,. Other mixtures of Y05 and
710, are also considered.

{0064} In one embodiment, the sintered ceramic protective layer is a yttrium oxy-fluoride
(Y-O-F ceramic) having the empirical formula of Y O,F,. X has a value of 0.5-4 in an
embodiment. Y has a value of 0.1 to 1.9 times a value of x, and z has a value of 0.1 t0 3.9
times the value of x. One embodiment of the yttrium oxy-fluoride is YOF (note: subscripts
are omitted when the value 13 1). Another embodiment of the yttrium oxy-fluoride is yttrium
oxy-fluoride with a low fluoride concentration. Such yttrium oxy-fluoride may have an
empirical formula of, for example, YO, .4Fo». In such a configuration, there are, on average,
1.4 oxygen atoms per yttrium atom, and 0.2 fluorine atoms per yttrium atom. Conversely, one
embodiment of the yttrium oxy-fluoride is yttrium oxy-fluoride with a high fluoride
concentration. Such a yitrium oxy-fluoride may have an empirical formula of, for example,
YOq1F25 In such a configuration, there are, on average, 0.1 oxygen atoms per yttrium atom,
and 2.8 fluorine atoms per yttrium atom.

{0065} The proportion of metal to oxygen and fluorine in the yttrium oxy-fluoride can
also be expressed in terms of atomic percent. For example, for a metal such as yttrium having
a valance of +3, a minimum oxygen content of 10 atomic percent corresponds with a
maximum fluorine concentration of 63 atomic percent. Conversely, for the same metal having
a valance of +3, a minimum fluorine content of 10 atomic percent corresponds with a
maximum oxygen concentration of 52 atomic percent. Accordingly, yitrium oxy-fluoride may
have approximately 27-38 at.% of the yttrium, 10-52 atomic%o (at.%) oxygen and
approximately 10-63 at.% fluorine. In one embodiment, the yttrium oxy-fluoride has 32-34

at.% of the yttrium, 30-36 at.% oxygen, and 30-38 at.% fluorine.
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{06066] In some embodiments, the sintered ceramic protective layer of the Y-O-F ceramic
has a Vicker’s hardness of about 0.68 GPa, an elastic modulus of about 183 GPa, a Poisson’s
ratio of about 0.29, a fracture toughness of about 1.3 MPa Vm, and a thermal conductivity of
about 16.9 W/m-K.

[6067] Any of the aforementioned sintered ceramic protective layers may be pure or may
include trace amounts of other materials such as ZrG,, Al,Os, Si0;, B,Os, ErnO3, Nd,Os,
Nb,Os, CeO,, Sm,0s5, Yb,O5, or other oxades. In one embodiment, the same ceramic material
is not used for two adjacent ceramic layers. However, in another embodiment adjacent layers
may be composed of the same ceramic.

{0068} FIG. 5 is a flow diagram illustrating a method 500 for forming a sintered ceramic
protective layer onto an article from a powder compact, according to an embodiment. At
block 504 of method 500, an article is provided and a powder compact is disposed on a
surface of the article. The powder compact may contain particles mixed via ball milling or
other mixing methods. A dry milling agent of polyvinyl alcohol (PVA) may be applied at a
concentration of 1 vol% during mulling. The dry milling agent can be removed through a heat
treatment in vacuum at a temperature of about 300-400 °C (e.g., about 350 °C). The powder
compact may form a green body on the article. The powder compact may be made up of
particles of any of the aforementioned ceramics, such as Y3Als01 (YAG), Y4ALGs (YAM),
Y103, EnOs, Gdy0s, Gd3Als012 (GAG), YF3, Nd2Os, EnAlLOs, ErsAlsOr (EAG), ErAlQs,
GdsAlL Oy, GAALO3, Nd3AlLsO)), NdsALOg, NdAIO;, YOyF,, a solid solution or multiphase
compound of Y,03-Zr0;, or a ceramic compound composed of Y4AL Oy and at least one
phase of Y,03-Z10;.

{06069] In some embodiments, the article may be a suitable chamber component as
described with respect to FIG. 1. For example, the article could be any of, but not limited to,
a lid, a nozzle, an electrostatic chuck (e.g., ESC 150), a showerhead (e.g., showerhead 130), a
liner {e.g., outer liner 116 or inner liner 118} or liner kit, or a ring (e.g., ring 146). The article
may be a pre-sintered ceramic article, and may be composed of one or more of Al;O;, AIN,
SiN, or SiC.

{6070} At block 5006, the article and the powder compact may optionally be placed into a
mold. In one embodiment, the mold is a graphite mold. In one embodiment, the inner surface
of the mold that will interface with the powder compact is coated with a non-stick material
prior to placing the article or powder compact in the mold. The non-stick material may be, for

example, boron nitride (BN). In one embodiment, the powder compact 1s disposed over the
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article, and the article and powder compact are placed together into the mold. In another
embodiment, the powder compact is placed into the mold, and the article is then inserted into
the mold. Insertion of the article into the mold may cause the powder compact to be disposed
on the surface of the article.

{6071} At block 510, the article and powder compact are placed into a furnace and a hot
press process is performed to hot press the powder compact against the article. If a mold is
used, then the mold containing the article and the powder compact may be placed into the
furnace. To perform the hot press process, at block 512 the article and powder compact are
heated to a temperature of 50-80% of a melting point for the powder compact (e.g., S0-80%
of the temperature at which particles in the powder compact begin to melt). In other
embodiments, temperatures up to 90% or 95% of the melting point of the powder compact
may be used. The temperature used to perform the sintering may be, for example, on the
order of 1200-1650 °C. In one embodiment, a temperature of 1600 °C is used (e.g., for the Y-
O-F ceramic). At block 514, a pressure is applied to compress the powder compact against
the article. A pressure of about 15-100 Mega Pascals (MPa) may be applied. In one
embodiment, a pressure of 15-60 MPa is applied. In another embodiment, a pressure of about
15-30 MPa is applied. In a further example a uniaxial pressure of about 35-40 MPa is applied
(e.g., for the Y-O-F ceramic). In one embodiment, the pressure that is applied is a uniaxial
pressure. For example, if a mold is used, then the mold may have an opening in which a
punch applies uniaxial pressure that presses the powder compact against the mold and the
article. The pressure and elevated temperature may be applied for the hot pressing process for
a duration of about 1-6 hours in some embodiments. Alternatively, a longer or shorter
duration may be used. The hot pressing may be performed under an Ar flow, under vacuum,
under a N, flow, or under a flow of another inert gas. The flow of the inert gas may be, for
example, around 1.5-2.5 L/min. At block 516 the powder compact is sintered into a sintered
ceramic protective layer and bonded to the article as a result of the hot pressing. The bond
between the sintered ceramic protective layer and the article may be a diffusion bond in
embodiments that is caused by the heat and pressure of the hot pressing.

{6072} At block 520, it 1s determined whether any additional protective layers are to be
formed. If so, the method returns to block 504 and another powder compact is disposed on
the article over the sintered ceramic protective layer. This process may be repeated a number
of times until a target number of sintered ceramic protective layers are formed. If no

additional protective layers are to be formed, the method continues to block 525 or ends. At

-19-



WO 2018/164967 PCT/US2018/020734

block 525, the sintered ceramic protective layer (or multiple sintered ceramic protective
layers) may be cut by a laser cutter.

{6073} In some embodiments, a surface of the sintered ceramic protective layer is
polished. For example, the surface may be polished to an average surface roughness (Ra) of
about 5-20 micro-inches in an embodiment. In a further embodiment, the sintered ceramic
protective layer is polished to an average surface roughness (Ra) of about 8-12 micro-inches.
Prior to polishing the sintered ceramic protective layer may have an average surface
roughness of about 80-120 micro-inches in embodiments.

[6074] In some embodiments, the article may have a first coefficient of thermal
expansion {CTE), a first sintered ceramic protective layer may have a second CTE, and a
second sintered ceramic protective layer may have a third CTE, where the second CTE has a
value that is between the first CTE and the third CTE. For example, if the article is a metal
article, such as aluminum or an aluminum alloy, then the first sintered ceramic protective
layer may alleviate stress to the second sintered ceramic protective layer caused during
heating and cooling.

{6075] FIG. 6 1s a flow diagram illustrating a method 600 for forming multi-layer sintered
ceramic by hot pressing two pre-sintered ceramic articles together, according to an
embodiment. At block 604, a first ceramic article is provided and a ceramic welding
compound may be applied onto a surface of the first ceramic article. The ceramic welding
compound may be a powder compact in the format of foil or tape that includes ceramic
particles of a ceramic having a low melting temperature (e.g., of about 100-200 °C).
Examples of ceramics that may be used for the ceramic welding compound include silica
based and high alumina based ceramic welding materials such as a high purity fused silica
based ceramic welding matenial, a crystalline silica based ceramic welding material, fire clay
based ceramic welding material, and so on. For one example, a ceramic welding material may
include Si0O; at a concentration of 90 mol%, Al;0Os at a concentration of6.0 mol%, and Fe, 03
at a concentration of 1.5 mol%. The first ceramic article may be a relatively inexpensive
sintered ceramic with high mechanical strength, such as Al,Os, AIN, SiN, SiC, and soon. In
some embodiments, the first sintered ceramic article may be a suitable chamber component as
described with respect to FIG. 1.

[0076] At block 606, a second sintered ceramic article is disposed on the first sintered
ceramic article. A surface of the second sintered ceramic article may conform to a surface of

the first sintered ceramic article. In some embodiments, the surfaces of the two sintered
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ceramic articles are non-planar surfaces. In some embodiments the ceramic welding
compound may be sandwiched between the first and second sintered ceramic articles. The
second sintered ceramic article may be any of the aforementioned ceramics discussed with
regards to the sintered ceramic protective layer, such as Y3Als0p (YAG), Y1:ALGs (YAM),
Y203, EnGs, Gd0s, Gd3Als01: (GAG), YF3, Nd»Os, ErsAlLOo, ErsAlsOr (EAG), ErAlGs,
GdsAl; 0y, GAAIO3, Nd3AlLsOy,, Nd4AL Oy, NdAIOs, Y, O,F,, a solid solution or multiphase
compound of Y,03-Zr0;, or a ceramic compound composed of YAl Oy and at least one
phase of Y,03-Z10;.

[6077] At block 610, the first and second sintered ceramic articles are placed into a
furnace and a hot press process is performed to hot press the second sintered ceramic article
against the first sintered ceramic article. To perform the hot press process, at block 612 the
sintered ceramic articles may be heated to a temperature of 50-80% of a melting point for the
first and second sintered ceramic articles. In other embodiments, temperatures up to 90% or
95% of the melting point of the sintered ceramic articles may be used. The temperature used
to perform the sintering may be, for example, on the order of 1200-1500 °C. Alternatively, a
lower temperature may be used that is above the melting point of the particles in the ceramic
welding compound (e.g, around 200-500 °C).

{0078] At block 614, a pressure is applied to compress the second sintered ceramic article
against the first sintered ceramic article. A pressure of about 15-100 Mega Pascals (MPa)
may be applied. In one embodiment, a pressure of 15-30 MPa is applied. In one embodiment,
the pressure that is applied is a uniaxial pressure. At block 616 the second sintered ceramic
article 1s diffusion bonded to the first sintered ceramic article.

{6079] At block 625, the second sintered ceramic article may be cut by a laser cutterto a
target shape.

{6080} FIG. 7 is a flow diagram illustrating a method 700 for forming a sintered ceramic
protective layer onto an article from a ceramic slurry, according to an embodiment. The
ceramic slurry may or may not be a sol-gel compound. At block 702 of method 700 a ceramic
slurry having a first ceramic material composition is formed. The first ceramic material
composition may contain ceramic particles as described above with regards to the sintered
ceramic protective layer. For example, the particles may be any of Y;Als01; (YAG), Y ALOy
(YAM), Y103, Er O3, Gdy03, Gd;AlsO; (GAG), YF3, Nd»Os, ErgAl O, ErsAlsOqy, (EAG),
ErAlOs;, GdisAL Oy, GAAIO;, Nd3AlsOy,, NdyALOg, NdAIO3, YO F,, a solid solution or
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multiphase compound of Y,05-Zr0,, or a ceramic compound composed of Y;AlOy and at
least one phase of Y,03-Z10;.

{0081} At block 704, the ceramic slurry is applied to an article. The ceramic slurry may
contain a mixture of a powdered ceramic having an average particle diameter of about 0.01-1
um in embodiments. The ceramic slurry may additionally contain a dispersing medium (e.g.,
a solvent) and/or a binder. The dispersing medium may be, for example, water, aromatic
compounds such as toluene and xylene, alcohol compounds such as ethyl alcohol, 1sopropyl
alcohol and butyl alcohol, or a combination thereof. The binder may be an organic binder and
may include polyvinyl butyral resins, cellulose resins, acrylic resins, vinyl acetate resins,
polyvinyl alcohol resins, and so on. The ceramic slurry may additionally include a plasticizer
such as polyethylene glycol and/or phthalic esters.

{06082} The ceramic slurry may form a green body on the article. The ceramic slurry may
be formed on the article via any standard application technique, such as spraying, dip coating,
injection molding, painting, doctor blade coating, and so on. In some embodiments, the
article may be a suitable chamber component as described with respect to FIG. 1. For
example, the article could be any of, but not limited to, a lid, a nozzle, an electrostatic chuck
(e.g., ESC 150), a showerhead (e.g., showerhead 130), a liner (e.g., outer liner 116 or inner
liner 118) or liner kit, or aring (e.g., ring 146). The article may be a pre-sintered ceramic
article, and may be composed of one or more of Al,Os, AIN, SiN, or SiC.

{06083} At block 706, the article and the ceramic slurry may optionally be placed into a
mold. In one embodiment, the mold is a graphite mold. In one embodiment, the inner surface
of the mold that will interface with the ceramic slurry is coated with a non-stick material prior
to placing the article or powder compact in the mold. The non-stick material may be, for
example, boron nitride (BN), and may prevent the ceramic slurry from binding to the mold.
In one embodiment, the ceramic slurry is disposed over the article, and the article and
ceramic slurry are placed together into the mold. In another embodiment, the ceramic slurry
is placed into the mold, and the article is then inserted into the mold. Insertion of the article
into the mold may cause the ceramic slurry to be disposed on the surface of the article. In
another embodiment, the article is placed in the mold and the ceramic slurry 1s then injected
into a space between the article and the walls of the mold.

[0084] At block 708, a determination may be made as to whether the ceramic slurry
includes an organic binder. If the ceramic slurry includes an organic binder, then the method

proceeds to block 709. Otherwise the method continues to block 710.
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{06085] At block 709, the article and ceramic shurry (a green body at this point) are placed
into a first furnace and heat is applied to burn off the organic binders from the ceramic slurry.
The applied heat may have a temperature of about 100-200 °C (e.g., about 110-130 °C in
some embodiments). The heat may be applied while the furnace is under vacuum, or while an
inert gas such as Ar or N. The heat may be applied for a duration of about 2-5 hours to burn
off the organic binders. If a mold was used, then the entire assembly including the mold, the
article and the ceramic slurry may be placed in the furnace. The ceramic slurry may also be
dried by the heat. The ceramic slurry will be referred to from this point as a green body since
techunically it is no longer a slurry once it has dried.

{06086} At block 710, the article and green body are placed into a second furnace and a
hot press process 1s performed to hot press the ceramic slurry against the article. Different
furnaces may be used for the hot pressing and to burn off organic material to avoid
contaminating the furnace that performs the hot pressing. If a mold is used, then the mold
containing the article and the green body may be placed into the furnace. To perform the hot
press process, at block 712 the article and green body are heated to a temperature of 50-80%
of a melting point for the particles in the ceramic slurry. In other embodiments, temperatures
up to 90% or 95% of the melting point of the particles may be used. The temperature used to
perform the sintering may be, for example, on the order of 1200-1650 °C. In one
embodiment, a temperature of 1600 °C is used (e.g., for the Y-O-F ceramic).

[6087] At block 714, a pressure is applied to compress the green body against the article.
A pressure of about 15-100 Mega Pascals (MPa) may be applied. In one embodiment, a
pressure of 15-30 MPa is applied. In a further example a uniaxial pressure of about 35-40
MPa is applied (e.g., for the Y-O-F ceramic). In one embodiment, the pressure that is applied
is a uniaxial pressure. For example, if a mold is used, then the mold may have an opening in
which a punch applies uniaxial pressure that presses the green body against the mold and the
article. The pressure and elevated temperature may be applied for the hot pressing process for
a duration of about 1-6 hours in some embodiments. Alternatively, a longer or shorter
duration may be used. The hot pressing may be performed under an Ar flow, under vacuum,
under a N, flow, or under a flow of another inert gas. The flow of the inert gas may be, for
example, around 1.5-2.5 L/min.

{0088} At block 716 the green body is sintered into a sintered ceramic protective layer

and bonded to the article as a result of the hot pressing. The bond between the sintered
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ceramic protective layer and the article may be a diffusion bond in embodiments that is
caused by the heat and pressure of the hot pressing.

{6089} At block 720, it is determined whether any additional protective layers are to be
formed. If so, the method returns to block 704 and another ceramic slurry is disposed on the
article over the sintered ceramic protective layer. This process may be repeated a number of
times until a target number of sintered ceramic protective layers are formed. If no additional
protective layers are to be formed, the method continues to block 725 or ends. At block 725,
the sintered ceramic protective layer (or multiple sintered ceramic protective layers) may be
cut by a laser cutter.

{6090} In some embodiments, a surface of the sintered ceramic protective layer is
polished. For example, the surface may be polished to an average surface roughness (Ra) of
about 5-20 micro-inches in an embodiment. In a further embodiment, the sintered ceramic
protective layer is polished to an average surface roughness (Ra) of about 8-12 micro-inches.
Prior to polishing the sintered ceramic protective layer may have an average surface
roughness of about 80-120 micro-inches in embodiments.

{06091} In some embodiments, the article may have a first coefficient of thermal
expansion (CTE), a first sintered ceramic protective layer may have a second CTE, and a
second sintered ceramic protective layer may have a third CTE, where the second CTE has a
value that is between the first CTE and the third CTE. For example, if the article is a metal
article, such as aluminum or an aluminum alloy, then the first sintered ceramic protective
layer may alleviate stress to the second sintered ceramic protective layer caused during
heating and cooling.

{06092] The preceding description sets forth numerous specific details such as examples of
specific systems, components, methods, and so forth, in order to provide a good
understanding of several embodiments of the present invention. It will be apparent to one
skilled in the art, however, that at least some embodiments of the present invention may be
practiced without these specific details. In other instances, well-known components or
methods are not described in detail or are presented in simple block diagram format in order
to avoid unnecessarily obscuring the present invention. Thus, the specific details set forth are
merely exemplary. Particular embodiments may vary from these exemplary details and still
be contemplated to be within the scope of the present disclosure.

{0093] Reference throughout this specification to “one embodiment” or “an embodiment”

indicates that a particular feature, structure, or characteristic described in connection with the
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embodiment is included in at least one embodiment. Thus, the appearances of the phrase “in
one embodiment” or “in an embodiment” in various places throughout this specification are
not necessarily all referring to the same embodiment. In addition, the term “or” is intended to
mean an inclusive “or” rather than an exclusive “or.” When the term “about” or
“approximately” is used herein, this is intended to mean that the nominal value presented is
precise within £10%.

[0094] Although the operations of the methods herein are shown and described in a
particular order, the order of the operations of each method may be altered so that certain
operations may be performed in an inverse order or so that certain operation may be
performed, at least in part, concurrently with other operations. In another embodiment,
instructions or sub-operations of distinct operations may be in an intermittent and/or
alternating manner.

[0095] It is to be understood that the above description is intended to be illustrative, and
not restrictive. Many other embodiments will be apparent to those of skill in the art upon
reading and understanding the above description. The scope of the invention should,
therefore, be determined with reference to the appended claims, along with the full scope of

equivalents to which such claims are entitled.
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CLAIMS

What 1s claimed 1s:

L. A method comprising:
disposing a powder compact on a surface of an article, wherein the article is a
chamber component of a processing chamber;
hot pressing the powder compact against the surface of the article, the hot pressing
comprising:
heating the article and the powder compact to a temperature that is 50-80% of
a melting point of the powder compact; and
applying a pressure of 15-100 Megapascals;
wherein the hot pressing sinters the powder compact into a sintered ceramic protective

layer and bonds the sintered ceramic protective layer to the surface of the article.

2. The method of claim 1, wherein the article comprises one of aluminum, an aluminum
alloy, or a ceramic selected from a group consisting of Al,Os, AIN, Si3Ny4 and SiC.
3. The method of claim 1, wherein the powder compact consists essentially of particles

selected from a group consisting of yttrium oxide, yttrium fluoride and yttrium oxy-fluoride.

4. The method of claim 1, wherein the powder compact consists essentially of a solid

solution of yttrium oxide and zirconium oxide.

5. The method of claim 1, wherein the surface of the article is a non-planar surface, the
method further comprising:
placing the article and the powder compact in a mold, wherein applying the pressure

comprises applying uniaxial pressure using a punch.

6. The method of claim 1, further comprising:

laser cutting the sintered ceramic protective layer to achieve a predefined shape.

7. The method of claim 1, further comprising:
disposing an additional powder compact over the sintered ceramic protective layer;

and
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hot pressing the additional powder compact against the sintered ceramic protective
layer, wherein the hot pressing of the additional powder compact against the sintered ceramic
protective layer sinters the additional powder compact into a second sintered ceramic
protective layer and bonds the second sintered ceramic protective layer to the sintered

ceramic protective layer.

8. A method comprising:
applying a ceramic slurry of a first ceramic onto a surface of an article, wherein the
article is a chamber component of a processing chamber;
hot pressing the ceramic slurry or a green body formed from the ceramic slurry
against the surface of the article, the hot pressing comprising:
heating the article and the ceramic slurry or the green body to a temperature
that 1s 50-80% of a melting point of the first ceramic; and
applying a pressure of 15-100 Megapascals;
wherein the hot pressing sinters the ceramic slurry or the green body into a sintered
ceramic protective layer and bonds the sintered ceramic protective layer to the surface of the

article.

9. The method of claim 8, wherein the article comprises a pre-sintered ceramic selected

from a group consisting of Al,Os5, AIN, Si3N, and SiC.

10. The method of claim 8, wherein the article comprises a metal selected from a group

consisting of aluminum and an aluminum alloy.

I1.  The method of claim 8§, wherein the first ceramic is selected from a group consisting

of yttrium oxide, yttrium fluoride and yttrium oxy-fluoride.

12.  The method of claim 8, wherein the first ceramic is selected from a group consisting
of a) a solid solution of yttrium oxide and zirconium oxide and b) a ceramic compound

consisting of Y4Al;Oy and a solid-solution of Y,03-Zr0O;.

13. The method of claim 8, wherein the ceramic slurry comprises an organic binder, the

method further comprising:
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prior to performing the hot pressing, loading the article and the ceramic slurry into a
first furnace and heating the article and the ceramic slurry to a first temperature of about 100-
200 °C to burn off the organic binder and dry the ceramic slurry to form the green body from
the ceramic slurry; and

subsequently loading the article and the green body into a second furnace, wherein the

hot pressing is performed in the second furnace.

14. The method of claim 8, wherein the surface of the article is a non-planar surface, the
method further comprising:
placing the article and the ceramic slurry or the green body in a mold, wherein

applying the pressure comprises applying uniaxial pressure using a punch.

15. The method of claim 8, further comprising:
applying an additional ceramic slurry onto the sintered ceramic protective layer; and
hot pressing the additional ceramic slurry or an additional green body formed from
the second ceramic slurry against the sintered ceramic protective layer, wherein the hot
pressing of the ceramic slurry or the additional green body against the sintered ceramic
protective layer sinters the additional ceramic slurry or the additional green body into a
second sintered ceramic protective layer and bonds the second sintered ceramic protective

layer to the sintered ceramic protective layer.

-2 8-



WO 2018/164967 PCT/US2018/020734
1/5

00

—

P 18 TOPUMP 45

o | SYSTEM
10 souRCE
172 CHUCKING
P 3 POWER
7 SOURCE
< 182

TQ

150 484
S MATCHING |giy™

HEATER op CIRCUIT | Y e

POWER 188 e

SOURCE e
178

FIG. 1



PCT/US2018/020734

2/5

WO 2018/164967

¢ Ol

7)) 092™ gog

GIC H3AAYT
NOLLYWOLNY INJWINO3

Mw 022

00c

oLe gle 00¢



PCT/US2018/020734

3/5

WO 2018/164967

dy Ol

N ZEY

Sy 7 .
S L
B TSI Ie”

A

dy Old

e

e e e e g e e e g e

o

ST TR T R R

vy Ol

N 2O

i

o

e
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

e
&
&

S AV 0] 2

00v



PCT/US2018/020734

WO 2018/164967

4/5

9 Ol

(aNa)
Y

G Old

2G (S)i9he] 9ANDSI0Id JIWRIS) PRIBIUIS IND) JaseT]

C70 3joiLy JiuRIa) PU0oeS 1Y Josen

i

TG 8|0y JIURISY 15114 0] SjOILY JILURIS) PUOISS puog

FTOedN 001-G} O aunssaid Ajddy

710 Sj01Uy oIS PU0DSS pUY S0ILY JIWEIaD
15114 404 JUI0d BuBlisiy JO %08-06 J0 2injesadwa | 0f JesH

019
JoIUY SILUEIY) 1814 1suieBy 9jolly JiURIS) PU0dss Ssald JOH

| ON
m.ﬁmw\ﬂm.._ BA1OB)0I [RUOIHPDY ...................................

915 sty
01 1oAeT 8A198101d JIUBIRY) PAISIUIS puog pue JakeT
BAI0S)0IJ DIUBIDY) PRIBIUIS O] 10BdWION) JOpMOod JBluIs

FIG edi 001-G1 J0 aunssaid Addy

771G 1vedwon Jspmod
0} Juiod Bullie 10 %08-06 Jo ainjelsduwia] 0] 18K

J-

TG 8jomy Jsuieby 10edwon 18pmod $59id 10H

809 oy
OIUBIBY 1814 JO SOBUNG UQ SIOIJY JILIRIS) PU0dag 8s0dsi(]

J-\

3

905 pioy ojuj Joeduwio] JapMmod puy SOy S08|d

P00 sjoiuy o)
1514 JO 80BUNG OO punoduwio)) Bupisp awess) Ajddy

A

$0G a0y uQ Joedwo)) Jepmod asodsig

3

CLuvis)

09—




WO 2018/164967 PCT/US2018/020734
5/5

Form Ceramic Slurry Having First Ceramic Material 702

v

Apply Ceramic Slurry To Article 704

A 4
Place Article And Ceramic Slurry Into Mold 706

Burn Off Organic Binders 709

-
®
¥

Hot Press Powder Ceramic Slurry/Green Body Against Article
710

Heat To Temperature of 50-80% of Melting Point for First
Ceramic Material 712

Apply Pressure of 15-100 MPa 714

Sinter Ceramic Slurry/Green Body Into Sintered Ceramic
Protective Layer and Bond Sintered Ceramic Protective
Layer To Article 716

<_Additional Protective Layer?

NO |

Laser Cut Sintered Ceramic Protective Layer(s) 725




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2018/020734

A. CLASSIFICATION OF SUBJECT MATTER

C04B 35/622(2006.01)i, C04B 35/645(2006.01)i, C04B 37/00(2006.01)i, C04B 37/02(2006.01)i, C04B 35/515(2006.01)i,
C04B 35/48(2006.01)i, C04B 35/553(2006.01)i, C04B 35/632(2006.01)i, C04B 35/626(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)
C04B 35/622;, B32B 9/00; HO1L 21/306; C23C 14/48;, C23C 14/08; HO1L 21/683; HO1J 37/32; C23C 16/00; C04B 35/645;, C04B 37/00;
C04B 37/02; C04B 35/515; C04B 35/48; C04B 35/553, C04B 35/632; C04B 35/626

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: sintered ceramic, protective layer, hot pressing, semiconductor chamber

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2005-0064248 A1 (O°DONNELL, ROBERT J. et al.) 24 March 2005 1-15
See abstract; paragraphs [0023], [0028], [0031], [0035], [0049];
and claims 1, 3, 4, 21.

X WO 2015-013070 A1 (APPLIED MATERIALS, INC.) 29 January 2015 1-15
See paragraphs [0025], [0048]; and claims 8, 11, 14.

X US 2014-0154465 A1 (APPLIED MATERIALS, INC.) 05 June 2014 1-15
See paragraphs [0015], [0020], [0032]; and claims 4, 12.

X US 2015-0024155 A1 (APPLIED MATERIALS, INC.) 22 January 2015 1-15
See paragraph [0022]; and claims 1, 11, 12, 17.

X US 2003-0079684 A1 (KUIBIRA, AKIRA et al.) 01 May 2003 1-15
See paragraphs [0010], [0073], [0082], [0086]; and claims 9, 13.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
15 June 2018 (15.06.2018) 15 June 2018 (15.06.2018)
Name and mailing address of the [SA/KR Authorized officer
e International Application Division
Korean Intellectual Property Office LEE, Myung Jin

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

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8474

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2018/020734
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005-0064248 Al 24/03/2005 CN 1300374 C 14/02/2007
CN 1505695 A 16/06/2004
JP 2004-525517 A 19/08/2004
KR 10-0882758 Bl 09/02/2009
KR 10-2003-0086618 A 10/11/2003
SG 130973 Al 26/04/2007
TW 569335 B 01/01/2004
US 2002-0142611 Al 03/10/2002
US 6830622 B2 14/12/2004
WO 02-079538 Al 10/10/2002
WO 2015-013070 Al 29/01/2015 CN 105392913 A 09/03/2016
CN 107964650 A 27/04/2018
JP 2016-530192 A 29/09/2016
KR 10-2016-0033700 A 28/03/2016
KR 10-2017-0143027 A 28/12/2017
TW 201505092 A 01/02/2015
US 2015-0021324 Al 22/01/2015
US 2017-0130319 Al 11/05/2017
US 2017-0133207 Al 11/05/2017
US 2018-0100228 Al 12/04/2018
US 9583369 B2 28/02/2017
US 9812341 B2 07/11/2017
US 9869012 B2 16/01/2018
US 2014-0154465 Al 05/06/2014 CN 104904005 A 09/09/2015
JP 2016-502276 A 21/01/2016
KR 10-2015-0092227 A 12/08/2015
TW 201428886 A 16/07/2014
US 9916998 B2 13/03/2018
WO 2014-089244 Al 12/06/2014
US 2015-0024155 Al 22/01/2015 CN 105378900 A 02/03/2016
CN 107978507 A 01/05/2018
JP 2016-525287 A 22/08/2016
KR 10-2016-0034298 A 29/03/2016
KR 10-2017-0143022 A 28/12/2017
TW 201519351 A 16/05/2015
US 2017-0301522 Al 19/10/2017
US 2018-0096825 Al 05/04/2018
US 9711334 B2 18/07/2017
WO 2015-009745 Al 22/01/2015
US 2003-0079684 Al 01/05/2003 CA 2329816 Al 20/07/2001
CA 2329816 C 05/04/2005
EP 1119041 A2 25/07/2001
EP 1119041 A3 04/02/2004
EP 1764829 Al 21/03/2007
EP 1918990 Al 07/05/2008

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/020734
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2002-057207 A 22/02/2002
JP 2005-191581 A 14/07/2005
JP 4529690 B2 25/08/2010
KR 10-0420456 Bl 02/03/2004
KR 10-2001-0076378 A 11/08/2001
TW 523855 B 11/03/2003
TW 523858 B 11/03/2003
US 2002-0007911 Al 24/01/2002
US 6508884 B2 21/01/2003
US 6716304 B2 06/04/2004

Form PCT/ISA/210 (patent family annex) (January 2015)




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

