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ION ASSISTED DEPOSITION FOR RARE-EARTH OXIDE BASED COATINGS ON

LIDS AND NOZZLES

TECHNICAL FIELD

[0001] Embodiments of the present invention relate, in general, to chamber lids and chamber
nozzles having a thin film plasma resistant protective layer.

BACKGROUND

[0002] In the semiconductor industry, devices are fabricated by a number of manufacturing
processes producing structures of an ever-decreasing size. Some manufacturing processes such
as plasma etch and plasma clean processes expose a substrate 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.

[0003] Lids and nozzles are two important etch chamber components in conductor and
dielectric etch. Typically lids and nozzles are made out of bulk ceramics. However, with a
continuous decrease in device node, stringent defect requirements are dictated. Some of these
newer applications use high operating temperatures (e.g., around 300°C or above). Many bulk
ceramics may crack due to thermal shock when used in such high temperature applications.
Also, plasma resistant bulk ceramics are typically quite expensive.

[0004] Al,O3 may be used for lids and nozzles due to high thermal conductivity and flexural
strength of Al,O;. However, under Fluorine chemistry, exposed Al,Oz forms AIF particles as
well as Al metal contamination on processed wafers. Recent efforts have been made to coat the
plasma facing side of the lid and nozzle with a thick protective coating. Thick-film coatings
such as a plasma spray coating have been explored to reduce on-wafer metal contamination.
However, vacuum sealing of the plasma spray coating has been a concern because in some
instances the plasma spray coating does not maintain a vacuum due to inherent pores and cracks.
Additionally, the plasma spray coating has a long lead time and typically is preceded by special
surface preparation, which ultimately increases the cost. Also, refurbishing the coating can be a
challenge due to surface preparation and cost.

[0005] The thin-film coating technique known as physical vapor deposition (PVD) has been
considered for coating lids and nozzles. However, the PVD coating process is very slow (affects
the ultimate cost of coating) and therefore may not generate coatings that are thick enough to
meet the lifetime requirement of a component (especially for a non-consumable part like lid &
nozzle). Additionally, PVD coatings typically have high residual stress, which in some instances

will reduce the component lifetime due to coating cracking and peeling.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention is 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.

[0007] FIG. 1 depicts a sectional view of one embodiment of a processing chamber.

[0008] FIG. 2A depicts a deposition mechanism applicable to a variety of deposition
techniques utilizing energetic particles such as ion assisted deposition (IAD).

[0009] FIG. 2B depicts a schematic of an IAD deposition apparatus.

[0010] FIGS. 3-4 illustrate cross sectional side views of articles (e.g., lids and/or nozzles)
covered by one or more thin film protective layers.

[0011] FIG. 5A illustrates a perspective view of a chamber lid having a rare earth oxide
plasma resistant layer, in accordance with one embodiment.

[0012] FIG. 5B illustrates a cross-sectional side view of a chamber lid having a rare earth
oxide plasma resistant layer, in accordance with one embodiment.

[0013] FIG. 5C illustrates a perspective view of a chamber nozzle having a rare earth oxide
plasma resistant layer, in accordance with one embodiment.

[0014] FIG. 6 illustrates one embodiment of a process for forming one or more protective
layers over a lid or nozzle.

[0015] FIG. 7 shows erosion rates of various materials exposed to dielectric etch CF4
chemistry, including erosion rates of multiple different IAD coatings generated in accordance
with embodiments described herein.

[0016] FIGS. 8 and 9 illustrate crosion rates under CH4-CI2 and CHF3-NF3-CI2 chemistrics
respectively for thin film protective layers formed in accordance with embodiments of the
present invention.

[0017] FIGS. 10-11 illustrate roughness profiles under CH4-C12 and CHF3-NF3-Cl12
chemistries respectively for thin film protective layers formed in accordance with embodiments
of the present invention.

[0018] FIG. 12 shows crosion rates of various materials exposed to a CF4-CHF;3 trench
chemistry at low bias.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Embodiments of the present invention provide an article such as a lid and/or nozzle
for an etch reactor having a thin film protective layer on one or more plasma facing surfaces of
the article. The protective layer may have a thickness up to approximately 300 um, and may

provide plasma corrosion resistance for protection of the article. The protective layer may be
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formed on the article using ion assisted deposition (IAD) (e.g., using electron beam IAD (EB-

IAD)). The thin film protective layer may be Y3Als015, Y4Al Oy, Er,O3, Gdy03, Er;AlsOys,
Gd;AlsOyy, a ceramic compound comprising Y 4Al,Og and a solid-solution of Y,03-ZrO,, or
another rare-ecarth oxide. The improved erosion resistance provided by the thin film protective
layer may improve the service life of the article, while reducing maintenance and manufacturing
cost. Additionally, the IAD coating can be applied thick enough to provide a longer life time for
the lid and/or nozzle, and may have a good hermetic sealing to maintain a vacuum. IAD
coatings can be applied and later refurbished at low cost.

[0020] FIG. 1 is a sectional view of a semiconductor processing chamber 100 having one or
more chamber components that are coated with a thin film 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 example, the processing chamber 100
may be a chamber for a plasma etch reactor (also known as a plasma etcher), a plasma cleaner,
and so forth. Examples of chamber components that may include a thin film protective layer
include a substrate support assembly 148, an electrostatic chuck (ESC) 150, a ring (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. In one particular embodiment, the protective layer is
applied over a chamber lid 104 and/or a chamber nozzle 132.

[0021] The thin film protective layer, which is described in greater detail below is a rare earth
oxide layer deposited by ion assisted deposition (IAD). The thin film protective layer may
include Y,0; and Y,0j; based ceramics, Y3AlsO15 (YAG), Y4ALOy (YAM), Er,O3 and Er, O3
based ceramics, Gd,0; and Gd,O3 based ceramics, Er;AlsO, (EAG), Gd;AlsOpp (GAG), Nd,O3
and Nd,O3 based ceramics, YAIO; (YAP), ErsAl,Oy (EAM), ErAlO; (EAP), GdsAl, Oy
(GdAM), GdAIO; (GdAP), Nd3AlsO1, (NdAG), Nd4sAl,O9 (NdAM), NdAIO3 (NdAP), and/or a
ceramic compound comprising Y 4Al,O9 and a solid-solution of Y,03-ZrO,. The thin film
protective layer may also include YF;, Er-Y compositions (¢.g., Er 80wt% and Y 20wt%), Er-
Al-Y compositions (e.g., Er 70wt%, Al 10 wt%, and Y 20wt%) , Er-Y-Zr compositions (e.g., Er
T0wt%, Y 20wt% and Zr-10wt%), or Er-Al compositions (e.g., Er 80wr% and Al 20 wt%).
[0022] The thin film protective layer may also be based on a solid solution formed by any
of the aforementioned ceramics. With reference to the ceramic compound comprising Y4Al,Og
and a solid-solution of Y,03-ZrO,, in one embodiment, the ceramic compound includes 62.93
molar ratio (mol%) Y,03, 23.23 mol% ZrO; and 13.94 mol% Al,Os. In another embodiment,
the ceramic compound can include Y,03 in a range of 50-75 mol%, ZrO, in a range of 10-30

mol% and Al,O; in a range of 10-30 mol%. In another embodiment, the ceramic compound can
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include Y,0s3 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,0O3 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,Oj3 in a range of 40-50 mol%, ZrO, in a
range of 20-40 mol% and Al,O3 in a range of 20-40 mol%. In another embodiment, the ceramic
compound can include Y,03 in a range of 70-90 mol%, ZrO; in a range of 0-20 mol% and
Al,O3 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,O; in a range of 20-40
mol%. In another embodiment, the ceramic compound can include Y,0; in a range of 40-60
mol%, ZrO, in a range of 0-20 mol% and Al,Os3 in a range of 30-40 mol%. In other
embodiments, other distributions may also be used for the ceramic compound.

[0023] In one embodiment, an alternative ceramic compound that includes a combination of
Y03, ZrO,, Er,03, Gd,05 and SiO; is used for the protective layer. In one embodiment, the
alternative ceramic compound can include Y,0s in a range of 40-45 mol%, ZrO, in a range of
0-10 mol%, Er203 in a range of 35-40 mol%, Gd203 in a range of 5-10 mol% and SiO2 in a
range of 5-15 mol%. In a first example, the alternative ceramic compound includes 40 mol%
Y203, 5 mol% ZrO,, 35 mol% Er,0s, 5 mol% Gd,03 and 15 mol% Si0O,. In a second example,
the alternative ceramic compound includes 45 mol% Y,03, 5 mol% ZrO,, 35 mol% Er,03, 10
mol% Gd,0; and 5 mol% Si0;. In a third example, the alternative ceramic compound includes
40 mol% Y,0s, 5 mol% ZrO,, 40 mol% Er,03, 7 mol% Gd,03 and 8 mol% SiO».

[0024] Any of the aforementioned thin film protective layers may include trace amounts of
other materials such as ZrQ,, Al,Os, SiO», B,0O3, EryO3, Nd2O3, Nb,Os, CeO;, SmyOs, YD,04,
or other oxides.

[0025] The thin film protective layer may be an IAD coating applied over different ceramics
including oxide based ceramics, Nitride based ceramics and Carbide based ceramics. Examples
of oxide based ceramics include SiO, (quartz), Al,O3, Y,03, and so on. Examples of Carbide
based ceramics include SiC, Si-SiC, and so on. Examples of Nitride based ceramics include
AIN, SiN, and so on. TAD coating target material can be calcined powders, preformed lumps
(e.g., formed by green body pressing, hot pressing, and so on), a sintered body (e.g., having 50-
100% density), or a machined body (e.g., can be ceramic, metal, or a metal alloy).

[0026] As illustrated, the lid 130 and nozzle 132 each have a thin film protective layer 133,
134, 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 thin film protective

layer.
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[0027] In one embodiment, the processing chamber 100 includes a chamber body 102 and a
lid 130 that enclose an interior volume 106. The lid 130 may have a hole in its center, and a
nozzle 132 may be inserted into the hole. 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. Any of the lid 130, nozzle 132, sidewalls 108 and/or bottom
110 may include a thin film protective layer.

[0028] 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 thin film protective layer.
In one embodiment, the outer liner 116 is fabricated from aluminum oxide.

[0029] 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.

[0030] The lid 130 may be supported on the sidewall 108 of the chamber body 102. The lid
130 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 nozzle 132. The lid 130 may be a ceramic such as Al,O3, Y,03, YAG,
Si0,, AIN, SiN, SiC, Si-SiC, or a ceramic compound comprising Y 4Al,O9 and a solid-solution
of Y203-ZrO,. The nozzle 132 may also be a ceramic, such as any of those ceramics mentioned
for the lid. The lid 130 and/or nozzle 132 may be coated with a thin film protective layer 133,
134, respectively.

[0031] Examples of processing gases that may be used to process substrates in the
processing chamber 100 include halogen-containing gases, such as C;Fg, SFs, SiCls, HBr, NF3,
CF4, CHF3, CH,F3, F, NF3, Cl,, CCly, BCls and SiF4, among others, and other gases such as O,
or N,O. Examples of carrier gases include Nj, He, Ar, and other gases inert to process gases
(e.g., non-reactive gases). A substrate support assembly 148 is disposed in the interior volume
106 of the processing chamber 100 below the lid 130. 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.

[0032] An inner liner 118 may be coated on the periphery of the substrate support assembly
148. The inner liner 118 may be a halogen-containing gas resist material such as those discussed

with reference to the outer liner 116. In one embodiment, the inner liner 118 may be fabricated
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from the same materials of the outer liner 116. Additionally, the inner liner 118 may be coated
with a thin film protective layer.

[0033] 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.
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.

[0034] 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 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 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 utilized to control the temperature of the thermally
conductive base 164, thereby heating and/or cooling the electrostatic puck 166 and a substrate
(e.g., a wafer) 144 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.

[0035] The electrostatic puck 166 may further include multiple gas passages such as
grooves, mesas and other surface features, that may be formed in an upper surface of the puck
166. The gas passages may be fluidly coupled to a source of a heat transfer (or backside) gas
such as He via holes drilled in the 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.

[0036] The electrostatic puck 166 includes at least one clamping electrode 180 controlled by
a chucking power source 182. The electrode 180 (or other electrode disposed in the puck 166 or
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 sources 184, 186 are generally capable of producing RF signal
having a frequency from about 50 kHz to about 3 GHz and a power of up to about 10,000 Watts.
[0037] FIG. 2A depicts a deposition mechanism applicable to a variety of deposition
techniques utilizing energetic particles such as ion assisted deposition (IAD). Exemplary IAD

methods include deposition processes which incorporate ion bombardment, such as evaporation
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(e.g., activated reactive evaporation (ARE)) and sputtering in the presence of ion bombardment
to form plasma resistant coatings as described herein. One particular type of IAD performed in
embodiments is electron beam IAD (EB-IAD). Any of the IAD methods may be performed in
the presence of a reactive gas species, such as O,, Ny, halogens, etc. Such reactive species may
burn off surface organic contaminants prior to and/or during deposition. Additionally, the IAD
deposition process for ceramic target deposition vs. the metal target deposition can be controlled
by partial pressure of O; ions in embodiments. For example a Y,03 coating can be made by
evaporation of a Y metal and bleeding of oxygen ions to form oxides the Yttrium material on the
surface of the component. Alternatively, a ceramic target can be used with no oxygen or reduced
oxygen.

[0038] As shown, the thin film protective layer 215 is formed on an article 210 or on
multiple articles 210A, 210B by an accumulation of deposition materials 202 in the presence of
energetic particles 203 such as ions. The deposition materials 202 may include atoms, ions,
radicals, and so on. The energetic particles 203 may impinge and compact the thin film
protective layer 215 as it is formed.

[0039] In one embodiment, EB IAD is utilized to form the thin film protective layer 215.
FIG. 2B depicts a schematic of an IAD deposition apparatus. As shown, a material source 250
provides a flux of deposition materials 202 while an energetic particle source 255 provides a flux
of the energetic particles 203, both of which impinge upon the article 210, 210A, 210B
throughout the IAD process. The energetic particle source 255 may be an Oxygen or other ion
source. The energetic particle source 255 may also provide other types of energetic particles
such as inert radicals, neutron atoms, and nano-sized particles which come from particle
generation sources (e.g., from plasma, reactive gases or from the material source that provide the
deposition materials).

[0040] The material source (e.g., a target body) 250 used to provide the deposition materials
202 may be a bulk sintered ceramic corresponding to the same ceramic that the thin film
protective layer 215 is to be composed of. For example, the material source may be a bulk
sintered ceramic compound body, or bulk sintered YAG, Er,O3, Gd,03, ErzAlsOq2, or
GdzAlsOj2, or other mentioned ceramics. Other target materials may also be used, such as
powders, calcined powders, preformed material (e.g., formed by green body pressing or hot
pressing), or a machined body (e.g., fused material). All of the different types of material
sources 250 are melted into molten material sources during deposition. However, different types
of starting material take different amounts of time to melt. Fused materials and/or machined

bodies may melt the quickest. Preformed material melts slower than fused materials, calcined
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powders melt slower than preformed materials, and standard powders melt more slowly than
calcined powders.

[0041] IAD may utilize one or more plasmas or beams (¢.g., electron beams) to provide the
material and energetic ion sources. Reactive species may also be provided during deposition of
the plasma resistant coating. In one embodiment, the energetic particles 203 include at least one
of non-reactive species (e.g., Ar) or reactive species (e.g., O). In further embodiments, reactive
species such as CO and halogens (Cl, F, Br, etc.) may also be introduced during the formation of
a plasma resistant coating to further increase the tendency to selectively remove deposited
material most weakly bonded to the thin film protective layer 215.

[0042] With TAD processes, the energetic particles 203 may be controlled by the energetic
ion (or other particle) source 255 independently of other deposition parameters. According to
the energy (e.g., velocity), density and incident angle of the energetic ion flux, composition,
structure, crystalline orientation and grain size of the thin film protective layer may be
manipulated.

[0043] Additional parameters that may be adjusted are a temperature of the article during
deposition as well as the duration of the deposition. In one embodiment, an IAD deposition
chamber (and the chamber lid or nozzle therein) is heated to a starting temperature of 160 °C or
higher prior to deposition. In one embodiment, the starting temperature is 160 °C to 500 °C. In
one embodiment, the starting temperature is 200 °C to 270 °C. The temperature of the chamber
and of the lid or nozzle may then be maintained at the starting temperature during deposition. In
one embodiment, the IAD chamber includes heat lamps which perform the heating. In an
alternative embodiment, the IAD chamber and lid or nozzle are not heated. If the chamber is not
heated, it will naturally increase in temperature to about 160 °C as a result of the IAD process. A
higher temperature during deposition may increase a density of the protective layer but may also
increase a mechanical stress of the protective layer. Active cooling can be added to the chamber
to maintain a low temperature during coating. The low temperature may be maintained at any
temperature at or below 160 °C down to 0 °C in one embodiment.

[0044] Additional parameters that may be adjusted are working distance 270 and angle of
incidence 272. The working distance 270 is the distance between the material source 250 and
the article 210A, 210B. In one embodiment, the working distance is 0.2 to 2.0 meters, with a
working distance of 1.0 meters in one particular embodiment. Decreasing the working distance
increases a deposition rate and increases an effectiveness of the ion energy. However,
decreasing the working distance below a particular point may reduce a uniformity of the

protective layer. The angle of incidence is an angle at which the deposition materials 202 strike
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the articles 210A, 210B. In one embodiment the angle of incidence is 10-90 degrees, with an

angle of incidence of about 30 degrees in one particular embodiment.

[0045] IAD coatings can be applied over a wide range of surface conditions with roughness
from about 0.5 micro-inches (uin) to about 180 uin. However, smoother surface facilitates
uniform coating coverage. The coating thickness can be up to about 300 microns (um). In
production, coating thickness on components can be assessed by purposely adding a rare earth
oxide based colored agent such Nd,O3, Sm,03, Er,O3, etc. at the bottom of a coating layer stack.
The thickness can also be accurately measured using ellipsometry.

[0046] IAD coatings can be amorphous or crystalline depending on the rare-carth oxide
composite used to create the coating. For example EAG and YAG are amorphous coatings
whereas Er,Oz and the ceramic compound comprising Y4Al,Oy and a solid-solution of Y,0s-
Zr0, are typically crystalline. Amorphous coatings are more conformal and reduce lattice
mismatch induced epitaxial cracks whereas crystalline coatings are more erosion resistant.

[0047] Coating architecture can be a bi-layer or a multi-layer structure. In a bilayer
architecture, an amorphous layer can be deposited as a buffer layer to minimize epitaxial cracks
followed by a crystalline layer on the top which might be erosion resistant. In a multi-layer
design, layer materials may be used to cause a smooth thermal gradient from the substrate to the
top layer.

[0048] Co-deposition of multiple targets using multiple electron beam (e-beam) guns can be
achieved to create thicker coatings as well as layered architectures. For example, two targets
having the same material type may be used at the same time. Each target may be bombarded by
a different electron beam gun. This may increase a deposition rate and a thickness of the
protective layer. In another example, two targets may be different ceramic materials. A first
electron beam gun may bombard a first target to deposit a first protective layer, and a second
electron beam gun may subsequently bombard the second target to form a second protective
layer having a different material composition than the first protective layer.

[0049] Post coating heat treatment can be used to achieve improved coating properties. For
example, it can be used to convert an amorphous coating to a crystalline coating with higher
erosion resistance. Another example is to improve the coating to substrate bonding strength by
formation of a reaction zone or transition layer.

[0050] In one embodiment, multiple lids and/or nozzles are processed in parallel in an IAD
chamber. For example, up to five lids and/or nozzles may be processed in parallel in one
embodiment. Each lid or nozzle may be supported by a different fixture. Alternatively, a single
fixture may be configured to hold multiple lids and/or nozzles. The fixtures may move the

supported lids and/or nozzles during deposition.
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[0051] In one embodiment, a fixture to hold a lid and/or nozzle can be designed out of metal
components such as cold rolled steel or ceramics such as Al,O3, Y,03, etc. The fixture may be
used to support the lid or nozzle above or below the material source and electron beam gun. The
fixture can have a chucking ability to chuck the lid and/or nozzle for safer and easier handling as
well as during coating. Also, the fixture can have a feature to orient or align the lids and
nozzles. In one embodiment, the fixture can be repositioned and/or rotated about one or more
axes to change an orientation of the supported lid or nozzle to the source material. The fixture
may also be repositioned to change a working distance and/or angle of incidence before and/or
during deposition. The fixture can have cooling or heating channels to control the lid and nozzle
temperature during coating. The ability or reposition and rotate the lid or nozzle may enable
maximum coating coverage of 3D surfaces such as holes since IAD is a line of sight process.
[0052] FIGS. 3-4 illustrate cross sectional side views of articles (e.g., lids and/or nozzles)
covered by one or more thin film protective layers. A lid for a plasma etch reactor used for
conductor etch processes may be a sintered ceramic such as Al,O3 since Al,Os has a high
flexural strength and high thermal conductivity. However, Al,Oz exposed to Fluorine
chemistries forms AIF particles as well as aluminum metal contamination on wafers. Other
materials may also be used for the lid and/or nozzle.

[0053] Referring to FIG. 3, a body 305 of the article 300 includes a thin film stack 306
having a first thin film protective layer 308 and a second thin film protective layer 310.
Alternatively, the article 300 may include only a single thin film protective layer 308 on the
body 305. In one embodiment, the thin film protective layers 308, 310 have a thickness of up to
about 300 um. In a further embodiment, the thin film protective layers have a thickness of
below about 20 microns, and a thickness between about 0.5 microns to about 7 microns in one
particular embodiment. A total thickness of the thin film protective layer stack in one
embodiment is 300 um or less.

[0054] The thin film protective layers 308, 310 are deposited ceramic layers that may be
formed on the body 305 of the article 300 using an electron beam ion assisted deposition (EB-
IAD) process. The EB-IAD deposited thin film protective layers 308, 310 may have a relatively
low film stress (e.g., as compared to a film stress caused by plasma spraying or sputtering). The
relatively low film stress may cause the lower surface of the body 305 to be very flat, with a
curvature of less than about 50 microns over the entire body for a body with a 12 inch diameter.
The TAD deposited thin film protective layers 308, 310 may additionally have a porosity that is
less than 1%, and less than about 0.1% in some embodiments. This low porosity may enable the
lid to provide an effective vacuum seal during processing. Therefore, the TAD deposited

protective layer is a dense structure, which can have performance benefits for application on a

10



WO 2015/013070 PCT/US2014/046732

chamber lid or nozzle. Additionally, the IAD deposited protective layer may have a low crack
density and a high adhesion to the body 305. Additionally, the IAD deposited protective layers
308, 310 may be deposited without first roughening the upper surface of the body 305 or
performing other time consuming surface preparation steps.

[0055] Examples of ceramics that may be used to form the thin film protective layer 208
include Y3AlsO12, Y4ALL O, Er;03, Gd,03, Er;AlsO1s, GdzAlsOj, a ceramic compound
comprising Y4AlOg and a solid-solution of Y,03-ZrO; (Y203-ZrO; solid solution), or any of the
other ceramic materials previously identified. Other Er based and/or Gd based plasma resistant
rare earth oxides may also be used to form the thin film protective layers 308, 310. In one
embodiment, the same ceramic material is not used for two adjacent thin film protective layers.
However, in another embodiment adjacent layers may be composed of the same ceramic.
[0056] Lids and nozzles having IAD thin film protective layers may be used in applications
that apply a wide range of temperatures. For example, lids and nozzles with TAD thin film
protective layers may be used in processes having temperatures at 0 °C to temperatures at 1000
°C. The lids and nozzles may be used at high temperatures (e.g., at or above 300 °C) without

cracking caused by thermal shock.
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Property 92% Ceramic YAG Er,O; EAG Y05 | YZ20 YF;
Al,O4 Cmpd.
Crystal C A A C A C C A
Structure
Breakdown 363 427 1223 527 900 1032 423 522
Voltage (V) S um) | (Sum) | (5um)
Volume > 4.1E16 11.3E16 - - - - -
Resistivity | 0.01E1
(Q-cm) 6
Dielectric 9.2 9.83+/- | 9.76 +/- 9.67 9.54 - - -
Constant 0.04 0.01
Loss SE-4 4E-4 4E-4 4E-4 4E-4 - - -
Tangent
Thermal 18 19.9 20.1 19.4 19.2 - - -
Conductivit
y (W/m-K)
Roughness 8-16 Same Same Same Same Same | Same | Same
(uin)
Adhesion N/A > 28 >32 - - - - -
Over 92%
Al O3 (MPa)
Hermicity | <1E-6 1.2E-9 4.4E-10 | 5.5E-9 | 9.5E-10 - 1.6E-7 | 2.6E-9
(leak rate)
(cm’/s)
Hardness 12.14 7.825 8.5 5.009 9.057 - 598 | 3.411
(GPa)
Wear Rate 0.2 0.14 0.28 0.113 0.176 - - -
(nm/RFhr)

Table 1: Material properties for IAD deposited YAG, Er,Os, EAG and ceramic compound
comprising Y4AlOg and a solid-solution of Y,03-ZrO;.
[0057] Table 1 shows material properties for a substrate of 92% Al,O; (alumina) and for
various IAD thin film protective layers coating a substrate of 92% Al,O;. In the table “C”
represents a crystalline structure and “A” represents an amorphous structure. As shown, the
alumina substrate has a breakdown voltage of 363 Volts/mil (V/mil). In contrast, a 5 micron

(um) coating of the IAD deposited ceramic compound comprising Y 4Al>O¢ and a solid-solution
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of Y203-ZrO; has a breakdown voltage of 427 V (much more than the normalized value of 363

Volts/mil for alumina). A 5 um coating of the IAD deposited YAG has a breakdown voltage of
1223 V. A 5 um coating of the IAD deposited Er,O; has a breakdown voltage of 527 V. A5
um coating of the IAD deposited EAG has a breakdown voltage of 900 V. A 5 um coating of the
IAD deposited Y,0s has a breakdown voltage of 1032 V. A 5 um coating of the IAD deposited
YZ20 has a breakdown voltage of 423 V. A 5 um coating of the IAD deposited YF3 has a
breakdown voltage of 522V.

[0058] A volume resistivity of the alumina is around 0.01 x 10'° (0.01E16) Q-cm at room
temperature. A volume resistivity of the ceramic compound thin film protective layer is about
4.1E16 Q-cm at room temperature, and a volume resistivity of the YAG thin film protective
layer is about 11.3E16 Q-cm at room temperature.

[0059] A dielectric constant of the alumina is about 9.2, a dielectric constant of the ceramic
compound thin film is about 9.83, a dielectric constant of the YAG thin film is about 9.76, a
diclectric constant of the Er,O3 thin film is about 9.67, and a dielectric constant of the EAG thin
film is about 9.54. A loss tangent of the alumina is about 5E-4, a loss tangent of the ceramic
compound thin film is about 4E-4, a loss tangent of the YAG thin film is about 4E-4, a loss
tangent of the Er,O3 thin film is about 4E-4, and a loss tangent of the EAG thin film is about 4E-
4. A thermal conductivity of the alumina is about 18 W/m-K, a thermal conductivity of the
ceramic compound thin film is about 19.9 W/m-K, a thermal conductivity of the YAG thin film
is about 20.1 W/m-K, a thermal conductivity of the Er,Os thin film is about 19.4 W/m-K, and a
thermal conductivity of the EAG thin film is about 19.2 W/m-K.

[0060] The alumina substrate may have a starting roughness of approximately 8-16 micro-
inches in one embodiment, and that starting roughness may be approximately unchanged in all
of the thin film protective layers. The protective layer may be polished to reduce a surface
roughness to 8 micro-inches or below after deposition. In one embodiment, the protective layer
is polished to a surface roughness of 6-8 micro-inches.

[0061] Adhesion strength of the thin film protective layers to the alumina substrate may be
above 28 mega pascals (MPa) for the ceramic compound thin film and above 32 MPa for the
YAG thin film. Adhesion strength may be determined by measuring the amount of force used to
separate the thin film protective layer from the substrate. Hermicity measures the sealing
capacity that can be achieved using the thin film protective layer. As shown, a He leak rate of
around 1E-6 cubic centimeters per second (cm?/s) can be achieved using alumina, a He leak rate
of around 1.2E-9 can be achieved using the ceramic compound, a He leak rate of around 4.4E-10
can be achieved using YAG, a He leak rate of around 5.5E-9 can be achieved using Er,O3 a He

leak rate of around 2.6E-9 can be achieved using YF3, a He leak rate of around 1.6E-7 can be
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achieved using YZ20, and a He leak rate of around 9.5E-10 can be achieved using EAG. Lower

He leak rates indicate an improved seal. Each of the example thin film protective layers has a
lower He leak rate than typical Al,Os.

[0062] Each of Y3Al501,, Y4ALOo, Er,O3, Gd203, ErzAlsOq5, GdzAlsOq5, and the ceramic
compound comprising Y4Al,O9 and a solid-solution of Y,03-ZrO; have a high hardness that
may resist wear during plasma processing. As shown, alumina has a Vickers hardness (5 Kgf) of
around 12.14 Giga pascals (GPa), the ceramic compound has a hardness of around 7.825 GPa,
Y AG has a hardness of around 8.5 GPa, Er,0; has a hardness of around 5.009 GPa, YZ20 has a
hardness of around 5.98 GPa, YF; has a hardness of around 3.411 GPa and EAG has a hardness
of around 9.057 GPa, A measured wear rate of alumina is around 0.2 nanometers per radio
frequency hour (nm/RFhr), a wear rate of the ceramic compound is about 0.14 nm/RFhr, a wear
rate of Er,0; is about 0.113 nm/RFhr, and a wear rate of EAG is about 0.176 nm/RFhr.

[0063] Note that the Y3Al;012, Y4A1, 00, Ery O3, Gd203, ErsAlsOq5, Gd3AlsOq5, and the
ceramic compound may be modified such that the material properties and characteristics
identified above may vary by up to 30% in some embodiments. Accordingly, the described
values for these material properties should be understood as example achievable values. The
ceramic thin film protective layers described herein should not be interpreted as being limited to
the provided values.

[0064] FIG. 4 illustrates a cross sectional side view of another embodiment of an article 400
having a thin film protective layer stack 406 deposited over a body 405 of the article 400.
Article 400 is similar to article 400, except that thin film protective layer stack 406 has four thin
film protective layers 408, 410, 415, 418.

[0065] The thin film protective layer stacks (such as those illustrated) may have any number
of thin film protective layers. The thin film protective layers in a stack may all have the same
thickness, or they may have varying thicknesses. Each of the thin film protective layers may
have a thickness of less than approximately 20 microns in some embodiments. In one example,
a first layer 408 may have a thickness of 10 microns, and a second layer 410 may have a
thickness of 10 microns. In another example, first layer 408 may be a YAG layer having a
thickness of 5 microns, second layer 410 may be a compound ceramic layer having a thickness
of 5 microns, third layer 415 may be a YAG layer having a thickness of 5 microns, and fourth
layer 418 may be a compound ceramic layer having a thickness of 5 microns.

[0066] The selection of the number of ceramic layers and the composition of the ceramic
layers to use may be based on a desired application and/or a type of article being coated. EAG
and YAG thin film protective layers formed by IAD typically have an amorphous structure. In

contrast, the IAD deposited compound ceramic and Er,O3 layers typically have a crystalline or
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nano-crystalline structure. Crystalline and nano-crystalline ceramic layers may generally be
more erosion resistant than amorphous ceramic layers. However, in some instances thin film
ceramic layers having a crystalline structure or nano-crystalline structure may experience
occasional vertical cracks (cracks that run approximately in the direction of the film thickness
and approximately perpendicular to the coated surface). Such vertical cracks may be caused by
lattice mismatch and may be points of attack for plasma chemistries. Each time the article is
heated and cooled, the mismatch in coefficients of thermal expansion between the thin film
protective layer and the substrate that it coats can cause stress on the thin film protective layer.
Such stress may be concentrated at the vertical cracks. This may cause the thin film protective
layer to eventually peel away from the substrate that it coats. In contrast, if there are not vertical
cracks, then the stress is approximately evenly distributed across the thin film. Accordingly, in
one embodiment a first layer 408 in the thin film protective layer stack 406 is an amorphous
ceramic such as YAG or EAG, and the second layer 410 in the thin film protective layer stack
406 is a crystalline or nano-crystalline ceramic such as the ceramic compound or Er,Os. In such
an embodiment, the second layer 410 may provide greater plasma resistance as compared to the
first layer 408. By forming the second layer 410 over the first layer 408 rather than directly over
the body 405, the first layer 408 acts as a buffer to minimize lattice mismatch on the subsequent
layer. Thus, a lifetime of the second layer 410 may be increased.

[0067] In another example, each of the body, Y3;Als01, (YAG), Y4AL Oy, Er,03, Gd,03,
Er;AlsO12, Gd3AlsO», the ceramic compound comprising Y 4AlOo and a solid-solution of Y,0:-
Zr0;,, and other ceramics may have a different coefficient of thermal expansion. The greater the
mismatch in the coefficient of thermal expansion between two adjacent materials, the greater the
likelihood that one of those materials will eventually crack, peel away, or otherwise lose its bond
to the other material. The protective layer stacks 306, 406 may be formed in such a way to
minimize mismatch of the coefficient of thermal expansion between adjacent layers (or between
a layer and a body 305, 405). For example, body 405 may be alumina, and EAG may have a
coefficient of thermal expansion that is closest to that of alumina, followed by the coefficient of
thermal expansion for YAG, followed by the coefficient of thermal expansion for the compound
ceramic. Accordingly, first layer 408 may be EAG, second layer 410 may be YAG, and third
layer 415 may be the compound ceramic in one embodiment.

[0068] In another example, the layers in the protective layer stack 406 may be alternating
layers of two different ceramics. For example, first layer 408 and third layer 415 may be YAG,
and second layer 410 and fourth layer 418 may be the compound ceramic. Such alternating

layers may provide advantages similar to those set forth above in cases where one material used
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in the alternating layers is amorphous and the other material used in the alternating layers is
crystalline or nano-crystalline.

[0069] In some embodiments, one of more of the layers in the thin film protective layer
stacks 306, 406 are transition layers formed using a heat treatment. If the body 305, 405 is a
ceramic body, then a high temperature heat treatment may be performed to promote
interdiffusion between a thin film protective layer and the body. Additionally, the heat treatment
may be performed to promote interdiffusion between adjacent thin film protective layers or
between a thick protective layer and a thin film protective layer. Notably, the transition layer
may be a non-porous layer. The transition layer may act as a diffusion bond between two
ceramics, and may provide improved adhesion between the adjacent ceramics. This may help
prevent a protective layer from cracking, peeling off, or stripping off during plasma processing.
[0070] The thermal treatment may be a heat treatment at up to about 1400-1600 degrees C
for a duration of up to about 24 hours (e.g., 3-6 hours in one embodiment). This may create an
inter-diffusion layer between a first thin film protective layer and one or more of an adjacent
ceramic body or second thin film protective layer. If the ceramic body is Al,O3, and the
protective layer is composed of a compound ceramic Y4Al,Oo (YAM) and a solid solution Y-
xZ1y03 (Y203-ZrO; solid solution), then a Y3AlsO1, (YAGQG) interface layer will be formed.
Similarly, a heat treatment will cause a transition layer of EAG to form between Er,O3 and
Al,Os. A heat treatment will also cause a transition layer of YAG to form between Y ,0; and
Al,Os. A heat treatment may also cause GAG to form between Gd,O3; and Al,Osz. A heat
treatment of yttria stabilized zirconia (YSZ) over Al,Os can form a transition layer of the
compound ceramic of Y4Al,Oy (YAM) and a solid solution Y,-xZr,O3. Other transition layers
may be formed between other adjacent ceramics.

[0071] In one embodiment, a coloring agent is added during the deposition of the first
protective layer 308, 408. Accordingly, when the second protective layer 310, 410 wears away,
an operator may have a visual queue that it is time to refurbish or exchange the lid or nozzle.
[0072] FIG. 5A illustrates a perspective view of a chamber lid 505 having a thin film rare
carth oxide plasma resistant layer 510, in accordance with one embodiment. FIG. 5B illustrates
a cross-sectional side view of a chamber lid 505 having a thin film rare earth oxide plasma
resistant layer 510, in accordance with one embodiment. The chamber lid 505 includes a hole
520, which may be at a center of the lid or elsewhere on the lid. The lid 505 may also have a lip
515 that will be in contact with walls of a chamber while the lid is closed. In one embodiment,
the protective layer 510 does not cover the lip 515. To ensure that the protective layer does not
cover the lip 515, a hard or soft mask may be used that covers the lip 515 during deposition. The

mask may then be removed after deposition. Alternatively, the protective layer 510 may coat the
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entire surface of the lid. Accordingly, the protective layer 510 may rest on side walls of a
chamber during processing. Additionally, the outside walls of the lid 505 may also be coated
with the plasma resistant layer 555 in some embodiments.

[0073] As shown in FIG. 5B, the protective layer 510 may have a sidewall portion 530 that
coats an interior of the hole 520. The sidewall portion 530 of the protective layer 510 may by
thicker near a surface of the lid 505, and may gradually become thinner deeper into the hole 520.
The sidewall portion 530 may not coat an entirety of the sidewalls of the hole 520 in such
embodiments.

[0074] FIG. 5C illustrates a perspective view of a chamber nozzle 550 having a rare earth
oxide plasma resistant layer 555, in accordance with one embodiment. As shown, the rare earth
oxide plasma resistant layer 555 may coat an end and sidewalls of the chamber nozzle 550. The
chamber nozzle 550 may be inserted into the lid 505. In one embodiment, the nozzle 550
includes a lip 565 that rests on the lid 505. The lip 565 may not be coated with the plasma
resistant layer 555. Alternatively, the lip 565 may be coated with the plasma resistant layer 555.
[0075] FIG. 6 illustrates one embodiment of a process 600 for forming a thin film protective
layer over a body of a chamber lid or chamber nozzle. At block 605 of process 600, chamber lid
or nozzle is provided. The lid or nozzle may have a bulk sintered ceramic body. The bulk
sintered ceramic body may be Al,O3, Y,03, SiO,, or the ceramic compound comprising Y4Al, Oy
and a solid-solution of Y,05-ZrO,.

[0076] At block 620, an ion assisted deposition (IAD) process is performed to deposit a rare
ecarth oxide protective layer onto at least one surface of the lid or nozzle. In one embodiment, an
electron beam ion assisted deposition process (EB-IAD) is performed. The IAD process may be
performed by melting a material that is to be deposited and bombarding the material with ions.
[0077] The thin film protective layer may be Y3AlsO12, Y4ALOo, Er,03, Gd03, ErzAlsO12,
GdzAlsO1y, or the ceramic compound of Y4Al,O¢ and a solid-solution of Y,03-ZrO,, or other
rare earth oxides described herein. A deposition rate for the thin film protective layer may be
about 0.02-20 Angstroms per second (A/s) in one embodiment, and may be varied by tuning
deposition parameters. In one embodiment, a deposition rate of 0.25-1 A/s is initially used to
achieve a conforming well adhering coating on the substrate. A deposition rate of 2-10 A/s may
then be used for depositing a remainder of a thin film protective layer to achieve a thicker
coating in a shorter time. The thin film protective layers may be very conforming, may be
uniform in thickness, and may have a good adhesion to the body/substrate that they are deposited

on.
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[0078] In one embodiment, the material includes a coloring agent that will cause the
deposited protective layer to have a particular color. Examples of coloring agents that may be
used include Nd,Os, Sm,0O; and Er,O3. Other coloring agents may also be used.

[0079] At block 625, a determination is made regarding whether to deposit any additional
thin film protective layers. If an additional thin film protective layer is to be deposited, the
process continues to block 630. At block 630, another thin film protective layer is formed over
the first thin film protective layer. The other thin film protective layer may be composed of a
ceramic that is different than a ceramic of the first thin film protective layer. Alternatively, the
other thin film protective layer may be composed of the same ceramic or ceramics that were
used to form the first protective layer.

[0080] In one embodiment, the other thin film protective layer does not include any coloring
agent. Accordingly, the subsequent protective layers may have a different color than the bottom
protective layer, even if they are composed of the almost the same ceramic materials. This
causes the lid or nozzle to change color when the protective layer stack is eroded down to the
bottom protective layer. The change in color may signal to an operator that it is time to change
the lid or nozzle of a processing chamber.

[0081] After a subsequent protective layer is deposited, the method returns to block 625. If
at block 625 no additional thin film protective layers are to be applied, the process proceeds to
block 635. At block 635, a surface of the protective layer is polished. The surface may be
polished using chemical mechanical polishing (CMP) or other polishing procedures. In one
embodiment, the surface of the top protective layer is polished to a surface roughness of below 8
micro-inches. In another embodiment, the surface of the top protective layer is polished to a
surface of below 6 micro-inches.

[0082] Process 600 may be performed on new lids and nozzles or on used lids and nozzles to
refurbish the used lids and nozzles. In one embodiment, used lids and nozzles are polished
before performing process 600. For example, previous protective layers may be removed by
polishing before performing process 600.

[0083] With TAD processes, the energetic particles may be controlled by the energetic ion
(or other particle) source independently of other deposition parameters. According to the energy
(e.g., velocity), density and incident angle of the energetic ion flux, composition, structure,
crystalline orientation and grain size of the thin film protective layer may be manipulated.
Additional parameters that may be adjusted are a temperature of the article during deposition as
well as the duration of the deposition. The ion energy may be roughly categorized into low
energy ion assist and high energy ion assist. Low energy ion assist may include a voltage of

about 230V and a current of about SA. High energy ion assist may include a voltage of about
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270V and a current of about 7A. The low and high energy for the ion assist is not limited to the

values mentioned herein. The high and low level designation may additionally depend on the

type of the ions used and/or the geometry of the chamber used to perform the IAD process. The

ions are projected with a higher velocity with high energy ion assist than with low energy ion

assist. Substrate (article) temperature during deposition may be roughly divided into low

temperature (around 120-150 °C in one embodiment which is typical room temperature) and

high temperature (around 270 °C in one embodiment). For high temperature IAD deposition

processes, the lid or nozzle may be heated prior to and during deposition.

Material Thk. | Dep. Rate | Ton | Temp. | XRD | Vacuum | Hardness
(um) (A/s) Assist | (°C) (cm’/s) (GPa)
1** Compound Ceramic 5 2 230v, | 270 C N/A 4.11
(sintered plug) 5A
2" Compound Ceramic 6 | 1for2um|230V,| 270 |[C+A| 5.0E-6
(sintered plug) 2ford um | 5SA
3™ Compound Ceramic 5 1 230V, | 270 |C+A | 6.3E-6
(sintered plug) 5A
4™ Compound Ceramic 5 I for 1 um | 270V, | 270 A 1.2E-9 7.825
(sintered plug) 2ford um | TA
5™ Compound Ceramic 5 I for 1 um | 270V, | 120- A 1.2E-9
(calcined powder) 2for4 um | 7A 150
6™ Compound Ceramic 5 I for 1 um | 270V, | 120- A 1.2 E-9 7.812
(calcined powder) 4ford um | 7A 150

Table 2A: Example Thin Film Protective Layers Formed Using IAD
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Material Thk. | Dep. Rate | Ton | Temp. | XRD | Vacuum | Hardness
(um) (A/s) Assist | (°C) (cm’/s) (GPa)
1" YAG 5 2.5 230V, | 270 A | 3.7E7 5.7
(fused lump) 5A
2" YAG (fused lump) 5 1 for 1 um | 270V, | 270 A 44E-10 8.5
2for4 um | 7A
Compound Ceramic/YAG 5 2 230v,| 270 |C+A | 3.7E-7
S5A
1** Er, O3 (sintered lump) 5 2 230V, | 270 C 3E-6
S5A
2" Er,05 (sintered lump) 5 I for1um | 270V, | 270 C 5.5E-9 5.009
2for4 um | 7A
1" EAG 7.5 | 1for1um | 270V, | 270 A | 95E-10 | 8.485
(calcined powder) 2 fornext | 7A
2" EAG (calcined power) | 7.5 | 1for 1 um |270V, | 120- A 2.5E-9 9.057
2 fornext | 7A 150
3" EAG (calcined 5 | 1for1um |270V, A
powder) 2for4 um | 7A
Y03 (fused lump) 5 I for 1 um | 270V, | 270 C
2for4 um | 7A
YZ20 (Powder) 5 I for 1 um | 270V, | 120- C 1.6E-7 5.98
2ford um | TA 150
YF; 5 1 for 1 um | 270V, | 120- A 2.6E-9 3.411
2ford um | TA 150

Table 2B: Example Thin Film Protective Layers Formed Using IAD

[0084]

with various deposition parameters.

Tables 2A-2B show multiple example thin film protective layers formed using IAD

The experimental results identify an optimized coating

process based on a multi-factorial design of experiments (DOE) that varies ion assisted energy,

deposition rate and temperature to obtain a conforming, dense microstructure. The coatings are

characterized in terms of material properties (microstructure and/or crystal phase) and

mechanical properties (hardness and adhesion), as well as crack density and vacuum sealing

capability. IAD coating process optimization can produce IAD coatings with high density thin-

films (up to ~300 um in thickness) with low residual stress. The optimized parameters can be

used for most rare earth oxide based coating materials.
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[0085] Six different examples are shown for thin film protective layers formed from the
ceramic compound of Y4Al,Oy and a solid-solution of Y,03-ZrO,. A first example compound
ceramic thin film protective layer has a thickness of 5 microns, and was formed using IAD with
a low energy ion assist and a sintered plug target, a deposition temperature of 270 °C, and a
deposition rate of 2 angstroms per seconds (A/s). X-ray diffraction showed that the first
example compound ceramic thin film protective layer had a crystalline structure. The first
example compound ceramic thin film protective layer also had a hardness of 4.11 GPa and visual
inspection showed good conformance to the underlying substrate as well as some vertical cracks
and some spikes.

[0086] A second example compound ceramic thin film protective layer has a thickness of 6
microns, and was formed using IAD with a low energy ion assist and a sintered plug target, a
deposition temperature of 270 °C, and a deposition rate of 1 A/s for the first 2 microns and a
deposition rate of 2 A/s for the subsequent 4 microns. X-ray diffraction showed that the second
example compound ceramic thin film protective layer had a nano-crystalline structure (in which
portions are crystalline and portions are amorphous). When used as a seal, the second example
compound ceramic thin film protective layer was able to maintain a vacuum down to SE-6 cubic
centimeters per second (cm’/s). Visual inspection of the second example compound ceramic
thin film protective layer showed good conformance and fewer vertical cracks than the first
example compound ceramic thin film protective layer.

[0087] A third example compound ceramic thin film protective layer has a thickness of 5
microns, and was formed using IAD with a low energy ion assist and a sintered plug target, a
deposition temperature of 270 °C, and a deposition rate of 1 A/s. X-ray diffraction showed that
the third example compound ceramic thin film protective layer had a nano-crystalline structure.
When used as a seal, the third example compound ceramic thin film protective layer was able to
maintain a vacuum down to 6.3E-6 cm’/s. Visual inspection of the third example compound
ceramic thin film protective layer showed good conformance and fewer vertical cracks than the
first example compound ceramic thin film protective layer.

[0088] A fourth example compound ceramic thin film protective layer has a thickness of 5
microns, and was formed using IAD with a high energy ion assist and a sintered plug target, a
deposition temperature of 270 °C, and a deposition rate of 1 A/s for the first micron and 2 A/s for
the subsequent 4 microns. X-ray diffraction showed that the third example compound ceramic
thin film protective layer had an approximately amorphous structure. When used as a seal, the
third example compound ceramic thin film protective layer was able to maintain a vacuum down

to 1.2E-9 cm’/s. Visual inspection of the fourth example compound ceramic thin film protective
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layer showed good conformance, a smooth surface and very few vertical cracks. Additionally,
the fourth example compound ceramic thin film protective layer has a hardness of 7.825 GPa.
[0089] A fifth example compound thin film protective layer was formed using the same
parameters as the fourth example compound thin film protective layer, but with a deposition
temperature at room temperature (around 120-150 °C) and with a calcined powder target. The
fifth example compound thin film protective layer showed similar properties to those of the
fourth example compound thin film protective layer.

[0090] A sixth example compound ceramic thin film protective layer has a thickness of 5
microns, and was formed using IAD with a high energy ion assist and a calcined powder target,
a deposition temperature of 270 °C, and a deposition rate of 1 A/s for the first micron and 4 A/s
for the subsequent 4 microns. X-ray diffraction showed that the third example compound
ceramic thin film protective layer had an approximately amorphous structure. When used as a
seal, the third example compound ceramic thin film protective layer was able to maintain a
vacuum down to 1.2E-9 cm’/s. The fourth example compound ceramic thin film protective layer
has a hardness of 7.812 GPa.

[0091] A first example YAG thin film protective layer has a thickness of 5 microns, and was
formed using IAD with a low energy ion assist and a fused lump target, a deposition temperature
of 270 °C, and a deposition rate of 2.5 A/s. X-ray diffraction showed that the first YAG ceramic
thin film protective layer had an amorphous structure. The first YAG thin film protective layer
also had a hardness of 5.7 GPa and visual inspection showed good conformance, minimal
cracking and a smooth surface.

[0092] A second example YAG thin film protective layer has a thickness of 5 microns, and
was formed using IAD with a high energy ion assist and a fused lump target, a deposition
temperature of 270 °C, and a deposition rate of 1 A/s for a first micron and 2 A/s for the
subsequent 4 microns. X-ray diffraction showed that the second YAG thin film protective layer
had an amorphous structure. The second YAG thin film protective layer also had a hardness of
8.5 GPa and visual inspection showed good conformance, reduced cracking compared to the first
YAG thin film and a smooth surface.

[0093] An example thin film protective layer stack with alternating compound ceramic and
YAG layers has a thickness of 5 microns, and was formed using IAD with a low energy ion
assist, a deposition temperature of 270 °C, and a deposition rate of 2 A/s. X-ray diffraction
showed that the alternating layers were amorphous (for the YAG layers) and crystalline or nano-
crystalline (for the compound ceramic layers). Visual inspection showed reduced vertical cracks

for the compound ceramic layers.
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[0094] A first example Er,Oj3 thin film protective layer has a thickness of 5 microns, and was
formed using IAD with a low energy ion assist and a sintered lump target, a deposition
temperature of 270 °C, and a deposition rate of 2 A/s. X-ray diffraction showed that the first
Er,O; ceramic thin film protective layer had a crystalline structure. Visual inspection showed
good conformance and a vertical cracking.

[0095] A second example Er,Oj; thin film protective layer has a thickness of 5 microns, and
was formed using IAD with a high energy ion assist and a sintered lump target, a deposition
temperature of 270 °C, and a deposition rate of 1 A/s for the first micron and a deposition rate of
2 A/s for the subsequent 4 microns. X-ray diffraction showed that the second Er,O3 ceramic thin
film protective layer had a crystalline structure. Visual inspection showed good conformance
and a less vertical cracking compared to the first Er,O; ceramic thin film protective layer.

[0096] A first example EAG thin film protective layer has a thickness of 7.5 microns, and
was formed using IAD with a high energy ion assist and a calcined powder target, a deposition
temperature of 270 °C, and a deposition rate of 1 A/s for the first micron and a deposition rate of
2 AJs for the subsequent microns. X-ray diffraction showed that the first EAG ceramic thin film
protective layer had an amorphous structure, and the layer had a hardness of 8.485 GPa. Visual
inspection showed good conformance and minimal cracking.

[0097] A second example EAG thin film protective layer has a thickness of 7.5 microns, and
was formed using IAD with a high energy ion assist and a calcined powder target, a deposition
temperature of 120-150 °C, and a deposition rate of 1 A/s for the first micron and a deposition
rate of 2 A/s for the subsequent microns. X-ray diffraction showed that the second EAG ceramic
thin film protective layer had an amorphous structure, and the layer had a hardness of 9.057
GPa. Visual inspection showed good conformance and a less cracking compared to the first
EAG ceramic thin film protective layer.

[0098] A third example EAG thin film protective layer has a thickness of 5 microns, and was
formed using IAD with a high energy ion assist and a calcined powder target, and a deposition
rate of 1 A/s for the first micron and a deposition rate of 2 A/s for the subsequent microns. X-
ray diffraction showed that the third EAG ceramic thin film protective layer had an amorphous
structure.

[0099] An example Y,0j; thin film protective layer has a thickness of 5 microns, and was
formed using IAD with a high energy ion assist and a fused lump target, a temperature of 270
°C, and a deposition rate of 1 A/s for the first micron and a deposition rate of 2 A/s for the
subsequent microns. X-ray diffraction showed that the third EAG ceramic thin film protective

layer had a crystalline structure.
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An example YZ20 thin film protective layer has a thickness of 5 microns, and was

formed using IAD with a high energy ion assist and a powder target, a temperature of 120-150

°C, and a deposition rate of 1 A/s for the first micron and a deposition rate of 2 A/s for the

subsequent microns. X-ray diffraction showed that the YZ20 ceramic thin film protective layer

had a crystalline structure. When used as a seal, the YZ20 ceramic thin film protective layer was

able to maintain a vacuum down to 1.6E-7 cm’/s. The YZ20 ceramic thin film protective layer

had a hardness of 5.98 GPa

[00101]

An example YF; thin film protective layer has a thickness of 5 microns, and was

formed using IAD with a high energy ion assist, a temperature of 120-150 °C, and a deposition

rate of 1 A/s for the first micron and a deposition rate of 2 A/s for the subsequent microns. X-

ray diffraction showed that the YF; ceramic thin film protective layer had an amorphous

structure. When used as a seal, the YF3 ceramic thin film protective layer was able to maintain a

vacuum down to 2.6E-9 cm’/s. The YF3 ceramic thin film protective layer had a hardness of

3.411 GPa
Parameter Affects Optimization Range

Voltage (V) Density & 188 150-270
Conformance

Current (A) Density & 7 5-7
Conformance

Temperature (°C) Film Stress, 150 100-270
Crystalinity

Deposition rate (A/s) | Conformance 1 0.01-20

Angle of incidence Ability to coat 3D 30 0-90

(degrees) geometry

Working distance (in.) | Coating thickness, 50 10-300
deposition rate

Table 3: IAD Lid & Nozzle Optimized Coating Process Parameters
[00102] Table 3 shows optimized IAD processing parameters for coating a chamber lid or
nozzle, in accordance with one embodiment. Table 3 additionally shows processing parameter
ranges that may be used in some embodiments to deposit thin film protective layers. In other
embodiments, wider ranges of some of the processing values may be used. In one embodiment,
an IAD process is performed using a voltage of 150-270 Volts (V), a current of 5-7 Amps (A), a
temperature of 100-270 °C, a deposition rate of 0.01-20 Angstroms per second (A/s), an angle of
incidence of 0-90 degrees, and a working distance of 10-300 inches (in.). In another
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embodiment, an TAD process is performed using a voltage of 50-500V, a current of 1-50A, a
temperature of 20-500 °C , a deposition rate of 0.01-20 A/s, a working distance of 10-300 inches,
and an angle of incidence of 10-90 degrees.

[00103] The coating deposition rate can be controlled by adjusting an amount of heat that is
applied by an electron beam. The ion assist energy may be used to densify the coating and to
accelerate the deposition of material on the surface of the lid or nozzle. The ion assist energy
can be modified by adjusting the voltage and/or the current of the ion source. The current and
voltage can be adjusted to achieve high and low coating density, to manipulate the stress of the
coating, and also to affect the crystalinity of the coating. The ion assist energy can be varied
from 50-500 V and from 1-50 A. The deposition rate can be varied from 0.01 to 20 A/s.

[00104] In one embodiment, a high ion assist energy used with a ceramic compound
comprising Y4Al,Oy and a solid-solution of Y,03-ZrO; forms an amorphous protective layer and
a low ion assist energy used with the ceramic compound comprising Y4Al,Oy and a solid-
solution of Y,03-ZrO, forms a crystalline protective layer. The ion assist energy can also be
used to change a stoichiometry of the protective layer. For example, a metallic target can be
used, and during deposition metallic material converts to a metal oxide by the incorporation of
oxygen ions at the surface of the lid or nozzle. Also, using an oxygen gun the level of any metal
oxide coating can be changed and optimized to achieve desired coating properties. For example
most rare earth oxides lose oxygen inside a vacuum chamber. By bleeding more oxygen inside
the chamber the oxygen deficiency of the oxide coating material can be compensated.

[00105] Coating temperature can be controlled by using heaters (e.g., heat lamps) and by
controlling the deposition rate. A higher deposition rate will typically cause the temperature of
the lid or nozzle to increase. The deposition temperature can be varied to control a film stress,
crystallinity, and so on. Temperature can be varied from 20 °C to 500 °C.

[00106] The working distance can be adjusted to modify uniformity, density and deposition
rate. Working distance can be varied from 10-300 inches. The deposition angle can be varied
by the location of the electron beam gun or electron beam hearth, or by changing a location of
the lid or nozzle in relation to the electron beam gun or electron beam hearth. By optimizing the
deposition angle, a uniform coating in three dimensional geometries can be achieved.
Deposition angle can be varied from 0-90 degrees, and from 10-90 degrees in one embodiment.
[00107] In one embodiment, an IAD process is performed using a voltage of about 188 V in
combination with other processing parameters having any of the associated processing parameter
ranges. In one embodiment, an IAD process is performed using a current of about 7 A in
combination with other processing parameters having any of the associated processing parameter

ranges. In one embodiment, an IAD process is performed using temperature of about 150°C in
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combination with other processing parameters having any of the associated processing parameter
ranges. In one embodiment, an IAD process is performed using a deposition rate of 1 A/s in
combination with other processing parameters having any of the associated processing parameter
ranges. In a further embodiment, a deposition rate of 2A/s is used until a deposited thin film
reaches a thickness of 1 um, after which a deposition rate of 1 A/s is used. In another
embodiment, a deposition rate of 0.25-1 A/s is initially used to achieve a conforming well
adhering coating on the substrate. A deposition rate of 2-10 A/s may then be used for depositing
a remainder of a thin film protective layer to achieve a thicker coating in a shorter time.

[00108] In one embodiment, an IAD process is performed using an angle of incidence of
about 30 degrees in combination with other processing parameters having any of the associated
processing parameter ranges. In one embodiment, an IAD process is performed using a working
distance of about 50 inches in combination with other processing parameters having any of the
associated processing parameter ranges.

[00109] FIG. 7 shows erosion rates of various materials exposed to dielectric etch CF4
chemistry, including erosion rates of multiple different IAD coatings generated in accordance
with embodiments described herein. As shown, an erosion rate of 92% alumina is around 1.38
microns per radiofrequency hour (um/Rfhr), an erosion rate of 99.8% alumina is around 1.21
um/Rfhr, an erosion rate of IAD deposited YAG is around 0.28 um/Rfhr, an erosion rate of IAD
deposited EAG is about 0.24 um/Rfhr, an erosion rate of IAD deposited Y203 is about 0.18
um/Rfhr, an erosion rate of IAD deposited Er203 is about 0.18 um/Rfhr, and an erosion rate of
IAD deposited compound ceramic is about 0.18 um/Rfhr. A radiofrequency hour is an hour of
processing.

[00110] FIGS. 8-9 illustrate erosion rates for thin film protective layers formed in accordance
with embodiments of the present invention. FIG. 8 shows erosion rates of thin film protective
layers when exposed to a CH4/Cl, plasma chemistry. As shown, the ITAD deposited thin film
protective layers show a much improved erosion resistance as compared to Al,Os. For example,
alumina with a 92% purity showed an erosion rate of around 18 nanometers pre radiofrequency
hour (nm/RFHr) and alumina with a 99.8% purity showed an erosion rate of about 56 nm/RFHr.
In contrast an IAD deposited compound ceramic thin film protective layer showed an erosion
rate of about 3 nm/RFHr and an IAD deposited YAG thin film protective layer showed an
erosion rate of about 1 nm/RFHr.

[00111] FIG. 9 shows erosion rates of thin film protective layers when exposed to a Ho/NF;
plasma chemistry. As shown, the IAD deposited thin film protective layers show a much
improved erosion resistance as compared to Al,Os. For example, alumina with a 92% purity

showed an erosion rate of around 190 nm/RFHr and alumina with a 99.8% purity showed an
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erosion rate of about 165 nm/RFHr. In contrast an IAD deposited YAG thin film protective

layer showed an erosion rate of about 52 nm/RFHr. Similarly, a compound ceramic thin film
protective layer deposited using TAD with low energy ions showed an erosion rate of about 45
nm/RFHr and a compound ceramic thin film protective layer deposited using IAD with high
energy ions showed an erosion rate of about 35 nm/RFHr. An EAG thin film protective layer
deposited using IAD with high deposition temperature (e.g., around 270 °C) showed an erosion
rate of about 95 nm/RFHr and an EAG thin film protective layer deposited using IAD with low
deposition temperature (e.g., around 120-150 °C) showed an erosion rate of about 70 nm/RFHr.
An Er,O; thin film protective layer deposited using IAD with high energy ions showed an
erosion rate of about 35 nm/RFHr.

[00112] FIGS. 10-11 illustrate roughness profiles for thin film protective layers formed in
accordance with embodiments of the present invention. FIG. 10 shows surface roughness
profiles of thin film protective layers of FIG. 8 before and after exposure to a CH4/Cl, plasma
chemistry for 100 RFHrs. As shown, the IAD deposited thin film protective layers show a
minimum change in surface roughness after exposure to a CH4/Cl, plasma chemistry for 100
RFHrs.

[00113] FIG. 11 shows surface roughness profiles of thin film protective layers of FIG. 9
before and after exposure to an Hy/NF3 plasma chemistry for 35 RFHrs. As shown, the IAD
deposited thin film protective layers show a minimum change in surface roughness after
exposure to an Hy/NF; plasma chemistry for 35 RFHrs.

[00114] FIG. 12 shows ecrosion rates of various materials exposed to a CF4-CHF3 trench
chemistry at low bias, including erosion rates of multiple different IAD coatings generated in
accordance with embodiments described herein. As shown, an crosion rate of 92% Alumina is
around 0.26 microns per radiofrequency hour (um/Rthr), an erosion rate of IAD deposited EAG
is around 0.18 pm/Rfhr, an erosion rate of IAD deposited YAG is about 0.15 um/Rfhr, an
erosion rate of the plasma spray deposited compound ceramic is about 0.09 um/Rfhr, an erosion
rate of IAD deposited Y,03 is about 0.08 um/Rthr, an erosion rate of IAD deposited ceramic
compound is about 0.07 um/Rfhr, an erosion rate of bulk Y,0Os is about 0.07 um/Rfhr, an
erosion rate of a bulk ceramic compound is about 0.065 um/Rfhr, and an erosion rate of IAD
deposited Er,Os is about 0.05 um/Rfhr. Similar etch results occur when these materials are
etched using a CF4-CHFj3 trench chemistry at a high bias. For example, at a high bias an etch
rate of 92% Alumina is around 1.38 um/Rfhr, an erosion rate of IAD deposited EAG is around
0.27 um/Rfhr, an erosion rate of IAD deposited YAG is about 0.27 um/Rfhr, an erosion rate of
the plasma spray deposited compound ceramic is about 0.35 um/Rfhr, an erosion rate of IAD

deposited Y203 is about 0.18 um/Rfhr, an erosion rate of IAD deposited ceramic compound is

27



WO 2015/013070 PCT/US2014/046732
about 0.19 um/Rfhr, an erosion rate of bulk Y,03 is about 0.4 um/Rfhr, an erosion rate of a bulk

ceramic compound is about 0.4 um/Rfhr, and an erosion rate of IAD deposited Er,O3 is about

0.18 um/Rfhr.

Element Detection Limit | Specification Test 1 Test 2
(atom/cm?) (atom/cm?) (atom/cm?) (atom/cm?)

Al 0.1 <100 32 98

Y 0.01 <100 0.02 46

Ni 0.03 <10 0.22 0.042

Fe 0.05 <10 0.47 2.5

Cr 0.03 <10 0.17 1.0

Cu 0.01 <10 <0.01 0.31

Ti 0.03 <10 <0.03 0.13

Ca 0.10 <10 <0.1 4.2

Table 4: Metal Contamination Results
[00115] Lids and nozzles coated with IAD deposited thin film protective layers formed in
accordance with embodiments of the present invention have metal contamination results that
meet the indicated specification shown in Table 4. The table identifies metal contaminant
clements, a detection limit, a specification limit, a first test result and a second test result. The
detection limit is the minimum detectable level of contamination. The specification limit is
atoms per square centimeter (atom/cm?) found on a substrate (¢.g., a wafer) that is processed in
the tests. As shown, in two distinct metal contamination tests the level of aluminum and yttrium
contamination was less than 100 atorns/crnz, and the level of nickel, iron, chromium, copper,
titanium and calcium contamination was less than 10 atoms/cm”. For each of the tests a lid and
nozzle including a thin film protective layer of the ceramic compound comprising Y4Al,Oy and a
solid-solution of Y,03-ZrO; was used during a test process. The level of metal contamination
was measured after each test process. Similar contamination results are achievable using other
IAD deposited thin film protective layers formed in accordance with embodiments described
herein.
[00116]  After 100 RFhr of processing using a lid and nozzle having a thin film protective
layer of the ceramic compound comprising Y4Al,Og and a solid-solution of Y,03-ZrO,, overall
particle contamination on a processed 300 mm wafer was tested to be about 50 particles greater
than 65 nm in size, about 40 particles greater than 90 nm in size, and about 20 particles greater
than 165 nm in size. The measured particle contamination is the total number of particles above

a given size on a 300 mm wafer. After 50 RFhr of processing, overall particle contamination
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was tested to be about 40 particles greater than 65 nm in size, about 30 particles greater than 90

nm in size, and about 18 particles greater than 165 nm in size.

[00117] 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 implementations may vary from these exemplary details and still be contemplated to
be within the scope of the present invention.

[00118] Reference throughout this specification to “one embodiment™ or “an embodiment”
means that a particular feature, structure, or characteristic described in connection with the
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 +30%.
[00119] 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.

[00120] 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 is:

1. A chamber component for an etch reactor comprising:

a lid or nozzle comprising a ceramic body; and

a protective layer on at least one surface of the ceramic body, wherein the protective
layer is a plasma resistant rare earth oxide film having a thickness of less than 300 um that has
an average surface roughness of below 10 micro-inches.
2. The chamber component of claim 1, wherein the protective layer comprises at least one
of Y3Als013, Y4ALL Oy, EryOs, Gdy03, ErsAlsOqn, Gd3AlsOrn, YF3, NdyOs, ErsAl,Og, ErAlOs,
GdsALL, Oy, GdAIO3, Nd3AlsOjz, NdsAlOy, NdAIOs, or a ceramic compound comprising
Y 4AlO9 and a solid-solution of Y,03-ZrO,.

3. The chamber component of claim 1, wherein the protective layer has a thickness of 10-30
um.
4. The chamber component of claim 1, wherein the protective layer comprises a ceramic

compound comprising Y4Al,O9 and a solid-solution of Y,03-ZrO, wherein the ceramic
compound has a composition selected from a list consisting of:

40-100 mol% of Y203, 0-60 mol% of ZrO2, and 0-10 mol% of AI203;
40-60 mol% of Y203, 30-50 mol% of ZrO2, and 10-20 mol% of AI203;
40-50 mol% of Y203, 20-40 mol% of ZrO2, and 20-40 mol% of AI203;
70-90 mol% of Y203, 0-20 mol% of ZrO2, and 10-20 mol% of AI203;
60-80 mol% of Y203, 0-10 mol% of ZrO2, and 20-40 mol% of Al203; and
40-60 mol% of Y203, 0-20 mol% of ZrO2, and 30-40 mol% of AI203.

5. The chamber component of claim 1, wherein the protective layer has a composition of
40-45 mol% of Y,03, 5-10 mol% of ZrO,, 35-40 mol% of Er,0s, 5-10 mol% of Gd,0s, and 5-15
mol% of Si0x.

6. The chamber component of claim 1, wherein a porosity of the protective layer is below
1%.
7. The chamber component of claim 1, wherein the protective layer has a post polished

roughness of less than 8 micro-inches.

8. The chamber component of claim 1, wherein the ceramic body is a bulk sintered ceramic
body comprising at least one of AlLOs, Y203, SiO,, or the ceramic compound comprising

Y4Al,O9 and a solid-solution of Y,03-ZrO,.
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9. The chamber component of claim 1, where the protective layer comprises a protective
layer stack comprising a first plasma resistant rare carth oxide film on the at least one surface
and a second plasma resistant rare earth oxide film on the first plasma resistant rare earth oxide
film, wherein the first plasma resistant rare earth oxide film comprises a coloring agent that
causes the first plasma resistant rare earth oxide film to have a different color than the second

plasma resistant rare earth oxide film.

10.  The chamber component of claim 9, wherein the coloring agent comprises at least one of

NdzOg, Srn203 or EI‘203.

11. A method of manufacturing an article comprising;:

providing a lid or nozzle for an etch reactor;

performing ion assisted deposition to deposit a protective layer on at least one surface of
the lid or nozzle, wherein the protective layer is a plasma resistant rare earth oxide film having a
thickness of less than 300 um; and

polishing the protective layer to an average surface roughness of less than 10 micro-
inches.
12. The method of claim 11, further comprising;:

polishing the protective layer to an average surface roughness of 8 micro-inches or less.
13.  The method of claim 11, wherein the protective layer has a thickness of 10-30 um, and
where a deposition rate of 1-2 Angstroms per second is used to deposit the protective layer.
14. The method of claim 11, further comprising;:

performing the ion assisted deposition to deposit a second protective layer on the first
protective layer, wherein the second protective layer is an additional plasma resistant rare earth
oxide film having a thickness of 5-30 um.
15. The method of claim 14, wherein the first protective layer comprises a coloring agent

that causes the first protective layer to have a different color than the second protective layer.
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