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(57) Abstract: Implementations described herein generally relate to methods
and apparatus for in-situ removal of unwanted deposition buildup from one
or more interior surfaces of a substrate-processing chamber. In one implemen-
tation, a method for cleaning a processing chamber is provided. The method
comprises introducing a reactive species into a processing chamber having a
residual ZrO, containing film formed on one or more interior surfaces of the
processing chamber. The reactive species is formed from BCl3 and the one or
more interior surfaces includes at least one exposed Al,O3 surface The method
further comprises reacting the residual ZrO, containing film with the reactive
species to form a volatile product. The method further comprises removing the
volatile product from the processing chamber, wherein a removal rate of the
residual ZrO; containing film is greater than a removal rate of Al,Os.
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SELECTIVE IN-SITU CLEANING HIGH-K FILMS FROM OF PROCESSING
CHAMBER USING REACTIVE GAS PRECURSOR

BACKGROUND
Field
(00011 implementations described herein genserally relate to methods and

apparatus for in-sifu removal of unwanted deposition buildup from one or more

interior surfaces of a substrate-processing chamber.

Description of the Related Art

{00023 Display devices have been widely used for a range of electronic
applications, such as TVs, monitors, mobile phones, MP3 players, e-bock readers,
personal digital assistants (PDAs) and the like. The display device is generally
designed for producing an image by applying an electric field to a liquid crystal that
fills a gap between two substrates {e.g., a pixel elecirode and a comimon electrode)
and has anisotropic dielectric constant that conirols the intensity of the dielectric
field. By adjusting the amount of light transmitted through the substrates, the light

and image intensity, quality and power consumption may be efficiently controlied.

[0003) A variety of different display devices, such as active matrix liguid crystal
display (AMLCD) or an active matrix organic light emiiting dicdes (AMOLED), may
be employed as light sources for display. In the manufacturing of display devices,
an electronic device with high electron mobility, low leakage current and high
breakdown vollage, would allow more pixel area for light transmission and
integration of circuitry, resulting in a brighter display, higher coverall electrical
efficiency, faster response time and higher resolution displays. Low film qualities of
the material layers, such as dielectric layer with impurities or low film densilies,
formed in the device often result in poor device electrical performance and short
service life of the devices. Thus, a stable and reliable method for forming and
integrating film layers within TFT and OLED devices becomes crucial to provide a

device structure with low film leakage, and high breakdown vollage, for use in
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manufacturing electronic devices with lower threshold voltage shift and improved

overall performance of the electronic device are preferred.

[0004] In particular, the interface management between a metal electrode laver
and the nearby insulating materials becomes critical as improper material selection
of the interface between the metal electrode layer and the nearby insulating material
may adversely result in undesired elemenis diffusing into the adjacent materials,
which may eventually lead to current short, current leakage or device failure.
Furthermore, the insulating materials with different higher dielectric constant often
provide different electrical performance, such as providing different capacitance in
the device structures. Selection of the material of the insulating materials not only
affects the electrical performance of the device, incompatibility of the material of the
insulating materials to the electrodes may also result in film structure peeling, poor
interface adhesion, or inierface material diffusion, which may eventually lead (o

device failure and low product vield.

[8005] In some devices, capacitors, e.g., a dielectric layer placed between two
electrodes, are often utilized and formed {0 store eleclric charges when the display
devices are in operation. The capacitor as formed is required to have high
capacitance for display devices. The capacitance may be adjusted by changing of
the dielectric material and dimension of the dislectric layer formed between the
electrodes and/or thickness of the dielectric layer. For example, when the dielectric
layer is replaced with a material having a higher dielectric constant (e.g., zirconium

oxide), the capacitance of the capacitor will increase as well.

[0006] As the resolution requirement for display devices becomes increasingly
challenging, e.g., display resolution greater than 2,000 pixels per inch (PP, display
devices have z limiled area for forming capaciiors 0 increase elecirical
performance. Thus, maintaining the capacitor formed in the display devices in &
confined location with a relatively small area has become crucial. Higher dislectric
constant materials such as zirconium oxide have been found to enable higher
resolution display devices. However, deposition of zirconium oxide is not limited {o

the substraie and often forms a residual film throughout the interior of the processing



WO 2018/226323 PCT/US2018/030213

chamber. Such unwanted residual deposition may create particles and flakes within
the chamber, resulting in the drift of process conditions, which affects the process

reproducibility and uniformity.

6007} In order o achieve high chamber availability while reducing the cost of
ownership for production and maintaining film quality, a chamber clean is performed
to remove residual film residue from the interior surfaces of the processing chamber
including the process kits, e.g., showerhead, etc. Unfortunately, most known
cleaning techniques such as fluorine-containing plasmas are either unable to
remove zirconium oxide or are s¢ harsh that they damage chamber componenis.
Thus, viable in-situ cleaning ifechnigques for zirconium oxide are currently
unavailable. Currently, zirconium oxide is removed from processing chambers using
ex-situ cleaning processes where production is stopped, the processing chamber is
opened, and the chamber parts are removed for cleaning and cleaned using wet-

clean processes.

[0008] Therefore, a need exists for methods for in-situ removal of unwanied

zZirconium oxide deposits from substrate-processing chambers.

SUMMARY

[0009] Implementations described herein generally relale 1o methods and
apparatus for in-situ removal of unwanied deposition buildup from one or more
inferior surfaces of a substrate-processing chamber.  In one implementation, a
method for cleaning a processing chamber is provided. The method comprises
introducing a reactive species info a processing chamber having a residual ZrO;
containing film formed on one or more interior surfaces of the processing chamber.
The reactive species is formed from BCl; and the one or more interior surfaces
includes at least one exposed AlLO, surface The method further comprises reacting
the residual ZrQ; containing film with the reactive species to form a volatile product.
The method further comprises removing the volatile product from the processing
chamber, wherein a removal rate of the residual ZrQ» containing film is greater than

a removal rate of Al:Os.
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(00101 in ancther implementation, a method for cleaning a processing chamber is
provided. The method comprises depositing a ZrC; containing film on one or more
interior surface of a processing chamber and a substrate disposed in the subsirate-
processing chamber. The method further comprises transferring the subsirate out of
the subsirate-processing chamber. The method further comprises introducing &
reactive species inte the processing chamber having the residual ZrO; containing
film formed on one or more interior surfaces of the processing chamber. The
reactive species is formed from BCl; and the one or more interior surfaces include at
ieast one exposed ALO; surface. The method further comprises reacting the
residual ZrO, containing film with the reactive species fo form a volatile product.
The method further comprises removing the volatile product from the processing
chamber, wherein a removal rate of the residual ZrO; containing film is greater than

a removal rate of ALQO;.

(00111 in vet ancther implementation, a method for cdleaning a processing
chamber is provided. The method comprises flowing a boron trichloride (BCls)
containing cleaning gas mixture into a remote plasma source fluidly coupied with a
processing chamber. The method further comprises forming reactive species from
the BCl; containing cleaning gas mixture. The method further comprises
transporting the reactive species into the processing chamber. The processing
chamber has a residual ZrQ; containing film formad on one or more interior surfaces
of the processing chamber and the one or more inferior surfaces includes at least
cne expesed ALQO; surface. The method further comprises permitting the reactive
species to react with the residual ZrO, containing film to form zirconium chioride in a
gaseous state. The method further comprises purging the zirconium chioride in a

gaseous state out of the processing chamber.

SRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above-recited features of the present
disclosure can be understood in detail, a more particular description of the
implementations, briefly summarized above, may be had by reference fto

implementations, some of which are illustrated in the appended drawings. Htisto be
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noted, however, that the appended drawings illustrate only typical implementations
of this disclosure and are therefore not {o be considered limiting of its scope, for the

disclosure may admit to other equally effective implementations.

{0100} FIG. 1A depicts a sectional view of a processing chamber that may benefit
from the cleaning processes in accordance with one or more implementations of the

present disclosure;

{0101} FiG. 1B depicts a sectional view of the processing chamber of FIG. 1A
having a residual film formed on one or more interior surfaces that may be removed

using one or more implementations of the present disclosure; and

[0013] FIG. 2 depicts a process flow diagram of ong implementation of a method

that may be used {o remove high-k materials from a processing chamber.

[0014] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. ltis
coniempiated that elemenis and features of one implementation may be beneficially

incorporated in other implementations without further recitation.

DETAILED DESCRIPTION

8015} The following disclosure describes technigues for in-sifu removal of
zirconium oxide from a subsirate-processing chamber. Ceriain detalls are set forth
in the following description and figures to provide a thorough understanding of
various implementations of the disclosure. Other details describing well-known
structures and systems ofien associated with plasma cleaning are not set forth in the
following disclosure {0 avoid unnecessarily obscuring the description of the various

implementations.

[001486] Many of the details, dimensions, angles and other features shown in the
Figures are merely illustrative of particular implementations.  Accordingly, other
implementations can have other details, components, dimensions, angles and

features without departing from the spirit or scope of the present disclosure. in
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addition, further implementations of the disclosure can be practiced without several

of the details described below.

00471 Implementations described herein will be described below in reference to
a high-k dielectric deposition process that can be carried out using any suitable thin
film deposition system. One example of such a sysitem is an AKT-80K PECVD
system, suifable for substrate size 2000 mm x 3000 mm or larger size substrates,
which is commercially available from Applied Materials, Inc., of Santa Clarg,
California. Other tools capable of performing high-K diglectric deposition processes
may also be adapted to benefit from the implementations described herein.  In
addition, any system enabling high-k dielectric deposition processes described
herein can be used to advantage. The apparatus description described herein is
iliustrative and shouid not be construed or interpreted as limiting the scope of the

implementations described herein.

[0018] implementations of the present disclosure generally relate to in-situ
removal of high-k materials such as ZrQ, from processing chambers. The
processing chamber include but are not limited to PECVD, ALD or other processing
chambers, which are utilized in the fabrication of high-resolution display back-plane
TFT circuits.  Zr0, is a high dielectric constant material currently used in the
semiconductor industry and potentially in flat pansl display industry to enable high-
resclution display devices, such as Virtual Reality (VR) devices. High-k materials
like ZrO, are critical to enable high-resolution display devices (e.g., PP >2000).
Currently, the area of the siorage capacitor needs to be reduced in the pixel circuit
as e whole pixel area shrinks o increase resolution. To achieve the same
capacitance, current dielectric layers {e.g., SiN, K~7) used in storage capacitors are
being replaced with high-K materials, such as Zr(0; which has a K>20. One facior
for enabling ZrO; in display applications is the efficient removal of residual ZrO, films

from the processing chamber 1o reduce particles and o improve the yield.

[0019] Typically, deposition of ZrO; films is not limited o the substrate and forms
a residual film throughout the chamber. This residual film can cause particle

formation, uniformity degradation and gas inlet clogging, thus leading to vield loss
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and increased cost of ownership. One way o remove the unwanted residual film on
the chamber wall or other chamber components is o dissemble the chamber and
remove the films with solution or solvent periodically after several deposition cycles.
Dissembling the chamber, cleaning the components and re-assembling the chamber
{ake significant time and significantly affect the uptime of the tool. Ancother approach
is {0 apply plasma to promote excitation and/or dissociation of reactive gases by the
application of radio fregquency (RF) energy. The plasma includes highly reaclive
species that reacts with and eiches the unwanied residual material. For example,
NF; plasma is widely used in the display industry to remove Si0O, and SiN,, films from

processing chambers. However, NF; plasma is unable to etch ZrQ; residual film.

6020} Implementations of the present disclosure include both z chamber
cleaning process and modification of current hardware materials. Some
implementations of the present disclosure effectively remove ZrO; residual films
from the processing chamber by introducing a reactive species formed from BCl;
into the processing chamber to react with the residual ZrO; containing film. The
reactive species may be generaied as in-silu plasma or ex-situ plasma. The
generation of plasma can be (but not limited to} inductive-coupled plasma (ICP),
capacitive-coupled plasma (CCP) or microwave plasma. In some implementations
of the present disclosure, residual ZrO, containing films are removed by flowing BCls
gas into the processing chamber and then exciting and/or dissociating the BCl; gas
to form plasma in the processing chamber. The excited free radicals from BCl; efch
the residual ZrO, confaining films from the chamber body. The plasma of BCl;
etches ZrO» and aluminum, but does not elch ALO, if no exiernal direct current (DC)
bias is applied. Therefore, in some implementations of the present disclosure,
aluminum chamber components are protected by a thin AlLO; coating during the
cleaning process. In some implementations, the AbQO; coating is applied by a
surface ancdization process. If it is necessary to remove AlLC;, DC bias can be
applied to BCl; plasma during the process to facilifate etching of AlOs. Thus, BCls
can be used 1o selectively remove Zr(; relative 1o Al;O; or remove both ZrO; and

AbQOs depending on the plasma conditions.
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[0021] FIG. 1A depicts a sectional view of a substrate-processing chamber 100
that may benefit from the cleaning processes in accordance with one or more
implementations of the present disclosure. FIG. 1B depicts a sectional view of the
substrate-processing chamber 100 of FIG. 1A having a residual film formed on one
or more interior surfaces that may be removed using one or more implementations
of the present disclosure. The subsirate-processing chamber 100 may be used o
perform CVD, plasma enhanced-CVD (PE-CVD), pulsed-CVD, ALD, PE-ALD, or
combinations thereof. In some implementations, the substrate-processing chamber
may be configured to deposit a high-k diglectric layer, such as ZrQ,. In some
implementations, the substrate-processing chamber 100 is configured to process &
large area substrate 102 (hereafier subsirate 102) using plasma in forming
structures and devices on the substrate 102 for use in the fabrication of liquid crystal
displays (LCD’s), flat panel displays, organic light emitling diodes {(OLED’s), or

photovoitaic celis for solar cell arrays.

80223 The substrate-processing chamber 100 generally includes sidewalls 142,
a botiom wall 104 and a lid assembly 112, which define a process volume 106. The
lid assembly 112 is generally comprised of aluminum. The lid assembly 112 may be
anodized to form a layer of Al;Oz; on the surface of the lid assembly 112, The
sidewalls 142 and the botiom wall 104 may be fabricated from a unitary block of
aluminum or other material compatible for plasma processing. The sidewalis 142
and the bottom wall 104 may be anodized to form a layer of AlD; on the surface of
the lid assembly 112. The sidewalls 142 and the bottom wall 104 may be sleclnically

grounded.

[0023) A gas distribution plate 110 and & subsirate support assembly 130 are
disposed within the process volume 108, The process voiume 106 is accessed
through a slit valve opening 108 formed through the sidewalls 142 such that the
substrate 102 may be transferred into and out of the substrate-processing chamber
100.

[0024] The substrate support assembly 130 includes a substrate-receiving

surface 132 for supporting the substrate 102 thereon. The subsirate support
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assembly 130 generally comprises an electrically conductive body supported by a
stem 134 that exiends through the bottom wall 104, The stem 134 couples the
substraie support assembly 130 to a lift system 138, which raises and lowers the
substrate support assembly 130 beiween substrate fransfer and processing
positions. A shadow frame 133 may be placed over a periphery of the substrate 102
during processing to prevent deposition on the edge of the substrate 102, Lift pins
138 are moveably disposed through the substraie support assembly 130 and are
adapted to space the substrate 102 from the substrate-receiving surface 132. The
substrate support assembly 130 may also include heating and/or cooling elements
138 utilized to maintain the substrate support assembly 130 at & chosen
temperature. The substrate support assembly 130 may also include grounding
straps 131 to provide an RF return path around the periphery of the substrate

support assembly 130

[0025] The gas distribution plate 110 is coupled at its periphery o the lid
assembly 112 or sidewalls 142 of the substrate-processing chamber 100 by g
suspension 114. in one particular implementation, the gas distribution plate 110 is
fabricated from aluminum. The surface of the gas distribution plate may be
ancdized to form a layer of ALO; on the surface of the gas distribution plate 110.
The gas distribution plate 110 may also be coupled to the lid assembly 112 by one
or more center supports 116 1o help prevent sag and/or conirol the
straightness/curvature of the gas distribution plate 110. The gas distribution plate
11C may have different configurations with different dimensions. In an sxemplary
implementation, the gas distribution plate 110 has a quadrilateral plan shape. The
gas distribution plate 110 has a downstream swiface 150 having a plurality of
apertures 111 formed through the gas distribution plate 110 and facing an upper
surface 118 of the substrate 102 disposed on the substrate support assembly 130,
The apertures 111 may have different shapes, number, densities, dimensions, and
distributions across the gas distribution plate 110. In one implementation, a diameter

of the apertures 111 may be selected between about 0.01 inch and about 1 inch.
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[0026] A gas source 120 is coupled to the lid assembly 112 to provide gas
through the lid assembly 112 and then through the apertures 111 formed in the gas
distribution plate 110 to the process volume 106. A vacuum pump 109 is coupled to
the substrate-processing chamber 100 to maintain the gas in the process volume

106 at a chosen pressure.

[0027] A first source of electric power 122 is coupled with the lid assembly 112
and/or 1o the gas distribution plate 110 {o provide power that creates an electric fisld
between the gas disiribution plate 110 and the substrate support assembiy 130 so
that a plasma may be generaied from the gases preseni belween the gas
distribution plate 110 and the substrate support assembly 130. The lid assembly
112 and/or the gas distribution plate 110 electrode may be coupled o the first
source of electric power 122 through an optional filier, which may be an impedance
matching circuit. The first source of electric power 122 may be DC power, puised
DC power, RF bias power, pulsed RF source or bias power, or a combination
thereof. In one implementation, the first source of electric power 122 is a RF bias

DOWer.

[0028] I one implementation, the first source of eleclric power 122 is an RF
power source. in one implementation, the first source of electric power 122 may be
coperated {0 provide RF power at a frequency between 0.3 MHz and about 14 MHz,
such as about 13.56 MHz. The first source of electric power 122 may generale RF
power at about 10 Watls to about 20,000 Watls, (e.g., between about 10 Walls to
about 5000 VVaits; between about 300 Watls to about 1500 Watls; or between about
500 Watts and about 1000 Watts).

(00291 The substrate support assembly 130 may be grounded such that RF
power supplied by the first source of electric power 122 1o the gas distribution plate
110 may excile the gases disposed in the process volume 106 between the
substrate support assembly 130 and the gas distribution plate 110. The substrate
support assembly 130 may be fabricaled from melals or other comparable
electrically conductive materials. In one implementation, at least a portion of the

substrate support assembly 120 may be covered with an electrically insulative

10
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coaling. The coating may be a dielectric material such as oxides, silicon nitride,
silicon dioxide, aluminum dioxide, tantalum pentoxide, silicon carbide, polyimide,
among others. Allernatively, the substrate-receiving surface 132 of the substrate

support assembly 1320 may be free of coaling or anodizing.

[0030] An electrode (not shown), which may be a bias electrode and/or an
electrostatic chucking elecirode, may be coupled to the substraie support assembly
13C. In one implementation, the slectrode is positionad in the body of the substrate
support assembly 130. The electrode may be coupled to a second source of electric
power 160 through an optional filter, which may be an impedance matching circuit.
The second source of electric power 180 may be DC power, pulsed DC power, RF

bias power, pulsed RF source or bias power, or a combination thereof.

[0031] in one implementation, the second source of electric power 1680 is a DC
bias source. The DC bias power may be supplied at between about 10 Watls and
about 3000 Watts (e.q., between about 10 Waits and about 1000 Waitis, or belween
about 10 Watts and about 100 Watis) at a frequency of 300 kHz. In one
implementation, the DC bias power may be pulsed with a duty cycle between about
10 to about 95 percent at an RF frequency between about 500 Hz and about 10
kiHz. Notto be bound by theory but it is believed that the DC bias establishes a bias
between the plasma and substrate support, so that the ions in the plasma bombard

the substrate support, enhancing the elching effect.

[0032] In ong implementation, the second source of electric power 180 is a RF
bias power. The RF bias power may be supplied at between about 0 Watls and
about 1000 Walis (e.g., between about 10 Watls and about 100 Watls) at a
frequency of 300 kHz. In one implementation, the RF bias power may be pulsed
with a duty cycle between about 10 to about 85 percent at 3 RF frequency between
about 500 Hz and about 10 kHz.

[0033) I one implementation, the edges of the downstream surface 150 of the
gas distribution plate 110 may be curved so that a spacing gradient is defined

between the edge and corners of the gas distribution plate 110 and substrate-

11
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receiving surface 132 and, consegquently, between the gas distribution plate 110 and
the upper surface 118 of the substrate 102. The shape of the downstream surface
150 may be selected 1o meet specific process requirements. For example, the
shape of the downstream surface 150 may be convex, planar, concave or cther
suitable shape. Therefore, the edge to corner spacing gradient may be utilized o
tune the film property uniformity across the edge of the substrate, correcting
property non-uniformity in films disposed in the comer of the substrate. Additionally,
the edge to center spacing may also be controlied so film property distribution
uniformity may be controlied between the edge and center of the substrate. In one
implementation, a concave curved edge of the gas distribution plate 110 may be
used so the center poriion of the edge of the gas disiribution plate 110 is spaced
farther from the upper surface 118 of the substrate 102 than the cormers of the gas
distribution plate 110, iIn ancther implementation, a convex curved edge of the gas
distribution plate 110 may be used so that the corners of the gas distribution plate
110 are spaced farther than the edges of the gas disiribution plate 110 from the
upper surface 118 of the substrate 102.

[6034] A remote plasma source 124, such as an inductively coupled remote
plasma source, may also be coupled between the gas source and the gas
distribution plate 110. Between processing substrates, a cleaning gas may be
energized in the remote plasma source 124 to remotely provide plasma ulilized o
clean chamber components. The cleaning gas entering the process volume 106
may be further excited by the RF power provided to the gas distribution plate 110 by
the first source of electric power 122. Suitable cleaning gases include, but are not

iimited to, BCl; and optionally an inert gas

[0038] in one implementation, the subsirate 102 that may be processed in the
substrate-processing chamber 100 may have a surface area of 10,000 cm? or more,
such as 25000 cm® or more, for example about 55,000 cm? or more. It is
understood that after processing the substrate may be cut to form smaller other

devices.

12
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[0036] in one implementation, the heating and/or cooling elements 138 may be
set to provide a substrate support assembly temperature during cleaning of about
600 degrees Celsius or less; between aboul 10 degrees Celsius and about 300
degrees Celsius; between about 200 degrees Celsius and about 300 degrees
Celsius; between about 10 degrees Celsius and about 80 degrees Celsius, or

between about 10 degrees Celsius and 30 degrees Celsius.

8037} The nominal spacing during cleaning between the upper surface 118 of
the substrate 102 disposed on the substrate-receiving surface 132 and the gas
distribution plate 110 may generally vary between 400 mils and about 1,200 mils,
such as between 400 mils and about 800 mils, or other distance 1o obtain sought
after deposition results. In one exemplary implementation, where the gas
distribution plate 110 has a concave downstream surface, the spacing between the
center portion of the edge of the gas distribution plate 110 and the subsirate-
receiving surface 132 is betwesn about 400 mils and about 1,400 mils, and the
spacing between the corners of the gas distribution plate 110 and the subsirate-

receiving surface 132 is between about 300 mils and about 1,200 mils.

{0038} FiG. 18 depicts a sectional view of the substrate-processing chamber 100
of FIG. 1A with the substrate 102 removed. FIG. 1B provides an illustration of the
substrate-processing chamber 100 suitable for performing chamber cleaning using
an internal energy scurce such as an in-situ plasma or an external energy source,
respectively. In FIG. 1B, a reactive agent 170 (e.qg., BCls) (depicted in FIG. 1B as
solid arrows) is introduced into the process volume 106, which has a residual film
180 (2.g., a high-k residual film such as the Zr(Q, depicted) {o be removed during the
cleaning process. As shown in FIG. 1B, the residual film 180 is deposited upon at
least a portion of the exposed surface within the substrate-processing chamber 100,
particularly, the gas distribution plate 110, substrate support assembply 130, shadow
frame 133, elc. The reactive agent 170 is exposed to an energy source, such as the
first source of eleclric power 122, the second source of electric power 180, or
remote plasma source 124, which creates reactive species 180 such as Cl. The

reactive species 190 react with the residual film 180 and form a volatile product.
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The volatile product is removed from the substrate-processing chamber 100. One or
more interior surfaces (e.g., the gas distribution plate 110, substrate support
assembly 130, shadow frame 133, sidewalls 142, elc.) of the substrate-processing

chamber 100 have at least one exposed Al,Qs film formed thereon.

(0039} FIG. 2 depiclts a process flow diagram of one implementation of a method
200 that may be used to remove high-k materials from a substrate-processing
chamber. The substrate-processing chamber may be similar to the subsirate-
processing chamber 100 depicted in FIG. 1A and FIG. 1B. At operation 210, a
zirconium oxide (ZrQ;) containing laver is deposited over a subsirate disposed in a
substrate-processing chamber. During deposition of the zirconium oxide containing
layer over the substrate, zirconium oxide and/or zirconium oxide containing
compounds may be deposiied over the interior surfaces including the chamber
components {e.g., the gas distribution piale, subsirate support assembly, shadow
frame, sidewalls, etc)) of the substrate-processing chamber. The zirconium oxide
containing layer may be an aluminum-doped zirconium oxide containing layer. The
zirconium oxide containing laver may be deposited using, for example, a chemical
vapor deposition (CVD) process, a plasma-enhanced chemical vapor deposition
(FECVD) process, chamber, an atomic layer deposition (ALD) process, and a
physical vapor deposition (PVD) process. In some implementations, at least
portions of the chamber components are composed of aluminum. in some
implementations, at least portions of the chamber components have an alumina

{Al(s) layer disposed thereon.

[0040] At operation 220, the substrate is transferred out of the substrale-
processing chamber. In some implementalion, the substrate remains in the

substrate-processing chamber during the cleaning process.

(00413 At operation 230, a reactive species is introduced into the subsirate-
processing chamber. The reactive species may be generated utilizing plasma
generated in-situ or the plasma may be generated ex-situ (e.g., remotely). Suitable
plasma generation techniques, such as inductive~-coupled plasma (ICP), capacilive-

coupled plasma {CCP), or microwave plasma generation technigues may be utilized
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to form the reactive species. In some implementations, the reactive species are
formed in-situ via an in-situ plasma process. In some implementations, the reactive

species are formed ex-situ via a remote plasma source.

60423 In one implementation, the reaclive species may be generated by flowing
a cleaning gas mixiure into the process volume 108. In one implemeniation, the
cleaning gas mixture comprises BCl; and optionally a diluent gas. The diluent gas
may be an inert gas selecied from helium, argon, or combinations thereof. The
cleaning gas mixiure is exposed to an RF source and/or bias power. The RF source
and/or bias power energizes the cleaning gas mixture within the process volume 108
such that the plasma may be sustained. In one implementation, the first source of
electric power 122 may be operated to provide RF power at a frequency between
0.3 MHz and about 14 MHz, such as about 13.56 MHz. The first source of electric
power 122 may generate RF power al about 10 Watis {o about 5000 Walts, (e.g.,
batween about 300 Watls to about 1500 Watls; between about 500 Watts and about
1000 Watts).

[0043] In some implementations, in addiion 1o the RF source power, RF bias
power may also be utilized during the cleaning process to assist dissociating the
cleaning gas mixture forming the plasma. The RF bias may be provided by the
second source of electric power 180. In one implementation, the first source of
electric power 122 may be operated to provide RF power at a frequency between
0.3 MHz and about 14 MHz, such as about 13.56 MHz. The RF bias power may be
supplied at between about 0 Watis and about 1000 Walls (e.g., between abouwt 10
Watls and about 100 Walts) al a frequency of 300 kHz. in one implementation, the
RF bias power may be pulsed with a duty cycle between about 10 to about 85
percent at a RF frequency between about 500 Hz and about 10 kiHz. In some
implementations, where this external DC bias is applied, AlO; is removed in

conjunction with the residual ZrQ; containing film.

[0044] in some implementations, in addition fo the RF source power, DC bias
power may also be utilized during the cleaning process to assist dissociating the

cleaning gas mixture forming the plasma. The DC bias may be provided by the
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second source of electric power 180. In one implementation, the first source of
electric power 122 may be operated to provide RF power at a frequency between
0.3 MHz and about 14 MHz, such as about 13.56 MHz. The second source of
electric power 160 may be operated to provide DC bias power at between about 10
Watls and about 3000 Watts {e.g., belween about 10 Watls and about 1000 Watls;
or between about 10 Watts and about 100 Walls) at a frequency of 300 kHz. inone
implementation, the DC bias power may be pulsed with a duty cycle between about
10 1o about 85 percent at a frequency between about 500 Hz and about 10 kHz. Not
to be bound by theory, but it is believed that the DC bias establishes an electrical

potential difference between plasma and the subsirate {0 enhance elching.

6045} In some implementations, the plasma may be formed by capacitive or
inductive means, and may be energized by coupling RF power into the cleaning gas
mixture. The RF power may be a dual-frequency RF power that has a high
frequency component and a low frequency component. The RF power is typically
applied at a power level belween about 50 W and gbout 2,500 W, which may be all
high-frequency RF power, for example at a frequency of about 13.56 MHz, or may
be a mixture of high-frequency power and low frequency power, for example at a

frequency of about 300 kHz.

[0046] in some implementations, where the reactive species are formed ax-siuy,
the BCl containing gas mixture is flowed info a remote plasma source fluidly
coupled with the substrate-processing chamber. The BCly containing gas mixture
comprises BCi; and optionally an inert gas. In some implementations, the optional
inert gas may funclion as a carrier gas. In some implementations, the optional inert
gas may extend the lifetime of and increase the density of the radical species. In
some implemeniations, the BCh containing gas mixture is flowed inio the remole
plasma source and the other process gases are delivered {o the chamber
separately. The opticnal inert gas may be selected from the group consisting of

helium, argon, or combinations thereof.

[0047] The remote plasma source may be an inductively coupled plasma source.

The remote plasma source accepts the BCl; containing gas mixture and forms a
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plasma in the BCl; containing gas mixture, which causes dissociation of the of the
BCl; containing gas mixture o form reactive species. The reactive species may
include chiorine radicals. The remole plasma source provides high efficiency

dissociation of the BCl; containing gas mixture.

[0048] I some implementations, the remote plasma is initiated with an initial fliow
of argon or similar inert gas before introducing the BCl; containing gas mbdure info

the remote plasma chamber.

[0049] The BCl; containing gas mixiure may be flowed into the substrate-
processing chamber at a flow rate of about 100 scom o about 10,000 scom. In
some implementations, the BCly containing gas mixture is flowed into the substrate-
processing chamber at a flow rate from about 500 scom o about 4,000 scom. in
some implementations, the BCl; containing gas mixture is flowed into the substrate-

processing chamber at a flow rate of about 1,000 scom.

6050} The pressure within the substrate-processing chamber may be between
about 10 mTorr and about 300 Torr. The pressure within the substrate-processing

chamber may be between 10 mTorr and about 5 Torr, for example, about 20 mTorr.

[0051] in some implementations, the remote plasma is initiated with an initial fliow
of argon or similar inert gas before introducing BCl; into the remote plasma source.
Then, as BCl; is introduced into the remote plasma chamber the flow rate of argon is
decreased. As an example, the remote plasma may be initiated with & flow of 3,000
scoem of argon which is progressively decreased to 1,000 and then o 500 scom as
BCl; is infroduced into the remote plasma chamber at an initial fliow rate of 1,000

scem and then increased to a flow of 1,500 scom.

60523 In some implementations, the cleaning process is performed at room
temperature. In some implementations, the substrate support pedestal is healed 1o
a temperature of about 800 degrees Celsius or less, for example between about 10
degress Celsius and about 200 degrees Celsius, or between about 10 degrees
Celsius and about 50 degrees Celsius, such as between about 10 degrees Celsius

and 30 degrees Celsius. Controlling the temperature may be used to conirol the
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removal/etching rate of the cobalt/coball containing deposits. The removal rate may

increase as the chamber temperature increases.

[0053] The reactive species formed from the BCl; gas mixture are transported to

the substrate-processing chamber. The reactive species comprise chiorine radicals.

[0054] At operation 240, the reaclive species react with the zirconium oxide
containing deposits to form a volatile product in gaseous state. The volatile product
includes zirconium tetrachioride (ZrCly). In some implementations, a removal rate of
the residual Zr0, containing film is greater than a removal rate of the Al G, which
coats al least a porlion of the aluminum chamber components. In some
implementations, the removal rate of the residual ZrQ, containing film is greater than
200 A/min (e.g., from about 220 A/min to about 400 A/min; or from about 240 A/min
to about 300 A/min).  In some implementations, reacting the residual ZrQ,
containing film with the reactive species to form a volatile product is a bias-free
process.  In some implementations where no external DC bias is applied, the
removal rate of Al,( is less than 50 A/minute {e.g., from about O Almin to about 50

A/min; from about 0 A/min to about 10 A/min, or zero A/min).

[0055] Optionally, at operation 250, the volatile product, which is in a gaseous
state, is purged out of the substrate-processing chamber. The substrate-processing
chamber may be actively purged by flowing a purge gas into the subsirate-
processing chamber. Alternatively, or in addition to introducing the purge gas, the
subsirate-processing chamber may be depressurized in order {0 remove any
residual cleaning gas as well as any byproducts from the subsirate-processing
chamber. The subsirate-processing chamber may be purged by evacuating the
substrate-processing chamber.  The time-pericd of the purge process should
generally be long enough to remove the volatile preducts from the subsirate-
processing chamber. The lime-period of purge gas flow should be generally long
enough to remove the volatile products from the interior surfaces of the chamber

including the chamber componenis.
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[0056] Al operation 260, al least one of operation 230, operation 240, and
operation 250 are repeated until a chosen cleaning endpoint is achieved. It should
be understood that several cycles of cleaning may apply with an optional purge

process performed in between cleaning cycles.

[0057] I some implementations, the method 200 further comprises removing the
AlO5 containing film from the substrate-processing chamber. The AlLO; is removed
by applying an exiernal DC bias while forming the reactive species and/or while
reacting the AlL,O; containing film with the reactive species to form a second volatile
product. The second volatiie product may be removed from the substrate-

processing chamber.

[0058] Examples:

[0058] The following non-limiting examples are provided io further iilusirate
implementations described herein. However, the examples are not intended to be
ali-inclusive and are not intended 1o limit the scope of the implementations described
herein. Table | depicts the resulis for a cleaning process performed according io
one implemeniations of the present disclosure. As depicted in Table |, an
inductively coupled plasma process performed with BCl; and without DC bias has a
higher removal rate for Zr0;, aluminum-doped Zr0; and aluminum relative to AL Ca.
As further depicted in Table 1, when DC bias is applied, the process also removes
ALQCs.

Process ICP BCl; without DC bias BCi, with
DC bias
Material VAL Al doped Aluminum AbLO4 AlOs
ZFOZ
Etch Rate | 240 A/min 220 A/min 410 A/min 0A 800 A
Table 1.
{6060} In summary, some benefits of the present disclosure include the ability to

selectivity etch residual ZrQ; films without eiching AlbOs.  This selectivity can be
used to protect aluminum chamber components. Aluminum chamber components

are typically eiched during plasma cleaning processes. The invenfors have found
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that using ALQ; anodization to protect aluminum components in the chamber aliows
for the preferential removal of residual ZrQ; films withoul damaging aluminum
components, which ensures the reliability and lifetime of hardware parts. Selectivity
is cepiral io enable the in-situ cleaning capability. Thus, during cleaning, the
residual films can be removed by the cleaning agent {e.g., BCls), but the aluminum
sidewalls and other asluminum hardware components inside the chamber remain
intact. As mentioned above, implementations of the present disclosure include
using BCls plasma to clean residual ZrO; films, and using ALOs; coating on
aluminum hardware parls inside the chamber {0 protect the aluminum hardware
parts. The BCl; plasma can effectively etch Zr0, and aluminum, but does not etch
AbLOs if no additional DC bias applied. Thus, aluminum can be used as the material
of hardware parts, as long as coated with AlO;, which can be done by surface
anodization. When external DC bias is applied, BCl; plasma can also efch AlLO,.
These features make BCl; plasma an ideal cleaning agent for in-situ cleaning of

Zr(Q, deposition chambers.

[0061] When introducing elemenis of the present disclosure or exemplary

»ou

aspects or implementation(s) thereof, the articles “a,” "“an,” “the” and “"said” are

intended to mean that there are one or more of the elements.

» oo

[0062] The terms “comprising,” “including” and “having” are intended io be
inclusive and mean that there may be additional elements other than the listed

glements.

[0083] While the foregoing is directed 1o implemeniations of the present
disclosure, other and further implementations of the present disclosure may be
devised without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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Claims:

1. A method for cleaning a processing chamber, comprising:

introducing a reactive species into a processing chamber having a residual
ZrQ, containing film formed on one or more interior surfaces of the processing
chamber, wherein the reactive species is formed from BCl; and the one or more
interior surfaces includes at least one exposed Al(Q; surface;

reacting the residual ZrO, containing film with the reactive species {o form a
volatile product, and

removing the volatile product from the processing chamber, wherein a
removal rate of the residual Zr0O, containing film is greater than a removal rate of
AlCs.

2. The method of claim 1, wherein the removal rate of ALO: is zero A/minute,

3. The method of claim 1, further comprising exposing the reactive species o
one or more energy sources sufficient o react the residual Zr3; containing film with

the reactive species and form a volatile product.

4. The method of cdaim 3, wherein the one or more energy sources are selected
from a capacitive-coupled plasma source, an inductive-coupled plasma source, and

a microwave plasma source.

5. The method of claim 1, wherein a pressure of the reacling the residual ZrO;
containing film with the reactive species to form a volatile product is between at least

about 10 mTorr and about & Torr.
8. The method of cilaim 1, wherein the processing chamber is a plasma-

enhanced chemical vapor deposition (PECVD) chamber, an atomic layer deposition

(ALD) chamber, and a physical vapor deposition (PVYD) chamber.
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7. The method of claim 1, wherein the reacting the residual ZrO; containing film

with the reactive species to form a volatile product is a bias-free process.

8. The method of claim 1, wherein no external DC bias is applied while reacting

the residual Zr(Q» containing film with the reactive species to form a volatile product.

g. The method of claim 8, further comprising:
reacting the AbQ; containing film with the reactive species to form a second
volatile product while applying an external DC bias; and

removing the second volatile product from the processing chamber.

10. A method for cleaning a processing chamber, comprising:

depositing a ZrQ, containing film on one or more interior surface of a
processing chamber and a substrate disposed in the subsirate-processing chamber,

transferring the subsirate out of the substrate-processing chamber,

infroducing a reactive species info the processing chamber having the
residual ZrO» containing film formed on one or more interior surfaces of the
processing chamber, wherein the reactive species is formed from BCl; and the one
or more interior surfaces includes at least one exposed Al,O; surface;

reacting the residual Zr0; containing film with the reaclive species to form a
volatile product; and

removing the volatile product from the processing chamber, wherein a
removal rate of the residual ZrO; containing film is greater than a removal rate of
A,

11. The method of claim 10, wherein the removal rate of AlLG; is zero A/minute.
12. The method of claim 10, further comprising exposing the reactive species to

one or more energy sources sufficient to react the residual ZrO; containing film with

the reactive species and form a volatile product.
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13, The method of claim 12, wherein the one or more energy sources are
selected from a capacitive-coupled plasma source, an inductive-coupled plasma

source, and a microwave plasma source.

14. The method of claim 10, wherein the reacting the residual Z2r(; containing

film with the reactive species o form a volalile product is a bias-free process.
15, The method of claim 10, wherein no exiernal DC bias is applied while

regcting the residual ZrO, containing film with the reactive species to form a volatile

product.
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