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METHODS AND APPARATUS FOR PASSIVATING A TARGET

FIELD

[00c01] Embodiments of the present disclosure generally relate to a methods and

apparatus for passivating a target.

BACKGROUND

[0002] Process chambers, e.g., physical vapor deposition (PVD) chambers, are
often used for ovonic threshold switch (OTS) fabrication. The OTS includes various
types of compounds exhibiting certain electrical behavior, thus making the OTS
suitable for, but not limited to, forming critical layers (e.g., selector) in memory
products (e.g., PCRAM, ReRAM, etc.). The compounds (e.g., that make up the
target material) can have different elements with different atomic weight
percentages, but almost always have arsenic (As), thus making the compounds
highly toxic and active. For example, target material that includes As can be highly
reactive and can react with, for example, room air and can generate toxic by-
products, such as hydride and arsine, if the target material is not fully passivated. In
view thereof, care needs to be taken when performing preventive maintenance (PM)
for a process chamber that was previously used for OTS fabrication (e.g., containing
an OTS target). For example, PM, typically, requires passivating the OTS target
and/or hydride monitoring, to ensure that the PM can be carried out in a safe

manner.

[0003] Current state-of-the-art passivation techniques, typically, have very low
efficiency and can last more than five days. Moreover, such passivation techniques
can expose a process chamber cavity (e.g., in which the OTS target is disposed) to

the environment, which, in turn, can be deleterious to an individual(s).

[0004] Accordingly, the inventors have provided improved methods and apparatus

for passivating an OTS target.

SUMMARY

[0005] Methods and apparatus for passivating a target are provided herein. In

some embodiments, a method includes a) supplying an oxidizing gas into an inner

volume of the process chamber; b) igniting the oxidizing gas to form a plasma and
1



WO 2021/211348 PCT/US2021/026318

oxidize at least one of a target or target material deposited on a process kit disposed
in the inner volume of the process chamber; and ¢) performing a cycle purge
comprising: ¢1) providing air into the process chamber to react with the at least one
of the target or target material deposited on the process kit; ¢2) maintaining a
predetermined pressure for a predetermined time within the process chamber to
generate a toxic by-product caused by the air reacting with the at least one of the
target or target material deposited on the process kit; and c¢3) exhausting the

process chamber to remove the toxic by-product.

[0006] In accordance with at least some embodiments, a non-transitory computer
readable storage medium having stored thereon instructions that when executed by
a processor perform a method of passivating surfaces in a process chamber that
includes a) supplying an oxidizing gas into an inner volume of the process chamber,
b) igniting the oxidizing gas to form a plasma and oxidize at least one of a target or
target material deposited on a process kit disposed in the inner volume of the
process chamber; and c) performing a cycle purge comprising: ¢1) providing air into
the process chamber to react with the at least one of the target or target material
deposited on the process kit; ¢2) maintaining a predetermined pressure for a
predetermined time within the process chamber to generate a toxic by-product
caused by the air reacting with the at least one of the target or target material
deposited on the process kit; and c3) exhausting the process chamber to remove

the toxic by-product.

[0007] In accordance with at least some embodiments, a process chamber for
passivating surfaces of the process chamber includes a target disposed in the
process chamber for sputtering a target material onto a substrate disposed in the
process chamber during processing; a gas source connected to the process
chamber and configured to supply an oxidizing gas into an inner volume of the
process chamber and configured to supply air into the inner volume of the process
chamber without opening the process chamber; at least one of an RF power source
or a DC power source configured to ignite the oxidizing gas to form a plasma within
the process chamber; a pump configured to maintain a predetermined pressure and
to exhaust the process chamber; a gas detection system configured to measure an

amount of a toxic by-product in the inner volume of the process chamber; and a
2



WO 2021/211348 PCT/US2021/026318

controller configured to control the process chamber to: a) supply an oxidizing gas
into an inner volume of the process chamber from the gas source; b) ignite the
oxidizing gas to form a plasma and oxidize at least one of a target or target material
deposited on a process kit disposed in the inner volume of the process chamber;
and c) perform a cycle purge comprising: c¢1) providing air into the process chamber
to react with the at least one of the target or target material deposited on the process
kit; c2) maintaining a predetermined pressure for a predetermined time within the
process chamber to generate a toxic by-product caused by the air reacting with the
at least one of the target or target material deposited on the process kit; and c3)

exhausting the process chamber to remove the toxic by-product.
[0008] Other and further embodiments of the present disclosure are described

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Embodiments of the present disclosure, briefly summarized above and

discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. However, the
appended drawings illustrate only typical embodiments of the disclosure and are
therefore not to be considered limiting of scope, for the disclosure may admit to

other equally effective embodiments.

[0010] Figure 1 depicts a schematic, cross-sectional view of a physical vapor
deposition chamber (PVD) in accordance with some embodiments of the present

disclosure.

[0011] Figure 2 is a flowchart of a method of passivating a target in a process

chamber in accordance with some embodiments of the present disclosure.

[0012] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. Elements and
features of one embodiment may be beneficially incorporated in other embodiments

without further recitation.
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DETAILED DESCRIPTION

[0013] Embodiments of a methods and apparatus for passivating a target are
provided herein. For example, in at least some embodiments, the methods and
apparatus described herein can be used for passivating a target (e.g., during PM),
such as ovonic threshold switch (OTS) target material. More particularly, the
methods and apparatus described herein can be used to passivate and stabilize a
surface of the target to prevent the target from further reacting with one or more
gases (e.g., air), which are sometimes used during a passivation process. Unlike
the conventional methods and apparatus that can be used for passivating a target,
the methods and apparatus described herein use an oxygen plasma treatment for
passivating an OTS target, which results in better passivated/oxidized surface of the
OTS target, in conjunction with a cycle purge that does not require exposing an
inner volume of a process chamber to a surrounding environment. Accordingly, the
methods and apparatus described herein provide a more efficient process for
passivating a target, thus significantly reducing total passivation time, e.g., total

passivation time can be reduced from more than 5 days to less than 30 hours.

[0014] Figure 1 depicts a schematic, cross-sectional view of a PVD chamber
(process chamber 100) in accordance with some embodiments of the present
disclosure. Examples of suitable PVD chambers include the ALPS® Plus and SIP
ENCORE® PVD processing chambers, both commercially available from Applied
Materials, Inc., of Santa Clara, California. Other processing chambers from Applied
Materials, Inc. or other manufactures may also benefit from the inventive apparatus

disclosed herein.

[0015] The process chamber 100 contains a substrate support pedestal 102 for
receiving a substrate 104 thereon, and a sputtering source, such as a target 106.
The substrate support pedestal 102 may be located within a grounded chamber wall
108, which may be a chamber wall (as shown) or a grounded shield. A ground
shield 140 is shown covering at least some portions of the process chamber 100
above the target 106 in Figure 1. In some embodiments, the ground shield 140

could be extended below the target to enclose the pedestal 102 as well.
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[0016] The process chamber 100 includes a feed structure 110 for coupling RF
and DC energy to the target 106. The feed structure is an apparatus for coupling RF
energy, and optionally DC energy, to the target 106, or to an assembly containing
the target, for example, as described herein. The feed structure 110 includes a body
112 having a first end 114 and a second end 116 opposite the first end 114. In
some embodiments, the body 112 further includes a central opening 115 disposed
through the body 112 from the first end 114 to the second end 116.

[0017] The first end 114 of the feed structure 110 can be coupled to an RF power
source 118 and, optionally, a DC power source 120, which can be respectively
utilized to provide RF and DC energy to the target 106. For example, the DC power
source 120 may be utilized to apply a negative voltage, or bias, to the target 106. In
some embodiments, RF energy supplied by the RF power source 118 may range in
frequency from about 2MHz to about 60 MHz, or, for example, non-limiting
frequencies such as 2 MHz, 13.56 MHz, 27.12 MHz, or 60 MHz can be used. In
some embodiments, a plurality of RF power sources may be provided (i.e., two or
more) to provide RF energy in a plurality of the above frequencies. In at least some
embodiments, one or both of the RF power source 118 or the DC power source 120
can be used to ignite one or more process gases during PVD and/or passivation of
the target 106. The feed structure 110 may be fabricated from suitable conductive
materials to conduct the RF and DC energy from the RF power source 118 and the
DC power source 120. The feed structure 110 may have a suitable length that
facilitates substantially uniform distribution of the respective RF and DC energy

about the perimeter of the feed structure 110.

[0018] The second end 116 of the body 112 is coupled to a source distribution
plate 122. The source distribution plate includes a hole 124 disposed through the
source distribution plate 122 and aligned with the central opening 115 of the body
112. The source distribution plate 122 may be fabricated from suitable conductive

materials to conduct the RF and DC energy from the feed structure 110.

[0019] The source distribution plate 122 may be coupled to the target 106 via a
conductive member 125. The conductive member 125 may be a tubular member

having a first end 126 coupled to a target-facing surface 128 of the source
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distribution plate 122 proximate the peripheral edge of the source distribution plate
122. The conductive member 125 further includes a second end 130 coupled to a
source distribution plate-facing surface 132 of the target 106 (or to the backing plate

146 of the target 106) proximate the peripheral edge of the target 106.

[0020] A cavity 134 may be defined by the inner-facing walls of the conductive
member 125, the target-facing surface 128 of the source distribution plate 122 and
the source distribution plate-facing surface 132 of the target 106. The cavity 134 is
fluidly coupled to the central opening 115 of the body 112 via the hole 124 of the
source distribution plate 122. The cavity 134 and the central opening 115 of the
body 112 may be utilized to at least partially house one or more portions of a
rotatable magnetron assembly 136 as illustrated in Figure 1 and described further
below. In some embodiments, the cavity may be at least partially filled with a

cooling fluid, such as water (H20) or the like.

[0021] A ground shield 140 may be provided to cover the outside surfaces of the
lid of the process chamber 100. The ground shield 140 may be coupled to ground,
for example, via the ground connection of the chamber body. The ground shield 140
has a central opening to allow the feed structure 110 to pass through the ground
shield 140 to be coupled to the source distribution plate 122. The ground shield 140
may comprise any suitable conductive material, such as aluminum, copper, or the
like. An insulative gap 139 is provided between the ground shield 140 and the outer
surfaces of the source distribution plate 122, the conductive member 125, and the
target 106 (and/or backing plate 146) to prevent the RF and DC energy from being
routed directly to ground. The insulative gap may be filled with air or some other

suitable dielectric material, such as a ceramic, a plastic, or the like.

[0022] In some embodiments, a ground collar 141 may be disposed about body
112 and lower portion of the feed structure 110. The ground collar 141 is coupled to
the ground shield 140 and may be an integral part of the ground shield 140 or a
separate part coupled to the ground shield to provide grounding of the feed structure
110. The ground collar 141 may be made from a suitable conductive material, such
as aluminum or copper, and the gap can be filled with isolating material like plastic

or ceramic or can be an air gap. The ground collar 141 prevents cross-talk between
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the RF feed and the body 112, thereby improving plasma, and processing,

uniformity.

[0023] An isolator plate 138 may be disposed between the source distribution plate
122 and the ground shield 140 to prevent the RF and DC energy from being routed
directly to ground. The isolator plate 138 has a central opening to allow the feed
structure 110 to pass through the isolator plate 138 and be coupled to the source
distribution plate 122. The isolator plate 138 may comprise a suitable dielectric

material, such as a ceramic, a plastic, or the like.

[0024] The target 106 may be supported on an adapter 142, which can be a
grounded conductive aluminum adapter, through a dielectric isolator 144. The target
106 comprises a material to be deposited on the substrate 104 during sputtering,
such a metal or metal oxide. For example, in some embodiments the target 106 can
be made from at least one of arsenic, boron, carbon, gallium, germanium, selenium,
sificon, tellurium, titanium or tungsten, such as when the target 106 is used for OTS
fabrication. In some embodiments, the backing plate 146 may be coupled to the
source distribution plate-facing surface 132 of the target 106. The backing plate 146
may comprise a conductive material, such as copper-zinc, copper-chrome, or the
same material as the target, such that RF and DC power can be coupled to the
target 106 via the backing plate 146. Alternatively, the backing plate 146 may be
non-conductive and may include conductive elements (not shown) such as electrical
feedthroughs or the like for coupling the source distribution plate-facing surface 132
of the target 106 to the second end 130 of the conductive member 125. The
backing plate 146 may be included for example, to improve structural stability of the
target 106. In at least some embodiments, one or more cooling channels/guides
147 can be provided in the backing plate 146, e.g., to facilitate cooling the target

106, such as when a passivation procedure is being performed.

[0025] The substrate support pedestal 102 has a material-receiving surface facing
the principal surface of the target 106 and supports the substrate 104 to be sputter
coated in planar position opposite to the principal surface of the target 106. The
substrate support pedestal 102 may support the substrate 104 in an inner volume

148 of the process chamber 100. The inner volume 148 defined as the region
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above the substrate support pedestal 102 during processing (for example, between
the target 106 and the substrate support pedestal 102 when in a processing

position).

[0026] In some embodiments, the substrate support pedestal 102 may be vertically
movable through a bellows 150 connected to a bottom chamber wall 152 to allow
the substrate 104 to be transferred onto the substrate support pedestal 102 through
a load lock valve (not shown) in the lower portion of the process chamber 100 and

thereafter raised to a deposition, or processing position.

[0027] One or more processing gases (e.g., room air, oxygen, non-reactive gases
including argon, heilum, krypton, neon, radon, xenon, or other gas suitabie for
procassing the substrate 104 andfor for performing & passivation process on the
target 108) may be supplied from a gas source 154 through a mass flow controller
156 into the lower part of the process chamber 100. The gas source 154 can also
serve for venting fresh (room) air into the inner volume 148 of the process chamber
100, such as when performing passivation of the target 106, as will be described in
greater detail below. The mass flow controller 156 controls a flow of gas from the
gas source 154 using, for example, a control feedback loop, as will also be

described in greater detail below.

[0028] An exhaust port 158 may be provided and coupled to a pump 161 via a
valve 160 for exhausting (e.g., pumping down) the inner volume 148 of the process
chamber 100 and facilitating maintaining a desired pressure inside the process
chamber 100. For example, the valve 160 can be configured to provide a relatively

high pressure during passivation and a relatively low pressure during PVD.

[0029] A gas detection system 163 can be connected to the process chamber 100
and can be configured to detect gases being exhausting from the inner volume 148.
For example, in at least some embodiments, the gas detection system 163 can be
configured for gas detection, and when the process chamber 100 is being used for
passivating the target 106 (e.g., during PM), the gas detection system 163 can be
configured to detect toxic by-product being exhausted from the inner volume 148.
An example of a gas detection system suitable for use with the methods and

apparatus described herein is the SPM Flex®, available from Honeywell Analytics of

8
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Lincolnshire, IL. The toxic by-product can include, but is not limited to, hydride,
arsine, mineral acids, amines, and/or other toxic by-products. The gas detection
system 163 measures an amount of the toxic by-product being exhausted from the
inner volume 148 of the process chamber 100 and communicates the measured
amount to a controller 191 of the process chamber 100, which, in turn, compares the
measured amount with a predetermined threshold. The predetermined threshold
can be determined based on the type of toxic by-product that is being
detected/measured. For example, when the toxic by-product is hydride and/or
arsine, the predetermined threshold can be about 0 ppb to about 100 ppb, and in

some embodiments can be about 5 ppm.

[0030] Additionally, one or more sensors 165 can be connected (see phantom
lines 167) to the gas detection system 163 and disposed, for example, near valve
160 to obtain data that can be used for controlling the mass flow controller 156, as

described in greater detail below.

[0031] An RF bias power source 162 may be coupled to the substrate support
pedestal 102 to induce a negative DC bias on the substrate 104. In addition, in
some embodiments, a negative DC self-bias may form on the substrate 104 during
processing. For example, RF power supplied by the RF bias power source 162 may
range in frequency from about 2MHz to about 60 MHz, for example, non-limiting
frequencies such as 2 MHz, 13.56 MHz, or 60 MHz can be used. In other
applications, the substrate support pedestal 102 may be grounded or left electrically
floating. For example, a capacitance tuner 164 may be coupled to the substrate
support pedestal for adjusting voltage on the substrate 104 for applications where

RF bias power may not be desired.

[0032] A rotatable magnetron assembly 136 may be positioned proximate a back
surface (e.g., source distribution plate-facing surface 132) of the target 106. The
rotatable magnetron assembly 136 includes a plurality of magnets 166 supported by
a base plate 168. The base plate 168 connects to a rotation shaft 170 coincident
with the central axis of the process chamber 100 and the substrate 104. A motor
172 can be coupled to the upper end of the rotation shaft 170 to drive rotation of the

rotatable magnetron assembly 136. The magnets 166 produce a magnetic field
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within the process chamber 100, generally parallel and close to the surface of the
target 106 to trap electrons and increase the local plasma density, which in turn
increases the sputtering rate. The magnets 166 produce an electromagnetic field
around the top of the process chamber 100, and magnets 166 are rotated to rotate
the electromagnetic field which influences the plasma density of the process to more

uniformly sputter the target 106.

[0033] In some embodiments, a magnet 190 may be disposed about the
processing chamber 100 for selectively providing a magnetic field between the
substrate support pedestal 102 and the target 106. For example, as shown in
Figure 1, the magnet 190 may be disposed about the outside of the chamber wall
108 in a region just above the substrate support pedestal 102 when in processing
position. In some embodiments, the magnet 190 may be disposed additionally or
alternatively in other locations, such as adjacent the adapter 142. The magnet 190
may be an electromagnet and may be coupled to a power source (not shown) for

controlling the magnitude of the magnetic field generated by the electromagnet.

[0034] In some embodiments, the process chamber 100 may further include a
process kit 143 includes a grounded bottom shield 174 connected to a ledge 176 of
the adapter 142. The process kit 143 also includes a dark space shield 178 that
may be supported on the bottom shield 174 and may be fastened to the bottom
shield 174 by screws or other suitable manner. The metallic threaded connection
between the bottom shield 174 and the dark space shield 178 allows the bottom
shield 174 and dark space shield 178 to be grounded to the adapter 142. The
adapter 142 in turn is sealed and grounded to the chamber wall 108. Both the
bottom shield 174 and dark space shield 178 are typically formed from hard, non-
magnetic stainless steel. In at least some embodiments, the dark space shield 178
and the bottom shield 174 can be monolithically formed and provided as unitary
body.

[0035] The bottom shield 174 extends downwardly and may include a generally
tubular portion 180 having a generally constant or varying diameter. The bottom
shield 174 extends along the walls of the adapter 142 and the chamber wall 108

downwardly to below a top surface of the substrate support pedestal 102 and

10
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returns upwardly until reaching a top surface of the substrate support pedestal 102
(e.g., forming a u-shaped portion 184 at the bottom). A cover ring 186 rests on the
top of the upwardly extending inner portion 188 of the bottom shield 174 when the
substrate support pedestal 102 is in a lower, loading position, but rests on the outer
periphery of the substrate support pedestal 102 when the substrate support pedestal
102 is in an upper, deposition position to protect the substrate support pedestal 102

from sputter deposition.

[0036] The controller 191 includes programmable central processing unit (CPU)
192 (processor) that is operable with a memory 194 and a mass storage device, an
input control unit, and a display unit (not shown), such as power supplies, clocks,
cache, input/output (I/0) circuits, and the liner, coupled to the various components of

the processing system to facilitate control of the substrate processing.

[0037] To facilitate control of the process chamber 100 described above, the CPU
192 may be one of any form of general-purpose computer processor that can be
used in an industrial setting, such as a programmable logic controller (PLC), for
controlling various chambers and sub-processors. The memory 194 is coupled to
the CPU 192 and the memory 194 is a non-transitory computer readable storage
medium and may be one or more of readily available memory such as random
access memory (RAM), read only memory (ROM), floppy disk drive, hard disk, or
any other form of digital storage, local or remote. Support circuits 196 are coupled to
the CPU 192 for supporting the processor in a conventional manner. Charged
species generation, heating, and other processes are generally stored in the
memory 194, typically as software routine. The software routine may also be stored
and/or executed by a second CPU (not shown) that is remotely located from the

process chamber 100 being controlled by the CPU 192.

[0038] The memory 194 is in the form of computer-readable storage media that
contains instructions, that when executed by the CPU 192, facilitates the operation
of the process chamber 100. The instructions in the memory 194 are in the form of a
program product such as a program that implements the method of the present
disclosure. The program code may conform to any one of a number of different

programming languages. In one example, the disclosure may be implemented as a

11
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program product stored on a computer-readable storage media for use with a
computer system. The program(s) of the program product define functions of the
embodiments (including the methods described herein). lllustrative computer-
readable storage media include, but are not limited to: (i) non-writable storage media
(e.g., read-only memory devices within a computer such as CD-ROM disks readable
by a CD-ROM drive, flash memory, ROM chips, or any type of solid-state non-
volatile semiconductor memory) on which information is permanently stored; and (ii)
writable storage media (e.g., floppy disks within a diskette drive or hard-disk drive or
any type of solid-state random-access semiconductor memory) on which alterable
information is stored. Such non-transitory computer-readable storage media, when
carrying computer-readable instructions that direct the functions of the methods

described herein, are embodiments of the present disclosure.

[0039] Figure 2 is a flowchart of a method 200 of passivating a target (e.g., target
106) in a process chamber (e.g., a process chamber 100) in accordance with some
embodiments of the present disclosure. The method 200 quickly passivates a target
surface (e.g., an OTS target surface) by oxidation of the OTS material using oxygen
plasma. The high energy, high pressure oxygen plasma significantly accelerates the
passivation process. The method 200 also uses a cycle pure that allows air to react

with portions of the target that are not oxidized.

[0040] At 202, afirst gas (e.g., oxygen, argon, helium, krypton, naon, radon, xenon
or one or more cother suitable non-reactive gases) can be supplied into an inner
volume (e.g., inner volume 148) of the process chamber. For example, in at least
some embodiments, an oxidizing gas, such as oxygen, can be supplied into the

inner volume using one or more gas sources, such as the gas source 154.

[0041] At 204, the first gas can be ignited to form a plasma and oxidize at least one
of the target or target material deposited on a process kit disposed in the process
chamber. For example, one or more of an RF power source and/or a DC power
source (e.g., the RF power source 118 and/or the DC power source 120) can be
used to ignite the first gas. In at least some embodiments, the RF power source 118
can be used to ignite the first gas. To facilitate igniting the first gas, in at least some

embodiments, the first gas can be provided at about 150 sccm to about 200 sccm

12
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from the gas source 154, the valve 160 can be used to maintain a pressure within
the process chamber 100 of about 50 mTorr to about 60 mTorr, and the RF power
source 118 can provide of RF power of about 150 W to about 200W. The oxygen
plasma can be maintained for a predetermined time. For example, in at least some
embodiments, the oxygen plasma can be maintained for about 2 to 3 seconds.
Additionally, as plasma (e.g., the oxygen plasma and the argon plasma) can heat up
the target to temperatures that can cause the target to crack, the plasma may need
to be turned on and off to let the target cool (e.g., plasma pulsing or looping —

plasma on — plasma off and cool - plasma on — plasma off and cool).

[0042] In at least some embodiments, prior to 202 and 204, another gas (e.g., a
second gas), such as an inert gas, can be supplied/introduced into the inner volume
of the process chamber. For example, one or more of argon, helium, krypton, neon,
radon, xenon or one or more other suitable non-reactive gases may first be
introduced into the inner volume and ignited as described above. In embodiments,
argon can be intreduced into the process chamber and ignited to form argon
plasma. The inventors have found that forming argon plasma (or other nonreactive
plasma) can facilitate forming oxygen plasma within the inner volume. In at least
some embodiments, the argon gas can be introduced into the inner volume at a flow
rate of about 150 sccm to about 200 sccm. The argon plasma can be maintained for
a predetermined time frame prior to supplying the oxygen gas, e.g., maintaining the
argon plasma for about 2 to 3 seconds. After such time, the argon gas supply can
be turned off, and at 202 the oxygen gas can be supplied and at 204 can be ignited,
as described above.

[0043] Continuing at 204, to facilitate the oxidation process of the target and/or the
process kit, the inside the process chamber can be maintained at a relatively high
pressure. For example, in at least some embodiments, the inner volume can be
maintained at a pressure of about 50 mTorr, which is much higher than, typical,
deposition pressures (e.g., 0.5 mTorr). The oxygen plasma oxidizes the surface of
target surface and/or the process kit, which can also have target material deposited
thereon, thus stabilizing the surface of target surface and/or the process kit. More
particularly, after the surface of the target and/or the process kit is passivated

(oxidized), reaction between the target material beneath the oxide on the target
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surface and reactive species (e.g., water/moisture in room air/environment) is
prevented, and generation of toxic by-product is significantly reduced, if not
completely eliminated. That is, after 204 the target surfaces that are covered by the

oxide are inert and not toxic.

[0044] Next, at 206, a cycle purge can be performed. More particularly, at 208, the
cycle purge can include venting air (e.g., room/fresh air) into the process chamber
while the process chamber remains closed, e.g., using the gas source 154 and
mass flow controller 156. Venting air into the process chamber allows the air to
react with the at least one of the target or target material deposited on a process kit.

That is, the air reacts with the portions of the target that are not oxidized at 204.

[0045] Air is continued to be vented into the process chamber until a
predetermined pressure is reached inside the process chamber. For example, in at
least some embodiments, the predetermined pressure can be about 600 Torr to
about 760 Torr. Once the predetermined pressure is reached, at 210 the
predetermined pressure is maintained for predetermined time within the process
chamber to generate toxic by-product caused by the air reacting with the at least
one of the target or target material deposited on a process kit. The predetermined

time can be about 5 minutes to about 30 minutes.

[0046] Next, at 212, the process chamber can be exhausted to remove the toxic
by-product. For example, in at least some embodiments, a pump, such as the pump
161, can be used to exhaust (pump down) the inner volume of the process chamber
to remove the toxic by-product, e.g., hydride, arsine, etc.) through an exhaust port of

the process chamber, e.g., the exhaust port 158.

[0047] In at least some embodiments, an amount of toxic by-product in the inner
volume of the process chamber can be measured, using, for example, the gas
detection system 163. The gas detection system 163 can measure the amount of
toxic by-product prior to performing the method 200 and/or after each of 202-212.
For example, in at least some embodiments, the gas detection system 163 can
measure the amount of toxic by-product after a first run through the cycle purge
(e.g., after 212), for example, using the sensor 165. In at least some embodiments,

a control feedback loop can use the data received from the sensor 165 to control the
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gas source 154 and/or the mass flow controller 156 to repeat 206-212, e.g., until a
predetermined threshold of toxic by-product has not been reached. In such
embodiments, the data received from the sensor 165 at the gas detection system
163 can be transmitted to the controller 191 which can control the gas source 154
and the mass flow controller 156 to allow more air to be provided into the process
chamber 100. Additionally, using the data received from the sensor 165 the
controller 191 can control the pump 161 and/or the valve 160 to obtain a
predetermined pressure and/or perform additional exhausting of the inner volume of

the process chamber.

[0048] 202-212, or portions thereof, can be repeated until a predetermined
threshold of toxic by-product is detected by the gas detection system 163. For
example, 202-212, or portions thereof, can be repeated until the gas detection
system 163 detects an amount of toxic by-product that is about O ppb to about 100
ppb (and in some embodiments can be about 5 ppm). In at least some
embodiments, 202-204 can be repeated one or more times prior to performing 206.
Likewise, 206 can be repeated one or more times prior to performing and/or
repeating 202-204. For example, in some embodiments, 202-204 can be performed
up to and including about 100 times prior to performing 206. In some embodiments,
206 can be performed up to and including about 5 times. In some embodiments, a
cycle of 202-204 can be performed up to and including about 100 times prior to
performing 206, and, thereafter, 206 can be performed up to and including about 5
times. In some embodiments, the foregoing cycle can be repeated one or more
times. For example, in some embodiments, the cycle can be repeated 8 or more
times. Additionally, after the cycle is performed, or in any other embodiments, 206
can be repeated one or more additional times, e.g., 1, 2, 3, 4, etc. For example, in
at least some embodiments, the 206 can be repeated up to and including 40 or more

times.

[0049] Additionally, to facilitate cooling the target to prevent the target from
overheating (or cracking) during passivation thereof, a cooling fluid can be supplied
via one or more cooling channels/guides provided in a backing plate 146 to cool the

target, such as during any or all of 202 to 212.
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[0050] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing

from the basic scope thereof.
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Claims:

1. A method of passivating surfaces of a process chamber, comprising:

a) supplying an oxidizing gas into an inner volume of the process chamber;

b) igniting the oxidizing gas to form a plasma and oxidize at least one of a
target or target material deposited on a process kit disposed in the inner volume of
the process chamber; and

¢) performing a cycle purge comprising:

c1) providing air into the process chamber to react with the at least one
of the target or target material deposited on the process kit;

c2) maintaining a predetermined pressure for a predetermined time
within the process chamber to generate a toxic by-product caused by the air
reacting with the at least one of the target or target material deposited on the
process kit; and

c3) exhausting the process chamber to remove the toxic by-product.
2. The method of claim 1, further comprising supplying a non-reactive gas into
the inner volume of the process chamber and igniting the non-reactive gas, prior to

supplying the oxidizing gas into the process chamber.

3. The method of claim 2, wherein the oxidizing gas is oxygen and the non-
reactive gas is an inert gas.

4. The method as in any of claims 1 to 3, wherein the inert gas is at least one of

argon, helium, krypton, neon, radon, or xenon.

5. The method of claim 1, wherein the predetermined pressure is about 600 Torr
to about 760 Torr.

6. The method of claim 1, wherein the predetermined time is about 5 minutes to

about 30 minutes.
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7. The method of claim 1, further comprising after b) and before ¢), cooling the

target and then repeating a) through b).

8. The method of claim 1, further comprising after c3), repeating c1) through c3).

9. The method of claim 1, wherein the target is made from at least one of
arsenic, boron, carbon, gallium, germanium, selenium, silicon, tellurium, titanium or

tungsten.

10.  The method as in any of claims 1 to 3 or 5 to 9, further comprising at least
one of after or during a) through ¢3) measuring an amount of the toxic by-product in

the inner volume of the process chamber.

11. A non-transitory computer readable storage medium having stored thereon
instructions that when executed by a processor perform a method of passivating
surfaces in a process chamber, comprising:

a) supplying an oxidizing gas into an inner volume of the process chamber;

b) igniting the oxidizing gas to form a plasma and oxidize at least one of a
target or target material deposited on a process kit disposed in the inner volume of
the process chamber; and

¢) performing a cycle purge comprising:

c1) providing air into the process chamber to react with the at least one
of the target or target material deposited on the process kit;

c2) maintaining a predetermined pressure for predetermined time
within the process chamber to generate a toxic by-product caused by the air
reacting with the at least one of the target or target material deposited on the
process kit; and

c3) exhausting the process chamber to remove the toxic by-product.

12.  The non-transitory computer readable storage medium of claim 11, further

comprising supplying a non-reactive gas into the inner volume of the process
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chamber and igniting the non-reactive gas, prior to supplying the oxidizing gas into

the process chamber.

13.  The non-transitory computer readable storage medium of claim 12, wherein

the oxidizing gas is oxygen and the non-reactive gas is an inert gas.

14.  The non-transitory computer readable storage medium as in any of claims 11
to 13, wherein the inert gas is at least one of argon, helium, krypton, neon, radon, or

xenon.

15.  The non-transitory computer readable storage medium of claim 11, wherein

the predetermined pressure is about 600 Torr to about 760 Torr.

16.  The non-transitory computer readable storage medium of claim 11, wherein

the predetermined time is about 5 minutes to about 30 minutes.

17.  The non-transitory computer readable storage medium of claim 11, further

comprising after b) and before c) cooling the target and repeating a) through b).

18.  The non-transitory computer readable storage medium of claim 11, further

comprising after c3) repeating ¢1) through ¢3).

19.  The non-transitory computer readable storage medium as in any of claims 11
to 13 or 15 to 18, wherein the target is made from at least one of arsenic, boron,

carbon, gallium, germanium, selenium, silicon, teliurium, titanium, or tungsten.

20. A process chamber for passivating surfaces of the process chamber,
comprising:

a target disposed in the process chamber for sputtering a target material onto
a substrate disposed in the process chamber during processing;

a gas source connected to the process chamber and configured to supply an

oxidizing gas into an inner volume of the process chamber and configured to supply
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air into the inner volume of the process chamber without opening the process
chamber;

at least one of an RF power source or a DC power source configured to ignite
the oxidizing gas to form a plasma within the process chamber,

a pump configured to maintain a predetermined pressure and to exhaust the
process chamber;

a gas detection system configured to measure an amount of a toxic by-
product in the inner volume of the process chamber; and

a controller configured to control the process chamber to:

a) supply the oxidizing gas into the inner volume of the process
chamber from the gas source;

b) ignite the oxidizing gas to form the plasma and oxidize at least one
of the target or target material deposited on a process kit disposed in the
inner volume of the process chamber; and

c) perform a cycle purge comprising:

c1) providing air into the process chamber to react with the at
least one of the target or target material deposited on the process kit;

c2) maintaining the predetermined pressure for a predetermined
time within the process chamber to generate the toxic by-product
caused by the air reacting with the at least one of the target or target
material deposited on the process kit; and

c3) exhausting the process chamber to remove the toxic by-

product.
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SUPPLYING AN OXIDIZING GAS INTO AN INNER VOLUME OF THE

PROCESS CHAMBER —~ 202

Y

IGNITING THE OXIDIZING GAS TO FORM A PLASMA AND OXIDIZE
AT LEAST ONE OF A TARGET OR TARGET MATERIAL DEPOSITED
ON A PROCESS KIT DISPOSED IN THE INNER VOLUME OF THE | — 204
PROCESS CHAMBER

PERFORMING A CYCLE PURGE COMPRISING: ~ 206

PROVIDING AIR INTO THE PROCESS CHAMBER TO REACT WITH
THE AT LEAST ONE OF THE TARGET OR TARGETMATERIAL
DEPOSITED ON THE PROCESS KIT 208

MAINTAINING A PREDETERMINED PRESSURE FOR A
PREDETERMINED TIME WITHIN THE PROCESS CHAMBER TO
GENERATE A TOXIC BY-PRODUCT CAUSED BY THE AIR REACTING
WITH THE AT LEAST ONE OF THE TARGET OR TARGET MATERIAL

DEPOSITED ON THE PROCESS KIT 210

EXHAUSTING THE PROCESS CHAMBER TO REMOVE THE TOXIC
BY-PRODUCT 212
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