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METHODS, SYSTEMS, AND APPARATUS FOR PROCESSING SUBSTRATES
USING ONE OR MORE AMORPHOUS CARBON HARDMASK LAYERS

BACKGROUND

[00a1] Aspects generally relate to methods, systems, and apparatus for processing
substrates using one or more amorphous carbon hardmask layers. In one aspect, film

stress is altered while facilitating enhanced etch selectivity.

Description of the Related Art

[6002} Hardmask lavers of substrales can have high compressive stress, which
can be unsuitable for operations. As an example, high compressive stress can cause
delamination and can hinder device performance. Efforts {o reduce compressive
stress can involve longer operational times, larger expenditure of resources, reduced
throughput, and loss of the hardmask layers. Efforts to reduce compressive siress

can otherwise involve loss of etch selectivity.

[0003] Therefore, there is a need for improved methods, systems, and apparatus
that facilitate enhanced elch selectivity and altering film stress to facilitate reduced
operational times, reduced expenditure of resources, increased throughput, and

reduced loss of hardmask layers.

SUMMARY

[6004] Aspects generally relate to methods, systems, and apparatus for processing
substrates using one or more amarphous carbon hardmask layers. In one aspect, film

siress is aitered while facilitating enhanced etch selectivity.

{0005] in one implementation, a method of processing a substrate includes
depositing one or more amarphous carbon hardmask layers onto the substrate, and
conducting a rapid thermal anneal operation on the substrate after depositing the one
or more amorphous carbon hardmask layers. The rapid thermal anneal operation lasts
for an anneal time that is 60 seconds or less. The rapid thermal anneal operation

includes heating the substrate to an anneal tamperature that is within a range of 600
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degrees Celsius {o 1,000 dagrees Ceisius. The method includes eiching the substrate

after conducting the rapid thermal anneal operation.

[00086] in one implementation, a non-fransitory computer readable medium for
processing & substrate includes instructions that, when exacuted, cause a plurality of
operations (o be conducted. The pluralily of operations include depositing one or more
amorphous carbon hardmask layers onto the substrate, and conducting a rapid
thermal anneal operation on the substrate after depositing the one or mors amorphous
carbon hardmask layers. The rapid thermal anneal operation lasts for an anneal time
that is 60 seconds or less. The rapid thermal anneal operation includes heating the
substrate to an anneal temperature that is within a range of 800 degrees Celsius fo
1,000 degrees Celsius. The plurality of operations include etching the substrate after

conducting the rapid thermal anneal operation.

[0007] in one implementation, a system for processing a subsirate includes a
deposition chamber, an anneal chambaear, a transfer chamber coupled to the deposition
chamber and the anneal chamber, and a cryogenic eich chamber. The system
includes a controller including instructions that, when executed, cause the deposition
chamber to deposit one or more amorphous carbon hardmask layers onto the
substrate. The instructions, when exacuted, cause the anneal chamber to conduct a
rapid thermal anneal cperation on the substrate after the depositing the one or more
amorphous carbon hardmask layers onio the substrate. The rapid tharmal anneal
opearation lasts for an anneal time that is 80 seconds or less. The rapid thermal anneal
operation includes heating the subsirate o an anneal temperature that is within a
rangs of 600 degreas Ceisius to 1,000 degrees Cealsius. The instructions, when
executed, cause the cryogenic etch chamber to eich the substraie afler the rapid

tharmal anneal operation is conducted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which

are illustrated in the appended drawings. ltis to be noted, however, that the appended

2



WO 2022/177836 PCT/US2022/016255

drawings Hlustrate only exemplary embodiments and are thersfore not to be
considered limiting of scope, as the disclosure may admit 1o other equally effective

embodimenis.

[0009] Figure 1 is a schematic partial view of a system for procassing subsirates,

according to one implementation.

0010} Figure 2 is a schematic cross-sectional view of a substrale processing

chamber, according to one implementation.

[0041} Figure 3 is a partial schemastic cross-sectional view of an anneal chamber,

according {o one implementation.

[0012] Figure 4 is a cross-sectional partial schematic view of an eich chamber,

according to one implementation.

{0013} Figure 5 is a schematic view of a method of processing substrales,

according to one implementation.

{00443 To facilitate understanding, identical reference numerals have been usead,
where possible, to designate identical elements that are common to the figures. itis
contemnplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.
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DETAILED DESCRIPTION

0015} Aspects generally relate to msethods, systems, and apparatus for processing
substrates using one or more amarphous carbon hardmask layers. Inone aspect, film

siress is altered while facilitating enhanced etch selecthivity.

0018} Figure 1 is a schematic partial view of a system 100 for processing
substrates, according to one implementation. The system 100 includes a cluster tool
103 having a piurality of process chambers 101, 102, While process chambers 101,
102 are illustrated, it is contemplated that the system 100 may include more or less
than five process chambers disposed about and coupled o the transfer chamber 112,
The cluster tool 103 can be communicatively, electrically, mechanically, or otherwise
coupled to one or more additional cluster tools andfor one or more other systems,
shown collectively as a second cluster tool 122 in Figure 1. Substrates are transferred
betwaen the cluster tool 103 and the second cluster tool 122 using a transfer system
and can be exposed {0 ambient conditions. In one embodiment, which can be
combined with other embodiments, substrates are transferred to or from the second
cluster tool 122 from or into a factory interface 114 of the cluster tool 103, From the
factory interface 114, substrates can be transferred to the transfer chamber 112, The
fransfer volume 118 of the transfer chamber 112 can be an environmentally-controlled
environment, such as an snvironment where the temperature andfor pressure can be
set and maintained and/or adjustad. In one embodiment, which can be combinad with
other embodiments, the transfer chamber 112 is heid under vacuum pressure. A
cantral transfer robot 116 is configured to transfer substrates among and between the
process chambers 101, 102. it is contemplated that the system 100 may include

duplicative chambers of the plurality of process chambers 101, 102

{00171 The cluster tool 103 includes a deposition chamber 101 and an anneal
chamber 102 coupled o the transfer chamber 112, The present disclosure
contemplates that other process chambers, such as clean chambers configured to
conduct a clean operation on the substrates, can be disposed about and coupled to
the transfer chamber 112, The second cluster tool 122 inciudes a lithography
chamber 123 and an etch chamber 124, The deposition chambear 101 is configured

to deposit one or more amorphous carbon hardmask layers onto the subsirates. The

4



WO 2022/177836 PCT/US2022/016255

anneal chamber 102 is configured to conduct a rapid thermal anneal operation on the
substrates. The efch chamber 124 is configured to conduct an eiching operation on
the substrates, such as a cryogenic eiching operation. The lithography chamber 123
is configured io conduct a patterning operation on the subsirates, such as a
photolithography  patiermning operation.  The deposition chamber 101, the anneal
chamber 102, and the transfer chamber 112 are mounted to a frame 104 of the cluster
tool 103

[0048] A controller 120 is coupled to the cluster tool 103 and the second cluster
tool 122 of the system 100 to control operations of the deposition chamber 101, the
anneal chamber 102, the lithography chamber 123, and the eich chamber 124. The
controller 120 includes a ceniral processing unit (CPU) 131, a memory 132 containing
instructions, and support circuits 133 for the CPU 131, The controiler 120 contrals the
system 100 directly, or via other computers and/or controllers (not shown) coupled to
the cluster tool 103 and the second cluster ool 122, The conirolier 120 is of any form
of a generalpurpose computer processor that is used in an industrial setting for

conirolling various chambers and eguipment, and sub-processors thereon or therein,

{6018} The memaory 132, or non-transitory computer readable medium, is one or
more of a readily available memory such as random access memory {RAM), read only
memory (ROM), floppy disk, hard disk, flash drive, or any other form of digital storage,
focal or remote. The support circuits 133 are coupled to the CPU 131 for supporting
the CPU 131 (a processor). The support circuits 133 include cache, power supplies,
ciock circuils, inputfoutput circuitry and subsystems, and the like. Substrate
processing parameters and operations are stored in the memaory 132 as a software
routine that is executed or invoked to turn the controller 120 into a specific purpose
controller to control the operations of the system 100. The controller 120 is configured
to conduct any of the methods described herein.  The instructions stored on the
memory 132, when executed, cause one or mors of operations 501-508 of method
500 to be conducted.

0020} The system 100 includes one or maore metrology sensors that monitor
conditions andicr properties of one or more aspects of the system 100, such as the

transfer volume 118 of the transfer chamber 112, a processing volume of the
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deposition chamber 101, a processing volume of the annsal chamber 102 a
processing volume of the lithography chamber 123, andfor a processing volume of the
gich chamber 124. The system 100 includes one or mare modules 190 (one is shown)
having one or more sensors 181a~191d {four are shown). The module 190 having the
sansors 191a-181d is disposed in the transfer volume 118 of the transfer chamber
112. The presert disclosure contemplates that one or more modules having one or
more sensors can be disposed in ong or more of the deposition chamber 101, the

anneal chamber 102, the lithography chamber 123, andfor the etch chamber 124.

0021} The module 190 having the sensors 191a-191d may be atfached to the one
or more of the chamber 101, 102, 112, 123, and 124, such as attached to an inner
surface of the respective chamber 101, 102, 112, 123, or 124. At least one of the
sensors 181a-191d is configured o detect, monitor, and/or measure contaminants,
and concentrations thersof, in the transfer volume 118, such as while the central
transfer robot 116 transfers substrates. In one example, the one or more sensors

1912-191d include one or more in-situ metrology sensors.

{00223 At least one of the sensors 191a-191d is configured to detect, monitor,
andfor measure conditions andfor properties of the subsirates processed in the system
100, such as while the substrates ars being transferred by the central transfer robot
116 or while the subsirates are being processed in the process chambers 101, 102,
123, 124, In one exampie, the one or more sensors 191a-181d include one or more
on-wafer spectroscopy sensors, andfor one or more contaminant sensors.  In one
example, the one or more sensors 1891a~191d include one or more oxygen sensors,
one or more water vapor sensors, one or more X-ray fluorescence spectroscopy (XRF)
sensors, andfor one or more X-ray photoeleciron spectroscopy (XPS) sensors. Inone
ambodiment, which can be combined with other embodiments, the sensors 191a-191d
are corfigured {0 measure: one or more thicknasses of one or more amorphous carbon
hardmask layers of the substrates (such as before and/or after a rapid thermal annesal
operation), a bow of the substrates, and/or a film stress of the one or more amorphous

carbon hardmask layers of the substrates.

[6023} The plurality of instructions executed by the coniroller 120 include

instructions that instruct the one or more sensors 191a-1914d to detect, monitor, andfor
8
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measure contaminants, conditions, andf/or properties. The instructions in the memory
132 of the controller 120 can include one or more machine leaming/artificial
intelligence algorithms that can be executed in addition to the operations described
herein. As an example, a machine learning/artificial intelligence algorithm executed by
the controller 120 can oplimize and alter operational parameters based on one or more
sensor measurements taken by the one or more sensors 191a-181d. The operational
parameters can include for example the anneal time, the anneal temperature, the
arnneal pressure, the anneal gas composition, the amneal flow rate, the deposition
temperature, the deposition prassure, the first flow rate, the second flow rate, the total
flow rate, the reactive precurscr gases composition, the inert gases composition, the
gtch temperature, the hardmask thickness, the film stress, the bow of the substrats,
the hydrogen content, the etch selectivity, the Young's Modulus, and/or the film

density—each described below.

{0024} The one or more machine learning/artificial intelligence algorithms can
account for a bow of the substrate, a measurad film thickness after the rapid thermal
anneal operation, andfor a measured film stress after the rapid thermal anneal
operation to oplimize the operational parameters such as the anneal temperature. In
one embodiment, which can be combined with other embodiments, the one or more
machine learning/artificial intelligence algorithms can measure film thickness {such as
hardmask thickness) and film stress afler the rapid thermal anneal operation {0
determine if the deposition operation andfor the rapid thermal anneal operation is to
be repeated one or more additional times.  In one embodiment, which can be
combined with other embodiments, the one or more machine learning/artificial
intelligence algorithms can determing an optimized anneal time at which it takes for
the one or more amorphous carbon hardmask layers to achieve a neutral film stress,
such as a tensile film stress or a film stress that is 100 MPa or less. In one exampls,
which can be combined with other examples, a bow of an incoming substrate is
measured and the one or more machine learning/artificial intelligence algorithms
determine the oplimized anneal time. In one embodiment, which can be combined
with other embodiments, the one or more machine learning/artificial intelligence
algorithms executed by the controller 120 determine an optimized anneal time, an

optimized anneal temperature, an optimized anneal pressure, an optimized anneal
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gas composition, an optimized anneal flow rate, andior a number of repetitive

iterations for the rapid thermal anneal operation.

{6025} Figure 2 is a schematic cross-sectional view of a substrale processing
chamber 200, according to one implementation. The substrate processing chamber
200 may be, for example, a chemical vapor deposition {(CVD) chamber or a plasma
gnhanced CVD (PECVD) chamber. The present disclosure contemplates that other
chambers may be used, such as an atomic layer deposition (ALD) chamber or a
physical vapor deposition (PVD) chamber. The substrate processing chamber 200 is
a deposition chamber that may be used as the deposition chamber 101 of the system

100 shown in Figure 1.

[6G28] The substrate processing chamber 200 has a chamber body 202 and a
chamber lid 204 disposed on the chamber body 202, The chamber body 202 inciudes
an internal volume 206 therein. The present disclosure contemplates that the chamber
body 202 may be made of a single body, or two or maore bodies. The chamber body
202 includes one or more sidewslls and a base. The substrate processing chamber
200 includes a gas distribution assembly 216 coupled to or disposed in the chamber
lid 204 o deliver a flow of one or mare processing gases 209 info a processing region
210 through a showarhead 201, The one or more procassing gasas may include one
or more of argon andfor CaHe, among other gases. In one example, the one or more
processing gases include one or more reactive precursor gases and one or more inert
gaseas (o generate a plasma). The showerhead 201 includes a backing plate 226 and
a faceplate 230, The gas distribution assembly 216 includes a gas manifold 218
coupled 1o a gas inlet passage 220 formed in the chamber lid 204, The gas manifold
218 receives a flow of one or more processing gases from one or more gas sources
222 {two are shown). The flow of processing gases received from the one or more
gas sources 222 distributes across a gas box 224, flows through a plurality of openings
291 of the backing plate 226, and further distributes across a plenum 228 defined by
the backing plate 226 and the facepiate 230, The flow of processing gases 208 then
flows into a processing region 210 of the internal volume 206 through one or more gas
openings 232 formed in a lower surface 219 of the faceplate 230 of the showerhead
201.
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0027} The internal volume 206 includes a pedestal 238 disposed in the chamber
body 202, The pedestal 238 supports a substrate 236 within the substraie processing
chamber 200. The pedestal 238 supports the substrate 236 on a support surface 239
of the pedestal 238, The pedestal 238 includes a heater and an slectrode disposed
therein. The slectrode may receive direct current (DC) voltage, radio frequency (RF)
energy, or alternating current (AC) energy to facilitate processing. The pedestal 238
is movably disposed in the internal volume 208 by a lift system 285, Movament of the
pedestal 238 facilitates transfer of the subsirate 236 to and from the internal volume
208 through a slit valve formed through the chamber body 202, The pedestal 238 may

also be moved to different processing positions for processing of the substrate 236.

0028} During substrate processing, as processing gases (such as the processing
gases 209) flow into the processing region 210, a heater heats the pedestal 238 and
the support surface 238 Also during substrate processing, the electrode in tha
pedestal 238 propagates radio frequency (RF) energy, alternating current (AC), or
diract current (DC) voltage to facilitate plasma generation in tha procassing region 210
and/or o facilitate chucking of the substrate 236 to the pedestal 238. The present
disciosure also contemplates that a power scurce may be coupled to the showerhead
201 to supply RF energy, AC, or DC vollags to faciiitate generating the plasma. The
heat, gases, and energy from the elecirode in the pedestal 238 facilitate deposition of
a film in the form of one or more amorphous carbon hardmask layers onto the
substrate 236 during substrate processing. The Taceplate 230, which is grounded via
coupling to the chamber body 202, and the electrode of the pedestal 238, faciliate
formation of a capacitive plasma coupling. When power s supplied to the slectrode
in the pedestal 238, an slectric fisld is generated between the faceplate 230 and
pedestal 238 such that atoms of gases present in the processing region 210 between
the pedestal 238 and the faceplate 230 are ionized and release electrons. The ionized
atoms accelerate to the pedestal 238 io faciliate formation of the one or more

amorphous carbon hardmask layers on the substrate 236

0029} A pumping device 203 is disposed in the substrate processing chamber 200.
The pumping device 203 facilitates removal of gases from the internal volume 206 and

processing region 210. The gases exhausted by the pumping device 203 include one
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or more of a processing gas and a processing residue. The processing residus may
result from the process of depositing a film onto the substrate 236, The pumping
device 203 includes a pumping liner 260 disposed on a stepped surface 2893 of the
chamber body 202 and an isclator ring 259 disposed between the pedestal 238 and
the pumping liner 280.

10030} The substrate processing chamber 200 includes a purge gas inlet 213
disposed at a bottom of the chamber body 202, The purge gas inlet 213 is an opening
formed in a bottom surface of the chamber body 202, The purge gas inlet 213 is fluidly
connacted to a purge gas source 214 that supplies one or more purge gases 279 1o
the purge gas inlet 213. The one or more purge gases 279 include one or more inert
gases, such as one or more of Ar and/or N2 The one or more purge gases 279 flow
along a purge gas flow path 211, A bowl 212 is disposed in the internal volume 206,
The bowl 212 dafinas a purge gas volume 215, One or more bellows 217 may be
disposed in the purge gas volume 215. One or more bellows 221 are disposed above
a horizontal portion 212b of the bowl 212 and below a botiom surface 288 of the
pedestal 238. The one or more bellows 221 separate g dead volume 263 from a
portion of the purge gas flow path 211 that is between the one or more bellows 221
and a vertical portion 2123 of the bowl 212, During substrate processing operations,
and while processing gases 208 flow into the processing region 210 from the
showerhead 201, the purge gas inlet 213 flows the one or more purgs gases 279 into
the purge gas volume 215, The horizontal portion 212b of the bowi 212 includes one
Of ore purge gas openings 297 that flow the purge gases 279 from the purge gas
volume 215 and into the purge gas flow path 211. The processing gases 209 and the
purge gases 279 meet andfor mix at or near the support surface 238, The processing
gases 209 and the purge gases 279 mix to form a gas mixture that is exhausted by
the pumping device 203. The pumping device 203 includes the pumping liner 260 and
the isolator ring 259. The gas mbdture is exhausted through a first conduit 278 and g
sacond conduit 278, through a foreline 272, and {0 a vacuum pump 233, The vacuum
pump 233 contrals the pressure within the procassing region 210 and exhausts gases

and residue from the processing region 110.
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{0031} Figure 3 is a partial schematic cross-sectional view of an anneal chamber
300, according to one implementation. The anneal chamber 300 is a rapid thermal
annsal chamber. The anneal chamber 300 can be used as the anneal chamber 102
of the system 100 in Figure 1. A subsirate 236 {¢ be processed in the anneal chamber
300 is provided through a valve (such as a slit valve) or access port 313 into the
processing volume 318 of the anneal chamber 300, The substrals 236 is supported
on a periphery thereof by an annular edge ring 314, The edges ring 314 has an annular
sloping shelf 315 contacting the corner of the subsirate 235, The substrate 236 is
oriented such that processed festures 316 already formed on a top surface of the
substrate 236 face upwardly toward a radiant heating apparatus 324. The substrate
236 is the substrats that was processad in the deposition chamber 200 described
above. The processed feailures 316 include the one more amorphous carbon

hardmask iavers.

00632} The anneal chamber 300 includes a chamber body 302 and a processing
volume 318 disposad within the chamber body 302, The chamber body 302 inciudes
one or more sidewalls 303. The processing volume 318 is defined on an upper side
thereof by a transparent quariz window 320. The anneal chamber 300 conducts a
rapid thermal anneal operation on the subsirate 236, In one embodiment, which can
be combinad with other smbodiments, the rapid thermal annsal operation is capable
of uniformly heating the substrate 236 at rates of about 10 degrees Celsius per second
and higher, for example at rates of about 10 degrees per second o about 250 degrees
par second or higher. Ramp-down {cooling) rates for the rapid thermal anneal
operation are in a range of about 80 degrees Celsius per second to about 150 degrees
Celsius per second. Aspects of the present disclosura may also be applied to flash
annealing, such as annealing a substrate in under & seconds, such as less than 1

second, or in a plurality of milliseconds.

{0033} Three lift pins 322 are raised and lowered to engage and support a bottom
surface (such as a backside surface) of the substrate 236 when the subsirate 238 is
handled by a substrate transfer apparatus, such as a robol. A robot blade of the robot
andfor a robot arm of the robot extends through the valve or access port 313 to provide

the substrate 236 into the anneal chamber 300 and onio the lift pins 322, The
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subsirate 236 is then lowered onto the edge ring 314, In order to heat the substrate
236 in the processing volume 318, the radiant heating apparatus 324 is positioned
above the window 320 io direct radiant energy toward the substrate 238, In the annesal
chamber 300, the radiant heating apparatus includes a plurality of heat lamps 326
positioned in respeactive reflective tubes 327 arranged in a8 hexagonal close-packad
array above the window 320. The plurality of heat lamps 326 include high-intensity
tungstern-halogen lamps. The plurality of heat lamps 326 are positioned above tha

edge ring 314.

0034} The heat lamps 326 involve resistive heating to quickly elevate, or ramp up,
the temperature of the radiant source to ramp the temperatures of the processing
volume 318 and the substrate 236, Heat lamps 326 may include incandescent and
tungsten halogen incandescert lamps having an envelope of glass or silica
surrcunding a filament and flash lamps which include an envelope of glass or silica
surrounding a gas, such as xenon. Heat lamps 326 may include arc lamps that include
an envelope of glass, ceramic, or silica that surrounds a gas or vapor. Such lamps
provide radiant heat when the gas is energized. As provided herein, the term lamp is
intended to include famps having an envelope that surrounds a heat source. The “heat
source” of a lamp refers to @ material or slement that can increase the temperature of
the substrate 236, for example, a filament or gas that may be energized. The present
disciosure contemplates that one or more anneal! lasers and/or one or more resistive
heater slements embedded in a pedestal (on which the substrate 236 would be
supported) can be used in place of or in addition o the plurality of heat lamps 3286 to
heat the subsirate 236.

{0035} A reflecior 328 exiending parallel to and over an area greater than the
substrate 236 and facing the botlom surface of the substrate 236 efficiently reflects
heat radiation emilted from the substrate 236 back to the subsirate 236 In one
embodiment, which can be combined with other embodiments, a reflector plate is
included to enhance the apparent emissivity of the substrate 236. The reflector 328,
which may have a gold coating or multilayer dielectric interference mirror, effectively
forms a black-body cavity at the back of the substrate 236 that functions to distribute

heat from warmer portions of the substrate 238 to cooler portions. The chamber body

-
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302 includes an upper wall 321 and a lower wall 353. The reflector 328 is disposed
on a watar-cooled base formed in the lower wall 353 made of a material, such as a
metial, chosen for an ability to heat sink excess radiation from the substrate 236, such
as during cool down. The upper wall 321 includes the quariz window 320 and a lower
wall 353 is substantially parallel to the upper wall 321, The lower wall 353 may be

made of a material that is significantly non-transparent, such as a metal.

00386} The edge ring 314 is disposed on and supporied on a support cvlinder 331,
and is movable relative to the support cylinder 331 and a rotor 230 upon thermal
expansion andfor retraction of the edge ring 314. The edge ring 314 may also be
maoved using the support cylinder 331 and the rotor 330, The support cyiinder 331
may inciude a thermal insulation material. The support cylinder 331 is supported on,
and may be coupled to or formed as part of the rotor 330, The rotor 330 and the
support cylinder 331 are rotatable. The rotor 330 is cyvlindrical. The rotor 330 is
magnetically ievitated in the chamber body 302, The rotor 330 is magnetically coupled
to a drive ring 332 positioned cutside of the one or more sidewalls 303 of the chamber
body 302. Gravitational forces and a lower shoulder extending downward from a lower
surface of the edge ring 315 facilitate retaining the edge ring 314 on the support
cylinder 331 and the rotor 330. In one embodiment, which can be combined with other
ambodiments, the drive ring 332 is a rotatable flange and is magnetically coupled o
the rotor 330 such that the rotor 330 rotates with rofation of the drive ring 332, In such
an embodiment, a motor rotates the drive ring 332 {0 rotate the rotor 330, In one
embodiment, which can be combined with other embodiments, the drive ring 332 is
fixed relative fo the chamber body 302 and includes electrical coils that, when
powerad, generate magnetic forces to magneticaily rotate and/or levitate the rotor 330
When the rotor 330 rotates, the edge ring 314 and the substrate 236 supported on the

edge ring 314 rotate about a center axis 334 of the substrate 236.

{0037} The heat lamps 326 may be divided into heating zones arranged in a
generally ring-like formation about the center axis 334, Control circuitry varies the
voltage delivered to the heat lamps 326 in the different zones to thereby tailor the
radial distribution of radiant energy. One or more pyrometers 340 are coupled through

one or more oplical light pipes 342 positioned to face the bottom surface of the
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substrate 236 through apertures in the reflector 328, The one or more pyrometers 340
measurs the temperature across a radius of the stationary or rotating substrate 236.
The light pipes 342 may be formed of various structures including sapphire, metal, and
silica fiber. The pyrometers 340 are disposed below the edge ring 314, and the edge
ring 314 is disposed between the pyrometers 340 and the plurality of haat lamps 326.
in one embodiment, which can be combined with other embodiments, g film of
reflective coating 350 may be disposed on the side of the window 320 facing the heat
lamps 326. In one embaodiment, which can be combined with other embodiments, a
reflective coating 351 is disposed on the side of the window 320 facing the substrate
236. in the implementation shown in Figure 1, a reflective coating 350 and 351 is
disposed on both sides of the window 320, The reflective coating 350 and 351
facilitates blocking radiation in the pyrometer bandwidth from propagating through the
reflective coating 350 and 351 to facilitate accurate measurements of the pyrometers
340,

[0038] Figure 4 is a cross-sectional partial schematic view of an etch chamber 400,
according to one implementation. The eich chamber 400 includes a substrate support
assembly 401 that supports the substrate 236 that was annealed in the anneal
chamber 300 as described above. The setch chamber 400 can be used as the etch
chamber 124 of the system 100 in Figure 1. The eich chamber 400 can be a plasma
procassing chamber. The etch chamber 400 is a cryogenic etch chamber configured
to conduct a cryogenic etching operation. Dry reactive ion efching the substrate 236
maintained at a cryogenic stching temperature enables ions o bombard the upward
facing surfaces of materials disposed on the substrate 236 with decreased
spontaneocus eiching so that trenchas with smooth, vertical sidewalls are formed. For
example, diffusion of ions in porosities of a low-K diglectric material disposed on the
substrate 236 uniformly maintained at the cryogenic eiching temperature is decreased
while ions cordinue to bombard the upward facing surface of the low-k dielectric
material 1o form frenches with smooth, vertical sidewalls. Additionally, selectivity of
gtching one material versus another can be improved at the cryogenic processing
temperature. For example, selectivity between silicon (Si) and silicon dioxide (5i02)

increases exponantially as temperature is decreased.
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{0038} The etch chamber 400 includes a chamber body 402 having sidewalis 404,
a bottom 406 and a lid 408 that enclose a processing region 410, An injection
apparatus 412 is coupled {o the sidewalls 404 and/or lid 408 of the chamber body 402,
A gas panel 414 is coupled o the injection apparatus 412 1o allow process gases to
be provided into the processing region 410, The injection apparatus 412 may be one
or more nozzie or inlet ports, or alternatively a showerhead., Process gases, along
with any processing by-products, are removed from the processing region 410 through
an exhaust port 416 formed in the sidewalls 404 or a botfom 408 of the chamber body
402, The exhaust port 416 is coupled (o a pumping system 440, which includes throttle
valves and pumps utilized to control the vacuum levels within the processing region
410.

{00401 The process gases may be energized to form a plasma within the
processing region 410, The process gases may be energized by capacitively or
inductively coupling RF power (o the process gases. In the embodiment shown, which
can be combined with other embodiments, g plurality of colls 418 are disposed above
the lid 408 of the etch chamber 400 and coupled through a matching circuit 420 to an
RF power source 422, The subsirate support assembly 401 is disposed in the
processing region 410 below the injection apparatus 412, The substrate support
assembly 401 includes an electrostatic chuck (ESC) 403 and an ESC base assembily
405, The ESC base assembly 405 is coupled to the ESC 403 and a facility plate 407.
The facility plate 407 supported by a ground plate 411 is configured to facilitate
electrical, cooling, heating, and gas connections with the subsirate support assembly
401. The ground plate 411 is supported by the botiom 406 of the eich chamber 400,
An insulator plate 409 insulates the facility plate 407 from the ground plate 411,

[0041] The ESC base assembly 405 includes a base channel 450 coupled {o a
cryogenic chiller 417, In one embodiment, which can be combined with other
embodiments, the cryogenic chiller 417 is in fluid communication with the base
channal 450 via a base inlet conduit 423 connecled to an inlet of the base channel
450 and via a base outlet conduit 425 connected {o an outlet of the base channel 450
such that the ESC base assembly 405 is maintained at a cryogenic etching
temperature.  In one embodiment, which can be combinad with other embadiments

described herein, the cryogenic chiller 417 is coupled to an interface box to control a
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flow rate of a base fluid. The base fluid may include a material that can maintain the
cryogenic siching temperature, such as less than 0 degrees Celsius. The cryogenic
chiller 417 provides the base fluid, which is circulated through the base channel 450
of the ESC base assembly 405. The base fluid flowing through the base channel 450
gnables the ESC base assembly 405 to be maintained at the cryogenic etching
temperature, which assists in controlling the lateral temperature profile of the ESC 403
30 that the substrate 236 disposed on the ESC 403 is uniformly maintained at the
cryogenic stching temperature. In one embodiment, which can be combined in other
ambodiments described herein, the cryogenic chiller 417 is a single-stage chiller
operable o maintain the cryogenic temperature at the cryogenic stching temperature.
in another embodiment, which can be combined in other embadiments described
herein, the cryogenic chiller 417 is a two-stage chiller that ulilizes refrigerant internal
to the two-stage chiller such the base fluid is maintained at the cryogenic etching

temperature.

[0042] The facility plate 407 includes a facility channel 451 coupled to a chiller 419,
The chiller 418 is in fluid communication with the Tacility channei 451 via a facility inlet
conduit 427 connected {6 an inlet of the facility channel 451 and via a facility outist
conduit 429 connected to an outlet of the facility channel 451 such that the facility plate
407 is maintained at a predetermined ambient temperature.  In one embodiment,
which can be combined with other smbodiments, the cryogenic chiller 417 is coupled
to an interface box to conirol a flow rate of the Tacility fluid. The facility fluid may include
a material that can maintain an ambient temperature between about O degrees Celsiusg
to about 60 degrees Celsius. The chiller 419 provides the facility fluid, which is
circulated through the facility channel 451 of the facility plate 407. The facility fluid
flowing through the facility channel 451 enables the facility plate 407 {o be maintained
at the predetermined ambient temperature, which assists in maintaining the insulator

plate 409 at the ambient temperature.

[0043] The ESC 403 has a support surface 430 and a botiom surface 432 opposite
the support surface 430. In one embodiment, which can be combined with other
ambodiments, the ESC 403 is fabricatad from a ceramic material, such as aluminag
{ARG3), aluminum nitride (AIN)} or other suitable materiall The ESC 403 may be
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fabricated from & polymer, such as polyimide  polyetheretherketons,
polyaryletherketone and the like. The ESC 403 includes a chucking slectrode 428
disposed therein. The chucking electrode 426 is coupled through an RF filter and the
facility plate 407 to a chucking power source 434, which provides a DC power to
slectrostatically secure the subsirate 236 to the support surface 430 of the ESC 403,
The RF filler prevents RF power utilized to form a plasma {not shown) within the etch
chamber 400 from damaging electrical equipment or presenting an electrical hazard

outside the chamber.

[00443 The ESC 403 includes one or more resistive heaters 428 embedded therein.
The resistive heaters 428 are utilized to elevate the temperature of the ESC 403 to the
cryogenic processing temperature suitabile for processing a substrate 236 disposed
on the support surface 430, The resistive heaters 428 are coupled through the facility
plate 407 and an RF filter to a heater powsr source 436, The RF filter prevents RF
power ulilized to form a plasma {(not shown) within the eich chamber 400 from
damaging electrical equipment or presenting an electrical hazard outside the chamber,
The heater power source 436 may provide 500 watts or more power {0 the resistive
heaters 428 Tha controller 120 is coupled {o the haater power source 436 to control
the operation of the heaier power source 436, which is generally sef {0 heat the
substrate 236 to the cryogenic etching tamperature.  In one embodiment, which can
be combined with cther embodiments, the resistive heaters 428 include a plurality of
laterally separated heating zones, wherein the controller 120 enables at least ons zone
of the resistive heaters 428 {o be preferentially heated relative to the resistive heaters
428 located in one or more of the other zones. For example, the resistive heaters 428
may be arranged concenirically in a plurality of separated heating zones. The resistive
heaters 428 maintain the substrate 230 at the cryogenic etching temperature suitable

for processing.

{60457 The substrate support assembly 401 may include one or more probes
disposed therein to determine the temperature of the ESC 403 and/or the ESC base
assembly 405, In one embodiment, which can be combined with other embodiments
described herein, one or more low temperature optical probe assemblies are coupled

the controller 120. In one embodiment, which can be combined with other
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embodiments described herein, each of low temperature optical probe assemblies
corresponds to a zone of the plurality of laterally separated heating zones of the
resistive heaters 428, wherein the low temperature optical probes measure the
temperature of each zone of the ESC 403, The controller 120 is coupled to the heater
power source 4356 so that each zone of the resistive heaters 428 is indepsndently
heated for the lateral temperature profile of the ESC 403 to be substantially uniform
based on temperature measuraments so that the substrate 236 disposed on the ESC

403 is uniformly maintained at the cryogenic etching temperature.

0048} Figure 5 is a schematic view of a method 500 of processing subsirates,
according to one implementation.  QOpseration 501 of the method 500 inciudes
fransferring a substrate (such as the substrate 236) into a deposition chambaer, which
may be the substraie processing chamber 200 used as the deposition chamber 101

as describaed above with respect to Figure 1 and Figure 2.

{00471 Operation 502 of the mathed includes depositing one or mare amaorphous
carbon hardmask layers onto the substrate in the deposition chamber. The one or
more amorphous carbon hardmask layers are deposited onto a pluraiity of base layers
that are formed on a frontside surface of the subsirate. In one embodiment, which can
be combinad with cother embodiments, the plurality of base layers include a pluraiity of
oxide layers and a plurality of nitrogen (such as nitride) layers disposed in an
alternating arrangement.  In one embodiment, which can be combined with other
ambodiments, the plurality of base lavers include a plurality of oxide layers and a
plurality of silicon {such as polysilicon) layers disposed in an aliernating arrangement.
The one or more amorphous carbon hardmask layers and the plurality of base layers
are used to form a plurality of film stacks on the frontside surface of the substraie. The
deposited one or more amorphous carbon hardmask layers have an sp? matrix or an
sp® matrix. Aspects, such as the sp? matrix, facilitate decreased costs and increased

modularity of device function as compared to operations that require an sp® matrix.

[0048] The one or more amorphous carbon hardmask layers are deposited during
a deposition operation at operation 502, The one or more amorphous carbon
hardmask layers are deposiied onto the plurality of base layers of the substrate at a

depaosition temperature that is within a range of 300 degrees Celsius to 750 degrees
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Celsius. In one embodiment, which can be combined with other embodiments, the
deposition temperature is within a rangs of 800 degrees Celsius to 700 degrees

Celsius.

[0049] The one or more amorphous carbon hardmask layers are deposited onto
the plurality of base layers of the substrate at a deposition pressure that is 12 Torr or
less, such as within arange of 0.5 Torrto 12 Torr. The one or more amaorphous carbon
hardmask layers are deposited {o a hardmask thickness that is 7 microns or less, such
as within a range of 0.1 microns to 7 microns. The prasent disclosure contemplates
that other hardmask thickness values may be used. The present disclosure
contempiates that the one or more amorphous carbon hardmask layers of the
subsirate may be used to form a memory device or a logic device. The ong or more
amorphous carbon hardmask layers deposited on the plurality of base layers includes
a hardmask composition. The hardmask composition includes carbon and can includs

one or more doparits such as boron, tungsten, and/or nitrogen.

[6050] The depositing the one or more amorphous carbon hardmask layers ococurs
in the daposition chamber after transferring the subsirate info the deposition chamber,
The depositing the one or more amorphous carbon hardmask layers includes flowing
one or more reactive precursor gases into the deposition chamber and generating a
plasma in the deposition chamber to deposit reactants on the plurality of base films to
form the one or more amorphous carbon hardmask layers. The one or more reactive
precursor gases include one or more of carbon, hydrogen, andfor nitrogen, such as
N2, Ha, CoHr andior CsHs. The generating the plasma include flowing one or more
inert gases into the deposition chamber while applying slectrical power {such as
radiofrequency power) to generate the plasma. The one or more inert gases include
one or more of helium and/or argon. The plasma is an inert stabilizing plasma. The
oneg or more reactive precursor gases flow at a first flow rate that is within a range of
100 standard cubic centimeters per minute (SCCM) to 2,000 SCCM. The one or more
inert gases flow at a sscond flow rate that is within a range of 0 SCCM fo 11,800
SCOM. A total flow rate adds together the first flow rate and the second flow rate. The
total flow rate is within a range of 1,000 SCCM to 12,000 SCCM.
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{00513 The substrate is iransferred out of the deposition chamber and info an
anneal chamber (such as the anneal chamber 300 used as the anneal chamber 102)
at operation 503. The substrate is transferred into the anneal chamber at an ambient

temperature, such as a room temperature.

[0052] Operation 504 of the method 500 includes conducting & rapid thermal
anneal operation on the substrate. Tha rapid thermal anneal operation is conductad
in the anneal chamber. The rapid thermal anneal operation lasts for an anneal time.
The anneal time is 60 seconds or less, such as within a range of 2 seconds to 30
seconds. In one embodiment, which can be combined with other embodiments, the

anneal time is within a range of 8 seconds to 12 seconds, such as 10 seconds.

[0053] The rapid thermal anneal operation includes heating the subsirate to an
anneal temperature that is within @ range of 600 degrees Ceisius fo 1,000 degrees
Celsius, and maintaining the anneal temperaturg of the remainder of the anneal time.
In one ambodiment, which can be combined with other embodiments, the anneal
temperature is within a range of 880 degrees Celsius to 820 degrees Celsius, such as
800 degrees Celsius. The anneal temperature may be measured on a backside
surface of the substrate, a frontside surface of the substrate, a swrface of the one or
more amorphous carbon hardmask layers, and/or a surface of the phurality of base
layers. The substrate is heated using one or more of a plurality of heat lamps, one or
maore anneal lasers, and/or one or more resistive heater elements embeddead in the
pedestal on which the subsirate is supported. The substrate can be heatad from

above the substrate and/or from below the substrate.

[0054] The rapid thermal anneal operation includes flowing an anneal gas
composition info the anneal chamber and exposing the substrate to the anneal gas
composition while heating the substraie. The anneal gas compaosition includes one or
more inert gases. The anneal gas composition includes one or more of argon,
nitrogen, helium, and/or hydrogen. The anneal gas compaosition flows at an anneal
flow rata that is within a rangs of 14,000 SCCM to 16,000 SCCM, such as about 15,000
SCCM. The rapid thermal anneal operation is conducted at an anneal pressura. In
one embodiment, which can be combined with other embodiments, the anneal

pressura is an ambient pressure, such as a room pressure {for example, about 760
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Torr). In one embodiment, which can be combined with other embodiments, the

anneal pressure is within a range of 250 mTorr to 760 Torr.

{6055} After the rapid thermal anneal operation, the one or more amorphous carbon
hardmask layers of the substrate have a film stress that was altered by the rapid
thermal anneal operation. In one embodiment, which can be combined with other
ambodiments, (such as when the substrate entering the annesal chamber has a film
stress that is above 100 MPa) the rapid thermal anneal operation reduces the film
stress of the one or more amorphous carbon hardmask layers to be 100 MPa or lass.
In one embaodiment, which can be combined with other embodiments, (such as when
the substrate entering the anneal chamber has a film stress that is compressive) the
rapid thermal anneal operation alters the film stress of the one or more amorphous
carbon hardmask layers {o be tensile. The rapid thermal anneal operation reduces a

bow of the subsirate.

[0058] After the rapid thermal anneal operation, the one or more amorphous carbon
hardmask layers of the substraie have a hydrogen content that is 14% or less, such
as within a range of £% {0 12%, or within arangs of 5% to 10%. The hydrogen content
can be determined, for example, by using hydrogen forward scatiering speciromelry
(HFS). After the rapid thermal anneal operation, the one or more amorphous carbon
hardmask layers of the substrate have a Young's Modulus of 40 GPa or greater, such
as within a range of 45 GPa to 80 GPa. After the rapid thermal anneal operation, the
ong or more amorphous carbon hardmask layers of the substrate have a film density
that is 1.75 gilom® or greater, such as within a range of 1.81 gloem®to 1.90 g/fem®. The
film density facilitates less film loss during the rapid thermal anneal operation as
compared to other anneal operations. After the rapid thermal anneal operation, the
one or more amorphous carbon hardmask layers of the subsirate have an stch
salectivity relative to the plurality of base layers during a cryogenic etching operation
{such as the etching described in relation {o operation 508). The etch selectivity is 1.0
or greater, such as within a range of 1.01 t0 1.10. The eich selectivity facilitates a high

etch selectivity for cryogenic efching operations.

{0057} The substrate is iransferred out of the anneal chamber and into 3

lithography chamber (such as the lithography chamber 123) at operation 505,
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{0058} Operation 506 of the method 500 includes patterning the substrate. The
patterning can include conducting a lithography operation, such as a photolithography
operation, on the substrate. The patlemning the substrate is conducted in the
fithography chamber. In one embodiment, which can be combined with other
ambodiments, one or more light emitters (such as those of spatial light modulators)

project light onto the substrate to pattern the substrate.

§0059] The substrate is transferred out of the lithography chamber and into an etch
chamber {(such as the etch chamber 400 used as the eich chamber 124) st operation
507.

[0088] Operation 508 of the method 500 includes eftching the substrate. The
atching is conducted in the efch chamber. The eiching the substrate includes
conducting an eiching operation on the substrate at an eich temperature. The etfch
temperature is a cryogenic etch temperature that is O degrees Celsius or less. Inone
embodiment, which can be combined with other embodiments, the cryogenic efch
temperature is -20 degrees Celsius or less, or -50 degrees Celsius or less. In one
ambodiment, which can be combinad with other embodiments, the cryogenic efch
temperature is within a range of -120 degrees Celsius {0 0 degrees Celsius. The
etching includes exposing the substrate to an elch gas such as tetrasthy! arthosilicate
(TEOS).

[0061] The rapid thermal anneal operation of operation 504 is conducted after the
depositing the one or more amorphous carbon hardmask layers of operation 502 and
prior to the patierning the substrate of operation 308. The rapid thermal anneal
operation of operation 504 is conducted prior {0 the eiching the subsirate of operation
508, iIn one embodiment, which can be combined with cother embodiments, the
patieming the substrate of operation 506 is conducted prior 1o the etching the

substrate of operation 508,

6052} One or more of the operations 501-508 can be repeated. In one
embodiment, which can be combined with other embodiments, operation 502 is
conducted to deposit a first hardmask thickness that is 1.5 microns and operation 504

is conducted to anneal the first hardmask thickness. Operation 502 is repeatad to
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deposit a second hardmask thickness that is 1.5 microns and operation 504 is
conducted to anneal the second hardmask thickness. Repeating operations 502, 504
facilitate forming & total hardmask thickness of 3 microns and having a neutral film

stress, such as a tensile film stress and/or a film stress of 100 MPa or less.

[0083] Benefits of the present disclosure include aliering a compressive siress
{such as by raducing the compressive stress or altering the comprassive stress to be
a tensile stress) of amorphous carbon hardmask layers; enhanced etch selectivity of
amorphous carbon hardmask layers, such as for use with a cryogsnic etching
operatior; reduced hydrogen content; reduced anneal times; reduced loss of
amorphous carbon hardmask layers, and enhanced properties, for example
mechanical properties such as Young's Modulus. Benefits of the present disclosure
also include reduced bow of substrates; reduced need for deposition on backside
surfaces of substrates,; reduced nead for high deposition temperatures; reducead need
for use of sp® carbon; reduced operational times; enhanced device performance;
reduced expenditure of resources; increased throughput, and reduced loss of
hardmask layers. It is contemplated that one or more aspects disclosed herein may
be combined. As an example, one or more aspects, features, components, andfor
properties of the system 100, the subsirate processing chamber 200 (deposition
chamber), the anneal chamber 300, the etch chamber 400, and/or the method 500
may be combined. Moreover, i is corntemplated that one or more aspecis disciosed

herein may include some or all of the aforementionead benefiis.

[0064] Aspects described herein achieve the aforementioned benefits over other
operations that involve increasing the deposition temperature (which can decrease
moduiarity of use of deposition chambers), operations that require use of sp® carbon
hardmasks, and operations that involve backside deposition on substrates to account

for substrate bow.

[0065] Operational parameters described herein facilitate neutral film stress, high
Young's Modulus, and high etch selectivity for cryocgenic stching of amorphous carbon
hardmask layvers while facilitating high film density (to facilitate reduced film loss).
Such operational parameters include, for example, the anneal time, the anneal

ternperature, the anneal pressure, the annaal gas composition, and the anneal flow
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rate.  The operational parameters disclosed herein facilitale unexpected resulis
because other operations can result in either substantially low eich selectivity,
substantial film loss, or film stress that is compressive andfor over 100 MPa. For
example, a person may find the film density (and the film loss) unexpected when using
the anneal temperature and the annaal time disciosed hergin. As another example, a
person may find it unexpscted that mechanical properties such as the Young's
Modulus are achieved using the operational parameters disclosed herein, it is
believed that the unexpected results are facilitated, for example, by the anneal
temperature used, the anneal time used, and the hydrogen content following the rapid

thermal anneal operation.

D088} 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. The present disclosure also contemplates that one or
more aspects of the embodiments described herein may be substituted in for one or
maore of the other aspects described. The scope of the disclosure is determined by

the claims that foliow.
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What is claimed is:

1. A method of processing a substrate, comprising:

depositing one or more amorphous carbon hardmask layers onto the substrate,;

conducting a rapid thermal anneal operation on the substrate after depositing
the one or more amorphous carbon hardmask layers, the rapid thermal anneal
operation lasting for an anneal time that is 60 seconds or less, and the rapid thermal
anneal operation comprising.

heating the substrate to an anneal temperature that is within a range of
800 degrees Celsius to 1,000 degrees Celsius; and

etching the substrate after conducting the rapid thermal anneal operation.

2. The method of claim 1, wherain tha etching the substrate comprises conducting
an etching operation on the substrate at an etch temperature that is 0 degrees Celsius

or lass.

3. The method of claim 1, wherein the one or more amorphous carbon hardmask

layers have an sp? matrix or an sp® mairix.

4, The method of claim 1, wherein the annsal time is within a range of 8 seconds
to 12 seconds, the annsal temperature is within a range of 880 degrees Celsius to 820
degrees Celsius, and the rapid thermal anneal operation is conducted at an anneal

pressurs that is within a range of 250 mTorr to 760 Torr.

5. The method of claim 4, wherein the rapid thermal anneal operation further
comprises exposing the substrate to an anneal gas composition, the anneal gas

compaosition comprising one or more of argon, nitrogen, helium, or hydrogen.

8. The method of claim 5, wherein the one or more amorphous carbon hardmask
layers are deposited onto the subsirate at a deposition temperature that is within a
range of 300 degraes Cealsius to 750 degrees Celsius and at a deposition pressure

that is 12 Torr or less.
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7. The method of claim 6, further comprising patieming the substrate after the

rapid thermal anneal operation is conductad.

8. The method of claim 1, wherein the one or more amorphous carbon hardmask

layers comprise a hardmask thicknass that is 7 microns or less.

Q. The method of claim 1, wherein the rapid thermal anneal operation alters a film

stress of the one or more amorphous carbon hardmask layers to be 100 MPa or less.

10.  The method of claim 1, wherein the rapid thermal anneal operation alters a film

stress of the one or more amorphous carbon hardmask layers to be tensile.

11. A non-transitory computer readable medium for processing a substrate
comprising instructions that, when executed, cause a plurality of operations 1o be
conducied, the plurality of operations comprising:

depositing one or more amorphous carbon hardmask layers onto the substrate;

conducting a rapid thermal anneal operation on the subsirate after depositing
the one or more amorphous carbon hardmask layers, the rapid thermal anneal
operation tasting for an anneal time that is 60 seconds or less, and the rapid thermal
anneal operation comprising:

heating the substrate to an annaal temperature that is within a rangs of
600 degrees Celsius to 1,000 degrees Celsius; and
etching the substrate after conducting the rapid thermal anneal operation.

12, The non-fransitory computer readable medium of claim 11, wherein the efching
the substrate comprises conducting an etching operation on the substrate at an etch

temperature that is O degreas Celsius or less.

13. The non-transitory computer readable medium of claim 11, wherein the one or

more amorphous carbon hardmask layers have an sp? matrix or an sp® matrix.
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14, The non-transitory computer readable medium of claim 11, wherein the anneal
time is within a range ¢f 8 seconds (o 12 seconds, and the anneal temperature is within

a range of 880 degrees Celsius io 820 degrees Celsius.

15, The non-transitory computer readable medium of claim 14, wherein the rapid
thermal anneal operation further comprises exposing the substrate to an anneal gas
composition, the anneal gas compaosition comprising ane or more of argon, nitrogen,

helium, or hydrogen.

16.  The non-transitory compuler readable medium of claim 15, wherein the one or
more amorphous carbon hardmask layers are deposited onto the substrate at a
deposition temperature that is within a range of 300 degrees Celsius to 750 degrees

Celsius and at a deposition pressure that is 12 Torr or less.

17.  The non-ransitory computer readable medium of claim 16, wherein the plurality
of operations further comprise pattemning the substrate after the rapid thermal annaal

operation.

18. The non-transitory computer readable medium of claim 11, wherein the rapid
thermal anneal operation alters a film stress ¢of the one or more amorghous carbon

hardmask lavers to be 100 MPa or less.

19, A system for processing a substrate, comprising:
a deposition chamber,
an anneal chambear:
a transfer chamber coupled to the deposition chamber and the anneal chamber;
a cryogenic efch chamber;
a controller comprising instructions that, when execuled, cause:
the deposition chamber o deposit one or more amorphous carbon
hardmask layers onto the subsirate,
the anneal chamber to conduct a rapid thermal anneal operation on the

substrate after the depositing the one or more amaorphous carbon hardmask
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layers onto the substirate, the rapid thermal anneal operation lasting for an
anneal time that is 80 seconds or less, and the rapid thermal anneal operation
comprising:
heating the subsirate o an anneal temperature that is within a
range of 600 degrees Celsius to 1,000 degrees Calsius; and
the cryogenic etch chamber to eich the substrate after the rapid thermal

anneal operation is conducted.

20.  The sysiem of claim 19, wherein the deposition chamber, the anneal chamber,

and the transfer chamber are mounted to a frame of a cluster tool.

28



