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CERAMIC COOLING BASE

BACKGROUND

This specification refates to semiconductor sysiems, processes, and equipment.
Semiconductor fabrication can mvolve varous processes performed on a subsirate. These
processes can take place in one or more processing chambers. For example, deposition
processes can be performed to deposit lavers of films of various materials on the
substrate. In another example, plasma etching can be used in semiconductor processing to
selectively eich one or more lavers using a plasma formed from particular etching gas
chemusiries. As scaling of integrated circuits continues to move towards smakier features
and increased aspect ratios, there is a growing need for precision in performing processes

on the subsiraie,

SUMMARY

This specification describes technologies for subsirate supports and related
components. These technologies generally involve using additive manufacturing
{echniques to design and fabricate substrate supports and components thereof for use in
substrate processing chambers. Specifically, a cooling base of the substrate support can be
formed from the same matenal as a substrate support body, e.g., an electrostatic chuck.
For example, both can be formed from a ceramic material such as aluminum oxide
{ALO33, or alumimum nitnide (AN}, Using the same material provides for a common
coefficient of thermal expansion (CTE) between the two componenis of the subsirate
support. Moreover, the two commmon matertals can be bonded using a metal bond. e g,
aluminum, allowing for low temperature substrate processing applications.

The cooling base can be formed using additive manufacturing and nclude various
flud pathways configured to provide closed loops for circulating fhuids through the
cooling base, embedded thermal brake structures, and electrically conductive regions.
Furthermore, the additive manufacturing can opticnally form a cooling base that
ncorporates it pin guides into the structure of the cooling base.

As used in this specification, a substrate refers to a wafer or another carrier
structure, e.2., a glass plate. A wafer can include a semiconductor material, e.g., Silicon,
(aAs, InP, or another semiconductor-based waler material. A wafer can mnclude an
msulator matenal, for example, silicon-on-insulator {SOI), diamond, ste. Al times, the

substrate includes film(s) formed on a surface of the wafer/carrier structure. The {im(s)
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can be, for example, dislectric. conductive, or insulating films. The film(s) can be formed
on the surface of the wafer using various deposition technigues, for example, spin-
coating, atomuc laver deposition {ALD). chemical vapor deposition {CVD), metal-organic
chervical vapor deposition {(MOCVI3), wolecular beam epitaxy (MBE). or other sinular
technigues for forming thin film lavers on a wafer or another carrier structure. In some
embodiments, the fabrications tools deseribed in this specification are plasma-based
etching tools, where etch processes can be performed on the forroed layers on the surface
of the wafer/carrier structure and/or on the wafer.

In general, one innovative aspect of the subject matier described in this
spectfication can be embodied in an electrostatic chuck: and a cooling base having a first
surface that 1s bonded to a first surface of the electrostatic chuck with a metallic bonding
material, the cooling base mcluding: a ceramic body having a coefficient of thermal
expansion substantially the same as the electrostatic chuck: one or more cooling channels
formed within the ceramic body. and one or more conductive zones exiending through the
ceramic body from the first surface to a second surface on an opposite side of the cooling
base.

In general, one innovative aspect of the subject matier described in this
specification can be embodied in a subsirate support component of a substrate suppott
embodied in a machine-readable medium for designing, manufacturing, or testing a
design, the substrate support component including: a cooling base wherein the insulator
body is configured to support an electrostatic chuck on a first surface of the cooling base:
one or more cooling channels embedded within the cooling base and configured to
facilitate refrigerant flow within the cooling base; one or more first gas conduits formed
within the cooling base and configured to facilitate gas flow through the cooling base and
couple into one or more second gas conduiis of the electrostatic chuck, when the
electrostatic chuck is supported by the first surface; and one or more thermal 1solation
structures integrally formed within the cooling base and oriented to control thermal
uniformity across the cooling base as provided by the refrigerant flowing through the one
or more cooling channels.

In general, one innovative aspect of the subject matter described in this
specification can be embodied in a method of manufacturing a subsirate support, the
method including: forming, by an additive manufacturing svstem, a pluraiity of layers, the

plurality of lavers jocluding: a ceranuc body; one or more cooling channels formed within
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the ceramic body and configured to circulate a refrigerant; one or more gas conduits
formed within the ceramic body and configured to pass a gas through the ceramic body;
and one or more conductive regions formed within the ceraruic body and extending froro
a first surface of the substrate support to a second, opposing surface of the ceramic body.

The subject matter described in this specification can be implemented in these and
other embodiments so as to realize one or more of the following advantages. Using
additive manufacturing { AM) techniques to manufacture subsirate supports can overcome
challenges m the methods to manufacture the substrate supports and components of the
substrate supports, improve yield, and increase complexity, as well as open up material
possibilities. In one example, AM can be used to mntroduce features otherwise unavailable
or cost-prohibited by traditional, non-AM techniques, e.g., embedded sensors, complex
internal channels/condutts, etc..

AM techniques can resuit in improved control over fidelity {e.g., defect reduction)
of mamutactured parts resulting in better performance of the manufactured parts, e.g.,
reduced helium leaks, improved capacitance, tighter (critical} dimensional control,
reduced cracking due to machining, etc.

Additionally, AM techniques can be used to refurbish/regrow/modity existing
subsirate supports, which can result in increased lifetime of components and decreased
costs by reusing rather than full replacement. The refurbishment/modification process can
target localized degradation, e.g., due to use in a process environmeni and exposure (o
plasma and etch chemisines, {o restore functionality of the substrate support for continued
target performance and use. Localized AM-based regrowth techniques for refurbishment
can reduce cost, material consumption, and time for the refurbishment. Additionally,
refurbishments/modification can be used to update an existing component rather than
fabricating a completely new component to incorporate a new feature.

Forming the cooling base from the same material as the electrostatic chuck (ESC)
elimimates CTE mismatch as compared to using different materials (e.g., metallic cooling
base vs. ceramic ESC). In addition to eliminating the CTE mismaich, using the same
ceramic matenals allows for the use of a metallic bond to couple the ESC to the cooling
base. Using a metallic bond allows for lower operating temperatures for particular
subsiraie processing operations as compared to the temperature range for other bonding
materials, for example, elastomer bonds. For example, using a metallic bond the operating

teroperatures can include processing operations as fow as -130 degrees Celsius as
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cornpared to a linut of -90 degrees Celsius for elastomer bonding. Additionally, elastomer
bonds can be sources of processing chamber contamination as they corrode over time.
Using a metatlic boud can reduce this source of contamination. Additive manufacturing
allows for mcorporated 11l pin guides at sincter tolerances that reduce the hikelthood of
5 binding batween the 1ift pins and the [ift pin guides. Additive manufacturing of the
cooling base allows for various different cooling channel geometries that can provide
more control over thermal distribution, e.g., when applying cooling 1o the cooling base.
The cooling hase can include intemal siructures formed through additive manufacturing
that reduce weight while maintaining strength and thermal transfer characteristics. Asa
10 result, the cooling base can be manofactured at a reduced materials cost. Furthermore,
additive manufacturing allows for tighter tolerances in forming structures. For example,
coohing charnels can be formed in closer proximity to other intemal structures using
additive manufacturing than is typically possible using other fabrication techniques.

Although the remaining disclosure will identify specific processes for etch-basad
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fabrication tools using the disclosed technology, it will be readily understood that the
systems and methods are equally applicable to a vanety of other fabrication tools and
chambers. Accordingly, the technology should not be considered to be so limited as for
use with the described etching {abrnication tools alone. The disclosure will discuss one
possible system and chamber that can be used with the present technology before

20 describing systems and methods or operations of exemplary process sequences according
o some embodiments of the present technology. It 18 {o be understood that the technology
15 not limited to the equipment described, and processes discussed can be performed in

any mumber of processing chambers and systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic cross-sectional view of an example plasma processing
25 chamber,

FIG. 2 shows a schematic cross-sectional view of an example support structure.

FIG. 3 shows a schematic cross-sectional view of an example cooling base and

ESC.

FIG. 4 shows a schematic cross-sectional view of an example cooling base and
30 ESC with a mechanical thermal brake

FIG. 5 shows a schematic cross-sectional view of an example cooling base and

ESC with a variable thermal brake.
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FI1G. 6A-C show schematic views of example cooling channel geometries.

FiGz. 7 shows another schematic cross-sectional view of an example cooling base
and ESC.

FIG. 8 shows an example computer system.

FIG. 915 a flow diagram of an example process for additively manufacturing a
cooling base.

Like reference numbers and designations 1o the various drawings indicate like

elements.

DETAILED DESCRIPTION

The present spacification provides improved methods and assemblies for using
additive manufactuning for {abricating a substrate support and/or components of the
subsirate support for use i substrate processing chambers. Fmbodiments of the present
disclosure include cooling hase design enabled by additive manufacturing that provides
for the ability to maintain bonds with other subsirate support components at iow
{emperatures and without CTE mismatch and the ability to additively manufacture the
cooling base with embedded features mcluding fiuid channels, conductive regions,
thermal brake structures, and Hit pin guides.

FIG. 1 illostrates a schematic eross-sectional view of an example processing
charober 100. In the example, the processing chamber is an etching chamber suitable for
etching one or more matenal layer(s) disposed on a substrate 103 {(e.g., also referred 1o as
a “wafer”} in the processing chamber 100, e.g., a plasma processing chamber. The
processing chamber 100 1s provided for ilhustration and the substrate support including a
cooling base can be used 1o other tvpes of processing chambers. The processing
chamber 100 includes a chamber body 105 defining a chamber volume 101 in which a
subsiraie can be processed. The chamber body 105 has sidewalls 112 and a
bottorn 118 which are coupled with ground 126. The sidewalls 112 caninclude a
finer 115 1o protect the sidewalls 112 and extend the time between maintenance cycles of
the plasma processing chamber 100, The chamber body 105 is supportive of a chamber
Iid assembly 110 to enclose the chamber volume 101, The chamber body 105 can be
fabricated from, for example, aluminum, or other suttable matenials. A subsirate access
port 113 1s formed through the sidewall 112 of the chamber body 105, which can
facilitate the transter of the substrate 103 into and out of the plasma processing
charnber 100, Access port 113 can be coupled with a transter chamber and/or other
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chambers (not shown} of a substrate processing system, e.g., to perform other processes
on the subsirate. A pumping port 145 is formed through the bottom 118 of the chamber
body 105 and connected to the chamber volume 101, A pumping device can be coupled
through the puruping port 145 to the chamber volume 101 to evacuate and control the
pressure within the processing volume. The pumping device can include one or more
pumps and throttle valves.

Chamber volume 101 includes a processing region 107, e.g., a station for
processing a substrate. A substrate support 135 can be disposed in the processing region
107 of chamber volume 101 fo support the substrate 103 during processing. The substrate
support 135 can nclude an electrostatic chuck 122 for holding the substrate 103 during
processing, a cooling base 129, and other support components 131 that are described in
more detail below with respect to FiG. 2.

The electrostatic chuck ("ESC™) 122 can use electrostatic atiraction to hold the
substrate 103 to the substrate support 135, The ESC 122 can be powered by an RF or DC
power supply 125 integrated with a maich circuit 124, The ESC 122 can include an
electrode 121 embeddad within a dielectric body. The electrode 121 can be coupled with
the RF or BC power supply 125 and can provide a bias which attracts plasma ions,
formed from the process gases 1o the chamber voluroe 101, to the ESC 122 and substrate
103 seated on the padestal. The RF or DC power supply 125 can eycle on and off, or
pulse, during processing of the subsirate 103. The substrate support 135 can include an
solator 128 for the purpose of making the sidewall of the ESC 122 less aitractive to the
plasma to prolong the maintenance life cycle of the ESC 122, Additionally, the substrate
support 135 can have a cathode liner 136 to protect the sidewalls of the substrate support
135 from the plasma and fo extend the time between maintenance of the plasma
processing chamber 100.

Electrode 121 can be coupled with a DC power source 150. The power
source 150 can provide a chucking voltage of about 5000 volis to about -5000 volis to the
electrode 121. The power source 150 can also include a system controller for controlling
the operation of the electrode 121 by divecting a DC current 1o the electrode 121 for
chucking and de-chucking the substrate 103, The ESC 122 can include heaters disposed
within the ceramic and connected to a power source for heating the substrate, while a
cooling base 129 supporting the ESC 122 can include condwuts for circulating a heat

transfer flurd to maintain a temperature of the ESC 122 and substrate 103 disposed
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thereon. The ESC 122 can be configured to perform in the temperature range required by
the thermal budget of the device being fabricated on the substrate 103, For example, the
ESC 122 can be configured to roaintain the substrate 103 at a temperature of about —150°
C or lower to about S00° C or higher depending on the process being performed. A cover
ring 130 can be disposed on the ESC 122 and along the periphery of the subsirate support
135. The cover ring 130 can be configured to confine etching gases to a desived portion of
the exposed top surface of the substrate 103, while shuelding the top surface of the
substrate support 135 from the plasma environment nside the plasma processing

chamber 100.

The additional support components 131 of the substrate support 135 can include a
ground plate, an insulator body, and a facilities plate. F1G. 2, described below, dlustrate
an exampie schematic view illustrating multiple components of the substrate support 135,

The substrate support can include lift pins disposed through openings formed in
the subsirate support {not shown). The hift pins can be coupled o actuators for raising and
fowering the Lift pins for positioning a substrate on the ESC, for example, for positioning
the substrate on the ESC 122 afier passing into the processing region through substrate
access port 113,

Referring now to FIG. 1, a gas panel 160 {e.g., also referred to herein as “gas
distribution manifold™) can be coupled by a gas line 167 with the chamber
body 105 through chamber lid assembly 110 to supply process gases inte the chamber
volume 101, The gas panel 160 can include one or more process gas
sources 161, 162, 163, 164 and can additionally include mert gases, non-reactive gases,
and reactive gases, as can be used for any number of suttable processes. Examples of
process gases that can be provided by the gas panel 160 mclude, but are not limited to,
hvdrocarbon containing gases including methane, sulfur hexafluonde, silicon chlonde,
siticon fetrachioride, carbon fetrafluonde, hydrogen bromide. Process gases that can be
provided by the gas panel can include, but are limited to, argon gas, chlorine gas,
nitrogen, helivim, or oxygen gas, sulfur dioxide, as well as any number of additional
materials. Additionally, process gasses can include nitrogen, chlonne, fluorine, oxvgen,
or hydrogen containing gases ncluding, for example, BClz, CoFy, CyFs, CyaFs, CHF;,
CHF, CHaF, NFz, NHz, TG, SGe, CO, No, N2, N2O, and Hz, among any number of
additional suitable precursors. Process gases from process gas sources, e.g., sources 161,

162, 163, 164, can be combined to form one or more etching gas muxiures. For example,
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gas panel 160 includes one or more process gas sources specific 1o oxide-based etching
chemusiries. In another example, gas panel 160 includes one or more process gas sources
specific to nunde-based eiching chemistres.

(zas panel 160 includes various valves, pressure regulators (not shown), and mass
flow controllers (not shown) arranged with respect to the gas sources 161, 162, 163, 164
o control the flow of the process gases from the sources. Valves 166 can control the flow
of the process gases from the sources 161, 162, 163, 164 from the gas panel 160,
Operations of the valves, pressure regulators, and/or mass flow controllers can be
conirolied by a controller 165, Controller 165 can be operably coupled 1o an electro-valve
(EV) manifold (notl shown} to control actuation of one or more of the valves, pressure
regulators, and/or mass flow controllers. The lid assembly 110 can include a gas delivery
nozzie 114 The gas delivery nozzie 114 can include one or more openings for
miroducing the process gases from the sources 161, 162, 163, 164 of the gas
panel 160 tnio the chamber volume 101, After the process gases are introduced into the
plasma processing chamber 100, the gases can be energized to form a plasma. An
antenna 14&, such as one or more inductor cotls, can be provided adjacent to the plasma
processing chamber 100, An antenna power supply 142 can power the
antenna 148 through a match circuit 141 to inductively couple energy, such as RF or C
energy, to the process gas to maintain a plasma formed from the process gas in the
chamber volume 101 of the plasma processing chamber 100, Alternatively, or in addition
o the antenna power supply 142, process electrodes below the substrate 103 and/or above
{he substrate 103 can be used o capacitively couple R¥F or DC power to the process gases
to maitain the plasma within the chamber volume 101, The operation of the power
supply 142 can be controiled by a controller, such as coniroller 165, that also controls the
operation of other components in the plasma processing chamber 100,

The controller 165 can be used to control the process sequence, regulating the gas
flows from the gas panel 160 into the plasma processing chamber 100, and other process
parameters. Software routings, when executed by a computing device having one or more
processors {e.g., a central processing urut {CPU3 in data conununication with one or
more memory storage devices, transform the computing device into a specific purpose
computer such as a coniroller, which can control the plasma processing chamber 100 such

that the processes are performed in accordance with the present disclosure. The software
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rowines can aiso be stored and/or executed by one or more other controller(s) that can be
associated with the plasma processing chamber 100,

In some embodiments, controlier 163 1s i data communication with a
characterization device 172, Characterization device 172 can include one or more sensors
{e.g., image sensors) operable to collect processing data related {o processing chamber
100. For example, characterization device 172 includes an optical emission spectroscopy
device configured to monitor a signal, e.g.. emutted light of a plasma, within a processing
region of the processing chamber 100. For example, a signal can be a primary or highest
intensity wavelength of emitted light. Characteristics of the emitted light (e.g.,
wavelength and intensity) from the plasma within the processing region can depend 1o
part on an etching gas mixiure used to generale the plasma as well as a layer compostiion
of the layer being etched. For example, each etching gas mixture and corresponding layer
composition being etched can have a respective signal signature. Emitted wavelengths
that are unique or distinguishing for each etching gas mixture and corresponding layer
composition can be monitored to determine an etching condition of the laver being
etched. For example, a thickness remaining of the layer being etched. Characteristics of
the emitted light from the plasma can change, e.g., based on the eiching process. For
exarople, an ntensity of a monitored signal can change as material s removed from the
laver being processed. Characterization device 172 can be configured to collect
processing data including the respective signals corresponding to the etching gas mixtures
uitlized in the wafer processing and corresponding laver compositions of the structure
being processed in the processing charober 100, Controller 165 can receive processing
data from the characterization device 172 and determine, from the processing data. one or
more actions o perform.

In some embodiments, at a fermunation point of etching process{es) for the wafer,
an automalic or semi-automantc robotic manipulator (not shown) can be utihized to
iransfer the wafer(s} from the substrate support out of the process chamber, e g., through
substrate access port 113, For example, the robotic manipulator can {ransfer the wafer {o
another chamber (or another location) to perform another step in a {abncation process.

In some embodiments, a controller {e.g., controller 165) of a fabncation tool can
execuie a recipe including instructions for a fabrication process. The recipe can include
teynperature-control instructions executable by the controller 165 1o control operations of

various temperature-related components of the fabrication tool. For example, the
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temperature-related components can include (A} gas pressures introduced into each of the
cooling regions of the ES{, {B) temperature settings for each of the multiple heaters with
respective heating zones within the ceramic body of the ESC, () heater current settings
for each of the nucrozone heaters within the ceramic body of the ESC, (I3} coolant flow
mto cooling channels 1ocated in a base of the substrate support, or {E) any combination
thereof. The recipe instructions can additionally include executable wnstractions related to
other process parameters in addition fo the operations of the ESC to operate components
of the fabrication tool to control, for example, plasma power, flow of the eich gas, stc.

Fi(z. 2 shows a schematic cross-sectional view of an example support structure
200, The support stracture 200 includes ground plate 202, insulator body 204, facilities
plate 206, cooling base 208, and ESC 210.

The ground plate 202 can be formed of an electrically conductive material, eg., a
metal such as aluminum, and can be configurad to be coupled to a botiom portion of the
processing chamber (e.g., processing chamber 100 of FIG. 1), The ground plate 202 can
be secured to the processing chamber as well as to affix other components of the substrate
support to the ground plate, e.g, the facilities plate 206 or insulator body 204,

The nsulator body 204 is formed of an insulating matenal, e.g., a polymeric
material. The insulating material can include, for example, polvmer {cross-linked
polvstyrene}, polvietrafiuoroethyviene (PTFE), polvanmide-imide (PAY,
polvetheretherketone (PEEK), polyetherimide, polvphenylene sulfide, or a ceramic. In
particular, the insulator body 204 can be configured to reduce the thermal and electrical
imteraction between the ESC 210 and the ground plate 202, For example, roaterial of the
msilator body can be selected based in part on an operating temperature of the fabrication
processes {e.g., plasma etch processes), electrical properties, and/or radical compatibility
{e.g., with plasma composition). Additionally, a thickness of insulator body can be
selected to reduce a thermal and electrical interaction between the ground plate and the
facilities plate/cooling base

The facilities plate 206 is coupled to the insulator body 204 and provides a
pathway for connections (1.e., electrical, flwid, gas connechions) to the cooling base 208
and the ESC 210, The facihities plate 206 can be formed from a metal, such as alwminum
or stainiess steel.

The cooling base 208 is coupled to the facihities plate. The cooling base 208

mcludes a temperature control structure embedded within the cooling base 208 for

10
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controliing a temperature of the ESC 210, when the ESC 210 15 coupled to the cooling
base 208. The temperature control structure can include cooling channels 212 for flowing
a coolant fluid, or in the case of low temperature applications, a refnigerant fluid, eg.. a
particular refrigerant. The cooling channels 212 can be coupled to a heat exchange device
{not shown} for controlling the temperature of the fluid. The heat exchange device can be,
for example, a heat exchanger or a chiller (including a set point chiller). The temperature
control structures can also include gas conduits (not shown) for Howing gas {e.g., hebium,
nitrogen, or another gas) through the cooling base 208 and into the ESC 210. One or more
seals can be disposed around the periphery of the cooling base and configurad to prevent
passage of a fluid between the cooling base and the facilities plate.

The ESC 210 is sitnilar to the BESC 122 described with respect to FIG. | and can
use electrostatic atiraction to hold a substrate to the substrate support 200. The
ESC 210 can include an electrode 214 embedded within a dielectric body. The
electrode 214 can be coupled with an RF or DC power supply and can provide a bias
which attracts plasma ions, formed from the process gases in the chamber volume, to the
ESC 210 and the substrate seated on the ESC 210,

In some embodiments, the cooling base 208 15 formed as a single structure, e.g.,
by additive manufacturing using a ceranuc matenal, e g., alununa (aluminum oxade,
Al33). The cooling base 208 can be formed in a layer-by-layer process in which
structures such as the temperature control structures as well as thermal brake stractures
can be formed or embedded during the additive manufacturing process, as described in
more detail below,

FI1G. 3 shows a schematic cross-sectional view 300 of an example cooling base
302 and ESC 304. The cooling base 302 and ESC 304 are formed from materials having
the same coefficient of thermal expansion (“CTE”). For example, thev can be formed
from the same material. In some iroplementations, both the cooling base 302 and the ESC
304 are formed from an insulator material such ag a ceramic. In particular, both the base
302 and the ESC 304 can be formed from alumina. In other implementations, different
cerarnic matenials can be used, for example, suitable ceranmic maternials such as Ytina
{Yiinia oxide Y203) or Aluminum Nifnide (AIN).

Having a comumon CTE allows for the cooling base 302 and ESC 304 1o respond
the same to changes in termperatare. Thus, expansion or contraction of the components

will not have a mismatch.

I
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The cooling base 302 and the ESC 304 are coupled together by a bonding layer
306. The bonding fayer 306 can be formed from a metal such as aluminum. The metal
bonding laver 306 allows for the boud to maintarn performance at low temperatures
mcluding temperatures lower than tyvpically available {or other bonding raterials such as
elastomer bonds. However, using a metal bonding layer 306 may require the cooling base
302 and ESC 304 1o have the same CTE, which s provided by the cooling base 302 and
ESC 304 being formed from the same ceramic roaterial.

The cooling base 302 can be formed in a substantially disk-shaped main portion
having a substantially circular first surface that is coupled, through the bonding layer 306,
o a corresponding surface of the ESC 304, The shape of the cooling base 302 aligns with
the shape of the ESC 304, which iu turo aligns with the shape of a mounted substrate. The
selection of the ceramic material used to form the cooling base 302 can be based on
materials suitable for the ESC 304 as well as suitability as to strength, durability, and heat
franster properties.

The cooling base 302 is further configured to be mounted at a substantially
circular second surface of the disk-shaped cooling base to a facilities plate (not shown},
The cooling base 302 includes anchors 308 for mounting the cooling base 302 to the
facilities plate. In some 1mplementations, the anchors 308 are threaded to receive a
fastener or other threaded attaching structure of the facilities plate. The anchors 308 can
be formed by drilling a hole in the ceramic cooling base 302 or through an additive
manufacturing process that forms the anchor holes during fabrication. Tn some
moplementations, a threaded insert is then added to the anchor holes, for example, as
formed from a plastic or metal material, that will then receive the attachment structure of
the facilities plaie. Although four anchors 308 are iHusirated in FIG. 3, the number of
anchors 308 may depend on the particular structural requirements and can be arranged in
different locations on a surface of the cooling base 302, Tu some implementations, the
threaded insert can be formed of an insulating or dielectric material with an embedded
helical coil for receiving a threaded atiachment structure and provide a stronger
attachment with less nisk of damage than threading the attaching siructure divectly into the
ceramic matenial of the cooling base 302.

The cooling base 302 includes conducior paths 310a, 310b. Conductor paths 310a,
310b provide an electrically conductive path through the cooling base 302 from the

facilities plate to the ESC 304, For example, the conductor paths 310a and 310b can
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electrically couple one or more power sources to one or more electrodes within the body
of the ESC 304, In some implementations, the conductive paths 310a, 310b can be
formed during additive manufacturing of the cooling base 302, For example, a particular
region of the cooling base 302 corresponding to a conductor path can be formed using a
doped ceramic to provide an electrical connection along the conductive path through the
cooling base 302.

The cooling base 302 includes termmperature control structures 312 and 314,
Temperature control structure 312 provides one or more pathways through the cocling
base 302 and to the ESC 304, For example, the temperature control structure 312 can
include one or more gas conduits for flowing gas (e.g., helium) though the cooling base
302 and 1oto the ESC 304, The gas conduits can include roultiple independent pathways
or one or more branching pathways to provide the gas to the ESC 304, Multiple pathways
can allow for finer control over cooling by routing controlled amounis of the gas {o
different regions of the ESC 304, As illustrated 1w FIG. 3, temperature control structure
312 includes two branches for providing cooling o two separate zones of the ESC 304,
The ESC 304 includes pathways or other internal structures to distribute the gas, e g.. 1o a
space between one or more surfaces of the ESC 304 and the substrate {0 provide wafer
backside gas. Dashed lines merely Hlustrate that the paths pass through the ESC 304 and
not a particular path geometry.

The temperaiure control structure 314 provides one or more cooling channels
within the body of the cooling base 302. The cooling channels allow for a particular
coolant or refrigerant fluid to circulate within the body of the cooling base 302. The
refrigerant is cooled 1o a specified temperature using a chiller, e.g, a cryogenic chiller,
prior to entering the substrate support and the cooling base 302 at an input point 316, The
refrigerant is a suitable fluid that can be cooled to the specified temperature by the chiller,
e.g., ~120 degrees Celsius. Circulating the refrigerant through the cooling channels
between the input point 316 and an exit point 318 helps maintain the cooling base, and
subsequently the adjacent ESC at a specified temperature. For example, the refrigerant
can be circulated n a refrigeration loop such as a vapor-corapression loop in which the
refrigerant is cooled before enfering the cooling base as a liquid or vapor fluid. The input
point 316 and exit point 318 are coupled io a chiller to form a refrigerant loop. The chuller

can control both a temperature of the refrigerant Bowing to the cooling base as well as a
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The cooling channels can have different and vanable cross-sections taken

perpendicular to the path of the cooling channel. For exarople, the cooling channels can
have a circular, ellipiical, or polygonal cross-sectional shape. Additionally, the cooling
channels can have a cross-sectional area that increases or decreases al different positions.
For example, reducing the cross-sectional area of a cooling chaonel at a particular region
can increase velocity of the cooling fluid in that region, which affects the rate of thermal
transfer, €.g., cooling to the local portion of the cooling base 302 The cooling channels
can also have various two- or three~-dimensional geometries within the body of the
cooling base 302, Example cooling channel geometries within the cooling base 302 are
described below with respect to FIG. 6.

Temperature control structures 312 and 314 can be formed through an additive
manufacturing process in which the temperature control stractures 312 and 314 are
formed layer-by-layer with the cooling base 302. Using additive manufacturing allows for
the formation of paths, e 3., for cooling channels, within the body of the cooling base that
have sealed sidewalls which reduce the risk of fhud leaking. These paths can have input
and output points formed at one or more surfaces of the cooling base. Using additive
manufacturing also allows for complex geometries of cooling chanmnels to be formed
within the body of the cooling base 302.

The cooling base 302 also mcludes 1ift pin guides 320. Lift pin guwides 320 provide
a guide path through the cooling base 302 for respective lift pios. While FIG. 3 only
tlustrates one lift pin guide 320, the cooling base can include multiple lift pin guides
disposed at particular Jocations in the body of the cooling base 302, For example, the
cooling base 302 can include three lift pin guides, each positioned at equal angles from
the center {e.g., 120 degrees apart). Lift pins pass though the cooling base 302 and the
ESC 304 (iHustrated by dashed lines), e g, to kift the wafer off the ESC 304,

Lift pin guides 320 can be formed through additive manufacturing. The it pin
guides can be formed during manufacturing of the cooling base 302, for exaruple, by
adding layers that leave one or more openings for the Iift pins. Fabricating the 1ift pin
guides using additive manufaciuring can provide tighter tolerances that reduce binding
between 1ift pins and the kit pin guides doring operation. In some alternative

implementations, the cooling base 15 formed through additive manufacturing without the
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Iift pin guides 320, which are then added at a later fabrication step, for example, by
drilling pathways through the cooling base for the lift pins.

In some implementations, a portion of the cooling base surrounding each hift pin
guide extends bevond an otherwise substantially planar surface ol the cooling base 302 as
iilustrated by dashed region 324, In such an implementation, the 1ift pin guides can extend
within the body of the facilities plate when the cooling base 13 mounted to the faciities
plate.

The cooling base can also include feedthroughs 322, The feedthroughs 322 can be
electrical feedthroughs for sensors, heater terminal leads, chucking electrode contact, etc.
that pass through the cooling base 302,

FIG. 4 shows a schematic cross-sectional view 400 of an example cooling base
402 and ESC 304 with a mechanical thermal brake 404, A thermal brake, which can also
be referred to as a thermal isolator, 1s formed from a material that has a particular thermal
conductivity 1o help spread thermal energy in a specified direction or to halt the spread in
another direction. For example, a thermal brake can be formed of an insulator or diglectric
material that hinders transnussion of thermal energy across the insulating material.

In FIG. 4, the mechanical thermal brake 404 s posttioned in parallel to a surface
406 of the cooling base 402 that 1s bonded to the ESC 304 and 1s positioned between the
surface 406 and the temperature control structure 314, The mechanical thermal brake 404
can be formed of a material such as a graphite filament or graphite nanotubes that have a
low degree of thermal conductivity. Other materials can be used that have suntable
thermal transfer charactenistics. o particular, in some vuplementations, the material 1s
one that has different thermal conductivity along one axis than along other axes, e.g.. a
material having higher thermal conductivity along x- and y-axes than along z-axis or a
fower conductivity along an axis orthogonal 10 one or more other axes.

The miechanical thermal brake 404 can thereby md i the lateral spread of thermoal
energy for heating or cooling across the coonling base 402. For example, the cooling thud
passing through the cooling channels of the temperature control structure 314 transfers
heat energy. The mechanical thermal brake helps ensure that the heat transfer is umform
and does not have temperature varations in the cooling base 402 based v part on the
proximity 1o a given cooling channel path. This in turn helps provide uniform cooling to

the ESC 304

15



20

25

WO 2024/253781 PCT/US2024/027810

The mechanical thermal brake 404 can be embeddad within the body of the
cooling base 402 during fabrication. For example, when forming the cooling base 402
using additive manufacturing, the thermal brake can be prinied as alayer. In some other
mmplementations, the mecharecal therroal brake can be positioned on top of a printed laver
of the cooling base and then the printing can continue with additional layers to embed 1o
the mechanical thermal brake 404 within the body of the cooling base 402, In some
woplementations, the mechanical thermal brake is in the form of a thin sheet or mesh that
substantially covers a surface of the cooling base layer and 15 positioned on that layer
followed by additional ceramic layers of the cooling base. For example, for a disk-shaped
cooling base, the mechanical thermal brake can be a circular sheet having a diameter
subsiantially equal to or a specitied armount less than the diameter of the circular surface
of the cooling base.

The mechanical thermal brake 404 may be oriented within the body of the cooling
base 402 in such a way that the material has good thermal conductivity in a lateral
direction across a width of the disk-shaped cooling base 402; but has poorer thermal
conductivity in a perpendicular direchion,

In addition, the mechanical thermal brake can be configured to provide isolation
between different ternperature zones. For exarple, to provide different temperature zones
within the cooling base and through to the ESC and wafer. For example, a particular
wafer processing operation may specify an asymmetric temperature profile across the
wafer, e.g., cooler at an edge region of the wafer than at a center region of the wafier. The
mechanical thermal brake can be structured to prevent cross talk between temperature
zones to facilitate temperature control for each zone. In some such implementations, the
mechanical thermal brake can include additional perpendicular siractures that define the
temperature zones.

FIG. 5 shows a scheroatic cross-sectional view 500 of an example cooling base
502 and ESC 304 with a vanable thermal brake 504, The variable thermal brake 504,
stimilar to the mechanical thermal brake 404 in FIG. 4 is positioned in parallel to a surface
506 of the cooling base 502 that is bonded to the ESC 304 and s positioned between that
surface 306 and the temperature control structure 314,

However, instead of providing a static mechanical thermal brake, the variable
thermal brake 504 15 formed from fluid pathways configured to hold a fluid, whether

liquid or gas, having specified thermal transfer characteristics, e.g., helium or argon
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gases. Furthermore, separate fluid pathways can be provided to form different thermal
brake rones that can have individually controlled fluid flow, and or pressure. In the
exaraple shown m FIG. 3 there are five separate thermal brake zones, each with a
respective flund input 308, Thus, for exarple, different armounts of heliuro can be
provided fo respective paths so that the ESC 304 can receive different amounts of cooling
from the cooling plate 502, The use of the different fhid amounts 1o the respective
thermal brake pathways allows for finer control over thermal conductance and
temperature unifornuty, e.g.. as applied to the ESC 304 from the cooling base 502. The
finer control allows for rapid and dynamic temperature adiustiments as needed based on
focalized temperatures of the ESC 304

The cooling channels within the cooling base can have various different
geometries. These can include spiral geometries, linear geometries, and other shapes. In
addition to allowing for complex geometries, when formed though additive
manufacturing, the cooling channels can be formed close to other intemal structures
allowing for tighter tolerances between structures in the coohing base.

FIGS. 6 A-C illustrate simplified examples of cooling channel geometries. FIG.
6A shows a schematic view 600 of an example cooling base 602, Example cooling base
602 juchudes a spiral cooling channel geometry 602, For a disk-shaped cooling base 602,
the spiral cooling channel geometry 602 1s iHustrated from a cross sectional view through
a circular side of the disk shape.

A vefrigerant or coolant input is coupled 1o a first end of the spiral geometry and a
refrigerant output 1s coupled to a second end of the spiral geometry. The refrigerant or
coolant then circulates through the paths of the spiral cooling channel geometry 602 to
provide cooling o the cooling base 602 and to an adiacent ESC bonded to a surface of the
cooling base 602.

FIG. 6B shows a schematic view 601 of an example cooling base 603, Example
cooling base 603 includes a hinear cooling channel geometry 605, For a disk-shaped
cooling base 603, the linear cooling channel geometry 605 15 iHustrated from a cross
sectional view through a arcular side of the disk shape. In particular, the linear cooling
channel geometry 605 1ocludes a nurober of lincar segments that track a path back and
forth across the cooling base 603,

A refrigerant or coolant input is coupled to a first end of the linear geometry and a

refrigerant output is coupled to a second end of the linear geometry. The refrigerant or

et
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coolant then circulates through the paths of the linear cooling channel geometiy 605 to
provide cooling o the cooling base 603 and to an adiacent ESC bonded to a surface of the
cooling base 603

FIG. 6C shows a schematic view 607 of an example cooling base 608, Example
cooling base 608 includes a recursive loop channel geometry 610. For a disk-shaped
cooling base 608, the recursive loop channel geometry 610 is thustrated from a cross
sectional view through a arcular side of the disk shape.

A refrigerant or coolant input 612 1s coupled to a first end of the recursive loop
channei and a refrigerant or coolant output 614 is coupled 1o a second end of the recursive
ioop channel. The refrigerant or coolant then circulates though the paths of the recursive
ioop charmel geornetry 610 to provide cooling. The recursive loop charnnel geometry 610
can help reduce localized temperature differences, ez, cold spots. within the cooling
base 608 and subsequently as transferred to the ESC and wafer.

FIG. 7 shows another schematic cross-sectional view 700 of an example cooling
base 702 and ESC 304 The cooling hase 702 is bonded to the ESC 304 with metallic
bond 306 similarly as described above with respect to FIG. 3. Additionally, cooling hase
702 meludes similar features as in FIG. 3 including Iift pin guide 320, conducior paths
310a, 310b, and temperature control structure 312,

The temperature condrol siructure 704 provide cooling channels within the body of
the cooling base 702. The cooling channels allow for a particular refrigerant or coolant
flurd to circulate within the body of the cooling base 702, Tn particular, the cooling
channels 704 are formed from adjacent input and output paths such that the refrigerant
circulates from an input point 706, through the cooling channels, and out an output point
708, which 1s adjacent to the input point 706. For example, the cooling channels can be
formed as stacked triangular cross-sectional paths that combined form a rectangular
shape. Input refrigerant flows through an “upper” cooling chanuel 710 having a large
swrface area facing the ESC 304, allowing the refrigerant to transfer cooling more
efficiently to the ESC 304 while the refrigerant is at the coolest temperature and retuming
on the “lower” channel 712 that bas a larger surface area opposite the side of the ESC

304

Addiive Manufacturing
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In some embodimenis, substrate support design can be selacted o improve
subsiraie processing including adapting various design parameters for the subsirate
support. Relationships between the various design parameters in g substrate support
design can be complex, where a design parameter roay affect one or more other design
parameters. Adapting the various design parameters inio a design can vield a unique
splution for a substrate support to improve process uniformity (e.g., temperature
uniformity) during a fabrication process. Moreover, as discussed in further detadl below,
additive manufacturning techniques can be used instead of, or in addition to, traditional,
non-additive manufacturing techmiques 1o expand a design window of what fabricated
designs are possible o implement.

In soroe emboduments, additive manufacturing (e.g., 3D printing} processes can he
used to facilitate a design space for a cooling base. Ag depicted in FIGS. 3-7, various
subcomponents of the cooling base can be enabled by additive manufacturing techniques,
one or more of which may not be otherwise achievable by traditional manufacturing
techniques.

For example, the cooling base can be fabricated by forming layers of a ceramic
material that are the same as the ceramic material used to form an ESC. Using the same
material provides a common CTE, which allows for the use of a metallic bond between
the cooling base. Using a metailic bond between the cooling base and the ESC facilities
lower temperature substraie processing operations than elastomer bonds.

The cooling base can include regions of internal geometries, e.g., 3D printed
lattice iofill patterns, rather than a solid structure if the lattice structures provide specified
thermal characteristics and structural strength. Example nfill geometries include
honeycomb, crossbeam, gvroid, ete. The use of infill patierns reduces material costs while
maintaning the required funciionality of the cooling base.

The cooling base can include intemal features, for example, cooling channels, gas
conduits, 1solation features, electrical connections, etc., formed by an additive
manufacturing process and without requiring e g., welding/brazing steps. Using additive
manufacturing techmgues aliows for greater control over the geometries of cooling
channels and gas conduits including path geometries and cross-sectional shape including
variations in the shape and diameter of the cooling paths. Using additive manufacturing to
form paths with sealed sidewalls within the body of the cooling base reduces leakage and

fatlure points withun the cooling base. Formuang the cooling paths and gas conduits within
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the body of the cooling base using additive manufacturing can also improve a thermal
conductance between the fluids passing through the cooling paths and the body of the
cooling base.

The isolation features, e.g., thermal brakes, can be formed or embedded during the
additive manufacturing process. For example, a8 material for a mechanical thermal brake,
e.g., as depicted in FIG. 4, can be deposited on an additively manufactured laver, and
printed over with additional lavers. In another exarople, gas chanuels for a vanable
thermal brake including one or more zones, as depicted in FIG. 5, can be formed dwring
the additive manufacturing process.

Conductive paths can be formed during the additive manufacturing process by
doping a region of a layer being formed with a conductive material. Formung the
conductive paths during additive manufacturing eliminates additional processing steps o
add conductive materials to a fabricated cooling base and provides for stricter tolerances
that avoids gaps or other flaws that could hamper performance of the cooling base or
overall substrate support structure.

In some implementations, kift pin guides are also formed within the body of the
cooling base during additive mangfacturing. The hft pin gaides formed during additive
roanufacturing can have stricter tolerances and can reduce a likelihood of binding
between 1ift pins and the It pin guides during operation.

In some embodiments, additive manufacturing e 2., three-dimensional printing {or
3-b printing), may be used to produce {or make) the subsirale support and components
described herein. fn one embodiment, a computer {CAD) model of the required part s
first made and then a shicing algorithm maps the information for every laver. A layer
starts off with a thin distrilngtion of powder spread over the surface of a powder bed. A
chosen binder material then selectively joins particles where the object is 1o be formed.
Then a piston which supports the powder bed and the part-in~-progress s lowered for the
next powder layer to be formed. After each layver, the same process is repeated followed
by a final heat treatment to make the object. Since 3-D printing can exercise local control
over the material composition, microstructure, and surface texture, various {and
previously inaccessible) geornetries may be achieved with this method.

In one embodiment, a subsirate support, and componenis of a substrate
support, e.g., a cooling base, as described herein may be represenied in a data

structure readable by a computer rendering device or a compuler display device.
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FIG. 8 15 a schematic representation of a computer system with a compuier-readable
medium according to one embodiment. The computer-readable medium may contain
a data structure that represents the cooling base. The data structure may be a
computer file, and may contain inforroation about the structures, materials, textures,
physical properties, or other characteristics of one or more articles. The data
structure may also contain code, such as computer executable code or device control
code that engages selected functionahity of a computer rendering device or a
computter display device The data structure may be stored on the computer-readable
medivm. The compter readable medium may include a physical storage medium
such as a magnetic memory, floppy disk, or any conventent physical siorage
roedium. The physical storage medium may be readable by the computer system to
render the article represented by the data structure on a compuier screen or a
physical rendering device which may be an additive manufacturing device, suchas a
3D printer.

in some embodiments, additive manufacturing technigues can be used in
combination with other manufacturing techniques, e g, sublractive manufacturing.
For example, subiractive manufacturing can be used to modify/remove portions of
the cooling base and additive manufacturing can be used to add/modity portions of
the cooling base. The combination of techniques can be used during the initial
process to manufacture or to modify/refurbish/regrow an existing cooling base or
components of a substrate support to repair damage or change a configuration of the
features.

In some embodiments, additive manufacturing techniques can be used to
regrow/refurbish portions of a cooling base, e g., to repair operational damage or
manufacturing damage, and/or to add features.

In soroe embodiments, additive manufactunng techniques can include
ceramic-based additive manufacturing including a hinder, e g., a polymer binder, to
form a slurry including a ceramic powder and where a photosensitizer can be
meluded 1o the slurry that is sensitized {e.g.. is curable by) to a wavelength of light.
For example, a photopolvmenzation techruque using ultraviolet (UV) hight can be
used {0 form a ceramic green body, which can then be consolidated into a ceramic

part from the green body using a sintering process.
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in some embodiments, additive manufacturing technigues can include a
coating process, where layers of a body are formed m a layver-by-layer process using
coating techniques, e.g., plasma spray coating, screen printing, etc. Plasma spray
coating process can be used to coat an exposed surface from a powder, g, a
ceramic powder, metal powder, or a combination of ceramic and metallic powder.
Sereen printing can be used to form, for example, metal-based electrodes as
described in this specification.

In some embodiments a sintering (e.g., firing) process can be usad to
consolidate the ceramic powder/particles {e.g., remove porosity and densify the
ceramic material} of a green state ceramic part. For example, a sintering process can
be performed at a high temperature below a melting point of the ceramic material(s)
where the material of the separate particles diffuse towards neighboring power
particles to form a densify ceramic body. In some embodiments, the sintering
process includes a pre-heat process (o remove organic matenials, e.g., polymer(s},
hubricant, binders, eic. In some embodiments, the sintering process includes a
cooling process to cool down the ceramic parts to reduce cracking/strass formation,

In some embodiments, a rapid sintering process, e.g., a flash sintering
process, can be performed on a set of green ceraroic layers of a green ceramic body.
For example, a sintering process can be alternated with a forming/additive
manufacturing process, where a set number of layers are formed by additive
manufacioring and then sinferad in sequence before another set of lavers are formed
by additive manufacturing ov the exposed surface of the body. In other words,
portions of the ceramic body are formed in a green state and sintered i succession,
where an end result of the process is a densified ceramic body.

In some embodiments, a refurbished part can be sintered such that the
regrown layers of the refurbishing process are densified, e.g., to maich
characteristics of the original part.

FIG. 9 15 a flow diagram of an example process 900 for manufacturing a
substrate support compounent for substrate processing, and 1o particular
manufacturing a cooling base. For convenience, the process 900 will be described
with respect to an additive manufacturing system that performs af least some steps of

the process.
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An additive manufacturing system forms multiple layers including a ceramic
body having a firsi surface (902). The additive manufacturing system can receive,
from a computer system, a data structure representative of the cooling base, and use
the data structure to form the multiple layers of the cooling base. Forming the
multiple lavers of the ceramic body can include forming one or more infill
structures, e.g., latiices, within the ceramic body.

The additive manufacturing systemn forms multiple layers including one or
more cooling chamnels arranged according 1o a geometry spectfied by the data
structure (904},

The additive manufacturing systerm forms multiple layers including one or
roore indemal structures of the cooling base (906). The internal structures can
mclude conductive paths, gas flow conduits, and lift in guides.

The additive manufacturing system forms multiple lavers for providing
thermal brake stractures (908). Providing the thermal brake structures can inclade
forming one or more fhind conduits using the multiple layers. Providing the thermal
brake structures can also include embedding another material within the multiple
layers including depostiting or placing a material at particular locations on alayver of
the multiple lavers, e.g., graphite, and then fornung additional layers on top of the
material.

FIG. 8 1s a block diagram of an example computer sysiem 800 that can be used (o
perform operations described above. For example, such as operations performed by the
additive manufacturing system. The system 800 includes a processor 810, a memory 820,
a storage device 830, and an mput/ocutput device 840, Fach of the components 810, 820,
330, and 840 can be interconnected, for exampie, using a svstem bus 850. The procassor
810 is capable of processing nstructions for execution within the system 800. In one
mplementation, the processor 810 15 a single-threaded processor. In another
mmplementation, the processor 810 15 a multi~threaded processor. The processor 810 1s
capable of processing instructions stored i the memory 820 or on the storage device 330,

The memory 820 stores information within the system 800, fu one
iroplementation, the mernory 820 is a computer-readable moedium. In one tnplernentation,
the memory 820 is a volatile memory unit. In another implementation, the memory 820 is

a non-volatile memory umit,
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The storage device 830 can provide mass storage for the system 800. In one
implementation, the storage device 830 is a computer-readable medium. In vartous
different truplementations, the storage device 830 can include, for exarople, a hard disk
device, an optical disk device, a storage device that s shared over a network by roultiple
compuiing devices {e.g., a cloud storage device), or some other large capacity storage
device.

The input/output device 840 provides input/output operations for the system 800
in one implementation, the input/output device 840 can include one or more of a network
inferface device, e g, an Fthemet card, a senial communication device, e.g., and R5-232
port, and/or a wireless interface device, e.g., and 802.11 card. In another implementation,
the input/output device can include driver devices configured 1o receive mput data and
send output data to peripheral devices 860, e g, kevboard, printer, and display devices.
{Other implementations, however, can also be used, such as mobile computing devices,
mobile commumication devices, set-top box felevision client devices, elc.

Although an example processing system has been described in FIG. 8,
implementations of the subject matter and the functional operations described in thus
specification can be implemented 1o other types of digital electronic cirawtry, or in
computer software, firmware, or hardware, including the structures disclosed in thas
specification and their structural equivalends, or in combinations of one or more of them.

Aspects of the subject matter and the actions and operations described in this
specification, for example, computing devices such as controller 165 and processes
performed by controller 165 such as controlling switching of eiching gasses of a plasma
processing chamber, controlling cooling and heating processes, etc, can be implemented
in digital electronic circuitry, in tangibly -embodied computer software or firmware, in
computer hardware, including the structures disclosed in this specification and their
structural equivalenis, or in combinations of one or more of them. The subject matier and
the actions and operations described in this specification can be implemented as or in one
of more computer programs, €.8., one or more modules of computer program instructions,
encoded on a computer program carmer, for execution by, or to control the operation of,
data processing apparatus. The carrier can be a tangible non-tfransitory computer storage
medium. Altematively, or in addifion, the carrier can be an artificially -generated
propagated signal, e.g., a machine-generaied electrical, optical, or electromagnetic signal,

which 1s generated o encode information for transmission 1o suitable receiver apparatus
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for execution by a data processing apparatus. The computer storage medium can be or be
part of a machine-readable storage device, a machine-readable storage substrate, a
random or serial access memory device, or a combination of one or more of them. A
computer storage medium is not a propagated signal.

5 The term “data processing apparatus” encompasses all kinds of apparatus, devices,
and machines for processing data, including by way of example a programmable
processor, a computer, or multiple processors or compuiers. Data processing apparatus
can include special-purpose logic circuitry, e.g.. an FPGA {field programmable gate
array}, an ASIC (application-specific integrated circuit), or a GPU (graphics processing

10 unit). The apparatus can also inchude, in addition fo hardware, code that creates an
sxecuiion environment for computer programs, e.g., code that consiitutes processor
firmware, a protocol stack, a database management system, an operating system, or a
combination of one or more of them.

A computer program can be written in any form of programming language,
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ncluding compiled or interpreted languages, or declarative or procedural languages; and
1t can be deploved m any form, including as a stand-alone program, e.g, as anapp, oras a
module, component, engine, subroutine, or other unit suitable for executing in a
computing environment, which environment can mnclude one or more computers
mterconnected by a data commumication network in one or more locations.

20 A computer program can, but need not, correspond to a file in a file system. A
compuier program can be stored in a portion of a file that holds other programs or data,
€.8., 0u of 1noTe scripts stored in a markup language docurent, n a single file dedicated

g.. files that store one or

p=d

to the program in question, or in multiple coordinated files, e
more modules, sub-programs, or portions of code.

25 The processes and logic flows described in this specification can be performed by
one Of THOTe computers execuling one or more computer programs o perform operations
bv operating on input data and generating cutput. The processes and logic flows can also
be performed by special-purpose fogic circuttry, e.g., an FPGA, an ASIC, or a GPU, or by
a cornbination of special-purpose logic circuitry and one or more programmed computers.

30 Computers suitable for the execution of a computer program can be based on
general or special-purpose microprocessors or both, and any other kind of central
processing unit. Generally, a central processing umit will recetve instructions and data

from a read-ouly mernory or a random-access memory ot both. The essential elements of

[
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a corputer are a ceniral processing unit for executing instructions and one or more
memory devices for storing instructions and data. The central processing unit and the
roermory can be supplemernted by, or incorporated 1n, special-purpose logic curcutiry.

enerally, a computer will also include, or be operatively coupled to, one or more
mass storage devices, and be configured fo recetve data from or transfer data to the mass
storage devices. The mass storage devices can be, for example, magnetic,
magneto~-optical, or optical disks, or solid-state drives. However, a computer need not
have such devices. Moreover, a computer can be embedded in another device, e.g.. a
mobtle telephone, a personal digital assistant (PDA), a mobile audio or video plaver, a
game console, a Global Positioning System (GPS) receiver, or a portable storage device,
e.g., auniversal serial bus (USB) flash drive, to name just a few.

To provide for interaction with a user, the subject matter described in this
specification can be implemented on one or more computers having, or configured to
communicate with, a display device, e.g., a LCD (iquad orystal display) monitor, or a
virtual-reality (VR or augmented-reality { AR} display, for displaying mformation to the
user, and an input device by which the user can provide input to the computer, eg.. a
kevboard and a pointing device, e.g., a mouse, a trackball or touchpad. Other kinds of
devices can be used to provide for inferaction with a user as well; for example, feedback
and responses provided to the user can be any form of sensory feedback, e ¢., visual,
auditory, speech or taciile; and input from the user can be received in any form, including
acoustic, speech, or tactile input, including touch motion or gestures, or kinetic motion or
gestures or orientation motion or gestures. In addition, a computer can interact with a user
by sending documents to and receiving documents from a device that 1s used by the user;
for example, by sending web pages 1o a web browser on a user’s device in response to
requests received from the web browser, or by interacting with an app running on a user
device, e.g., a smariphone or eleciromic tablet. Also, a computer can nteract with a user
bv sending fext messages or other forms of message to a personal device, eg, a
smartphone that is running a messaging application, and receiving responsive messages
from the user 1o retam.

This specification uses the term “configured to” 10 connection with systerns,
apparatus, and computer program components. That a system of one or more computers is
configured to perform particular operations or actions means that the system has jnstalled

on it software, firmware, hardware, or a combmation of them that in operation cause the
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system to perform the operations or actions. That one or more compuier programs is
configured to perform particular operations or actions means that the one or more
programs include instructions that, when executed by data processing apparatus, cause the
apparatus to perform the operations or actions. That special-purpose logic circuitty 18
configured to perform particular gperations or actions means that the circuitry has
electroni¢ fogic that performs the operations or actions.

While this specification contains many specific impleroentation details, these
should not be construed as limitations on the scope of what is being claimed, which is
defined by the claims themselves, but rather as descriptions of features that can be
specific to particular embodiments of particular inventions. Certain features that are
described n this specification in the context of separate embodiments can also be
mmplemented in combination in a single embodiment. Conversely, various features that
are described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features
can be described above as acting in certain combinations and even initially be claimed as
such, one or more features from a claimed combination can in some cases be excised
from the combination, and the claim can be directed to a subcombination or varniation of a
subcombination.

Sinularly, while operations are depicted in the drawings and recited in the claims
m a particular order, this by #tself should not be understood as requuring that such
operations be performed in the particolar order shown or in sequential order, or that all
iustrated operations be performed, to achieve desirable results. In certain circumsiances,
multitasking and parallel processing can be advantageous. Moreover, the separation of
various system modules and components in the embodiments described above should not
be undersiood as requiring such separation in all embodiments, and it should be
undersiood that the described program components and svstems can generally be
miegrated together 1n a single sofiware product or packaged into multiple software
products.

Particular embodiments of the subject matier have been described. Other
ernbodirnents are within the scope of the following claims. For example, the actions
recited in the claims can be performed in a different order and still achieve desirable

results. As one example, the processes depicted in the accompanying figures do not
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necessanly require the particular order shown, or sequential order, to achieve desirable

results. In some cases, multitasking and parallel processing can be advantageous.



-
o

20

25

WO 2024/253781 PCT/US2024/027810

CLAIMS
What 18 claimed is:

L. A substrate support assembly comprising:
an electrostatic chuck; and
a cooling base having a fivet surface that is bonded to a first surface of the
electrostatic chuck with a metallic bonding material, the cooling base comprising:
a ceramic body having a coefficient of thermal expansion substantially the
same as the slecirostaiic chuck:
one or more cooling chanuvels formed within the ceramic body; and

one or more conductor paths extending through the ceramic body from the

first surface to a second surface on an opposite side of the cooling base.

2. The substrate support assembly of claim 1, further comprising;
3 mechanical thermal brake structure embedded within the cevamic body of the
cooling base, the mechanical thermal brake structure configured fo provide lateral

temperature uniformity across the cooling base.

3. The substrate support assembly of claim 1, further comprising;
a plurality of fluid pathways fornung a variable thermal brake structure, each fluid
pathway corresponding to a particular zone, wherein each zone is individually

controliable to provide a specilied degree of thermal 1solation.

4, The substrate support assembly of claim 1, wherein the one or more cooling
channels comprise a first cooling channel oriented to provide a first surface area oriented
to the first surface of the cooling base and a second cooling channel positioned adjacent
1o the first cooling channel and further from the first surface thao the first cooling
charnnel, wherein the a refrigerant inflow is provided to the first cooling channel and a

refrigerant outflow is provided from the second cooling channel.

5. The substrate support assembly of claim 1, further comprising:
a plurality of lift pin guides integrated within, and extending through, the ceramic

body, each hit pin guide configured to receive alift pin.
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6. The substrate support assembly of claim 1, wherein the cooling base further

comprises a lattice infill region defining a volume within the ceramic body.

7. A substrate support component of a substrate support embodied in a machine-
readable medium for designing, manufacturing, or testing a design, the subsivate support
component comprising:

a cooling base wherein the cooling base is configured {0 support an electrostatic
chuck on a first surface of the cooling base;

one or motre cooling channels embedded within the cooling base and configured o
facilitate refrigerant flow within the cooling base;

one of more first gas conduits formed within the cooling base and configured to
facilitate gas flow through the cooling base and couple into one or more second gas
conduits of the electrostatic chuck, when the electrostatic chuck is supported by the first
swface; and

ong or more thermal isolation structures integrally formed within the cooling base
and oriented o conirol thermal iniformity across the cooling base as provided by the

refrigerant flowing through the one ot more cooling channels.

8. The substrate support component embodiad in the machine-readable medium of
claim 7, wherein the one or more thermal isolation structures comprise a mechanical
thermal break formed from a material baving different thermal conduction along at least

two orthogonal axes.

9, The substrate support component embodied in the machine-readable mediom of
claim 7, wherein the one or more thermal isolation structures comprise a plurality of

imdependent fluid pathways configured 1o receive a controlied amouni of gas flow.

10. The substrate support component embodied in the machine-readable medium of
claimn 7, wherein a first surface of the cooling base is configured to refain an glectrostaiic
chuck and a second, opposing surface of the cooling base is configured to affix o a

facilities component of the substrate support.

11, The substrate support component embodied in the machine-readable medium of
claim 7, forther comprising one or more conductor paths extending from the first surface

of the cooling base to a second, opposing surface of the cooling base, wherein each of the

30
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one or more conductor paths is formed through doping of a material being deposited
within a specified region of a respective laver of the cooling base with an elecirically

conductive material.

12, The substrate support component embodied in the machine-readable mediam of
5 claim 7, wherem the one or more thermal 1solation structures are arranged with respect to
the cooling base to provide a specified lateral femperature uniformity across the cooling

bhase.

13. The substraie support component embodied in the machine-readable medium of
claim 7, wherein the subsiraie support component resides on storage medium as a data

10 format used for an exchange of layout data.

14, A method of manufacturing a substrate support, the method comprising:
forming, by an additive manufacturing system, a plurality of fayers, the pluvality
of lavers comprising:
a ceramic body;
15 one or more cooling channels formed within the ceramic body and
configured to circulate a refrigerant;
one or more gas conduits formed within the ceramic body and configured
to pass a gas through the ceramic body; and
one or more conductor paths formed within the ceramic body and
290 extending from a first surface of the substraie support 1o a second, opposing surface of the

ceramic body.

15 The method of claim 14, further comprising:
embedding a thermal isolation structure between layers of the plurality of lavers,
the thermal isolation structure comyprising a sheet of maternial providing a mechanical

25 thermal brake.

6. The method of claim 15, wherein the sheet of maierial 15 formed form a material
different than the ceraroic body and having different thermal characteristics along at least

two different axes of the ceramic body.

17 The method of claim 14, wherein the plurality of lavers further comprises:

20 one or more fluid pathways formed within the ceramic body and configured to
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provide a variable thermal brake when a particular amount of fluid 1s provided within the

one or more Huid pathways.

18, The method of claim 14, wherein the one or more conductor paths are formed by
doping the pharality of layers within the respective regions with an electrically conductive

5 material.

19, The method of claim 14, wherein the plurality of layers further comprise:
> o o
one or more it pin guides formed within the ceramic body, the one or more lift
pin guides each providing a through hole extending from a first surface of the substrate

support {0 a second, opposing surface of the ceramic body.

10 20. The method of claim 14, wherein the plurality of layers further comprise:
forming one or more regions of the ceramic body as an interior lattice structure of

ceramic material.
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