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SUBSTRATE SUPPORT

TECHMNICAL FIELD

This specification relates to semiconductor systems, processes, and equipment.

BACKGROUND

Semiconductor fabrication can mvolve various processes performed on a
substrate. These processes can take place in one or more processing chambers. For
example, deposition processes can be performed to deposit fayers 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 layers using a plasma formed
from particular etching gas chemistries. Integrated circuits can be formed using
sermiconductor fabrication techniques from laver structures including multiple {e.g., two
or more} layer compositions. As scaling of integrated circuils continues to move towards
smaller features and increased aspect ratios, there is a growing need for precision

fabrication of laver structures.

SUMMARY

This specification describes technologies for substrate supporis and related
components. These technologies generally mvolve using additive manufacturing
fechniques 1o design and fabricate substrate supports and components thereof for use in
substrate processing chambers.

As used mn thus specification, a subsirate refers to a wafer or another carrier
structure, e g, a glass plaie. A wafer can include a semiconductor material, e g., Silicon,
GaAs, InP, or another sericonductor-based wafer maderial. A waler can include an
msulator material, for example, stheon-on-nsulator (SO, diamond, ete. At times, the
substrate includes film(s) formed on a surface of the wafer/carrier structure. The filin{s)
can be, for example, dielectric, conductive, or insulating films. The film{s) can be formed
on the surface of the wafer using various deposition techniques, for example, spin-
coating, atomic laver deposition {ALD), chemucal vapor deposition {CVI3}), metal-organic
chemical vapor deposition (MOCVD), molecular beam epitaxy (MBE), or other similar
technigues for forming thin film layers on a wafer or another carrier stracture. In some
implementations, the fabrications tools described in this specification are plasma-based
etching tools, where etch processes can be performed on the formed layers on the surface

of the wafer/carrier structure and/or on the wafer.
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In general, one innovative aspect of the subject matter described in this
specification can be embodied 1 an integrally formed msulator body comprising a first
surface and a second surface opposite the first surface, where the first surface is
contfigured to retain a first body of the substrate support comprises an elactrically
conductive material, the second swrface is configured to affix the msulator body to a
second body of the substrate support, wherein the second body comprises an electneally
conductive material, and a thickness of the insulator body exceeds an arcing threshold
between the first body and the second body when the isulator body is arranged between
the first body and the second body. The integrally formed insulaior body inchudes one or
ronore gas conduits within the msulator body extending from the first surface to the second
surface and forming a gas flow path from the first surface to the second surface. Fach of
the one or more gas conduits includes a gas conductance plug embedded within a first
poriion of the gas condutt and having at least a threshold gas conductance through the gas
conductance plug, and where the gas conductance plug obstructs an electrical discharge
path between the first body and the second body when the insulator body is arranged with
respect 1o the first body and the second body.

Other implementations of this aspect include corresponding methods of
manufacture, data structures embodied in a machine-readable medium for designing,
manufacturing, o7 testing a design, and corresponding systems, computer sysiems,
apparatus, and computer programs recorded on one or more computer storage devices,
each configured to perform the actions of the methods.

In general, another innovative aspect of the subject matter in this specification can
be embodied n a conductor body including an edge portion and a center portion, where
the conductor body ts configured to support an electrostatic chuck on a first surface of the
conductor bodv. The conductor body includes one or more cooling channels embedded
within the conductor body and configured to facilitate coolant flow within at least one of
the edge portion and the center portion of the conductor body. The one or more cooling
channels include cooling fins, where the cooling fins include a first cross-section
geometry oriented perpendicular to the coolant flow, and where the cooling fins include a
second geomeiry having a threshold surface area parallel o the coolant flow. The
conductor body includes a first gas conduit embedded in the conductor body configured
1o facilitate gas flow through the conductor bodv and couple into one or more second gas
conduiis of the electrostaiic chuck, when the electrostatic chuck is supported by the first

surface. The conductor body mcludes one or more isolation features integrally formed

2
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within the conductor body and orignied {6 reduce a threshold cross-talk between the edge
portion of the conductor body and the center portion of the conductor body.

Other implementations of this aspect include corresponding methods of
manufacture, and data structures embodied in 2 machine-readable medium for designing,
manufacturing, o1 testing a design, and corresponding systems, computer sysiems,
apparatus, and computer programs recorded on one or more compuler storage devices,
each configured to perform the actions of the methods.

The subject matter described in this specification can be implemented in these and
other implementations 50 as {0 realize one or more of the {ollowing advantages. Using
additive manufacturing {AM) techmgues to manufacture substrate supports can overcome
challenges in the methods to manufacture the substrate supporis and components of the
substrate supports, improve vield and increase complexity, as well as open up material
possibilities. in one example, AM can be used {o mtroduce features {e.g., complex shapes
and/or internal geometries) otherwise unavailable or cost-prohubited by traditional. non-
AM techniques, e g . embedded sensors, complex internal channels/conduits, etc..
Additionally, AM techniques can be used to introduce new material compositions, e.g.,
allovs, formed using powder composites m order to achieve desired matenal properties,
For example, a ceramic/metallic blend of powders may be used to form a new material
composition for AM-based components.

AM technigues can result i improved control over fidelity {e.g., defect reduction)
of mamufactured paris resuliing in better performance of the manufactured paris, e g..
reduced helium leaks, improved capacitance, tighter {(critical) dimensional control,
reduced cracking due to machining, etc.

Additionally, AM techmiques can be used to refurbish/regrow/modify existing
substrate 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 environment and exposure {0
plasma and etch chemistries, in order to restore functionality of the subsirate support for
continvied target performance and use. Localized AM-based regrowth techniques for
refurbishment can reduce cost, material consgmption, and tirne for the refurbishment.
Additionally, refurbishanents/modification can be used to update an exasting component
rather than fabricating a completely new component to incorporate a new feature,

Although the remaiming disclosure will identify spacific processes for etch-based

fabrication {ools using the disclosed technology, it will be readily understood that the
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systems and methods are equally applicable (o a variety of other fabrication tools and
chambers. Accordingly, the technology should not be considered {o be so hmited as for
use with the described etching fabrication tools alone. The disclosure will discuss one
possible system and chamber that can be used with the present technology before

5 describing svstems and methods or operations of exemplary process sequences according
{0 some implementations of the present technology. s o be understood that the
technology is not limited to the equipment described, and processes discussed can be

performed in any number of processing chambers and systems.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a schematic cross-sectional view of an example plasma processing
10 chamber.
FIG. 2 shows a schematic cross-sectional view of an example substrate support.
FIGS. 3A-3C show vartous schematic views of an example substrate support.
FIGS. 4A-4C show various schematic views of an example nsulator body.
FIGS. 5A-5) show schematic cross-sectional views of example conductance
15 plugs.
FIGK. 6A-6C show schematic cross-sectional views of portions of example
msulator hodies.
FIGS. 7A-7C show various schematic views of an example conductor body.
FIGS. BA-8F show cross-sectional views of example coolant channels,
20 FIG. 9 shows a cross-section view of an example coolant charnel and thermal
isolator.
FIG. 10A shows a schematic view of a portion of an example conducior body .
FIG. 10B shows a schematic view of a portion of an example conductor body.

FIG. 11 1s a flow diagram of an example process for a substrate support.

]
o

FIG. 12 15 a flow diagram of an example process for a substrate support.
FI(z. 13 shows an example generic computer system.
Like reference numbers and designations in the various drawings mndicate like

elements.

DETAILED DESCRIPTION
The present specification provides improved methods and assemblies for using

30 addiive manufacturing for fabnicating a substrate sapport and/or components of the
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subsirate support for use in subsirate processing chambers. Implementations of the
present disclosure include electrostatic chuck design enabled by additive manufaciuring,
where design parameters for the ESC can depend on design window of the additive
manufacturing system and process.

FIG. 1 illustraies a schematic cross-sectional view of an example processing
chamber 100 suttable for etching one or more matenial layer(s) disposed on a subsirate
103 {e.g., also referred to as a “wafer™) in the processing chamber 100, e g, a plasma
processing chamber. The processing chamber 100 includes a chamber body 105 defining
a chamber volume 101 in which a substrate can be processed. The chamber body 105 has
sidewalls 112 and a bottom 118 which are coupled with ground 126. The
sidewalls 112 can include a liner 115 to protect the sidewalls 112 and extend the time
between maintenance cycles of the plasma processing chamber 100. The chamber
body 105 1s supportive of a chamber hid assembly 110 to enclose the chamber
volume 101, The chamber body 103 can be fabricated from, for example, ceramic,
aluminum or other suitable materials. A substrate access port 113 is formed through the
sidewall 112 of the chamber body 105, which can facilitate the transfer of the substrate
103 juto and out of the plasma processing chamber 100, Access port 113 can be coupled
with a franster chamber and/or other chambers {not shown} of a substrate processing
system, &.g., 1o perform other processas on the subsirate. A pumping port 145 is formed
through the bottorn 118 of the chamber body 105 and connected to the chamber
volume 101. A pumping device can be coupled through the purmping port 145 1o the
chamber volume 101 {0 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 1o support the subsirate 103 during processing. The substrate
support 135 mcludes an electrostatic chuck 122 for holding the substrate 103 during
processing. The electrostatic chuck ("ESC™) 122 can use electrostatic attraction to hold
the substrate 103 to the substrate support 135, The ES{ 122 can be powerad by an RF or
BC power sapply 125 mtegrated with a match cirawt 124, The ESC 122 can inchude an
slectrode 121 embedded within a dielectric body. The electrode 121 can be coupled with
the RF or DC power supply 125 and can provide a ias which atfracts plasma ions,
formed from the process gases in the chamber volume 101, to the ESC 122 and substrate

103 seated on the pedestal. The RF or BC power supply 125 can cycle on and off, or
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pulse, during processing of the substrate 103, The ESC 122 can have an isolator 128 for
the purpose of making the sidewall of the ESC 122 less atiractive to the plasma fo prolong
the mainienance life cycle of the ESC 122, Addiionally, the substrate support 135 can
have a cathode liner 136 {o protect the sidewalls of the substrate support 135 from the
plasma and to extend the time between maintenance of the plasma processing

chamber 100,

Flectrode 121 can be coupled with a DC power source 150, The power
source 150 can provide a chucking voltage of about 5000 volts to abowt -5000 volis to the
electrode 121, The power source 150 can also include a svstem controlier for controlling
the operation of the electrode 121 by directing a DC current to 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 sowrce for heating the subsirate, while a
cooling base 129 supporting the ESC 122 can include counduits for circulating a heat
transfer fluid to maintain a temperature of the ESC 122 and substrate 103 disposed
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 sabsirate 103. For example, the
ESC 122 can be configured to maintain the substrate 103 at a temperature of about —150°
C or lower to about 500° € 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 o a desired portion of
the exposed top surface of the substrate 103, while shielding the top surface of the
substrate support 135 from the plasma environment inside the plasma processing
chamber 100,

Subsirate support 135 further includes a ground plate, an insulator body, a
facilities plate, and a cooling base. FIG. 2 shows an example schematic view of a
substrate support 200 including an ESC 202, In some implementations, the facilities plate
2013 and cooling base 201b are formed as a unified sirocture {referred (o hergin as a
“conductor body™}. The conductor body 204 can be formed, for example, by additive
manufacturing. The ground plate 208 can be formed of an elecirically conductive
material, e.g., a metal such as aluminum, and can be configured to be coupled to a bottom
portion of the processing chamber 100, The ground plate can be secured to the
processing chamber as well as to affix other components of the subsirate support to the

eround plate, e.g., the facilities plate or insulator body.
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Insulator body 206 15 formed of an insulating matenal, e.g., a polvmeric material.
The msulating material can include, for example, cross-linked polvstyrene,
polytetrafluoroethvliene (PTFE), polyanude~imide (PAL), polyetheretherketone (PEEK),
polvetherimide, polyphenyiene sulfide (PPS), or a ceramic. A material of the insulator
body can be selected based in part on an operating temperature of the fabrication
processes {e.g., plasma etch processes), elecinical properties, and/or radical compatibility
{e.g, with plasma composition}). A thickness of insulator body can be selected to reduce
a thermal and electrical mteraction (e.g., arcing} between the ground plate and the
facilities plate/cooling base. Insulator body can be formed as a umified body, e.g., by
additive manufacturing, where the insulator body can mclude miemal geometries formed
using additive manufacturing in a layer-by-laver process. Further details of the msulator
body are described below.

The facilities plate 2014 18 coupled to the nsulator and provides a pathway for
conmections (1.e., electrical, fluid, gas comnections) to the cooling hase and the ESC. The
facilities plate and cooling base are formed from a metal, such as aluminum,
molybdenum, stainless steel. A metal used for the cooling base can be selected, for
exarple, based on a desired coefficient of thermal expansion (CTE) of the metal used in
the cooling base and a CTE of a matenal used in the ESC, e g, a threshold matching of
{TEs may be destrable during a bondmg/joining process of the cooling base and ESC.
The cooling base is coupled to the facilities plate. The cooling base 201b includes a
temperature controd device embedded within the cooling base for controlling a
temperature of the ESC, when the ESC is coupled to the cooling base. A temperature
control device can include cooling channels for flowing coolant {e.g., water, ethyviene
glveol, or another coolant liquid) or a refngerant, for example, depending mpartona
specified ternperature range for perfornming fabrication processes in the processing
chamber. The cooling channels can be coupled 1o a heat exchange device {not shown) for
controlling the temperature of the fhad. The termperature control device can inchude gas
conduits for lowing gas {e.g., helium, nitrogen, or another gas) through the cooling base
and into the ESC. A seal can be disposed around the periphery of cooling base and
configured to prevent passage of a fhind between the cooling base and the facilities plate.

In some implementations, facilities plate and cooling base are formed as a unified
structure, e.8., by additive manufacturing, where the combined conductor body 204 15 an
electrically and thermally conductive {conductor} body. The conductor body can be

formed of an electrically and thermally conductive material in a layer-by-layer process
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and without requiring a seal around a periphery of the cooling base or bonding layer
between the facilities plate and cooling base. For example, the material can be a metal
such as aluminurm or stanless steel, or a ceramic compaosite such as alunmunume-silicon
allov, infiltrated Si1C or Molvbdenum. The conductor body 1s supporied by the msulator
body 206 and can be configured to couple connections {e.g., elecinical, fluid, gas, etc.)
into the components of the substrate support. The conductor body 204 is supportive of
the HSC 202 and can mclude cooling channels, gas conduits, and electrical connections,
one or more of which can couple into the ESC. Further details related to the conductor
body are described below.

The substrate support 200 can include Hift pins (not shown) disposed through
openings formed in the substrate support. The hift pins can be coupled to actuators for
raising and lowering the hift pms for positioning a substrate on the ESC.

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 into the chamber
volume 101, The gas panel 160 can inchude one or more process gas
sources 161, 162, 163, 164 and can additionally include inert gases, non-reactive gases,
and reactive gases, as can be used for any number of suitable processes. Examples of
process gases that can be provided by the gas panel 160 include, but are not Himited to,
hydrocarbon containing gases inclhuding wethane, sulfur hexafluoride, silicon chionde,
sthicon tetrachloride, carbon tetrafluoride, hydrogen bromide. Process gases that can be
provided by the gas panel can mclude, but are Himited to, argon gas, chlorine gas,
nitrogen, helium, or oxvgen gas, sulfur dioxide, as well as any mumber of additional
raterials. Additionally, process gasses can include mitrogen, chlotine, fluorine, oxygen,
or hydrogen containing gases including, for example, BCls, CoF 4, CaFs. CoFs, CHEF;,
CHaF2, CHsF, NE3, NHs, COz, 502, TG, No, NO2, N2, and Hz, among any number of
additional suntable precursors. Process gases from process gas sources, e.g., sources 161,
162, 163, 164, can be combined 1o form one or more etching gas mixtures. For example,
gas panel 160 includes one or more process gas sources specific to oxide-based eiching
chemistries. In another example, gas panel 160 mclodes one or more process gas sources
specific to minde-based etching chemistries.

(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
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of the process gases from the sources 161, 162, 163, 164 from the gas panel 160
Operations of the valves, pressure regudators, and/or mass flow controllers can be
controlled by a controller 165, Controller 165 can be operably coupled to an eleciro-
valve (EV) manifold {(not 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 nozzle 114, The gas dehvery nozzde 114 can include one or more openings for
introducing the process gases from the sources 161, 162, 163, 164 of the gas

panel 160 into the chamber volume 101, After the process gases are introduced into the
plasma processing chamber 100, the gases can be energized o form a plasma. An
antenna 148, such as one or more inductor coils, can be provided adjacent to the plasma
processing chamber 100. An antenna power supply 142 can power the

antenna 148 through a maich circuit 141 to inductively couple energy, such as RF or BC
energy, 1o the process gas (o maintain a plasma formed from the process gas i 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
the substrate 103 can be used to capacitively couple RF or BC power to the process gases
1o maintain the plasma within the chamber volume 101, The operation of the power
supply 142 can be controlled by a comtroller, such as controlier 165, that also conirols the
operation of other components in the plasma processing chamber 100,

The controller 165 can be used {o control the process sequence, regulating the gas
flows from the gas panel 160 mito the plasma processing chamber 100, and other process
parameters. Software routines, when executed by a compufing device having one or more
processors {e.g., a central processing untt (CPUY) in data communication with one or
more memory storage devices, transform the computing device into a specific purpose
computer such as a controlier, which can control the plasma processing chamber 100 such
that the processes are performed in accordance with the present disclosure. The software
rouines can also be stored and/or gxecuted by one or more other coniroller(s) that can be
associated with the plasma processing chamber 100

In some implementations, controller 165 1s in data communication with a
characterization device 172, Charactenzation device 172 can inchide one or more sensors
{e.g.. image sensors) operable to collect processing data related 1o processing chamber
100. For example, characterization device 172 includes an optical emission speciroscopy
device configured to monitor a signal, e.g., emitted light of a plasma, within a processing

region of the processing chamber 100, For example, a signal can be a primary or highest

)
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intensity wavelength of emitted light. Characteristics of the emutted light {e.g.,
wavelength and intensity) from the plasma within the processing region can depend in
part on an etching gas mixiure used fo generate the plasma as well as a layer composition
of the laver being eiched. For example, each etching gas mixture and corresponding layer
composition being etched can have a respective signal signature. Emitted waveiengths
that are unique or distinguishing for each etching gas mixture and corresponding layer
composttion can be monitored to determine an eiching condition of the layer being
eiched. For example, a thickness remaining of the layer being eiched. Characteristics of
the emutted light from the plasma can change, e.g., based on the etching process. For
example, an miensity of a roonitored signal can change as matenial is rerooved fromthe
laver being processed. Characterization device 172 can be configured to collect
processing data including the respective signals corresponding to the etching gas mixiures
utitized in the wafer processing and corresponding layer compositions of the structure
being processed in the processing chamber 100, Controller 165 can receive processing
data from the characterization device 172 and determine, from the processing data, one or
more actions to perform.

In some implementations, at a termination point of etching process(es) for the
wafer, an automatic or seni-awtomatic robotic manipulator (not shown) can be utilized to
{ransfer the wafer(s} from the substrate support out of the process chamber, e g., through
substrate access port 113, For example, the robotic mampulator can transfer the wafer (o
another chamber (or another location} 1o perform another step in a fabrication process.

In some implementations, a controller {e.g., controller 165} of a fabrication tool
can execuie a recipe inchuding nstructions for a fabrication process. The recipe can
mclude teroperature-control mnstructions executable by the controller 165 to control
operations of various temperature-related components of the fabrication tool. For
example, the temperature-related components can include {A) gas prassures introduced
imto each of the cooling regions of the ESC, (B) temperature setiings {or each of the
muitiple heaters with respective heating zones within the ceramic body of the ESC, (C)
temperature settings for each of the microzone heaters within the ceramic body of the
ESC, (B3 coolant flow into cooling channels located in a base of the substrate support, or
(E) any combination thereof. The recipe instructions can additionally include executable
mstructions related to other process parameters in addition to the operations of the ESC to
operate components of the fabrication tool to control, for example, plasma power, flow of

the etch gas, ete.
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In some implementations, substrate suppori design can be selected {o improve
subsirate processing inchuding adapting various design parameters for the substrate
support. Relationships between the various design parameters 1o a substrate support
design can be complex, where a design parameter may affect one or more other design
parameters, Adapting the various design parameters into a design can vield a unmique
solution for a substrate support to timprove process unifornuty {(e.g., temperature
uniformity} during a fabrication process. Moreover, as discussed m further detail below,
AM techniques can be used insiead of, or in addition fo, traditional, non-AM
manufactuning technigues to expand a design window of what fabricated designs are

possible to implement.

AM-based msulator body

In some implementations, additive manufacturing {e.g., 3D printing) processes
can be used to faciitate a design space for an insulator body of the substrate support. e.g.,
msulator body 206, As depicted in FIGS. 3A-3C, various subcomponents of the msulator
body can be gnabled by additive manufactoring techmigues, one or more of which may
not be otherwise achievable by traditional manufacturing techniques. F1G. 3A shows a
schematic cross section of an example substrate support 300 including an msulator body
302, conductor body 304, ground plate 306 and ESC 308, The msulator body 302 can
mclude embedded regions within the insulator body, e.g., region 310, having intemal
geometries. Characteristics of the embedded regions can be selected to have at leasta
threshold impedance between the radio-frequency (RF} hot (e.g., voltage biased)
componenis and grounded components of the substrate support as well as a threshold
mternal structural strength. For example, the internal geometries can have a selected
threshold impedance based in part on a creepage path between the RF hot portions of the
substrate support and ground during operation of the processing chamber. Characteristics
of the embedded regions can include, for example, a ratic between volumes of the
mnsulating material and the volumes without insulating maternial {air, vacuum, or gas
filled), patterns of the mternal geometries, or the like.

In some implementations, internal geometries of the insulator body 302 can be 3D
printed lattice patterns. FIGS. 3C, 4C depct examples of the internal geometries, e.g.,
honevcomb, cross-beam, gyroid, etc. The regions including internal geomeiries can

reduce material costs while retaining the requured functionality of the insulator body.
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In some implementations, dimensions of the msulator body 302 can be selected
based 1 part on a creepage path between RF hot components and grounded components
of the support siructure, e.g., between the conductor body 304 {e.g., facility plate and
cooling hase} and the ESC 308 and the ground plate. One or more creepage paths can
exist between a conductor body 304 in contact with a first surface of the insulator body
302 and a ground plate 306 in countact with a second surtace of the nsulator body 302,
An insulator body 304 can include two or more creepage paths between, hased on a
geometry of the insulator body. For example, a subsirate support 300 can have at feast a
first creepage path 312 and a second creepage path 314 between the conductor body 304
and ground plate 306 during operation of the processing chamber. A nmuniroum thickness
of the msulator bodv can be selected 1o be equal to or greater than the creepage path.

In some implementations, thickness of the insulator bodv 302 along a creepage
path, e.g., creepage path 312, can be scaled by about 3. 175 cm of insulating material
thickness per 10 kV of voltage difference between RF hot components and grounded
componenis of the substrate support. The thickness of insulating material can provide at
least a threshold impedance during operation of the processing chamber and reduce a
likelihood of arcing between the RF hot and grounded components. For example, for a
16 kV bias voltage between the RF hot components and grounded components, a
cregpage path can be greater than about S5 om such that a thickness of insulating material
along the creepage path is needed to (substantially) prevent arcing.

In some implementations, additive manufacturing technigues can be used to form
the insulator body as an mtegral body (e.g., in a laver-by-layer proceass) and without
requiring mudtiple separately formed sheets of insulating material to be affixed together,
for example, as depicted i FIGS. 44 and 4B, FIGS. 44 and 4B show various views of
an msulator body 402 formed as an integral body using AM technuques. FIG. 4C depicis
{wo example siructures for internal geometries 404a, 404b which form at least a portion
of the insulator body 402, AM techmques can facilitate forming regions of mternal
geometries, .g., as depicted in FIGS. 3, 4C, which may otherwise be unattainable by
conventional manufacturing technigues.

The msulaior body of the substrale support includes one or more gas condunis to
facilitate gas How through the msulator bodv and into other coraponents of the substrate
support, e.g., into the conductor body (facilities plate and cooling base) and ESC. FIG.
3B depicts an example schematic view of gas conduits 320 for gas flow through the

msulator body 302, A gas conduit 320 includes a gas conductance plug 322, eg.. a
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porous plug, that obstructs an elecinical discharge path between an RF hot portion of the
subsirate support and a grounded portion of the substrale support, e.g., between a
facilities plate and ground plate, while still allowing a specified gas flow rate through the
gas conduit 320.

FIGS. 5A-5] show example schematic views of various gas conductance piug
designs. As depicted 1 the cross~-sectional views of FIGS, 5A and 5B, a portion 502 of
the gas conductance plug 500 15 formed of a porous material, .., ceramic material, fo
facilitate a flow of gas {e. g, helium} but can prevent a backflow of other gases,
contaminanis, etc., through the gas conductance plug. The gas conductance plug includes
an outer ceranuc portiion 504, The gas conductance plug can obsiruct (e.g., prevent,
substantially reduce) an electrical discharge path 506 through the gas conduit to prevent
arcing within the process chamber to the ground plate. Gas conductance plug can
obstruct a line-of-sight from an electrically charged {e g.. RF hot) facilities plate to
ground but maximize a gas flow through the plug. For example, as depicted m FIG. 3C,
gas conductance plug 510 can include internal features 512 that create a convoluted gas
flow path and obstruct hne-of-sight of an electrical arc path. A gas conductance plug
defines a convoluted gas flow path having a gas conductance from one end of the gas
conductance plug to a second end of the gas conductance plug. The convoluted path can
define a longest gas flow path for a given gas flow rate. For example, a higher flow gas
conductance plug can provide a higher helium pressure to the ESC, e g, forlow
temperature subsirate applications.

In some implementations, additive manufacturing {AM) technigues can be used {o
form one or more features and/or cormnponents of the imsulator body. For example, AM
techniques can be used to form the gas conductance plugs from a same or different
material than the swrounding insulator body. In another example, AM techniques can be
used to form gas conductance plug that are integrally formed with the insulator body. A
desired gas flow through a gas conduit can be selected during a design process for an AM
formed msulator body based on internal structure of the gas conduit, e g., of the gas
conductance plug. For example, the features (e.g., gas conduciance plugs, outer/inner
sleeves, gtc ) of the gas conduits can be formed using AM techniques to have a different
gas flow, e.g., a higher gas flow, than gas conduits facilitating gas flow to an inner
cooling zone of the ESC. (enerally, AM technigues can be used to rapidly design and

deploy different designs for the gas conduciance plugs.
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In some implementations, AM techniques can be used to form a gas conductance
plug that substantially reduces or eliminates a radial gap between a porous center portion
of the gas conductance plug and a ceramic sieeve surrounding the porous center portion.
Reducing or elinunating the radial gap can obstruct a potential arcing path through the
radial gap.

In some roplementations, different gas conduits embedded in the imsulator body
can include different gas conductance plug designs to tune a respective gas flow through
each of the different gas conduits. FIG. 6A shows an example schematic view of a gas
conduit including gas conductance plugs. In some implementations, a gas conduit 600
within insulator body 602 1ucludes a first portion 604 including a gas conductance plug
606 having a first diameter associated with the porous matenial and a second portion 608
mcluding gas condut 610 having a second diameter. A diameter 612 of the gas conduit
610 can be smaller than a diarseter 614 of the gas conductance plug. The gas conduit 610
can faciiitate flow of gas from a ground plate 622 to a first surface of the gas conductance
plug 606. The first portion 604 of gas conduit 600 includes an outer sleeve 618
surrounding the gas conductance plug 606, The second portion 608 of gas conduit 600
mcludes a ceramic portion 620 surrounding gas condutt 610, Gas conduit 600 extends
from a first sirface of the insulator body 602 in contact with the ground plate 622 to a
second swrface of the msulator body 602 in contact with the conducior body 624 (e g.,
facilities plate and cooling base). The gas conduit 600 facilitates a gas flow 626 from the
ground plate 622 through the insulator body 602 and into the conductor body 624.

In some implementations, a gas flow path through the insulator body can include
one or more gas conduits. FIGS, 6B and 6C show example schematic views of gas flow
paths including gas conductance plugs. A gas flow path 628 can include one gas flow
conduit, e.g., gas conduit 630 as depicted in FIG. 6B, or a gas flow path 629 can include
{wo o1 more gas conduits, e.g., three gas conduits 632 as depicted in FIG. 6C. A number
of gas conduits can be selected to adjust a gas How 634 through the gas conductance plug
of the gas flow path. For example, a larger number of gas conduiis can facilitate a higher

gas flow through the gas conductance plug than a smaller number of gas conduits.

AM-based conductor body

In some implementations, additive manufacturing {e.g., 3D printing) processes
can be used to facilitate a design space for manufacturing a unified facilities plate and

cooling base as an integral {e.g., unified) body, e.g., referred to here as a “conductor
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bodv” or “conductive body.” As depicted in FIGS. 7A-7C, various subcomponenis
and/or integrated and/or embedded features of the conductor body can be enabled by
additive manufacturing techimques, one or more of which may not be otherwise
achievable by traditional manufacturing techniques.

An integrally formed conductor body, including the functionality of the facilities
plate and cooling base as described with reference to FIG. 1. can reduce fabrication sieps
which can result in reduced leaking/failure pomts in the support structure. For example,
features of the faciiities plate and cooling base which would otherwise require vacuum
brazing between components of the cooling base and/or e~-beam welding of cooling
channels can be formed instead using AM techniques. Moreover, using AM techniques
1o form an integral conductor body can reduce the need for seals, e.g., O-ring seals,
caskets, and fixtures, e.g., dowel pins, screws, fixtures efc., required fo affix
subcomponents of the substrate support fogether. An inlegrally formed conductor body
can have tmproved electrical RF performance and/or thermal performance in comparison
to two or more subcomponents affixed together, & g.. by reducing a number of interfaces
and welded/brazed unions,

In some implementations, as depicted n FIGS. TA-7C, an integrally formed
conductor body 700 can include features embedded 702 within the body of the conductor
body. As depicted in FIG. 7B and 7C, features of the conductor body for example,
channels, gas conduits, isolation features, electrical connections, through-holes, etc., can
be formed during an AM process and withowt requirmg welding/brazing steps, as
described in further detail below. Additionally, a complexity of the internal structures
can be increased using AM technigues in comparison to traditional forms of
manufacturing. FIG. 7C shows a schematic view of complex cooling chanuels for an
edge portion 704 and cooling channels for a center portion 706 embedded within the
conductor body 700 which can be formed in a layer-byv-laver process using additive
manufacturing technigques.

In some implementations, a conductor body ncludes cooling channels having
internal features, e.g., cooling fins. FIGS. 8A-8F show example cross-sectional
schematic views of vanous cooling channels 802, 804, 806, 808, 810, 812 integrally
formed in a conductor body 800, The cooling fins, e.g., cooling fin 801, caninclude a
first cross-sectional geometry (perpendicular to flow of coolant) and a second geometry
(parallel 10 a flow of coolant}. Although several different geometries are depicted in

FIGS. 8A-8F, generally, the geometry of the cooling fins parallel {0 the flow of the
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coolant can be selected to achieve at least a threshold {e.g., optimize) amount of heat
exchange between the cooling fins and the coolant as the coolant flows through the
cooling channel. Multiple different cooling {in geometries can be utilized 1o iroprove heat
transfer efficiency i multiple different regions of the conductor body. The geometry of
the cooling channels can be selected such that the cooling mechanism ts contact-
domunated by an exposed surface area of the cooling fins within the cooling channels.

In some nplementations, an integrally formed conductor body can include
isolation features embedded within the conductor body and formed integrally with the
conductor body, e.g., by additive manufacturing. FIG. 9 shows an example schematic
view of isolation features 902, 904 embedded within a conductor body 900. The isolation
features 902, 904 can be arranged within the body of the conductor body 900 and with
respect o the cooling channels 906, An isolation feature can be, for example, a thermal
isolation feature conligured to reduce thermal cross-talk between regions of the conductor
bodyv. For example, a thermal break or a thermal choke. Thermal 1solation features can
be used, for example, to improve center-to-edge temperature umiformity (e.g., tunability}.
In another example, an 1solation feature can be a capacitance 1solation feature. Thermal
isolation features can also be used to reduce a thermal mass of the conductor body, vield
improved thermal response.

In some implementations, using additive manufacturing techniques, isolation
features can be formed integrally and can be embedded within the conducior body,
without requiring additional manufacturing steps (e g.. subtractive manufacturing).

In some implementations, a portion of the substrate support can be coated with a
protective coating, e.g., as depicted in FIG. 10A. The protective coating 1000 can be
applied to surfaces that are exposed to the plasma during fabrication processes, e.g., to an
exposed surface of the conductor body 1002, Protective coating can be a ceramic coating
having anti-arcing properties. Ceramic coating can be made of, for example, alumina.
The protective coating can be formed on a surface of the substrate support, using additive
manufacturing techruques {e.¢., using plasma spray coating).

In some implementations, integrated features of the conductor body enabled by
addifive manufacturing techniques includes forming the conductor body from two or
more different materials. As depicted in FIG. 108, conductor body 1010 can include a
3D printed ceranuc insulator 1012 {e.g., alumina nsulator) integrated into the conductor

body for gas conduits 1016, By using additive manufacturing techniques to form integral
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bodies using different materials, bonding 1014 between subcomponents of different
materials can be eliminated.

In some implementations, additive manufacturing e.g., three~dirnensional printing
{or 3-D printing}, may be used to produce {or make) the substrate support and
components described hergin. In one embodiment, a computer {CAD) model of the
required part is fust made and then a slicing algorithio maps the information for every
iaver. A layer starts off with a thin distnibution of powder spread over the surface of a
powder bed. A chosen binder material then selectively joins particles where the object is
to be formed. Then a piston which supporis the powder bed and the part~in-progress is
lowered in order for the next powder layer to be formed. Afler each layer, the same
process is repeated foliowad by a final heat treatment to make the object. Since 3-D
printing can exercise focal conirol over the matenial composition, microsinuciure, and
surface texture, vanious {and previously inaccessible) geometries may be achieved with
this method.

In one embodiment, a substrate support and components of a subsirate
support as described herein may be represented in a data structure readable by a
computer rendering device or a computer display device. FIG. 13 15 a schematic
representation of a computer svstem with a computer-readable medium according to
one embodiment. The computer-readable mediim may contain a data structure that
represents one or more components of the substrate support, e.g., a conducior body,
isolator body, ESC, etc. The data structiwe mav be a computer file, and may contain
information 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 execuiable code or device control code that engages selected
functionality of a computer rendering device or a computer display device. The data
structure may be stored on the computer-readable medium. The computer readable
mediom may mclude a physical storage medium such as a magnetic memory, foppy
disk, or any convenient physical storage medium. The physical storage medium may
be readable by the computer system to render the article represented by the data
structure on a computer screen or a phvsical rendering device which may be an
additive manufacturing device, such as a 3D printer,

In some implementations, additive manufacturing techniques can be used in
combination with other manufacturing techniques, e.g., subiractive manufacturing,

For example, subtractive manufacturing can be used to modify/remove portions of
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the substrate support and additive mamfacturing can be used to add/modify portions
of the subsirate support. The combination of technigues can be used doring the
mitial process to manufacture or to modify/refurbish/regrow an existing substrate
support or components of a substrate support to reparr damage or change a
configuration of the features.

In some implementations, additive manufacturing technigues can be used o
regrow/refurbish portions of a substrate support, e.g., {0 repair operational damage
or manufacturing damage, and/or to add features.

In some implementations, additive manufacturing technigques can be used o
form the substrate support and/or coraponents of the processing chamber using two
or more material compositions, e g.. simultanecusly or sequentially. Different
material compositions can include, for example, AIN and Al0s3. Different material
corapositions can include, for example, different porosity or another material
structural difference of a same material composition. For example, porous plugs can
be formed of a different matenial composition {or having a different material
structure of the same material composition) than the insulator material of the
subsirate support. Different materials can include, for example, ceranuc materials
and metallic materials, e g, AIN and Aluminum,

In some implementations, additive manufacturing technigues can include
ceramic-based additive manufacturing including a binder, ¢.g., a polvmer binder, to
form a slurry including a ceramic powder and where a photosensitizer can be
included in the slurry that is sensitized {e.g., is curable by} to a wavelength of light.
For example, a photopolymerization techmque using uitraviolet {UV) light can be
used to form a ceramic green body, which can then be consolidated into a ceramic
part from the green body using a sindering process.

In some implementations, additive manufacturing technigues can include
coating process, where lavers of a body are formed in a layer-by-laver process using
coating techniques, e.g., plasma spray coating. screen printing, etc. Plasma spray
coating process can be usad to coat an exposed surface from a powder, e.2., a
ceramic powder, metal powder, or a combination of ceramic and metallic powder,
Screen printting can be used to form, for example, ructal-based electrodes as
described i this specification.

In some implementations a sintering {e.g., fining) process can be used to

consohidate the ceramic powder/particles (e.g., remove porosity and densify the
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ceramic material) of a green state ceramuc part. For example, a sintering process can
be performed af a high temperature below a melting point of the ceramic malerial(s)
where the matenal of the separate particles diffuse towards neighboring power
particles to form a densified ceranuc body. In some implementations, the simtering
process includes a pre-heat process {o remove organic materials, e.g., polymer(s),
fubricant, binders, etc. 1n some implementations, the sintering process includes a
cooling process to cool down the ceramuc parts to reduce cracking/stress formation.

In some implementations, a rapid sintering process, e.g., a flash sintering
process, can be performed on set of green cerammuc lavers of a green ceramic body.
For example, a sintering process can be alternated with a forming/AM process,
where a set number of lavers are formed by AM and then sintered in sequence
before another set of layers are formed by AM on the exposed surface of the body.
In other words, portions of the ceranuc body are {ormed 1n a green state and sintered
in succession, where an end result of the process is a densified ceramic body.

In some implementations, a refurbished part can be sintered such that the
regrown layers of the refurbishing process are densified, e.g., (o match
characteristics of the onginal part.

FI1G. 1115 a flow diagram of an example process 1100 for manufacturing a
substrate support component for subsirale processing. For convenience, process
1100 will be described with respect to an additive manufacturing svstem that
performs at least some steps of the process.

An additive mamufacturing system forms multiple lavers in a layer-by-layer
process to form an integral insulafor body including a first surface and a second
surface opposite the first surface, where a thickness of the insulator body exceeds an
arcing threshold between a first body retained by the first surface and a second body
supportive of the second surface (1102). The additive mamfacturing system can
receive, from a compuier system, a data structure representative of the insulator
body. and use the data structure to form the multiple layers of the insulator body.
The insulator body, e.g., insulator body 302, can include one or more thicknesses,
e.g., 312 and 314, between the first body and the second body, each thickness being
at least a threshold thickness based on a respective creepage path. The msulator
body can be formed as a unified structure, e.g., withowt needing fixtures or other
attachment features to affix two or more separate mnsulator sub-components together

{0 form the insulator body.
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The additive manufacturing system forms, during the forming of the integral
isulator body, multiple layers including one or more gas conduits within the
msulator body extending from the first surface to the second surface and forming a

gas flow path from the first surface fo the second surface {1104). The one or more

2

ras conduits, e.g., gas conduit 320, can be formed during the AM process of forming

{

the insulator body, e g.. where features are embedded in the layer-by-layer process
according to the data structure representative of the insulator body used by the
additive manufacturing system to form the features.

The additive manufacturing svstem forms, during the forming of the integral
msulator body, multiple layers including one or more gas conductance plugs
embedded within first portions of the one or more gas conduiis and having at least a
threshold gas conductance through the gas conductance plug {1106}, Each of the gas
conductance plugs, e.g., gas conductance plugs depicted in FIGS. SA-51, can be
made of a different material composition {e.g., a different ceramic) and/or having
different structural characteristics than the ceramic body {(e.g., a different porosity,
internal structure). The forming of the lavers mcluding the gas conduciance plug
can include additive manufacturing techniques including forming the layer mclude
two different material compositions simuitaneously or sequentially.

FI(z 1215 a flow diagram of an example process 1200 for forming a
substrate support component using additive manufactunng. For convenience,
process 1200 will be described with respect to an additive manufacturing system that
performs at least some steps of the process.

An additive manufacturing system forms multiple layers in a layer-by-laver
process o forr an mtegral conductor body including an edge portion and a center
portion, where the conductor body 1s configured to support an electrostatic chuck on
a first surface of the conductor body (1202). The additive manufactiwing svstem can
receive, {rom a compuier system, a data structure representative of the conductor
body. and use the data structure to form the multiple layers of the conductor body.
The conductor body, e.g., conductor body 700, can be formed as a unified structure,
e.g., without needing fixtares or other attachment features to affix two or more
separate sub-components (e.g., a facilities plate and a cooling base) together {o form
the conductor body. One or more features, e g.. cooling channels, gas conduits,
and/or isclation features, can be formed during the AM process of forming the

conducior body, e.g., where features are embedded in the layer-by-layer process
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according to the data struchure representative of the conductor body used by the
additive manufacturing systern to form the features.

The additive manufacturing system forros, during the fornung the imtegral
conductor body, one or more cooling channels embeddad within the conductor body
and configured to facilitate coolant flow within at least one of the edge portion and
the center portion, and where the one or more cooling channels include cooling fius
(1204). Cooling channels, e g.. cooling channels 704 for an edge portion and cooling
channels 706 for a center portion of conducior body 700, can have complex internal
structures including cooling fins, e.g., cooling fins 801 of cooling channel 802,

The additive manufacturing system forros, during the fornung the imtegral
conductor body, a first gas conduit embedded in the conductor body and configured
{o facilitate gas flow through the conducior body and couple into one or more second
gas conduits of the electrostatic chuck (1206). Gas conduits, e.g., gas conduit 1016,
can be embeadded m the conductor body including a ceranuc isolator, e g., ceramic
isolator 1012, The ceramic isolator can be formed during the AM process, e.g., by
depositing ceramic material in particular focations according {o the data structore for
the conductor body.

The additive manufactunng system forms, during the forming the integral
conductor body, one or more isolation features integrally formed within the
conductor body and oriented to reduce a threshold cross-talk between the edge
portion and the center portion of the conductor body (1208). Isclation features, e.g.,
isolation features 902, 904, can be formed during the AM process to form the
conductor body to reduce a cross-ialk between an edge portion and a center portion
of the conductor body, e.g., to improve thermal unitformaty across the conductor
body and, consequently, thermal umifornty across an ESC affixed to the conductor

body and substrate retained by the ESC during a fabrication process.

FIG. 13 15 a block diagram of an example compuier systern 1300 that can be used

to perform operations described above., For example, such as operations performed by
the controller 165, The system 1300 includes a processor 1310, amemory 1320, a
storage device 1330, and an inpul/output device 1340, Each of the components 1310,
1320, 1330, and 1340 can be interconnected, for example, using a systern bus 1350, The
processor 1310 is capable of processing instructions for execution within the system

1300. In one implementation, the processor 1310 is a single-threaded processor. In

another implementation, the processor 1310 i3 a multi-threaded processor. The processor
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1310 is capable of processing instructions stored in the memory 1320 or on the storage
device 1330

The memory 1320 stores information within the system 1300, Inone
implementation, the memory 1320 is a computer-readable medium. In one
implementation, the memory 1320 s a volatile memory wnit. In another implementation,
the memory 1320 is a nou-volatile mernory umit.

The storage device 1330 is capable of providing mass storage for the system 1300
in one implementation, the storage device 1330 15 a computer-readable medium. In
various different implementations, the storage device 1330 can include, for example, a
hard disk device, an optical disk device, a storage device that 1s shared over a network by
muitiple computing devices {e.g.. a cloud storage device}. or some other large capacity
storage device,

The mput/output device 1340 provides mput/ouiput operations for the sysiem
1300, In one implementation, the input/output device 1340 can include one or more of a
network interface device, e g, an Ethernet card, a senal communication device, e.g., and
RS-232 port, and/or a wireless mterface device, e.g, and 802.11 card. In another
implementation, the input/output device can nclude driver devices configured to receive
mput data and send output data to peripheral devices 1360, e ¢ kevboard, printer and
display devices. Other implementations, however, can also be used, such as mobile
computing devices, mobile communication devices, set-top box television client devices,
eic.

Although an example processing svstem has been described in FIG. 13,
implementations of the subject matter and the functional operations described i this
specification can be implemented in other types of digual electronic circuitry, or in
computer software, firmware, or hardware, including the structures disclosed in this
specification and their siructural equivalents, 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 controlier 165 such as controtling switching of etching gasses of a plasma
processing chamber, can be implemented in digital electronic circuitry, in tangibly-
embodied computer soltware or firmware, in computer hardware, including the structures
disclosed m thus specification and their structural equivalents, or in combinations of one
or more of them. The subject matter and the actions and operations described in this

specification can be implementad as or in one or more compuler programs, €.g., one or
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more modules of computer program instructions, encoded on a computer program carrier,
for execution by, or to control the operation of, data processing apparatus.  The carrigr
can be a tangible non-transitory computer storage medium. Altematively, or in addition,
the carrier can be an artificially-generated propagated signal. e.g., a machine-generated
electrical, optical, or electromagnetic signal, which is generated to encode information for
{ransmission to suitable receiver apparatus 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 substraie, a random or serial access memory device, or a
combination of one or more of them. A compuler siorage mediom is not a propagated
signal.

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 computers. 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
unity. The apparatus can also include, in addition to hardware, code that creates an
sxecution environmeni for computer programs, e.g., code that constifutes processor
firmware, a protocol stack, a database management system, an operating system, o7 a
combination of one or more of them.

A computer program can be wrilten in any form of programming language,
mncluding compiled or interpreted languages, or declarative or procedural languages; and
it can be deployed in any form, including as a stand-alone program, e.g., as an app, or as a
module, component, enging, subroutine, or other unii smiable for executingina
computing environment, which enviroruuent can include one or muore computers
mterconnected by a data conununication network in one or more locations.

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,
e.g., one or more scripts stored in a markup language document, in a single file dedicated
o the program in question, or in multiple coordinated files, ¢.g., files that store ong or
more modules, sub~programs, or portions of code.

The processes and logic flows described 1n this specification can be performed by
one OF MOre computers execuling one of more computer programs to perform operations

by operating on input data and generating output. The processes and logic flows can also
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be performed by special-purpose logic circuitry, e.g., an FPGA, an ASIC, or a GPU, or by
a combination of special-purpose logic circuitry and one or more programmed comprters,

Computers suitable for the execution of a computer program can be based on
general or special-purpose microprocessors or both, and anv other kind of central
processing unit. Generally, a central processing unit will receive insiructions and data
from a read~only memory or a randomeaccess memory or both. The essential elervents of
a computer are a central processing unit for executing instructions and one or more
memory devices for storing nstructions and data. The central processing unit and the
memory can be supplemented by, or incorporated in, special-purpose logic circuitry.

(Generally, a computer will also include, or be operatively coupled to, one or more
mass storage devices, and be configured 1o receive 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
mobile telephone, a personal digital assistant (PDA), a mobile audic or video player, a
game console, a Global Positioning System (GPS) recetver, or a portable storage device,
s.g., a universal serial bus {USB) flash dnive, 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 computears having, or configured o
communicate with, a display device, e g, a LCD (ligund crystal display) momior, ora
virtual-reality (VR or augmented-reality (AR} display, for displaying information to the
user, and an input device by which the user can provide input to the computer, .g., a
kevboard and a pointing device, e.g., a mouse, a trackball or touchpad. Other kinds of
devices can be used to provide for mnteraction with a user as well: {or example, feedback
and responses provided to the user can be any form of sensory feedback, e.g., visual,
auditory, speech or tactile; and input from the user can be received in any form, including
acoustic, speech, or tactile nput, inchuding touch motion or gestures, or kinetic motion or
gestures of onentaiion motion or gestures. In addition. a computer can interact with a
user by sending documents to and receiving documents from a device that is used by the
user, for example, by sending web pages (0 a web browser on 3 user’s device in response
10 requesis received from the web browser, or by interacting with an app runming on a
user device, e.g., a smartphone or electronic tablet. Also, a computer can interact with a

user by sending text messages or other forms of message to a personal device, eg. a

=
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smartphone that is running a messaging application, and receiving responsive messages
from the user i retum.

This specification uses the term “configured to” m connection with systers,
apparatus. and computer program components. That a system of one or more computears
1s configured to perform particular operations or actions means that the system has
mstalled on it software, firmware, hardware, or a combmation of them that in operation
cause the system to perform the operations or actions. That one or more computer
programs 1S 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
circuitry is configured to perform particular operations or actions means that the circuitry
has electronic logic that performs the operations or actions.

While this specification contains many specific implementation details, these
should not be construed as himitations 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 particalar implementations of particular inventions. Certain features that are
described 1 this specification in the context of separate implementations can also be
implemented in combination in a single embodiment. Conversely, various features that
are described in the context of a single embodiment can also be implemented i multiple
implementations separately or in any suitable subcombination. Morveover, although
features can be describad above as acting in certain combinations and even initially be
claimed as such, one or more features from a claimed combinaiion can in some cases be
excised from the combination, and the claim can be directed to a subcombination or
variation of a subcombination.

Stmilarly, while operations are depicted in the drawings and recited in the claims
m a particular order, this by uself should not be understood as requiring that such
operations be performed in the particular order shown or in sequential order, or that all
ilustrated operations be performed, to achieve desirable results. In certain circumstances,
muititasking and parallel processing can be advantageous. Moreover, the separation of
various system modules and components mn the implementations described above should
not be understood as requiring such separation in all iroplementations, and it should be
understood that the described program components and systems can generally be
integrated together in a single software product or packaged into multiple software

products.
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Particular implementations of the subject matier have been described. Other
implementations are within the scope of the following claims. For example, the actions
recited in the claims can be perforroed in a different order and still achieve desirable
results. As one example. the processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential order, 1o achieve desirable

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

What 1s claimed is:

1. A substrate support component of a subsirate support embodied in a2 machine-
readable medium for designing, manufacturing, or testing a design, the substrate support
component comprising:
an integrally formed rosulator body coroprising a first surface and a second

surface opposite the first surface, wherein

the {irst surface is configured to retain a first body of the substrate support
formed from an elecirically conductive material,

the second surface is configured to affix the insulator body to a second
body of the substrate support, wherein the second body is formed from an electrically
conductive maierial, and

a thickness of the insulator body exceeds an arcing threshold between the
first body and the second body when the insulator body is arranged between the first body
and the second body, and

one or more gas conduits within the msulator body, the one or more gas conduits

extending from the first surface fo the second surface and forming a gas flow path from
the first surface to the second surface, each of the one or more gas conduifs comprising:

a gas conductance plug embedded within a first portion of the gas condint
and having at least a threshold gas conductance through the gas conductance plug,

wherein the gas conductance plug obstructs an electrical discharge path
between the first body and the second body when the insulator body is arranged with

respect to the first body and the second body.

2. The substrate support component embodied in the machine-readable medium of
claim 1, wherein the msulator body further comprises 3 latlice region defining a volume

embedded within the insulator body and comprising at least a threshold iropedance.

3. The substrate support component embodied in the machine-readable medium of
claira 1, wherein the one or more gas conduits further comprises a second portion having
a second conductance, wherein the second portion is arranged between the first portion

and the second surface.
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4. The substrate support component ernbodied 1o the machine-readable roedium of
claim 3. wherein the second portion comprises a diameter smaller than a diameter of the

first portion.

S, The substrate support component embodied in the machine-readable medium of
claim 1, wherein two or more gas conduils comprise respective gas conductance plugs

having different threshold gas conductance.

6. The substraie support component embodied in the machine-readable medium of
claim 1, wherein the insulator body comprises a first maternial and the gas conductance

plug comprises a second material.

7. The substrate support component embodied in the machine-readable medium of
claim 1, wherein the gas conduciance plug obsiructs the electrical discharge path fora
threshold voltage difference between the firsi surface and the second surface of the

msulator body.

8. ‘The substrate support component embodied in the machine-readable medium of
claim 1, wherein gas conductance plug forms a convoluted gas flow path from a first
surface of the gas conductance plug to a second surface of the gas conductance plug

having the threshold gas conductance,

9. The substrate support component ernbodied 1o the machine-readable roedium of
claim 8, wherein the gas conductance plug comprises a gas conductance based on an

internal structure of the gas conductance plug.

10, The substrate support component embodied in the machine-readable medium of
claim 9, wheretn the gas conductance of the gas conductance plug depends in part on a

variable porosity of the gas conduciance plug.

it The substrate support component embodied in the machine-readable mediuom of
claimn 1, wherein the one or more gas conduits further comprise a sleeve surrounding an
outer circumference of the gas conductance plug, wherein there is no radial gap between

the gas conductance plug and the slesve.
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12, The substrate support component embodied in the machine-readable medium of
claim 1, wherein the gas conductance plug comprises variable porosity along an axis of

the gas flow path.

13 The substrate support cornponent embodied in the machine-readable medium of
claim 1, wherein the substrate support component resides on storage medium as a data

format used for an exchange of fayout data.

14. A subsirate support component of a subsirate support comprising:
an integrally formed insulator body comprising a first surface and a second
surface opposite the first surface, wheremn
the first surface is configured to retain a first body of the substrate support
comprises an electrically conductive material,
the second surface is configured {o affix the insudator body to a second
body of the substrate support, wherein the second body comprises an electrically
conductive material, and
a thickness of the msulator body exceeds an arcing threshold between the
first body and the second body when the insulator body is arranged between the first body
and the second body; and
one or more gas conduits within the insulator body, the one or more gas conduits
extending from the fivst surface to the second surface and forming a gas {low path from
the first surface 1o the second surface, each of the one or more gas conduits comprising:
a gas conductance plug embedded within a first portion of the gas conduit
and having at least a threshold gas conductance through the gas conductance plug,
whertein the gas conductance plug obsiructs an electrical discharge path
between the first body and the second body when the insulator body is arranged with

respect 1o the first body and the second body.
1S, The substrate support component of claim 14, wherein the insulator body further

comprises a lattice region defining a volume embedded withun the insulator body and

comprising at least a threshold impedance.
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16. The substrate support component of claim 14, wherein the gas conductance plug
obstructs the electrical discharge path for a threshold voltage difference between the first

surface and the second swrface of the insulator body.

5 17. The substrate support cornponent of claim 16, wherein gas conductance plug
forms a convoluted gas flow path from a first surface of the gas conductance plugioa

second surface of the gas conductance plug having the threshold gas conductance.

18, A method of manufacturing a subsirate support, the method comprising:
10 forming, by an additive manufacturing system, a plurality of lavers, the phurality

of layers comprising:
an insulator body comprising a first surface and a second surface opposite
the first surface, wherein
the first surface 1s configured (o retain a {irst body of the substrate
15 support comprising an electrically conductive material,
the second surface is configured to affix the wnsulator body to a
second body of the substrate support, wherein the second body comprises an electrically
conductive matenal, and
a thickness of the insulator body exceeds an arcing threshold
20 between the first body and the second body when the insulator body is arranged between
the first body and the second body; and

wherein, durning the forming of the plurality of lavers, the methods further

CONYHISE:
forming one or more gas condunis withim the msulator body, the one or
25 more gas conduits extending from the first surface to the second surface and forming a

gas flow path from the first surface to the second surface.

gas condumits

19, The methods of claim 18, wherein forming each of the one or more
comprises formang a gas conductance plug embedded within a first portion of the gas

30 conduit and having at least a threshold gas conductance through the gas conductance
plug, whergin the gas conductance plug obstructs an elecincal discharge path between
the first body and the second body when the msulator body is arranged with respect to the

first body and the second body.
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20, The methods of claim 1€, wherein forming the insulator body further comprises
forming a lattice region defiung a volume embedded within the insulator body and

comprising ai least a threshold impedance.

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

a conductor body comprising an edge portion and a center portion, wherein the
conductor body 1s configured to support an electrostatic chuck on a first surface of the
conductor body.

one or more cooling chanuels embedded within the conductor body and
configured to facilitate coolant flow within at least one of the edge portion and the center
portion of the conductor body, wherein the one or more cooling channels comprise a
plurality of cooling fins,

wherein the plurality of cooling fins include a first cross-section geometry
onented perpendicular to the coolant flow, and

wherein the plurality of cooling fius include a second geometry having a
threshold surface area parallel o the coolant flow;

a first gas condwi{ embedded in the conductor body configured to facilitate gas
flow through the conductor body and couple into one or more second gas conduits of the
electrostatic chuck, when the electrostatic chuck 15 supported by the first surface; and

one or more isolation features integrally formed within the conductor body and
ortented to reduce a threshold cross-ialk between the edge portion of the conducior body

and the center portion of the conductor body.

22, The substrate support component embodied in the machine-readable mediom of

claim 21, wherein the one or more 1solation features comprise thermal isolation features.
23, The substrate support component embodied in the machine-readable medium of

claim 22, wherein the one or more isolation features are arranged with respect to the

conductor body to vield a lateral teroperature distribution across the conductor body.
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24, The substrate support component embodied in the machine-readable medium of
claim 21, further comprising a coating formed on an outer portion of the conductor body

and configured to generate a threshold electrical isolation,

25 The substrate support cornponent embodied in the machine-readable medium of

claim 24, wherein the coating comyprises a ceramic material

26, The substrate support compounent ernbodied 1o the machine-readable roedium of
claim 21, wherein a first surface of the conductor body is configured to retain an
electrostatic chuck and a second, opposing surface of the conductor body 1s configured to

affix 1o an msulator body of the substrate support.

27, The substrate support component embodied in the machine-readable medium of
claim 21, wherein the substrate support component resides on storage mednnm as a data

format used {or an exchange of layout data.

28. A subsirate support component of g substrate support compnsing:

a conductor body comprising an edge portion and a center portion, wherein the
conductor body is configured to support an electrostatic chuck on a first surface of the
conductor body,

one ot more cooling chanvels embedded within the conductor body and
configured to facilitate coolant flow within at least one of the edge portion and the center
portion of the conductor body, wherein the one or more cooling channels comprise a
plurality of cooling fins,

wherein the plurality of cooling fins include a first cross-section geometry
onented perpendicular to the coolant flow, and

wherein the plurality of cooling fins include a second geometry having a
threshold surlace area parallel to the coolant flow;

a first gas condwi{ embedded in the conductor body configured to facilitate gas
flow through the conductor body and couple into one or more second gas conduits of the
electrostatic chuck, when the electrostatic chuck is supported by the first surface; and

one or more isolation features integrally formed within the conductor body and
ortented to reduce a threshold cross-talk between the edge portion of the conductor body

and the center portion of the conductor body.
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29 The substrate support component of claim 28, wherein the one or more isolation

features comprise thermal 1solation features.

30.  The substrate support component of claim 29, wherein the one or more 1solation
features are arranged with respect o the conductor body to vield a lateral teroperature

distribution across the conductor body,

31 The substrate support component of claim 28, further comprising a coating formed
on an outer portion of the conductor body and configured to generate a threshold

elactrical isolation.

32, The substrate support component of c¢laim 31, wherem the coating comprises a

ceramic material,

33. The substraie support component of claim 28, wherein a first surface of the
conductor body is configured to retain an elecirostatic chuck and a second, opposing
surface of the conductor body is configured to affix to an insulator body of the subsirate

support.

34 A method of manufacturing a substraie support, the method comprising:
forming, by an additive manufacturing svstem, a plurality of lavers, the plurality
of layers comprising:

a conductor body comprising an edge portion and a center portion, wherein
the conductor body is configured to support an electrostanc chuck on a first surface of the
conductor body,

wherein, during the forming of the plurality of lavers, the methods further
COMmprise:

forming one or more cooling channels within the conductor body and
configured {o facihitate coolant fow within at least one of the edge portion and the center
portion of the conductor body, wherein the one or more cooling channels comprise a
plurality of cooling fins,

forming a first gas condwt within the conductor body configwred to

facilitate gas flow through the conductor body and couple mto one or more second gas
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conduits of the electrostatic chuck, when the electrostatic chuck is supported by the first
surface; and

forming one or more isolation features mtegrally within the conductor
body and oriented to reduce a threshold cross-talk between the edge portion of the

conducior body and the cenier portion of the conductor body.

35 The method of claim 34, wherein the plurality of cooling fins include a first cross-

izl

ection geometry oriented perpendicular o the coolant flow, and
wherein the plurality of cooling fins include a second geometry having a

threshold surface area parallel to the coolant flow.

36.  The method of claim 34, wherein formung the one or more isolation features

comprises forming thermal solation features.

37.  The method of claim 36, wherein forming the one or more 1solation features
comprises formang the one or more isolation features with respect o the conductor body

to vield a lateral temperature distribution across the conducior body.

38 The method of claim 34, further comprising forming a coating on an oufer poriion

of the conductor body and configured to generate a threshold electrical 1solation.

39, The method of claim 38, wherein the coating comprises a ceramic material.

4Q. The method of claim 34, wherein a first surface of the conductor body 15
configured to retam an electrostatic chuck and a second, opposing surface of the

conductor body is configuwred fo affix to an insulator body of the substrate support.

34
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