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INTEGRATED ELECTRODE AND GROUND PLANE FOR A SUBSTRATE
SUPPORT

BACKGROUND
Field

0001} Embodiments of the present disclosure generally relate to a subsirate
support for substrate processing, and more specifically to an integrated elecirode

and ground plane in a substrate support.

Description of the Related Art

0002} in the manufacture of integrated circuits and other electronic devices,
plasma processes are often used for deposition or etching of varicus malerial
layers. Plasma processing offers many advantages over thermal processing.
For example, plasma enhanced chemical vapor deposition (PECVD) allows
deposition processes {0 be performed at lower temperatures and at higher

deposition rates than achievable in analogous thermal processes.

(0003} Plasma processing, such as plasma enhanced chemical vapor
deposition (PECVD), is used to deposit materials, such as blanket dielectric films
on substrates. Radio frequency (RF) power may be used {0 activate process
gases in a process chamber. The RF power has a tendency to return i{o the
source. In some cases, RF power is lost in various areas of the chamber due to
formaiion of stray plasmas. Arcing can occur from the RF power in the process
chamber which can damage the chamber and componenis thereof. A ground
path is provided to direct the RF power in predetermined areas in a more
controlied manner away from pariicular areas of the process chamber to prevent
loss or damage thereto and attempt to reduce an occurrence of stray piasmas or
arcing in the process chamber. However, current ground path designs are
complicated and result in arcing, stray plasmas, or non-symmetrical ground paths
leading o variations in the plasma processing.  Further, current ground path
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designs enable RF current to travel on alternate paths resulting more repeatable

performance of the process chamber.

[0004] Thus, an improved substrate support design is needed.

SUMMARY

[00085] in one embodiment, a substrate support is provided which includes a
bedy. An electrode and a ground shield assembily are disposed in the body.

One or more heating elements are disposed within the ground shield assembly.

[0008] i ancther embodiment, a substrate support is provided which includes
a body having a first surface and a second surface opposite the first surface.
The first surface includes a plurality of mesas and a plurality of valleys. Each of
the plurality of valleys is disposed between at least two of the plurality of mesas.
An electrode is disposed in the body. Each of a plurality of portions of the
electrode is aligned with one of the plurality of mesas. A ground shield assembly
is disposed in the body and forms a lattice structure. One or more heating

elements is disposed in the body and surrounded by the ground shield assembly.

[0007} in yet ancther embodiment, a process chamber is provided which
includes a chamber body and a lid defining a process volume therein. A
showerhead is disposed in the process volume and coupled to the lid. A stem
extends from a botiom of the chamber body opposite the lid. A subsirate support
is disposed in the process volume on the stem. The substrate support includes a
body, an electrode disposed in the body, and a ground shield assembly disposed
in the body. One or more heating elemenis are disposed within the ground

shield assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[6008] So that the manner in which the above recited features of the present
disclosure can be understood in detall, a more particular description of the
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disclosure, briefly summarized above, may be had by reference {o embodiments,
some of which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only exemplary embodiments and
are therefore not to be considered limiting of its scope, as the disclosure may

admit to other egually effective embodiments.

0003} Figure 1A illustrates a schematic sectional view of a process chamber

according {o some embodimenis.

(0010} Figure 1B illustrates a schematic sectional view of a process chamber

according {o some embodiments of the disclosure.

{0011} Figure 2 iliustrales a top schemalic view of a subsirate support

according to some embodiments.

{0012} Figure 3 is a method for forming a substrate support, according to
some embodiments.

10013} To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0014] Embodiments described herein relate {o apparatus for radio frequency
(RF) grounding in process chambers, and methods of forming the same. In one
embodiment, a heater is disposed in a substrate support. The healer is
surrcunded by a ground shield assembly. The substrate suppont also includes a
muilti-zone electrode disposed therein. The mulli-zone electrode includes one or
more portions of an electrode disposed in a plane. One or more portions of a

multi-zone ground plane are interposed with the one or more portions of the
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electrode. That is, the multi-zone ground plane and the multi-zone electrode are
coplanar with the one or more portions of the electrode alternating with one or
more portions of the multi-zone ground plane throughout a plane of the substrate

support.

(00185} Figure 1A iliustrates a schematic view of a process chamber 100
according to some embodiments of the disclosure. Figure 1B Hllusirales a
schematic view of a process chamber 180 according to some embodiments of
the disclosure. The process chamber 180 is similar to the process chamber 100

except for a polarity of an elecitrode 120, discussed below.

00186} The process chamber 100 includes a chamber body 102 and a lid 104
defining a process volume 114 therein. A bottom 156 of the chamber body 102
is opposite the lid 104, A port 106 is formed through the lid 104, A gas source
108 is in fiuid communication with the port 106, A showerhead 110 is coupled to
the lid 104. A plurality of openings 112 are formed through the showerhead 110
The gas source 108 is in fluid communication with the process volume 114 via

the port 106 and the openings 112.

[0017} A substrate support 116 is moveably disposed in the process volume
114 opposite the lid 104. The substrate support 116 includes a suppeort body 150
disposed on a stem 154, The support body 150 includes a support surface 152
disposed opposite the siem 154 and facing the showerhead 110, An opening
148 is formed through the chamber body 102 between the lid 104 and the bottom
156. During operation, a subsirate (not shown) is loaded onto the support
surface 152 through the opening 148  An actualor 142 is coupled to the
substrate support 116 {0 move the substrate support 116 toward and away from
the showerhead 110 for loading and processing the substirate thereon.

0018} The support surface 152 includes one or more mesas 118. Each of

the one or more mesas 118 is formed belween two or more valleys 119, Each of
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the one or more valleys 119 may be formed by removing material from the

support surface 152 between each of the one or more mesas 118.

[0019} The elecirode 120 and a ground plate 122 are disposed within the
support body 150, One or more portions of the electrode 120 are disposed in a
plane that is substantially perpendicular to the support surface 152. One or more
portions (e.g., ground plane portions) 123 of the ground plate 122 are also
disposed in the plane. That ig, the one or more portions of the elecirode 120 and
the one or more portions 123 of the ground plate 122 are interposed and
alternate across the plane. In one embodiment, which can be combined with one
or more embodiments discussed above, the electrode 120 and the ground plate
122 are alternating and coplanar.  In ancther embodiment, which can be
combined with one or more embodiments discussed above, the electrode 120
and the ground plate 122 are interdigitated and coplanar. In one embodiment,
the electrode 120 is surrounded by ground portions 123 (e.g., in a coaxial
structure).  In one or more other embodiments, the electrode 120 couples with
RF power and high voltage DC power while it is surrounded by ground portions

123 {e.g., in a coaxial structure).

[6020] As fllusirated in Figure 1A, the electrode 120 is monopolar. In other
embodiments, which can be combined with one or more embodiments discussed
above, the electrode 120 is bipolar as illustrated in Figure 18, Each of the one or
more portions of the electrode 120 is verlically aligned with one of the one or
more mesas 118, That is, each of the one or more portions of the electrode 120
is disposed between one of the one or more mesas 118 and the boltom 156 of
the chamber body 102, Each of the one or more portions 123 of the ground plate

122 is aligned with one of the one or more valleys 119.

[0021} Each of the one or more portions of the electrode 120 is coupled o
one of a plurality of radio frequency (RF) jumper leads 132. Ekach RF jumper

lead 132 is coupled 1o one or more RF leads 126, The RF leads 126 are coupled
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o an RF power source 146. The RF power source 146 provides RF power to the

one or more portions of the electrode 120,

[00223 in one embodiment, the electrode 120 comprises a plurality of
electrodes {or electrode portions). Additionally, the ground plaie 122 comprises
a plurality of ground plates 122. Each of the electrocdes 120 are adapted to
receive RF power as well as chucking voltage from a DC power source from the
RF power source 146 and the power source 144, respeclively. The electrodes
120 are interdigitated with the RF jumper leads 132. Each of the RF jumper
leads 132 are coaxially aligned with the ground plate 122 (e.g., ground portions
123 (e.g., in a coaxial structure)). When RF power is applied to the substrate
support 116 (from the top or bottom of the substrate support 116), a symmelric
ground return path is provided by the ground plate 122, This provides good film
uniformity and/or minimizes arcing of stray plasma formation under the substrate

support 116.

[0023} The DC power applied to the one or more portions of the electrode 120
facilitate generation of an electrostatic force to hold a substrate on the support
surface 152. That is, the RF power may be provided o the one or more poriions
of the elecirode 120 afier the subsiraie is loaded onto the support surface 152

and during processing.

[0024] One or more heating elements 124 are disposed in the support body
150. The one or more heating elements 124 may be a resistive heater. The one
or more heating elements 124 may be a spiraled coil or extend radially outward
from a center of the support body 150, The one or more healing elements 124
are coupled to a power source 144 via one or more heater power leads 136. In
some embodiments, which ¢an be combined with one or more embodiments
described above, the power source 144 is a direct current (DC) power source. In
some embodiments, which ¢an be combined with one or more embodiments

described above, the one or more healing elements 124 multi-zone heating of
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the support body 150. As shown in Figures 1A and 18, the one or more heating
elements 124 are arranged in a plane substantially paraliel to and beneath the
plane of the ground plate 122, However, other configurations are also

contemplated.

[0028} The one or more heating elements 124 are surrounded by a grounding
shield gssembly 160. The grounding shield assembly 180 includes a first
member 162, a second member 164, and a third member 166. Each of the
members 162, 164, 166 may be, for example, an electrically conductive mesh,
wire, or sheet, among other electrically conductive materials, {o facilitate
construction of a faraday cage around the one or more heating elements 124.
The third member 166 is disposed opposite the first member 162. The third
member 168 may inciude one or more seclions which may be substantially
parailel or substantially perpendicular to the first member 162 and the second
member 164.

[0026} Each of the one or more portions 123 of the ground plate 122 is
coupied to a common ground 140 via one or more ground jumpers 138. The
common ground 140 is coplanar with at least a portion of the first member 162.
One or more of the ground jumpers 138 may be coupled directly o the first
member 162. The first member 162 and the third member 168 are directly

coupied to ground via one or more ground leads 134,

[0027} The first member 162 of the ground shield assembly 160 is coupled
directly to and exiends between the second member 164 and the ground lead
134, The second member 164 is coupled to and exiends between the first
member 162 and the third member 166. The third member 166 is coupled to and
extends between the second member 164 and the ground lead 134, The one or
more heating elements 124 are disposed between the first member 162 and the
third member 166 and between the second member 164 and the ground lead
134. The third member 166 is disposed within the body 150 of the substirate
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support 116, In some embodiments, which can be combined with one or more
embodiments described above, the third member 166 is disposed external to and

along a bottom surface 128 of the body 150 of the substrate support 116.

[0028] In some embodiments, which can be combined with one or more
embodiments described above, one or more of the first member 162, the second
member 164, the third member 166, and the ground lead 134 is a flexible
conductor, such as a cable or wire. In other embodiments, which can be
combined with one or more embodiments described above, one or more of the
first member 162, the second member 164, the third member 166, and the

ground lead 134 is a rigid conductor.

(0029} In operation, one or more gases are provided to the process volume
114 from the gas source 108. The gas flows through the port 106 in the lid 104
and through the openings 112 in the showerhead 110. DC power is supplied to
the one or more hesating elements 124 via the power source 144, The one or
more heating elemenis 124 heat the substrate support 116 and a substrate

disposed on the support surface 152 to a process temperature.

(0030} RF power is supplied o the electrode 120 via the RF power source
146. The RF power activates the gas in the process volume 114 and generates
a plasma therein. The plasma is used o deposit a material on the subsiraie. The
RF power has a tendency to retum the RF power source 146. However, RF
return current may travel to other components of the process chamber 100, such
as the one or more heating elements 124 and the power source 144 connecled

thereto, resulting in damage o one or more of those componenis.

00631} The ground shield assembly 160 creates a lattice like structure around
the one or more healing elements 124 and substantially reduces an occurrence
of RF return current traveling to the one or more heating elemenis 124, the

heater power leads 136, and the power source 144. That is, the ground shieid
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assembly 160 provides a low impedance path to ground such that any RF current
traveling through the support body 150 is induced in the ground shield assembly
160 and directed to ground.

0032} in some embodiments, the ground shield assembly 160 is coupled o
the chamber body 102 via one or more ground straps 168 (shown in Figure 18).
In that case, the chamber body 102 is coupled to ground. The ground straps 168
provide a low impedance ground path for any RF current traveling through the

ground shield assembly 160.

(0033} Figure 2 illustrates a top schematic view of a ground plate 122
according to some embodiments of the disclosure. The ground plate 122
includes a plurality of holes 202 formed therethrough. That is, each of the

plurality of holes 202 is surrounded by a portion 204 of the ground plate 122.

[0034] in operation, portions of an electrode, such as the elecirode 120
discussed with respect to Figures 1A and 1B, are positioned in the holes 202
such that the electrode 120 is coplanar with the ground plate 122, The portions
of the electrode 120 and the ground plate 122 are separated by a space (not
shown) such that the portions of the electrode 120 do not contact the ground
plate 122. Each of the holes 202 is aligned with a mesa of the substrate support,
such as the mesas 118 and subsiraie support 116 discussed with respect o
Figures 1A and 1B.

[0035] In some embodiments, the portions of the electrode 120 are positioned
above the ground plate 122. In this way, an occurrence of the electric field
produced by the elecirode 120 being shunted by the ground plate 122 (and the
grounding shield assembly 160) is substantially reduced. The electric field would

be shunted if the electrode 120 is positioned below the ground plate 122,

[00386] Figure 3 is a method 300 for forming a subsiraie support, according {o

some embodiments. The method 300 begins at operation 302 where a first



WO 2021/071659 PCT/US2020/051835

ground plane is printed, for example, via additive manufacturing or screen
printing, on a top surface of a first ceramic sheet. The ground plane may be
fabricated from a conductive material. At operation 304, a first set of vias is

formed in the first ceramic shest.

[0037} At operation 306, a heater electrode is printed on a top surface of a
second ceramic sheet The heater elecirode may be fabricated from a
conductive material. Al operation 308, a second set of vias is formed in the
second ceramic sheet. The second vias are vertically aligned with the first vias.
Al operation 310, a second ground plane is printed on a top surface of g third
ceramic sheel. At operation 312, a third set of vias is formed in the third ceramic
sheet. The third vias are veriically aligned with the first vias.

0038} Al operation 314, a third ground plane and an RF electrode are printed
on a top surface of a fourth ceramic sheet. The third ground plane and the RF
electrode are af least partially coplanar. At operation 316, a fourth set of vias is
formed in the fourth ceramic sheet. The fourth vias are vertically aligned with the
first vias. At operation 318, a fifth ceramic sheet is positioned on the fop surface
of the first sheet to form a body of a subsirate support. Each of the ceramic
sheets may be fabricaied from a ceramic containing material, such as aluminum

nitride.

[00639] While the foregoing is directed fo embodimenis of the present
disclosure, other and further embodiments of the disclosure may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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What is claimed is:

1. A substrate support, comprising:
a ceramic body;
an electrode disposed in the ceramic body;
a ground plate disposed in the ceramic body, wherein portions of the
ground plate are interdigitated with portions of the electrode; and
one or more heating elements disposed within the ceramic body.

2. The substrate support of claim 1, wherein
the portions of the ground plate are coplanar with the electrode.

3. The substrate support of claim 1, further comprising a ground shield
assembly disposed in the ceramic body, the ground shield assembly comprises:
one or more ground leads;
a first conductive member opposite the one or more ground leads;
a second conductive member extending between the one or more
ground leads and the first conductive member; and
a third conductive member opposite the second conductive member and
extending between the one or more ground leads and the first
conductive member.

4. The substrate support of claim 3, wherein the first conductive member is
radially outward of the one or more ground leads and the first conductive
member extends from the second conductive member to the third conductive
member.

5. The substrate support of claim 1, wherein the ground plate comprises a
plurality of holes defining the portions of the ground plate, and the portions of
the electrode are positioned within the plurality of holes.

6. The substrate support of claim 1, wherein the portions of the ground
plate surround the portions of the electrode to form one or more coaxial
structures.

7. A substrate support, comprising:
a body having a first surface and a second surface opposite the first
surface, the first surface comprising a plurality of mesas and a
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plurality of valleys, each of the plurality of valleys disposed
between at least two of the plurality of mesas;

an electrode disposed in the body, a plurality of portions of the electrode
aligned with the plurality of mesas;

a ground plate disposed in the body, wherein a plurality of portions of the
ground plate are aligned with the plurality of valleys; and

one or more heating elements disposed in the body.

8. The substrate support of claim 7, further comprising a ground shield
assembly disposed in the body, the ground shield assembly comprises:

one or more ground leads;

a plurality of first members opposite and radially outward of the one or
more ground leads;

a plurality of second members, each of the plurality of second members
extending from the one or more ground leads to the plurality of
first members; and

a plurality of third members opposite the plurality of second members,
each of the plurality of third members extending from the one or
more ground leads to the plurality of first members.

9. The substrate support of claim 8, wherein an impedance of the ground
shield assembly is less than an impedance of one or more power leads coupled
to the electrode.

10.  The substrate support of claim 7, wherein the electrode is monopolar.

11.  The substrate support of claim 7, wherein the electrode is bipolar.

12.  The substrate support of claim 7,
wherein the portions of the ground plate and the portions of the electrode
are coplanar.

13.  The substrate support of claim 7, wherein the ground plate comprises a
plurality of holes defining the portions of the ground plate, the portions of the
electrode positioned within the plurality of holes.

14.  The substrate support of claim 7, wherein the portions of the ground
plate surround the portions of the electrode to form one or more coaxial
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structures.

15. A process chamber, comprising:
a chamber body and a lid defining a process volume therein;
a showerhead disposed in the process volume and coupled to the lid;
a stem extending from a bottom of the chamber body opposite the lid;
and
a substrate support disposed in the process volume on the stem, the
substrate support comprising:

a body;

an electrode disposed in the body;

a ground plate disposed in the body, wherein portions of the
ground plate are interdigitated with portions of the
electrode; and

one or more heating elements disposed within the body.

16.  The process chamber of claim 15,
wherein the portions of the ground plate are coplanar with the portions
of the electrode.

17.  The process chamber of claim 16, further comprising a ground shield
assembly disposed in the body, the ground shield assembly comprises:
one or more ground leads;
a plurality of first member opposite and radially outward of the one or
more ground leads;
a plurality of second member extending from the one or more ground
leads to the first member; and
a plurality of third member extending from the one or more ground leads
to the first member and opposite the second member.

18. The process chamber of claim 17, wherein the ground shield assembly
forms a lattice structure surrounding the one or more heating elements.

19.  The process chamber of claim 15, wherein the ground plate comprises
a plurality of holes defining the portions of the ground plate, the portions of the
electrode positioned within the plurality of holes.

20. The process chamber of claim 15, wherein the portions of the ground
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plate surround the portions of the electrode to form one or more coaxial
structures.
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