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(57) Abstract: An electrostatic chuck system for maintaining a desired temperature profile across the surface of the substrate is
disclosed. The electrostatic chuck system includes a pedestal support defining a substantially uniform temperature profile across
the surface of the pedestal support and an electrostatic chuck supported by the pedestal support. The electrostatic chuck has a
clamping electrode and a plurality of independently controlled heating electrodes. The independently controlled heating electrodes
include an inner heating electrode defining an inner heating zone and a peripheral heating electrode defining a peripheral heating
zone separated by a gap distance. The temperature profile across the surface of the substrate can be tuned by varying thermal char-
acteristics of the pedestal thermal zone, the inner heating zone, the peripheral heating zone, or by varying the size of the gap dis-
tance between the inner heating electrode and the peripheral heating electrode.
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ELECTROSTATIC CHUCK SYSTEM AND PROCESS FOR RADIALLY TUNING
THE TEMPERATURE PROFILE ACROSS THE SURFACE OF A SUBSTRATE

PRIORITY CLAIM
[0001]  This application claims the benefit of priority of U.S. Provisional Patent
Application No. 61/149,876 filed on February 4, 2009, which is incorporated by

reference herein for all purposes.

BACKGROUND
[0002]  Various different types of processing chambers are available for
processing different types of workpieces and substrates. The substrates can comprise,
for instance, glass plates, films, ribbons, solar panels, mirrors, liquid crystal displays,
semiconductor wafers, and the like. Many different types of processing chambers are
available, for instance, for processing semiconductor wafers during the manufacture
of integrated circuit chips. The processing chambers can be used to anncal the wafers,
carry out chemical vapor deposition, plasma enhanced chemical vapor deposition,
etching processes, and other deposition processes.
[0003]  The chamber typically includes a substrate holder, such as an electrostatic
chuck assembly, to hold a substrate during processing. A typical electrostatic chuck
includes one or more clamping electrodes covered by a dielectric layer. The clamping
electrodes are used to generate an electrostatic clamping force for holding the
substrate onto the top surface of the electrostatic chuck. Once a substrate is securely
held onto a chuck, a process gas is introduced into a chamber and a plasma is formed
to process the substrate. The substrate can be processed by a CVD, PVD, etch,
implant, oxidation, nitridation or other process.
[0004] In many processes, it is desirable to control the temperature of the
substrate during processing. Processes can be optimized, for instance, if the
temperature of the substrate 1s uniform and is increased and decreased at desired rates
and to desired maximums and minimums. In some embodiments, it can be desired to
divide the substrate into a plurality of heating zones with each heating zone being
maintained at different temperatures to compensate for different heating effects across

the surface of the substrate during processing of the substrate. For instance, a
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substrate can include an inner heating zone and a peripheral heating zone with the
peripheral heating zone being maintained at a higher temperature than the inner
heating zone to compensate for additional heat loss occurring at the periphery of the
substrate. In circumstances when adjacent heating zones are maintained at different
temperatures, it can be preferable to have an abrupt or steep temperature gradient
between adjacent heating zones to more adequately compensate for the varying
heating effects during processing.

[0005] Thus, a need exists for an electrostatic chuck assembly that allows for the
radial tuning or control of the temperature profile across the surface of the substrate

and that provides an abrupt temperature gradient between adjacent heating zones.

SUMMARY
[0006]  Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned
through practice of the invention.
[0007] One exemplary embodiment of the present disclosure provides an system
for maintaining a temperature profile across the surface of the substrate. The system
includes a pedestal support having a pedestal thermal control system adapted to
provide a pedestal thermal zone having thermal characteristics based on the output of
the pedestal thermal control system. The pedestal thermal zone defines a substantially
uniform temperature profile across the surface of the pedestal support. The
electrostatic chuck assembly further includes an electrostatic chuck supported by the
pedestal support. The electrostatic chuck has a clamping electrode and a plurality of
heating electrodes. The heating electrodes include an inner heating electrode and a
peripheral heating electrode separated by a gap distance. The inner heating electrode
defines an inner heating zone having thermal characteristics based on the output of the
inner heating electrode. The peripheral heating electrode defines a peripheral heating
zone having thermal characteristics based on the output of the peripheral heating
electrode. The electrostatic chuck assembly includes a control system for adjusting
the temperature profile across the surface of the substrate by varying at least one of
the output of the pedestal thermal control system, the inner heating electrode, or the

peripheral heating electrode,
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[0008]  In a variation of this particular embodiment, the control system can be
adapted to adjust the temperature gradient between the inner heating zone and the
peripheral heating zone by varying the output of at least one of the pedestal thermal
control system, inner heating electrode, or peripheral heating electrode.

[6009] In other variations of this exemplary embodiment, the clamping electrode
can be a monopolar electrode or a bipolar electrode. The electrostatic chuck assembly
can also be comprised primarily of a ceramic material having a low thermal
conductivity such as aluminum oxide. The top surface of the electrostatic chuck can
include a raised peripheral seal ring and a plurality of mesas having a height
approximately equal to the height of the raised peripheral seal ring,

[0010] In yet another variation of this exemplary embodiment, the pedestal
thermal control system can include a fiuid flow channel for circulating a thermal
exchange fluid. For instance, the thermal control system can include an inner fluid
flow channel and a peripheral fluid flow channel being controlled to provide a
substantially uniform temperature profile across the surface of the pedestal support.
Thermal characteristics of the pedestal thermal zone can be varied by adjusting the
output of the pedestal thermal control system, for instance, by regulating the
temperature or flow of the fluid through the fluid flow channels.

[0011] In still another variation of this exemplary embodiment, the electrostatic
chuck includes an additional heating electrode between the inner heating electrode
and peripheral heating electrode. The gap distance between the inner heating
electrode and the peripheral heating electrode can be adjusted by energizing the
additional heating electrode. 'The control system can be adapted to adjust the
temperature gradient between the inner heating zone and peripheral heating zone by
adjusting the size of the gap distance.

[0012] Another exemplary embodiment of the present disclosure provides a
system for maintaining a temperature profile across the surface of a substrate during
processing. The system includes a pedestal defining a substantially uniform
temperature profile across the surface of the pedestal and an electrostatic chuck
having a clamping electrode and a plurality of heating electrodes. The heating
electrodes include an inner heating electrode defining an inner heating zone and a

peripheral heating electrode defining a peripheral heating zone. The inner heating
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electrode and the peripheral heating electrode are separated by a gap distance
sufficient to create a temperature gradient between the peripheral heating zone and the
inner heating zone. The temperature gradient is at least 6°C/cm when the temperature
of the peripheral heating zone is maintained approximately 28.5 °C higher than the
temperature of the inner heating zone. For instance, the temperature gradient can be
at least 10 °C/cm. In variations of this exemplary embodiment, the gap distance can
be approximately 15 mm to 35 mm, such as approximately 18 mm to 30 mm, such as
approximately 20 mm, or any other gap distance or range of gap distances
therebetween.

[0013] A further exemplary embodiment of the present disclosure provides a
process for adjusting the temperature profile across the surface of a substrate. The
process includes placing a substrate on an electrostatic chuck assembly that includes
an electrostatic chuck supported by a pedestal. The electrostatic chuck includes a
clamping electrode and an inner heating electrode defining an inner heating zone and
a peripheral heating electrode defining a peripheral heaﬁng zone. The inner heating
electrode and the peripheral heating electrode are separated by a gap distance. The
process further includes clamping the substrate on the electrostatic chuck assembly by
energizing the clamping electrode and tuning the temperature gradient between the
inner heating zone and peripheral heating zone by varying the size of the gap distance
between the inner heating electrode and the peripheral heating electrode.

[0014]  Ina variation of this exemplary embodiment, the size of the gap distance
between the inner heating clectrode and the peripheral heating electrode can be varied
by energizing an additional heating electrode disposed between the inner heating
electrode and the outer heating electrode. In other variations of this exemplary
embodiment, the temperature gradient between the inner heating zone and the
peripheral heating zone can be adjusted by adjusting the power supplied to the inner
heating electrode or the peripheral heating electrode, or by regulating the flow and
temperature of heat transfer fluid through the pedestal.

[0015] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and

appended claims. The accompanying drawings, which are incorporated in and
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constitute a part of this specification, illustrate embodiments of the invention and,

together with the description, serve to explain the principles of the invention,

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended figures, in which:
[0017]  Figure 1 depicts a side view of an electrostatic chuck assembly according
to an exemplary embodiment of the present disclosure;
[0018] Figure 2 depicts a plan view of an exemplary pedestal support according to
an exemplary embodiment of the present disclosure;
[0019] Figure 3 depicts a side view of an electrostatic chuck assembly according
to an exemplary embodiment of the present disclosure;
[0020] Figure 4 depicts an electrostatic chuck clamping surface according to an
exemplary embodiment of the present disclosure;
[0021] Figure 5 depicts a layered electrostatic chuck according to an exemplary
embodiment of the present disclosure;
[0022] Figure 6 depicts a plan view of an exemplary pattern of clamping
electrodes according to an exemplary of the present disclosure;
[0023] Figure 7 depicts a plan view of an exemplary pattern of heating electrodes
according to an exemplary of the present disclosure;
[0024] Figure 8 depicts a graphical representation of a temperature profile across
the surface of a substrate according to an exemplary embodiment of the present
disclosure;
[0025] Figure 9 depicts a heating electrode configuration providing a movable
interface between the inner heating electrode and outer heating electrode according to
an exemplary embodiment of the present disclosure;
[0026] Figure 10 depicts a graphical representation of the temperature difference
of a substrate plotted as a function of distance from the center of the substrate for

various gap distances;
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[0027]  Figure 11 depicts another graphical representation of the temperature
difference of a substrate plotted as a function of distance from the center of the
substrate for varying gap distances; and

[0028] Figure 12 depicts a graphical representation of the temperature difference
of a substrate plotted as a function of distance from the center of the substrate for

varying amounts of power applied to the inner electrode.

DETAILED DESCRIPTION
[0029] Reference now will be made in detail to embodiments of the invention,
one or more examples of which are illustrated in the drawings. Each example is
provided by way of explanation of the invention, not limitation of the invention. In
fact, it will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the scope or
spirit of the invention. For instance, features illustrated or described as part of one
embodiment, can be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims and their equivalents.
[0030] Generally, the present disclosure is directed to an electrostatic chuck
system and process for supporting a substrate and for maintaining a desired
temperature profile across the surface of the substrate during processing. An example
temperature profile is graphically represented in Figure 8 as a function of distance
from the peripheral edge of the substrate. A temperature profile can also be
graphically depicted as a function of distance from the center of the substrate.
[0031] The electrostatic chuck assembly of this exemplary embodiment can
include a pedestal support having a pedestal thermal control system adapted to
provide a pedestal thermal zone, The pedestal thermal zone defines a substantially
uniform temperature profile across the surface of the pedestal support. The pedestal
thermal zone has thermal characteristics based on the output of the pedestal thermal
control system.
[0032] The electrostatic chuck assembly can further include an electrostatic chuck
supported by the pedestal support. The electrostatic chuck can have a clamping
electrode and a plurality of independently controlled heating electrodes. The
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independently controlled heating electrodes include an inner heating electrode and a
peripheral heating electrode. The inner heating electrode defines an inner heating
zone having thermal characteristics based on the output of the inner heating electrode.
The peripheral heating electrode defines a peripheral heating zone having thermal
characteristics based on the output of the peripheral heating electrode.

[0033] The inner heating electrode and the peripheral heating electrode can be
separated by a gap distance. As used herein, the term gap distance refers to a space or
gap between energized heating electrodes that has a distance. The gap distance
preferably comprises a dielectric material of low thermal conductivity such as
aluminum oxide. The gap distance can also comprise additional heating electrodes
that have not been energized such as in the embodiment of the electrostatic chuck
assembly having a moveable interface between heating electrodes. The size of the
gap distance refers to the distance of separation between the energized heating
electrodes.

[0034] In certain embodiments, the electrostatic chuck assembly includes a
control system adapted to radially tune or adjust the temperature profile across the
surface of the substrate by varying the output of the pedestal thermal control system,
the inner heating electrode, or the peripheral heating electrode. The control system
can also be adapted to radially tune or adjust the temperature profile across the surface
of the substrate by varying the size of the gap distance between the heating electrodes.
The control system can include a single controller or multiple controllers for varying
the output of the pedestal thermal control system, the inner heating electrode, or the
peripheral heating electrode.

[0035] The various heating zones of the electrostatic chuck can be maintained at
different temperatures. For instance, the temperature of the peripheral heating zone
can be maintained at a higher temperature than the temperature of the inner heating
zone. In these circumstances, a temperature gradient exists between the inner heating
zone and the peripheral heating zone. The temperature gradient refers to the amount
the temperature of a substrate differs over a unit of length of the substrate. For
instance, a temperature gradient of 6°C/em indicates that the temperature varies by
6°C over 1 ¢m length.
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[0036] The electrostatic chuck assembly according to embodiments of the present
disclosure allows a user to adjust the temperature gradient between two heating zones
by varying the thermal characteristics of at least one of the pedestal thermal zone,
inner heating zone and/or peripheral heating zone or by adjusting the size of the gap
distance between the inner heating zone and the peripheral heating zone. In this
manner, the electrostatic chuck assembly according to embodiments of the present
disclosure enhances the ability to obtain an desired temperature gradient on a
substrate during processing.

[0037] Referring now to Figure 1, an exemplary electrostatic chuck assembly 100
includes metal pedestal support 200 and electrostatic chuck 300. Pedestal support 200
has a top surface for supporting electrostatic chuck 300. The top surface or clamping
surface 310 of electrostatic chuck 300 supports substrate 400 during processing.
Substrate 400 can be a semiconductor wafer subjected to a plasma etch process,
thermal process, or other process.

[0038] The electrostatic chuck 300 can be attached to the pedestal support 200
using an elastomeric adhesive. This adhesive should be thin to minimize stress
generated from differential thermal expansion between the pedestal support 200 and
the electrostatic chuck 300. The adhesive should also ensure good thermal contact
between the electrostatic chuck 300 and the pedestal support 200. For instance, the
adhesive layer can have a thermal conductivity of approximately 1.1 W/mK and a
thickness of approximately .28 mm.

[0039] The pedestal support 200 can be made from a metal (e.g. aluminum) and
includes a thermal control system for maintaining a substantially uniform temperature
profile across the entire top surface of the pedestal support 200. The thermal control
system provides a pedestal thermal zone having thermal characteristics based on the
output of the thermal control system. For instance, the thermal characteristics of the
pedestal thermal zone can be varied by regulating the flow of a thermal exchange
fluid through the pedestal or by regulating the temperature of a thermal exchange
fluid flowing through the pedestal.

[0040] In Figures 1 and 2, the thermal control system includes two separate
channels 220, 240 for circulating a thermal exchange fluid through the pedestal. The

two separate channels 220, 240 are operated at the same temperature to provide a
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uniform pedestal thermal zone. A variety of temperature control devices can be used
to maintain the temperature of the channels 220, 240 at the same temperature. For
instance, the two channels 220, 240 can be connected to ecither a single or dual heat
exchange recirculation system that will control both channels to the same temperature.
[0041] The use of two channels 220, 240 is preferred because, in certain
embodiments, a single channel cannot extract enough heat. For instance, a single
channel can be too long, causing the thermal properties of the liquid traveling through
the single channel to change substantially before the liquid exits the channel. In
addition, two channels maintained at a flow of, for example 3 GPM, are easier to
implement than one channel maintained at a flow of, for instance 6 GPM (i.e. smaller
lines & connections). The pedestal support 200 has two inputs 222, 242 and two
outputs 224, 244 for circulating two streams of a thermal control liquid through the
two separate channels 220, 240 contained inside the pedestal body. The thermal
control liquid can be a water glycol mixture or other suitable thermal exchange liquid.
[0042]  Asshown in Figure 3, electrostatic chuck 300 includes clamping
electrodes 320 and a plurality of independently controlled heating electrodes 330.
The clamping electrodes 320 are used to generate an electrostatic clamping force for
clamping a substrate 400 to the clamping surface 310 of the electrostatic chuck 300,
The heating electrodes 330 are used to define a plurality of heating zones. Thermal
characteristics of the heating zones are adjusted by controlling the output if the
independently controlled heating electrodes 330.

[0043] The electrostatic chuck 300 can be formed from a variety of materials,
including a ceramic material. Preferably, the electrostatic chuck material has a low
thermal conductivity to maintain steep temperature gradients between adjacent
thermal zones. For instance, the electrostatic chuck can be formed from a ceramic
material having a composition of approximately 94% Al>O; and 6% SiOs.

[0044] The electrostatic chuck 300 can be formed from multiple layers of green or
partially fired ceramic with three or four layers of thin-film metal electrodes disposed
between layers of ceramic. For instance, Figure 5 depicts a multilayered ceramic
electrostatic chuck 300. The electrostatic chuck 300 includes clamping electrode 320

disposed between two ceramic layers and heating electrodes 330 disposed between
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two different ceramic layers. All layers of ceramic and electrodes will undergo a final
firing to form a finished electrostatic chuck 300.

[0045] As shown in Figure 4, final fabrication of the electrostatic chuck 300 can
involve forming a raised clamping surface 310 that comprises a raised peripheral ring
312 that will form an approximate seal with the bottom surface of a substrate 400
clamped to the clamping surface 310 of the electrostatic chuck 300. The raised
peripheral ring 312 can have a height 313 of, for instance, 5 jm. The remaining
clamping surface 310 of the electrostatic chuck can contain a multitude of mesas 315
having a height equal to that of the peripheral ring 312. The grooves 318 allow for
the flow of a heat transfer gas, for instance helium or other heat transfer gas, between
the clamping surface 310 of the electrostatic chuck 300 and a substrate 400 mounted
to the electrostatic chuck 300,

[0046] The electrostatic chuck 300 can be a Johnsen-Rahbek electrostatic chuck
or a Coulombic type electrostatic chuck 300. A Johnsen-Rahbek electrostatic chuck
creates an electrostatic clamping force between the clamping surface 310 of the
electrostatic chuck 300 and a substrate 400, A Coulombic type electrostatic chuck
creates an electrostatic clamping force between the clamping electrodes 320 and a
substrate 400.

[0047] The clamping electrodes 320 can be fabricated of metal such as tungsten or
other metal having a suitable coefficient of thermal expansion and electrical resistance
properties and can be formed on the surface of a single layer of ceramic or on adjacent
ceramic layers. The clamping electrodes 320 can be formed using a deposition
process such as screen printing, PVD, CVD, ALD, or plasma or arc spray. As shown
in Figure 5, the electrostatic chuck 300 includes a single post connection 325 for
connecting the clamping electrodes to a power source. An exemplary pattern of
clamping electrodes 320 is depicted in Figure 6.

[0048] The electrostatic chuck 300 can be operated in either a bipolar or a
monopolar configuration. For instance, in the case of a monopolar configuration, a
single disc-shaped clamping electrode 320 is located between two ceramic layers, In
the case of a bipolar configuration, two or more clamping electrodes 320 are located
between two ceramic layers. If the two clamping electrodes are connected to voltage

sources having opposite polarities, the electrostatic chuck 300 can be operated as a

10
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bipolar electrostatic chuck. If the two electrodes are connected to a common voltage
source, the electrostatic chuck 300 operates can be operated as a monopolar device.
[0049]  The electrostatic chuck 300 shown in Figure 3 includes a plurality of
independently controlled thin-film resistive heating electrodes 330 embedded within
electrostatic chuck 300. The heating electrodes 330 can be fabricated of metal such as
tungsten or other suitable metal and formed using a conventional deposition process
such as screen printing, PVD, CVD, ALD, or plasma or arc spraying. Each heating
electrode 330 defines a heating zone having thermal characteristics based on the
output of the heating electrodes 330. For instance, the plurality of independently
controlled heating electrodes 330 includes an inner heating electrode 334 defining an
inner heating zone and a peripheral heating electrode 332 defining a peripheral
heating zone. The inner heating electrode 334 defines a disc shaped heating zone
located in the center of the electrostatic chuck 300. The peripheral heating electrode
332 defines a ring shaped heating zone surrounding the inner heating zone. The inner
heating zone and the peripheral heating zone are separated by a gap distance 335.
Figure 7 depicts an exemplary pattern of heating electrodes 330 according to one
embodiment of the present disclosure,

[0050] The thermal characteristics of the inner heating zone and the peripheral
heating zone can be adjusted by varying the output of the inner heating electrode and
peripheral heating electrode respectively. For instance, the thermal characteristics of
the inner heating zone can be varied by adjusting the amount of power supplied to the
inner heating electrode 334. Similarly, the thermal characteristics of the peripheral
heating zone can be varied by adjusting the amount of power supplied to the
peripheral heating electrode 332. The capability of adjusting the thermal
characteristics of the inner and peripheral heating zones allows radial tuning of the
temperature profile across the surface of the substrate. As shown in Figure 5, a
heating electrode 330 can be connected to a power source through vias 337, heating
bus 336 and single post connection 338.

[0051] The temperature profile of the substrate can be measured using a variety of
temperature measuring techniques, For instance, the temperature profile of the
substrate can approximated by measuring the temperature profile of the electrostatic

chuck at a location close to the top surface of the electrostatic chuck., Throughout the
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present disclosure, reference to the temperature of a heating zone refers to the
temperature of the electrostatic chuck at a location in the heating zone close to the top
surface of the electrostatic chuck.

[0052] In one exemplary embodiment, a fiber-optic temperature sensor can be
used to monitor temperature. In this embodiment, a small disc containing a phosphor
emits light having a predictable decay rate proportional to temperature. The phosphor
coated disc is located near the clamping surface 310 of the electrostatic chuck 300 so
that the measurement serves as a good predictor of the temperature of the substrate
400 clamped to the clamping surface 310 of the electrostatic chuck 300. A fiber-optic
is located at a fixed distance from the phosphor coated disc to reliably capture light
emitted by the phosphor.

[0053] Figure 8 depicts a graphical representation of an exemplary desired
temperature profile across the surface of a substrate, As illustrated, the peripheral
edge of the substrate corresponding to the peripheral heating zone has been tuned to
achieve a higher temperature (T7) than the temperature (T} of the central portion of
the substrate corresponding to the inner heating zone. An abrupt temperature gradient
exists between the inner heating zone and the peripheral heating zone.

[0054] The electrostatic chuck assembly of the present disclosure can be used to
tune the temperature gradient between the inner heating zone and the peripheral
heating zone so that temperature gradient is steeper than gradients achieved by
substrate holders known in the prior art. For instance, the temperature gradient
between the inner heating zone and peripheral heating zone can be tuned by varying
the output of the pedestal thermal control system, the inner heating electrode, or the
peripheral heating electrode. The applicants have also discovered that the temperature
gradient can be tuned by varying the size of the gap distance between the inner
heating electrode and the peripheral heating electrode.

[0055] A movable interface for varying the size of the gap distance between the
inner heating electrode and peripheral heating electrode is disclosed in Figure 9. The
movable interface includes additional heating electrodes 336 disposed between the
inner heating electrode 334 and the peripheral heating electrode 332. When none of
the additional heating electrodes 336 are energized, the size of the gap distance 335

equals the distance between the inner heating electrode 334 and peripheral heating

12
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electrode 332. However, if an additional heating electrode 336 is energized, the gap
distance adjusts from gap distance 335 to gap distance 335°. The size of gap distance
335’ is the distance between the additional heating electrode and the peripheral or
inner heating electrode and is smaller than the size of original gap distance 335.
Using this movable interface, the temperature gradient between the inner heating zone
and the peripheral heating zone can be tuned by adjusting the size of the gap distance
between the inner heating electrode and the peripheral heating electrode. In this
manner, an abrupt or steep temperature gradient between the inner heating zone and
peripheral heating zone can be maintained.

[0056] For example, Figures 10 and 11 provide simulation results demonstrating
the effect of changing the size of the gap distance between the inner heating zone and
the peripheral heating zone on the temperature gradient between the inner heating
zone and the peripheral heating zone. In performing the simulations, the peripheral
heating zone was maintained at a temperature approximately 28.5 °C higher than the
temperature of the inner heating zone. Figures 10 and 11 provide graphical
representations of the temperature differences plotted as a function of distance from
the center of the electrostatic chuck for electrostatic chuck assemblies having varying
gap distances between the inner heating electrode and the peripheral heating
electrode. As illustrated, the abruptness or steepness of the temperature gradient is
dependent on the size of the gap distance between the inner heating electrode and
peripheral heating electrode. More particularly, the temperature gradient varied from
approximately 6°C/em at a 2 mm gap to approximately 10°C/cm at a 35 mm gap.
[0057] In these examples, the temperature gradient was measured by calculating
the slope of the temperature difference curve plotted as a function of distance from the
center of the substrate. The slope is equal to the change in temperature difference
divided by the change in distance for the middle 50% of the temperature difference
curve according to the following formula:

-1

d,—d,

Slope =

where 75 = . 75T pax; 11 = 25T ax; d2 == the distance from center at 75; d| = the distance
from center at 73 and Ty 18 equal to the maximum temperature difference. The

results depicted in Figures 10 and 11 indicate that the temperature gradient between
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the inner heating zone and peripheral heating zone is tunable based at least in part on
the size of the gap distance between inner heating electrode and peripheral heating
electrode.

[0058] The temperature gradient can also be tuned by varying the power supplied
to the inner or peripheral heating electrodes. Figure 12 provides a graphical
representation of the temperature difference at the substrate surface as a function of
distance from the center of the substrate for electrostatic chuck assemblies having a
gap distance of 20 mm at varying amounts of energy applied to the inner heating
electrode. Figure 12 illustrates that by holding the gap fixed between adjacent
electrodes and only changing the energy supplied to the inner electrode, the
temperature gradient increases from approximately 8°C/cm at 1 W/em® to
approximately 13.5°C/cm at 3 W/em?.

[0059] While the present subject matter has been described in detail with respect
to specific exemplary embodiments and methods thereof, it will be appreciated that
those skilled in the art, upon attaining an understanding of the foregoing can readily
produce alterations to, variations of, and equivalents to such embodiments.
Accordingly, the scope of the present disclosure is by way of example rather than by
way of limitation, and the subject disclosure does not preclude inclusion of such
meodifications, variations and/or additions to the present subject matter as would be

readily apparent to one of ordinary skill in the art.

14



10

15

WO 2010/090948 PCT/US2010/022465

WHAT IS CLAIMED IS:

1. A system for adjusting a temperature profile across the surface of a
substrate, comprising:

a pedestal support comprising a pedestal thermal control system
adapted to provide a pedestal thermal zone, the pedestal thermal zone defining a
substantially uniform temperature profile across the surface of the pedestal support,
the pedestal thermal zone having thermal characteristics based on the output of the
pedestal thermal control system;

an electrostatic chuck supported by the pedestal support, the
electrostatic chuck comprising a clamping electrode and a plurality of heating
electrodes, the heating electrodes comprising an inner heating electrode and a
peripheral heating electrode separated by a gap distance, the inner heating electrode
defining an inner heating zone having thermal characteristics based on the output of
the inner heating electrode, the peripheral heating electrode defining a peripheral
heating zone having thermal characteristics based on the output of the peripheral
heating electrode; and

a control system adapted to adjust the temperature profile across the
surface of the substrate by varying at least one of the output of the pedestal thermal
control system, inner heating electrode, or peripheral heating electrode.

2. The system of any of the preceding claims, wherein the control system is
adapted to adjust the temperature gradient between the inner heating zone and the
peripheral heating zone by varying at least one of the output of the pedestal thermal
control system, inner heating electrode, or peripheral heating electrode,

3. The system of any of the preceding claims, wherein the electrostatic
chuck comprises aluminum oxide.

4. The system of any of the preceding claims, wherein the pedestal thermal
control system comprises a fluid flow channel for circulating a thermal exchange
fluid.

5. The system of any of the preceding claims, wherein the pedestal thermal
control system comprises an inner fluid flow channel and a peripheral fluid flow

channel, the inner fluid flow channel and peripheral fluid flow channel being
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controlled to provide a substantially uniform temperature profile across the surface of
the pedestal support.

6. The system of any of the preceding claims, wherein the top surface of the
electrostatic chuck comprises a raised peripheral seal ring and a plurality of mesas
having a height approximately equal to the height of the raised peripheral seal ring.

7. The system of any of the preceding claims, wherein the electrostatic
chuck comprises at least one additional heating electrode between the inner heating
electrode and the peripheral heating electrode, the controller being adapted to adjust
the size of the gap distance between the inner heating electrode and the peripheral
heating electrode by energizing the at least one additional heating electrode.

8. The system of any of the preceding claims, wherein the controller is
adapted to adjust the temperature gradient between the inner heating zone and the
peripheral heating zone by varying the size of the gap distance between the inner
heating electrode and the peripheral heating electrode.

9. The system of any of the preceding claims, wherein the gap distance has a
size sufficient to create a temperature gradient between the peripheral heating zone
and the inner heating zone, the temperature gradient having a value of at least
approximately 6 °C/cm when the temperature of the peripheral heating zone is
maintained approximately 28.5 °C higher than the temperature of the inner heating
zone.

10. A system for maintaining a temperature profile across the surface of a
substrate during processing, the system comprising:

a pedestal defining a substantially uniform temperature profile across
the surface of the pedestal,

an electrostatic chuck comprising a clamping electrode and a plurality
of heating electrodes, the heating electrodes comprising an inner heating electrode
defining an inner heating zone and a peripheral heating electrode defining a peripheral
heating zone;

wherein the inner heating electrode and the peripheral heating
electrode are separated by a gap distance having a size sufficient to create a
temperature gradient between the peripheral heating zone and the inner heating zone,

the temperature gradient being at least 6 °C/cm when the temperature of the peripheral
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heating zone is maintained approximately 28.5 °C higher than the temperature of the
inner heating zone.

11. The system of claim 10, wherein the size of the gap distance is from
approximately 15 mm to approximately 35 mm.

12. A process for radially tuning the temperature profile across the surface of
a substrate using the system of any of the preceding claims, the process comprising;

placing a substrate on an electrostatic chuck assembly comprising an
electrostatic chuck supported by a pedestal, the electrostatic chuck comprising a
clamping electrode and an inner heating electrode defining an inner heating zone and
a peripheral heating electrode defining a peripheral heating zone, the inner heating
electrode and the peripheral heating electrode being separated by a gap distance;

clamping the substrate on the electrostatic chuck assembly by
energizing the clamping electrode;

adjusting the temperature gradient between the inner heating zone and
the peripheral heating zone by adjusting the size of the gap distance between the inner
heating electrode and the peripheral heating electrode.

13. The process of claim 12, wherein the size of the gap distance is adjusted
by energizing an additional heating electrode located between the inner heating
electrode and the peripheral heating electrode.

14. The process of claim 12 or 13, wherein the process further comprises
adjusting the temperature gradient between the inner heating zone and the peripheral
heating zone by varying the power supplied to the inner heating electrode or the
peripheral heating electrode.

15. The process of claim 12, 13, or 14, wherein the process further comprises
adjusting the temperature gradient between the inner heating zone and the peripheral

heating zone by regulating the heat transfer fluid flowing through the pedestal.
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