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Chuck for Processing Semiconductor Workpieces at High

Temperatures

This application claims priority of U.S. Patent Application Serial
No. 17/510,991 filed October 26, 2021, the disclosure of which is

incorporated herein by reference in its entirety.

FIELD

Embodiments of the present disclosure relate to systems for
clamping and heating semiconductor workpieces, especially at

temperatures greater than 600°C.

BACKGROUND

The fabrication of a semiconductor device involves a
plurality of discrete and complex processes. For many of these
processes, the semiconductor workpiece 1is clamped or otherwise
affixed to a chuck. For example, electrostatic chucks are commonly
used to hold workpieces and operate by inducing an electrical field
within the workpiece that clamps the workpiece to the surface of

the chuck.

Most semiconductor workpieces are made from silicon.
Recently, there is interest in semiconductor workpieces made of
other materials, such as silicon carbide, gallium arsenide,
gallium nitrite and silicon on glass. In some embodiments, these
other materials are best implanted at elevated temperatures, such

as greater than 600°C.

Conventional <chucks face challenges at these elevated

temperatures. These challenges include a reduction in clamping
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force due to increased leakage at high temperatures and compromised
structural integrity.

Therefore, it would be advantageous 1f there were a chuck
that is capable of holding and heating a semiconductor workpiece
to temperatures in excess of 600°C. Further, it would be beneficial
if this chuck were not subject to the issues currently facing

existing electrostatic chucks.

SUMMARY

A chuck for heating and clamping a workpiece, such as a
semiconductor workpiece, is disclosed. The chuck is configured to
allow the workpiece to be heated to temperatures 1in excess of
600°C. Further, while the workpiece is heating, the components
that make up the chuck may be maintained at a much lower
temperature, such as room temperature. The chuck includes a
housing, formed as a hollow cylinder with sidewalls and an open
end. Electrodes are disposed at the top surface of the sidewalls
to clamp the workpiece. A heat source is disposed in the cavity
and emits radiated heat toward the workpiece. A clamp ring may be
used to secure the workpiece. In some embodiments, a thermal sensor

is used to monitor the temperature of the workpiece.

According to one embodiment, a chuck for clamping and heating
a workpiece is disclosed. The chuck comprises a housing, formed as
a hollow cylinder having sidewalls and an open end, wherein a
region 1inside the sidewalls defines a cavity; a heat source
disposed in the cavity; and one or more electrodes disposed on a
top surface of the sidewalls. In some embodiments, the chuck
comprises a clamp ring disposed on the top surface of the
sidewalls. In certain embodiments, an inner diameter of the clamp

ring is greater than an outer diameter of the workpiece, such that
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the clamp ring does not cover any portion of the workpiece. In
some embodiments, the clamp ring comprises a plurality of tabs
that extend inward from the inner diameter, such that the plurality
of tabs are disposed above a portion of the workpiece and wherein
an electrostatic force generated by the one or more electrodes
attracts the plurality of tabs toward the top surface. In some
embodiments, the chuck comprises downward protrusions disposed on
a bottom surface of the plurality of tabs to reduce a contact area
between the plurality of tabs and the workpiece. In certain
embodiments, an inner diameter of the clamp ring is less than an
outer diameter of the workpiece, such that the clamp ring covers
a portion of the workpiece such that an electrostatic force
generated by the one or more electrodes attracts the clamp ring
toward the top surface. In some embodiments, the chuck comprises
radiation shields disposed between the housing and the heat source.
In some embodiments, the chuck comprises protrusions disposed on
the top surface of the sidewalls to reduce a contact area between
the housing and the workpiece. In some embodiments, the chuck
comprises a thermal sensor and a controller, wherein the controller
modifies an output of the heat source based on information from
the thermal sensor. In certain embodiments, the thermal sensor
comprises a pyrometer. In some embodiments, the one or more
electrodes comprise two electrodes that are each provided with a
respective bipolar DC signal and the bipolar DC signals are of
opposite phase. In some embodiments, the heat source heats the
workpiece using radiative heating. In certain embodiments, 1ift
pins and/or ground pins are disposed on the top surface of the

sidewalls.

According to another embodiment, a chuck for clamping and
heating a workpiece is disclosed. The chuck comprises a housing,

forming as a hollow cylinder having sidewalls and an open end,
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wherein a region inside the sidewalls defines a cavity; a heat
source disposed in the cavity; and a mechanical clamp to hold the
workpiece against a top surface of the sidewalls. In some
embodiments, the chuck comprises radiation shields disposed
between the housing and the heat source. In some embodiments, the
chuck comprises protrusions disposed on the top surface of the
sidewalls to reduce a contact area between the top surface of the
sidewalls and the workpiece. In certain embodiments, the chuck
comprises a thermal sensor and a controller, wherein the controller
modifies an output of the heat source based on information from
the thermal sensor. In certain embodiments, the thermal sensor
comprises a pyrometer. In certain embodiments, 1lift pins and/or

ground pins are disposed on the top surface of the sidewalls.

According to another embodiment, an ion implantation system is
disclosed. The ion implantation system comprises an ion source;
and an electrostatic chuck, the electrostatic chuck comprising: a
housing, formed as a hollow cylinder having sidewalls and an open
end, wherein a region inside the sidewalls defines a cavity; a
heat source disposed in the cavity; and one or more electrodes

disposed on a top surface of the sidewalls.

BRIEF DESCRIPTION OF THE FIGURES

For a Dbetter understanding of the present disclosure,
reference 1s made to the accompanying drawings, which are
incorporated herein by reference and in which:

FIG. 1 shows a block diagram of the chuck according to one
embodiment;

FIG. 2 shows the top surface of the housing on which the

workpiece is disposed;
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FIG. 3 shows the interface between the chuck, the clamp ring
and the semiconductor workpiece;

FIGs. 4A-4B show the clamp ring according to two embodiments;

FIG. 5A-5B shows the electrodes according to one embodiment;

FIG. 6 shows a mechanical clamp; and

FIG. 7 1is a block of an ion implantation system that uses the

chuck of FIG. 1 or FIG. 6.

DETAILED DESCRIPTION

As noted above, traditional electrostatic chucks may face
challenges operating at elevated temperatures, such as above

600°C.

FIG. 1 shows a chuck 100 that may be used to clamp a workpiece
1, such as a semiconductor workpiece and heat that semiconductor
workpiece to temperatures 1in excess of 600°C. In certain
embodiments, the chuck 100 is configured to heat the semiconductor

workpiece to a temperature greater than 700°C.

The chuck 100 comprises a housing 10, which may be formed as
a hollow cylinder. The housing 10 may be formed using any suitable
material. In certain embodiments, the housing 10 may be made of a

dielectric material, such as alumina or aluminum nitride.

The hollow cylinder has sidewalls 12 and an open end. The
open end may be referred to as the first end, the workpiece-facing
end or the top end. The second, or bottom end 11 of the housing
10, which is opposite the first end, may be closed or partially
closed. In some embodiments, such as that shown in FIG. 1, the
housing 10 may be cup shaped, such that sidewalls 12 extend upward
from the bottom end 11 and having a height of between 0.5 and 10

5



10

15

20

25

30

WO 2023/075968 PCT/US2022/044859

inches. The top surface 13 of the sidewalls 12 may provide support
on which to rest the workpiece 1. The inner diameter of the top
surface 13 may be slightly smaller than the outer diameter of the
workpiece 1, while the outer diameter may be larger than the outer
diameter of the workpiece 1. For example, the sidewalls 12 may
have a thickness of between 5 and 50 mm. In this way, the workpiece
1 is able to rest on the top surface 13 of the sidewalls 12. In
some embodiments, the workpiece 1 does not overhang the sidewalls
12. In certain embodiments, the outermost 1 to 10 mm of the
workpiece 1 are disposed on or above the sidewalls 12. However,
note that the remainder of the workpiece is not supported by the

housing 10, since the remainder of the top surface is hollow.

In certain embodiments, as shown in FIG. 2, a plurality of
protrusions 15 may be disposed on the top surface 13. These
protrusions 15 may be round, square or any other suitable shape.
The protrusions 15 may extend upward from the top surface 13 and
have a height of between 5 and 20 um, and diameter of between 0.5
and 2mm. In certain embodiments, there are N protrusions, each
separated by 360°/N, disposed along the top surface 13 arranged in
a ring. In certain embodiments, N may be between 3 and 60. In
other embodiments, the protrusions 15 may be configured as a
plurality of concentric rings. The use of protrusions 15 reduces
the contact area between the top surface 13 and the workpiece 1.
In this way, there may be less thermal conduction between the
workpiece 1 and the housing 10. These protrusions 15 may be made
from the same material as the housing 10 and may be integral with
the housing 10. In other embodiments, the protrusions 15 may be
made of SiC, quartz, or other materials. The protrusions 15 may be
formed using chemical or plasma etch, or deposition methods such

as PVD or CVD. The protrusions 15 may also be coated with low
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frictional coatings to reduce particle generation on the workpiece

1.

FIG. 2 also shows that one or more lifts pins 16 and/or ground
pins 17 may be disposed along the top surface 13. These pins may

be spring loaded.

The space inside the sidewalls 12 and above the bottom end 11

within the housing 10 may define a cavity 18.

The thickness of the bottom end 11 may be similar to that of
the sidewalls 12. In some embodiments, as shown in FIG. 1, an
opening 14 may be disposed in the bottom end 11 to allow the
introduction of electrical conduits into the cavity 18. These
electrical conduits may be used to provide power and other signals
for a heat source 20, the electrodes 30 and optionally, a thermal
sensor 60. Additionally, electrical conduits may be used to
provide a ground reference to the ground pins 17, 1if ground pins

are utilized.

A heat source 20 may be disposed within the cavity 18. The
heat source 20 may be an LED array, a laser, graphite or other
resistive heaters or inductively heated devices. In certain
embodiments, the heat source 20 operates via radiation such that
there is no physical contact between the workpiece 1 and the heat
source 20. The electrical contacts for the heat source 20 may pass

through the opening 14 in the bottom end 11.

In certain embodiments, the radiation emitted by the heat
source 20 is tailored to the type of workpiece 1 that is being
clamped. For example, visible light is readily absorbed by silicon

workpieces. Different frequencies may be best suited for other
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workpieces. For example, silicon carbide absorbs more IR energy.
Therefore, the radiation characteristics, such as heating element
temperature, or laser/LED frequencies, may be adjusted according

to the type of workpiece 1 being clamped.

Radiation shields 70 may be disposed within the cavity 18,
such as between the heat source 20 and the interior surfaces of
the sidewalls 12 and the bottom end 11. In certain embodiments,
the radiation shields 70 help to maintain the housing 10 at a lower
temperature by shielding the housing 10 from the radiated heat
from the heat source 20. In other embodiments, the radiation
shields may be reflective, such that the radiated heat 1is
redirected toward the workpiece 1. The radiation shields 70 may be
constructed from graphite foil, aluminum or molybdenum, or

materials with highly reflective coatings.

One or more electrodes 30 may be embedded in the sidewalls 12
near the top surface 13 of the sidewalls 12. The electrodes 30 are
electrically conductive and may be formed using any suitable

material.

In one embodiment, the electrodes 30 may be biased using an
AC voltage or a pulsed DC voltage. In certain embodiments, the
frequency of the AC voltage or pulsed DC voltage may be between 1
and 60 Hz, while the amplitude may be between 200 and 2000 V. The
electrodes 30 may be in electrical communication with an electrode
power supply 35, which provides the electrical voltages used to
create the electrostatic forces used to clamp the workpiece 1. In
one embodiment, wires 36 pass through the opening 14 and
electrically connect the electrodes 30 to the electrode power
supply 35. In certain embodiments, each electrode 30 1is in

electrical communication with a corresponding wire 36. In certain
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embodiments, there is an even number of electrodes 30. Each pair
of electrodes 30 may be in electrical communication with a
respective bipolar power signal, such as a square wave, such that
one electrode of a pair receives the positive output and the other
electrode of that pair receives the negative output. The same
square wave output, in terms of period and amplitude, 1is applied
to all of the electrodes. However, each square wave output is phase
shifted from those adjacent to it. Thus, in one embodiment, there
are 6 electrodes 30 disposed along the top surface, configured as
three pairs. One pair of these electrodes 1s powered by a first
square wave, while a second pair of electrodes is powered by a
second square wave, which has a phase shift of 120° relative to
the first square wave. Similarly, the third square wave is phase
shifted 120° from the second square wave. Of course, other

configurations are also within the scope of the disclosure.

For example, FIG. 5A-5B show one particular embodiment where
electrodes 30 are disposed near the top surface 13 of the sidewalls
12. In this embodiment, two electrodes 30a,30b are shown. However,
in other embodiments, as noted above, there may be more than two
electrodes. The two electrodes 30a, 30b may be serpentine shaped.
In other embodiments, the electrodes 30a, 30b may have other
shapes. For example, 1in one embodiment, the electrodes 30a, 30b
may be concentric rings or concentric arcs. FEach electrode may be
in communication with a respective bipolar power signal, such that

the voltages supplied to the two electrodes are of opposite phase.

In other embodiments, the electrodes 30 may be biased using
DC voltages. The magnitude of the DC voltages may be between 200
and 2000 V. In this embodiment, each electrode 30 is supplied with
a DC voltage. For example, one electrode in each pair may be

supplied with a positive voltage, while the other electrode in the
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pair is supplied with a negative voltage. Other configurations are
also possible. Opposite charges are induced on the workpiece 1.
The attraction forces between the electrodes 30 and the workpiece

hold the workpiece 1 securely in place.

In certain embodiments, the workpiece may not be conductive.
For example, the workpiece 1 may be silicon on glass, gallium
arsenide, gallium nitride or silicon <carbide. In these
embodiments, the electrical fields generated by the electrodes 30
may not induce sufficient electrical fields in the workpiece 1 and
therefore do not generate enough clamping force to securely hold

the workpiece 1.

Therefore, in some embodiments, as seen in FIGs. 1 and 3, a
clamp ring 40 may be utilized. However, 1in certain embodiments,
such as those that utilize flat workpieces, the clamp ring 40 may
not be used. Rather, the electrostatic force generated by the
electrodes 30 along the outer circumference of the workpiece 1 may
be sufficient to hold the workpiece 1 in place. In these
embodiments, it may be acceptable for the workpiece 1 to overhang

the housing 10.

However, as noted above, in other embodiments, the workpiece
1 may not be conductive or may not be sufficiently flat. In those

embodiments, the clamp ring 40 may be utilized.

The clamp ring 40 rests on a portion of the top surface 13 of

the sidewalls 12.

In certain embodiments, such as that shown in FIGs. 2 and 4A,
the inner diameter of the clamp ring 40 is greater than the outer

diameter of the workpiece 1, such that the clamp ring 40 does not

10



10

15

20

25

30

WO 2023/075968 PCT/US2022/044859

rest on the workpiece 1. In these embodiments, the clamp ring 40
may have a plurality of tabs 41 that extend inward from the inner
diameter of the clamp ring 40. These tabs 41 extend over at least

a portion of the workpiece 1.

In these embodiments, the clamp ring 40 may be made of a
conductive or semiconductive material, such as SicC or
polycrystalline silicon, or a dielectric material with conductive
coatings. The electrical field generated by the electrodes 30
interacts with these tabs 41 to exert a clamping force, wherein
the tabs 41 are attracted toward the electrodes 30. In certain
embodiments, three tabs, separated by 120° from one another may be
used. In other embodiments, a different number of tabs 41 may be

employed.

In certain embodiments, one or more downward protrusions 42
(see FIG. 1) may be disposed on the lower surface of the tabs 41.
The downward protrusions 42 may be made of SiC, quartz, or other
materials with thermally insulative, and low frictional coatings,
to reduce heat loss from the workpiece 1, and minimize particle
generation. These downward protrusions 42 may be formed using
chemical or plasma etch, or deposition methods such as PVD or CVD.
The protrusions may have an outer diameter of 1 mm and a height of
5-20 um. These downward protrusions 42 reduce the contact area
between the workpiece 1 and the tabs 41, which reduces the thermal

conductance between these components.
When the clamp ring 40 is placed on the housing 10, it may be

configured so that the tabs 41 are aligned with a respective

electrode 30.
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In another embodiment, shown in FIG. 4B, the inner diameter
of the clamp ring 40 is smaller than the outer diameter of the
workpiece 1, such that the clamp ring 40 is disposed above the
entirety of the outer edge of the workpiece 1. In this embodiment,
a plurality of downward protrusions 42 may be disposed along the
entirety of the clamp ring 40 in the region that overlaps the

workpiece 1.

In certain embodiments, the chuck 100 may include a thermal
sensor 60. In certain embodiments, the thermal sensor 60 may be a
pyrometer. In this embodiment, the pyrometer may be disposed on or
near the bottom end 11 of the housing 10 and be directed toward
the open end. In this way, there is no physical contact between

the thermal sensor and the workpiece 1.

In other embodiments, the thermal sensor 60 may be a
thermocouple or other contact-based thermal sensor. In these
embodiments, the thermal sensor 60 may be disposed on or embedded

in the sidewall 12, proximate the top surface 13.

In these embodiments, the thermal sensor 60 may be in
communication with a controller 90. The controller 90 may include
a processing unit and a memory device. The processing unit may be
a microprocessor, a signal ©processor, a customized field
programmable gate array (FPGA), or another suitable unit. This
memory device may be a non-volatile memory, such as a FLASH ROM,
an electrically erasable ROM or other suitable devices. In other
embodiments, the memory device may be a volatile memory, such as
a RAM or DRAM. The memory device comprises instructions that enable

the controller 90 to control the temperature of the workpiece 1.

12



10

15

20

25

30

WO 2023/075968 PCT/US2022/044859

The controller 90 may be in communication with the heat source
20. Thus, in one embodiment, closed loop control is utilized, where
the controller 90 monitors the temperature of the workpiece via
the thermal sensor 60. Based on the current temperature of the
workpiece 1, the controller 90 may modify the power that is

provided by the heat source 20.

In another embodiment, a thermal sensor 60 may not be
utilized. In this embodiment, the controller 90 may utilize open

loop control to regulate the power provided by the heat source 20.

The controller 90 may also be 1in communication with the
electrode power supply 35 to control when the clamping and

unclamping occurs.

For example, in operation, a workpiece 1 may be placed on the
top surface 13 of the housing 10. Optionally, the clamp ring 40 is
then placed on the top surface 13. The electrode power supply 35
is then actuated so as to create a clamping force. As described
above, the clamping force may be between the electrodes 30 and the
workpiece 1, between the electrodes 30 and the clamp ring 40, or

between the electrodes 30 and the tabs 41.

The controller 90 may then actuate the heat source 20. The
heat source 20 radiates heat toward the workpiece 1. Further, as
described above, radiation shields 70 may also redirect heat toward
the workpiece 1. In certain embodiments, the controller 90 receives
information from a thermal sensor 60 and adjusts the output from
the heat source 20 to achieve and maintain a desired temperature

of the workpiece 1.
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While the above disclosure describes a chuck 100 that utilizes
electrostatic clamping, other embodiments are also possible. For
example, as shown in FIG. 6, in another embodiment, the electrodes
30 are omitted. Rather, a mechanical clamp 80 is used to hold the
workpiece 1 in place. The mechanical clamp 80 may be mounted using
actuators 81, which may provide the mechanical clamp 80 with
vertical and rotational movement. When the workpiece 1 is to be
placed on the top surface 13, the mechanical clamp 80 1is rotated
away from the top surface 13, allowing the workpiece 1 to be put
in place on the top surface 13. The mechanical clamp 80 may then
rotate and move downward to press the workpiece 1 against the top
surface 13 or against the protrusions 15. 1In another embodiment,
the mechanical clamp 80 may also be driven by electromagnetic
force. In certain embodiments, the mechanical clamp 80 may be a

ring or a plurality of tabs 82.

FIG. 7 shows an ion implantation system using the chuck 100
of FIG. 1 or FIG. 6. An ion source 250 is used to generate ions.
Disposed outside and proximate the extraction aperture of the ion
source 250 is the extraction optics 200, which may comprise one or
more electrodes. The extraction optics 200 are used to extract an

ion beam from the ion source 250.

Located downstream from the extraction optics 200 is a mass
analyzer 210. The mass analyzer 210 uses magnetic fields to guide
the path of the extracted ribbon ion beam 251. The magnetic fields
affect the flight path of ions according to their mass and charge.
A mass resolving device 220 that has a resolving aperture 221 is
disposed at the output, or distal end, of the mass analyzer 210.
By proper selection of the magnetic fields, only those ions in the
extracted ribbon ion beam 251 that have a selected mass and charge

will be directed through the resolving aperture 221. Other ions
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will strike the mass resolving device 220 or a wall of the mass

analyzer 210 and will not travel any further in the system.

A collimator 230 may disposed downstream from the mass
resolving device 220. The collimator 230 accepts the ions from the
extracted ribbon ion beam 251 that pass through the resolving
aperture 221 and creates a ribbon ion beam formed of a plurality
of parallel or nearly parallel beamlets. The output, or distal
end, of the mass analyzer 210 and the input, or proximal end, of
the collimator 230 may be a fixed distance apart. The mass
resolving device 220 is disposed in the space between these two

components.

Located downstream from the collimator 230 may be an
acceleration/deceleration stage 240. The
acceleration/deceleration stage 240 may be referred to as an energy
purity module. The energy purity module 1is a beam-line lens
component configured to independently control deflection,
deceleration, and focus of the ion beam. For example, the energy
purity module may be a vertical electrostatic energy filter (VEEF)
or electrostatic filter (EF). Located downstream from the
acceleration/deceleration stage 240 is the chuck 100. The

workpiece is disposed on the chuck 100 during processing.

While FIG. 7 shows the chuck 100 used with an ion implantation
system that utilizes a beam line, other embodiments are also
possible. For example, the chuck 100 may be used with a processing
chamber wherein ions extracted from the processing chamber strike
the workpiece directly. In these embodiments, the ion implantation
system may comprise an ion source and the chuck 100 described

above.
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The present system has many advantages. First, note that most
of the workpiece 1 is not supported by the housing 10. Rather,
only the edges of the workpiece 1 are supported. In this way, the
number of backside particles is reduced. Further, workpieces with
intrinsic bows can be readily clamped. Additionally, as the
workpiece 1 expands due to thermal expansion, most of the workpiece
1 is not 1in contact with the top surface of the chuck, as 1is
traditional. This minimizes the creation of particles caused by

the expanding workpiece moving against a platen.

Further, there are no high temperature components, except for
the workpiece 1. Low thermal contact conductance between the
workpiece 1 and the chuck 100 under high vacuum ensures low heat
flow from the high temperature workpiece to the chuck 100. In one
test, it was found that the housing 10 and the clamp ring 40 may
be maintained at room temperature, such as through the use of heat
sinks, while the workpiece 1 1is heated to a temperature above
700°C. This reduces thermal stress on the components, leading to
longer life and less down time. Further, less leakage current will
occur 1f the housing 10 may be maintained at a temperature close

to room temperature.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other wvarious
embodiments of and modifications to the present disclosure, in
addition to those described herein, will be apparent to those of
ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the present
disclosure. Furthermore, although the present disclosure has been
described herein in the context of a particular implementation in

a particular environment for a particular purpose, those of
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ordinary skill in the art will recognize that its usefulness 1is
not limited thereto and that the present disclosure may be
beneficially implemented in any number of environments for any
number of purposes. Accordingly, the claims set forth below should
be construed in view of the full breadth and spirit of the present

disclosure as described herein.
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What is claimed 1is:

A chuck for clamping and heating a workpiece, comprising:

a housing, formed as a hollow cylinder having sidewalls and
an open end, wherein a region inside the sidewalls defines a
cavity;

a heat source disposed in the cavity; and

one or more electrodes disposed on a top surface of the
sidewalls.

2. The chuck of claim 1, further comprising a clamp ring
disposed on the top surface of the sidewalls.

3. The chuck of claim 2, wherein an inner diameter of the clamp
ring is greater than an outer diameter of the workpiece, such
that the clamp ring does not cover any portion of the workpiece.
4. The chuck of claim 3, wherein the clamp ring comprises a
plurality of tabs that extend inward from the inner diameter,
such that the plurality of tabs are disposed above a portion of
the workpiece and wherein an electrostatic force generated by
the one or more electrodes attracts the plurality of tabs toward
the top surface.

5. The chuck of claim 4, further comprising downward protrusions
disposed on a bottom surface of the plurality of tabs to reduce
a contact area between the plurality of tabs and the workpiece.
6. The chuck of claim 2, wherein an inner diameter of the clamp
ring is less than an outer diameter of the workpiece, such that
the clamp ring covers a portion of the workpiece such that an
electrostatic force generated by the one or more electrodes
attracts the clamp ring toward the top surface.

7. The chuck of claim 1, further comprising radiation shields

disposed between the housing and the heat source.
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8. The chuck of claim 1, further comprising protrusions
disposed on the top surface of the sidewalls to reduce a contact
area between the housing and the workpiece.
9. The chuck of claim 1, further comprising a thermal sensor
and a controller, wherein the controller modifies an output of
the heat source based on information from the thermal sensor.
10. The chuck of claim 9, wherein the thermal sensor comprises
a pyrometer.
11. The chuck of claim 1, wherein the one or more electrodes
comprise two electrodes that are each provided with a respective
bipolar DC signal and the bipolar DC signals are of opposite
phase.
12. The chuck of claim 1, wherein the heat source heats the
workpiece using radiative heating.
13. The chuck of claim 1, wherein 1lift pins and/or ground pins
are disposed on the top surface of the sidewalls.
14. A chuck for clamping and heating a workpiece, comprising:

a housing, forming as a hollow cylinder having sidewalls
and an open end, wherein a region inside the sidewalls defines
a cavity;

a heat source disposed in the cavity; and

a mechanical clamp to hold the workpiece against a top
surface of the sidewalls.
15. The chuck of claim 14, further comprising radiation shields
disposed between the housing and the heat source.
16. The chuck of claim 14, further comprising protrusions
disposed on the top surface of the sidewalls to reduce a contact
area between the top surface of the sidewalls and the workpiece.
17. The chuck of claim 14, further comprising a thermal sensor
and a controller, wherein the controller modifies an output of

the heat source based on information from the thermal sensor.
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18. The chuck of claim 17, wherein the thermal sensor comprises
a pyrometer.
19. The chuck of claim 13, wherein 1lift pins and/or ground
prins are disposed on the top surface of the sidewalls.
20. An ion implantation system, comprising:
an ion source; and
an electrostatic chuck, the electrostatic chuck comprising:
a housing, formed as a hollow cylinder having sidewalls
and an open end, wherein a region inside the sidewalls defines
a cavity;
a heat source disposed in the cavity; and
one or more electrodes disposed on a top surface of the

sidewalls.
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