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An electrostatic chuck has a chuck surface with a center point and a radius and comprises a tirst plurality of coolant gas ports further
than a first radius from a center point, a second plurality of coolant gas ports spaced between the first radius from the center point and
a second radius from the center point, a third plurality of coolant gas ports spaced between the second radius from the center point and
a third radius from the center point, and a fourth plurality of coolant gas ports is spaced within the third radius from the center point.

An outer sealing band extends around the chuck surface.
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ELECTROSTATIC CHUCK WITH FLEXIBLE WAFER TEMPERATURE
CONTROL
CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority of U.S. Provisional
Application No. 62/480,232 dated March 31, 2017, which is incorporated herein by
reference for all purposes.
BACKGROUND
[0002] The disclosure relates to methods and apparatuses for forming
semiconductor devices on a semiconductor wafer. More specifically, the disclosure
relates to methods and apparatuses for providing wafer temperature control during
semiconductor processing.
[0003] Semiconductor processing systems are used to process substrates such as
semiconductor wafers. Example processes that may be performed on such systems
include, but are not limited to, conductor etch, dielectric etch, atomic layer deposition,
chemical vapor deposition, and/or other etch, deposition or cleaning processes. A
substrate may be arranged on a substrate support including, for example, a pedestal,
an electrostatic chuck (ESC), in a processing chamber of the semiconductor
processing system.
SUMMARY
[0004] To achieve the foregoing and in accordance with the purpose of the present
disclosure, an apparatus for processing a substrate in a plasma processing chamber is
provided. A first coolant gas pressure system is configured to provide a first coolant
gas at a first pressure. A second coolant gas pressure system is configured to provide
a second coolant gas at a second pressure independent of the first coolant gas pressure
system. A third coolant gas pressure system is configured to provide a third coolant
gas at a third pressure independent of the first coolant gas pressure system and the
second coolant gas pressure system. A fourth coolant gas pressure system is
configured to provide a fourth coolant gas at a fourth pressure independent of the first
coolant gas pressure system, the second coolant gas pressure system, and the third
coolant gas pressure system. An electrostatic chuck with a chuck surface has a center
point and a circumference. A first plurality of coolant gas ports of the electrostatic
chuck is connected to the first coolant gas pressure system, wherein each coolant gas
port of the first plurality of coolant gas ports is further than a first radius from a center

point. A second plurality of coolant gas ports of the electrostatic chuck is connected to



WO 2018/183557 PCT/US2018/024922

10

15

20

25

30

the second coolant gas pressure system, wherein each coolant gas port of the second
plurality of coolant gas ports is spaced between the first radius from the center point
and a second radius from the center point, wherein the second radius is less than the
first radius. A third plurality of coolant gas ports of the electrostatic chuck is
connected to the third coolant gas pressure system, wherein each coolant gas port of
the third plurality of coolant gas ports is spaced between the second radius from the
center point and a third radius from the center point, wherein the third radius is less
than the second radius. A fourth plurality of coolant gas ports of the electrostatic
chuck is connected to the fourth coolant gas pressure system, wherein each coolant
gas port of the fourth plurality of coolant gas ports is spaced a distance within the
third radius from the center point. An outer sealing band extends around the
circumference of the chuck surface, where the first plurality of coolant gas ports, the
second plurality of coolant gas ports, the third plurality of coolant gas ports, and the
fourth plurality of coolant gas ports are located the outer sealing band.

[0005] In another manifestation, an apparatus for processing a substrate in a
plasma processing chamber is provided. An electrostatic chuck with a chuck surface
having a circumference comprises a plurality of sealing bands located on the chuck
surface, the plurality of sealing bands including an outer sealing band, a first inner
band, a second inner band and a third inner banner, a plurality of cooling zones
defined by the plurality of sealing bands, the plurality of cooling zones including a
first radial cooling zone defined by the outer sealing band and the first inner band, a
second radial cooling zone defined by the first inner band and the second inner band,
a third radial cooling zone defined by the second inner band and the third inner band
and a center cooling zone defined by the third inner band, and a plurality of coolant
gas ports including first, second, third and fourth pluralities of coolant gas ports
respectively located in the first radial, second radial, third radial and center cooling
zones. A coolant gas supply system includes first, second, third and fourth control
valves each configured to respectively provide coolant gases to the first, second, third
and fourth pluralities of coolant gas ports at independent pressures.

[0006] In the above embodiment the respective heights of the outer sealing band,
the first inner band, the second inner band, and the third inner band may be about
equal.

[0007] The electrostatic chuck may further comprise a plurality of bleed fixtures.

Each fixture of the plurality of bleed fixtures may comprise at least one bleed hole
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and a sealing portion surrounding the at least one bleed hole. The at least one bleed
hole may be connected to an exhaust.

[0008] A height of the outer sealing band may be higher than respective heights of
the first inner band, the second inner band, and the third inner band. Heights of the
first inner band, the second inner band, and the third inner band may be between one
fourth and three fourths of a height of the outer sealing band. The outer sealing band
may have a height of between 5 and 30 microns. The outer sealing band may have a
notch in an upper outer portion of the outer sealing band.

[0009] A first pressure provided by the first control valve may be greater than a
second pressure provided by the second control valve and the second pressure may be
less than a third pressure provided by the third control valve and the third pressure
may be greater than a fourth pressure provided by the fourth control valve.

[0010] The electrostatic chuck may further comprise a plurality of lift pin holes on
the chuck surface.

[0011] In another manifestation, an electrostatic chuck with a chuck surface
having a center point and a circumference is provided. A first plurality of coolant gas
ports is connectable to a first coolant gas pressure system, wherein each coolant gas
port of the first plurality of coolant gas ports is further than a first radius from the
center point. A second plurality of coolant gas ports is connectable to a second
coolant gas pressure system, wherein each coolant gas port of the second plurality of
coolant gas ports is spaced between the first radius from the center point and a second
radius from the center point, wherein the second radius is less than the first radius. A
third plurality of coolant gas ports is connectable to a third coolant gas pressure
system, wherein each coolant gas port of the third plurality of coolant gas ports is
spaced between the second radius from the center point and a third radius from the
center point, wherein the third radius is less than the second radius. A fourth plurality
of coolant gas ports is connectable to a fourth coolant gas pressure system, wherein
each coolant gas port of the fourth plurality of coolant gas ports is spaced a distance
within the third radius from the center point. An outer sealing band extends around
the circumference of the chuck surface, wherein the first plurality of coolant gas ports,
the second plurality of coolant gas ports, the third plurality of coolant gas ports, and
the fourth plurality of coolant gas ports are located within the outer sealing band.
[0012] In another manifestation, an electrostatic chuck with a chuck surface is

provided. A plurality of sealing bands are located on the chuck surface, the plurality
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of sealing bands include an outer sealing band, a first inner band, a second inner band
and a third inner band. A plurality of cooling zones are defined by the plurality of
sealing bands, the plurality of cooling zones including a first radial cooling zone
defined by the outer sealing band and the first inner band, a second radial cooling
zone defined by the first inner band and the second inner band, a third radial cooling
zone defined by the second inner band and the third inner band and a center cooling
zone defined by the third inner band. A plurality of coolant gas ports include first,
second, third and fourth pluralities of coolant gas ports respectively located in the first
radial, second radial, third radial and center cooling zones.

[0013] For the above electrostatic chuck respective heights of the outer sealing
band, the first inner band, the second inner band, and the third inner band may be
about equal.

[0014] The electrostatic chuck may a plurality of bleed fixtures. Each of the
plurality of bleed fixtures may comprise at least one bleed hole and a sealing portion
surrounding the at least one bleed hole. The at least one bleed hole may be
connectable to an exhaust.

[0015] For the above electrostatic chuck a height of the outer sealing band may be
higher than respective heights of the first inner band, the second inner band, and the
third inner band. The heights of the first inner band, the second inner band, and the
third inner band may be between one fourth and three fourths of a height of the outer
sealing band. The outer sealing band may have a height of between 5 and 30 microns.
The outer sealing band may have a notch in an upper outer portion of the outer sealing
band.

[0016] The first plurality of coolant gas ports may be configured to receive gas at
a first pressure from a first control valve. The second plurality of coolant gas ports
may be configured to receive gas at a second pressure from a second control valve,
the first pressure being greater than the second pressure. The third plurality of coolant
gas ports may be configured to receive gas at a third pressure from a third control
valve, the second pressure being less than the third pressure. The fourth plurality of
coolant gas ports may be configured to receive gas at a fourth pressure from a fourth
control valve, the third pressure being greater than the fourth pressure.

[0017] The electrostatic chuck may further comprise a plurality of lift pin holes on

the chuck surface.
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[0018] These and other features of the present disclosure will be described in
more details below in the detailed description and in conjunction with the following
figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The present disclosure is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings and in which like
reference numerals refer to similar elements and in which:
[0020] FIG. 1 is a schematic view of a plasma processing chamber that may
be used in an embodiment.
[0021] FIG. 2 is a schematic view of a computer system that may be used in
practicing an embodiment.
[0022] FIG. 3 is a cross-sectional schematic side view of a top part of an ESC

with a substrate in an embodiment.

[0023] FIG. 4 is a top view of a top part of the ESC shown in FIG. 3.
[0024] FIG. 5 is a schematic view of a control valve used in an embodiment.
[0025] FIG. 6 is a cross-sectional schematic side view of a top part of an ESC

with a substrate in another embodiment.
[0026] FIG. 7 is a cross-sectional schematic side view of a top part of an ESC
with a substrate in another embodiment.
[0027] FIG. 8 is a cross-sectional schematic side view of a top part of an ESC

with a substrate in another embodiment.

[0028] FIG. 9 is a perspective view of a top part of an ESC in another
embodiment.

[0029] FIG. 10 is a top view of a bleed fixture used in an embodiment.
[0030] FIG. 11 is an enlarged side cross-sectional view of the outer sealing

band on the chuck surface of the embodiment shown in FIG. 9.
[0031] FIG. 12 is an enlarged side cross-sectional view of an outer sealing
band of a chuck surface of another embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0032] The present disclosure will now be described in detail with reference to
a few exemplary embodiments thereof as illustrated in the accompanying drawings.
In the following description, numerous specific details are set forth in order to provide
a thorough understanding of the present disclosure. It will be apparent, however, to

one skilled in the art, that the present disclosure may be practiced without some or all
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of these specific details. In other instances, well known process steps and/or
structures have not been described in detail in order to not unnecessarily obscure the
present disclosure.

[0033] Conventional designs of dielectric ESCs have one or two He zones
which greatly restrict the ability to precisely control wafer temperature profile along
the wafer radius.

[0034] Two-zone He ESCs also suffer from significant He pressure cross-talk
between inner and outer zones. For example, if inner zone He pressure is set to 30
Torr, while outer zone He pressure is set to 80 Torr, there is significant cross-talk
between the inner and outer zones with actual inner zone pressure higher than a
corresponding desired set point and actual outer zone pressure lower than a
corresponding desired set point. This effect manifests itself by increased He leak from
the outer zone and zero or negative He leak from the inner zone. This effect means
that wafer temperature is adversely impacted at high differential He pressure set
points, thereby causing yield loss.

[0035] New semiconductor manufacturing processes require very tight control
of etch rate (ER) and critical dimension (CD) uniformity, due to shrinking CD’s to
below 10 nm and greater effects of RF flux radial distribution. Among other
parameters, temperature plays a major role in defining ER and CD uniformity. In
dielectric etch, the main tuning knob for temperature control is He pressure under the
wafer. Conventional ESC’s use single or dual He zones for wafer temperature control.
Neither of these designs provides sufficient radial control of the wafer temperature to
keep up with modern process requirements.

[0036] Embodiments of the present disclosure solve the foregoing problems
by: a) introducing multi-zone He control; b) ensuring accurate and nimble pressure
control and temperature uniformity by introducing features, such as, He bleed holes in
all He zones except for an outer zone.

[0037] Various embodiments provide multi-zone He control: introduction of
four or more He zone controls enables an operator to setup desired He pressure and
wafer temperature profiles for each step. Temperature profiling of the wafer
compensates for variation in radial RF power distribution and ensures high process
yield.

[0038] Bleed holes: a) provide accurate He pressure control within each zone

by decreasing effects of He pressure cross-talk across zone boundary between zones
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with highly different pressure set points; b) enable sharp transition of He pressure and
wafer temperature between zones; ¢) ensure desired temperature uniformity within
zone by uniformly distributing He pressure under wafer in each zone; and d) enable
quick He pressure transitions between process steps, as desired.

[0039] Bleed holes ensure that excessive He pressure is relieved or attenuated
by dumping (“bleeding”) excess He into the processing chamber or foreline through
one or more evacuation channels inside the ESC and/or ESC supporting structure.
Amount of excessive flow and pressure in the He evacuation channel could be
controlled by orifices in the channel or He pressure controller.

[0040] FIG. 1 is a schematic view of a plasma processing system 100 that may
be used in an embodiment. The plasma processing system 100 comprises a gas
distribution plate 106 providing a gas inlet and an electrostatic chuck (ESC) 108,
within a processing chamber 109, enclosed by a chamber wall 150. Within the
processing chamber 109, a substrate 112 is positioned on top of the ESC 108. The
ESC 108 may provide a chucking voltage from the ESC source 148. A process gas
source 110 is connected to the processing chamber 109 through the gas distribution
plate 106. An ESC coolant gas source 151 provides an ESC coolant gas to a number
of control valves including a first control valve 113, a second control valve 114, a
third control valve 115, and a fourth control valve 116. The first control valve 113
provides ESC coolant gas to a first cooling zone of the ESC 108. The second control
valve 114 provides ESC coolant gas to a second cooling zone of the ESC 108. The
third control valve 115 provides ESC coolant gas to a third cooling zone of the ESC
108. The fourth control valve 116 provides ESC coolant gas to a fourth cooling zone
of the ESC 108. A radio frequency (RF) source 130 provides RF power to the ESC
108, which acts as a lower electrode, and/or the gas distribution plate 106, which acts
as an upper electrode. In an exemplary embodiment, 400 kHz, 2 MHz, 60 MHz, and
27 MHz power sources make up the RF source 130. In this embodiment, one
generator is provided for each frequency. In other embodiments, multiple generators
may be in separate RF sources, or separate RF generators may be connected to
different electrodes. For example, the upper electrode may have inner and outer
electrodes connected to different RF sources. Other arrangements of RF sources and
electrodes may be used in other embodiments, for example, in one embodiment, the
upper electrodes may be grounded. A controller 135 is controllably connected to the

RF source 130, the ESC source 148, an exhaust pump 120, the ESC coolant gas
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source 151, and the process gas source 110. The processing chamber 109 can be a
CCP (capacitive coupled plasma) reactor, commonly used to etch dielectric materials)
or an ICP (inductive coupled plasma) reactor, commonly used to etch conductive
materials or silicon.

[0041] FIG. 2 is a high level block diagram showing a computer system 200,
which is suitable for implementing a controller 135 used in embodiments. The
computer system 200 may have many physical forms ranging from an integrated
circuit, a printed circuit board, and a small handheld device up to a huge super
computer. The computer system 200 includes one or more processors 202, and further
can include an electronic display device 204 (for displaying graphics, text, and other
data), a main memory 206 (e.g., random access memory (RAM)), storage device 208
(e.g., hard disk drive), removable storage device 210 (e.g., optical disk drive), user
interface devices 212 (e.g., keyboards, touch screens, keypads, mice or other pointing
devices, etc.), and a communications interface 214 (e.g., wireless network interface).
The communications interface 214 allows software and data to be transferred between
the computer system 200 and external devices via a link. The system may also
include a communications infrastructure 216 (e.g., a communications bus, cross-over
bar, or network) to which the aforementioned devices/modules are connected.

[0042] Information transferred via communications interface 214 may be in the
form of signals such as electronic, electromagnetic, optical, or other signals capable of
being received by communications interface 214, via a communications link that
carries signals and may be implemented using wire or cable, fiber optics, a phone line,
a cellular phone link, a radio frequency link, and/or other communications channels.
With such a communications interface 214, it is contemplated that the one or more
processors 202 might receive information from a network, or might output
information to the network in the course of performing the above-described method
steps. Furthermore, method embodiments may execute solely upon the processors or
may execute over a network such as the Internet, in conjunction with remote
processors that share a portion of the processing.

[0043] The term “non-transient computer readable medium™ is used generally
to refer to media such as main memory, secondary memory, removable storage, and
storage devices, such as hard disks, flash memory, disk drive memory, CD-ROM and
other forms of persistent memory and shall not be construed to cover transitory

subject matter, such as carrier waves or signals. Examples of computer code include
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machine code, such as produced by a compiler, and files containing higher level code
that are executed by a computer using an interpreter. Computer readable media may
also be computer code transmitted by a computer data signal embodied in a carrier
wave and representing a sequence of instructions that are executable by a processor.
[0044] FIG. 3 is a cross-sectional schematic side view of a top part of the ESC
108 with the substrate 112 located thereon in an embodiment. FIG. 3 is not drawn to
scale in order to more clearly illustrate certain aspects of the embodiment. The top
part of the ESC 108 forms a chuck surface 304. FIG. 4 is a top view of the chuck
surface 304 of the ESC 108. In this embodiment, an outer sealing band 308 extends
around a circumference of the chuck surface 304, as shown.

[0045] A first plurality of coolant gas ports 312 is situated further than a first
radius R1 from a center point 316. The first plurality of coolant gas ports 312 is in
fluid contact with the first control valve 113, which provides a first pressure to the
first plurality of coolant gas ports 312.

[0046] A second plurality of coolant gas ports 320 is situated between a
second radius R2 and the first radius R1 from the center point 316. The second
plurality of coolant gas ports 320 is in fluid contact with the second control valve 114,
which provides a second pressure to the second plurality of coolant gas ports 320. The
second pressure may be different from the first pressure provided to the first plurality
of coolant gas ports 312.

[0047] A third plurality of coolant gas ports 324 is situated between a third
radius R3 and the second radius R2 from the center point 316. The third plurality of
coolant gas ports 324 is in fluid contact with the third control valve 115, which
provides a third pressure to the third plurality of coolant gas ports 324. The third
pressure may be different from the second pressure provided to the second plurality of
coolant gas ports 320.

[0048] A fourth plurality of coolant gas ports 328 is situated less than the third
radius R3 from the center point 316. The fourth plurality of coolant gas ports 328 is
in fluid contact with the fourth control valve 116, which provides a fourth pressure to
the fourth plurality of coolant gas ports 328. The fourth pressure may be different
from the third pressure provided to the third plurality of coolant gas ports 324.

[0049] A first inner band 332 is situated between the first plurality of coolant
gas ports 312 and the second plurality of coolant gas ports 320. A second inner band

336 is situated between the second plurality of coolant gas ports 320 and the third
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plurality of coolant gas ports 324. A third inner band 340 is situated between the third
plurality of coolant gas ports 324 and fourth plurality of coolant gas ports 328.

[0050] The first plurality of coolant gas ports 312 is situated between the outer
sealing band 308 and the first inner band 332. The second plurality of coolant gas
ports 320 is situated between the first inner band 332 and the second inner band 336.
The third plurality of coolant gas ports 324 is situated between the second inner band
336 and the third inner band 340. The fourth plurality of coolant gas ports 328 is
situated within the third inner band 340.

[0051] In this embodiment, the region between the outer sealing band 308 and
the first inner band 332 defines a first cooling zone also called a first radial cooling
zone. The region between the first inner band 332 and the second inner band 336
defines a second cooling zone also called a second radial cooling zone. The region
between the second inner band 336 and the third inner band 340 defines a third
cooling zone also called a third radial cooling zone. The region inside the third inner
band 340 defines a fourth cooling zone also called a center cooling zone.

[0052] The first inner band 332, the second inner band 336, the third inner
band 340, and the outer sealing band 308 have a height of approximately 10 microns.
The first inner band 332, the second inner band 336, the third inner band 340, and the
outer sealing band 308 are approximately equal in height. The first inner band 332,
the second inner band 336, the third inner band 340, and the outer sealing band 308
contact the substrate 112 forming a seal between adjacent cooling zones, thereby
minimizing gas leakage between adjacent cooling zones.

[0053] In an embodiment, the first control valve 113 provides He coolant gas
at a pressure of 80 Torr to the first cooling zone through the first plurality of coolant
gas ports 312. The second control valve 114 provides He coolant gas at a pressure of
30 Torr to the second cooling zone through the second plurality of coolant gas ports
320. The third control valve 115 provides He coolant gas at a pressure of 80 Torr to
the third cooling zone through the third plurality of coolant gas ports 324. The fourth
control valve 116 provides He coolant gas at a pressure of 30 Torr to the fourth
cooling zone through the fourth plurality of coolant gas ports 328. For each cooling
zone, the He coolant gas is provided at a temperature of about 20° C.

[0054] In this embodiment, the outer sealing band 308 forms a closed loop
that encloses an area of the chuck surface 304 that is at least 90% of the total area of

the chuck surface 304. The first inner band 332, the second inner band 336, and the
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third inner band 340 also form closed loops that enclose areas of the chuck surface
304. In this embodiment, the outer sealing band 308, first inner band 332, the second
inner band 336, and the third inner band 340 each form concentric substantially
circular loops with a center at the center point 316. The center point 316 is the center
of the chuck surface 304.

[0055] FIG. 5 is a schematic view of the second control valve 114 and one of
the second plurality of coolant gas ports 320. The second control valve 114
comprises a mass flow controller unit (MFC) 504, which provides He coolant gas to
the second plurality of coolant gas ports 320 and a flow control valve 508 connected
to exhaust. In this embodiment, the MFC 504 comprises a control valve 512 and a
pressure setup and control 516. The pressure setup and control 516 is used to set a
specified pressure and maintain the pressure at the specified pressure. The output of
the MFC 504 is connected to the second plurality of coolant gas ports 320. A first end
of the flow control valve 508 is connected between the MFC 504 and the second
plurality of coolant gas ports 320. A second end of the flow control valve 508 is
connected to exhaust or dump.

[0056] In one embodiment, since the second cooling zone is kept at a pressure
of 30 Torr and the adjacent first cooling zone and third cooling zone are kept at a
pressure of 80 Torr, gas from the first cooling zone and third cooling zone may leak
into the second cooling zone, which would tend to increase the pressure in the second
cooling zone. The flow control valve 508 is set to 30 Torr. When gas from the first
cooling zone and third cooling zone leak into the second cooling zone and increase
pressure in the second cooling zone above 30 Torr, the excess gas passes through the
flow control valve 508 to exhaust, thereby maintaining the pressure in the second
cooling zone close to 30 Torr. In this embodiment, the first control valve 113, the
third control valve 115, and the fourth control valve 116 have a similar configuration
to the second control valve 114. The first control valve 113 provides a first coolant
gas pressure system. The second control valve 114 provides a second coolant gas
pressure system. The third control valve 115 provides a third coolant gas pressure
system. The fourth control valve 116 provides a fourth coolant gas pressure system.
[0057] In operation, the four separate cooling zones and the varying pressures
provided at the first, second, third, and fourth pluralities of coolant gas ports 312, 320,
324, and 326, allow creating a desired wafer temperature profile by setting

predetermined/desired He pressures to each zone at every step of the etch process.

11



WO 2018/183557 PCT/US2018/024922

10

15

20

25

30

The improved wafer temperature profile provides a more uniform etch across the
substrate 112.

[0058] FIG. 6 is a cross-sectional schematic side view of a top part of the ESC
108 with the substrate 112 located thereon in another embodiment. FIG. 6 is not
drawn to scale in order to more clearly illustrate certain aspects of the embodiment.
The top part of the ESC 108 forms a chuck surface 604. In this embodiment, an outer
sealing band 608 extends around a circumference of the chuck surface 604.

[0059] A first plurality of coolant gas ports 612 is situated further than a first
radius R1 from a center point 616. The first plurality of coolant gas ports 612 are in
fluid contact with the first control valve 113, which provides a first pressure to the
first plurality of coolant gas ports 612.

[0060] A second plurality of coolant gas ports 620 is situated between a
second radius R2 and the first radius R1 from the center point 616. The second
plurality of coolant gas ports 620 is in fluid contact with the second control valve 114,
which provides a second pressure to the second plurality of coolant gas ports 620.
The second pressure may be different from the first pressure provided to the first
plurality of coolant gas ports 612.

[0061] A third plurality of coolant gas ports 624 is situated between a third
radius R3 and the second radius R2 from the center point 616. The third plurality of
coolant gas ports 624 is in fluid contact with the third control valve 115, which
provides a third pressure to the third plurality of coolant gas ports 624. The third
pressure may be different from the second pressure provided to the second plurality of
coolant gas ports 620.

[0062] A fourth plurality of coolant gas ports 628 is situated less than the third
radius R3 from the center point 616. The fourth plurality of coolant gas ports 628 is
in fluid contact with the fourth control valve 116, which provides a fourth pressure to
the fourth plurality of coolant gas ports 628. The fourth pressure may be different
from the third pressure provided to the third plurality of coolant gas ports 624.

[0063] A first inner band 632 is situated between the first plurality of coolant
gas ports 612 and the second plurality of coolant gas ports 620. A second inner band
636 is situated between the second plurality of coolant gas ports 620 and the third
plurality of coolant gas ports 624. A third inner band 640 is situated between the third
plurality of coolant gas ports 624 and fourth plurality of coolant gas ports 628.
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[0064] The first plurality of coolant gas ports 612 is situated between the outer
sealing band 608 and the first inner band 632. The second plurality of coolant gas
ports 620 is situated between the first inner band 632 and the second inner band 636.
The third plurality of coolant gas ports 624 is situated between the second inner band
636 and the third inner band 640. The fourth plurality of coolant gas ports 628 is
situated within the third inner band 640.

[0065] In this embodiment, the region between the outer sealing band 608 and
the first inner band 632 defines a first cooling zone. The region between the first
inner band 632 and the second inner band 636 defines a second cooling zone. The
region between the second inner band 636 and the third inner band 640 defines a third
cooling zone. The region inside the third inner band 640 defines a fourth cooling
zone.

[0066] The first inner band 632, the second inner band 636, and the third inner
band 640 generally have the same height, which, in one embodiment, is a height of
approximately 5 microns. In at least one other embodiment, one or more of the first
inner band 632, the second inner band 636, and the third inner band 640 have
different heights relative to the others. The outer sealing band 608 generally has a
height that is higher than that of the first inner band 632, the second inner band 636
and the third inner band 640. In one embodiment, the outer sealing band has a height
of approximately 10 microns. The first inner band 632, the second inner band 636,
and the third inner band 640 are approximately half the height of the outer sealing
band 608. In other embodiments, the first inner band 632, the second inner band 636,
and the third inner band 640 may be between one fourth and three fourths the height
of the outer sealing band 608. The first inner band 632, the second inner band 636,
and the third inner band 640 provide partial sealing between adjacent cooling zones.
However, since the first inner band 632, the second inner band 636, and the third
inner band 640 have a lower height than the outer sealing band 608, the first inner
band 632, the second inner band 636, and the third inner band 640 do not contact the
substrate 112, thereby allowing some gas to pass between adjacent cooling zones via a
gap between the substrate 112 and the corresponding inner band. Because the first
inner band 632, the second inner band 636, and the third inner band 640 do not
contact the substrate 112, the first inner band 632, the second inner band 636, and the
third inner band 640 do not affect the temperature of the substrate 112 as much as if

the first inner band 632, the second inner band 636, and the third inner band 640
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contacted the substrate 112. As a result, the temperature of the substrate 112 is more
uniform. The increased temperature uniformity may improve wafer to wafer
repeatability and etch uniformity. There is also less RF coupling nonuniformity due to
the smaller height of the first, second, and third inner bands 632, 636, 640.

[0067] FIG. 7 is a cross-sectional schematic side view of a top part of the ESC
108 with the substrate 112 located thereon in another embodiment. The top part of the
ESC 108 forms a chuck surface 704. In this embodiment, an outer sealing band 708
extends around a circumference of the chuck surface 704.

[0068] A first plurality of coolant gas ports 712 is situated further than a first
radius R1 from a center point 716. The first plurality of coolant gas ports 712 are in
fluid contact with the first control valve 113, which provides a first pressure to the
first plurality of coolant gas ports 712.

[0069] A second plurality of coolant gas ports 720 is situated between a
second radius R2 and the first radius R1 from the center point 716. The second
plurality of coolant gas ports 720 is in fluid contact with the second control valve 114,
which provides a second pressure to the second plurality of coolant gas ports 720.
The second pressure may be different from the first pressure provided to the first
plurality of coolant gas ports 712.

[0070] A third plurality of coolant gas ports 724 is situated between a third
radius R3 and the second radius R2 from the center point 716. The third plurality of
coolant gas ports 724 is in fluid contact with the third control valve 115, which
provides a third pressure to the third plurality of coolant gas ports 724. The third
pressure may be different from the second pressure provided to the second plurality of
coolant gas ports 720.

[0071] A fourth plurality of coolant gas ports 728 is situated less than the third
radius R3 from the center point 716. The fourth plurality of coolant gas ports 728 is
in fluid contact with the fourth control valve 116, which provides a fourth pressure to
the fourth plurality of coolant gas ports 728. The fourth pressure may be different
from the third pressure provided to the third plurality of coolant gas ports 724.

[0072] The outer sealing band 708 has a height of approximately 10 microns.
In this embodiment, the ESC 108 does not have any inner bands. As a result, there is
not any separation between gases emanating from adjacent coolant gas ports. Since
this embodiment does not have inner bands and thus the substrate temperature would

not be influenced by the presence of inner bands, the substrate 112 temperature may
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be more uniform. The increased temperature uniformity may improve wafer to wafer
repeatability and etch uniformity. In addition, better RF coupling uniformity results in
better etch rate uniformity.

[0073] FIG. 8 is a cross-sectional schematic side view of a top part of the ESC
108 with the substrate 112 in another embodiment. FIG. 8 is not drawn to scale in
order to more clearly illustrate certain aspects of the embodiment. The top part of the
ESC 108 forms a chuck surface 804. In this embodiment, an outer sealing band 808
extends around a circumference of the chuck surface 804.

[0074] A first plurality of coolant gas ports 812 is situated further than a first
radius R1 from a center point 816. The first plurality of coolant gas ports 812 are in
fluid contact with the first control valve 113, which provides a first pressure to the
first plurality of coolant gas ports 812.

[0075] A second plurality of coolant gas ports 820 is situated between a
second radius R2 and the first radius R1 from the center point 816. The second
plurality of coolant gas ports 820 is in fluid contact with the second control valve 114,
which provides a second pressure to the second plurality of coolant gas ports 820.

The second pressure may be different from the first pressure provided to the first
plurality of coolant gas ports 812.

[0076] A third plurality of coolant gas ports 824 is situated between a third
radius R3 and the second radius R2 from the center point 816. The third plurality of
coolant gas ports 824 is in fluid contact with the third control valve 115, which
provides a third pressure to the third plurality of coolant gas ports 824. The third
pressure may be different from the second pressure provided to the second plurality of
coolant gas ports 820.

[0077] A fourth plurality of coolant gas ports 828 is situated less than the third
radius R3 from the center point 816. The fourth plurality of coolant gas ports 828 is
in fluid contact with the fourth control valve 116, which provides a fourth pressure to
the fourth plurality of coolant gas ports 828. The fourth pressure may be different
from the third pressure provided to the third plurality of coolant gas ports 824.

[0078] A first inner band 832 is situated between the first plurality of coolant
gas ports 812 and the second plurality of coolant gas ports 820. A second inner band
836 is situated between the second plurality of coolant gas ports 820 and the third
plurality of coolant gas ports 824. A third inner band 840 is situated between the third
plurality of coolant gas ports 824 and the fourth plurality of coolant gas ports 828.

15



WO 2018/183557 PCT/US2018/024922

10

15

20

25

30

[0079] The first plurality of coolant gas ports 812 is situated between the outer
sealing band 808 and the first inner band 832. The second plurality of coolant gas
ports 820 is situated between the first inner band 832 and the second inner band 836.
The third plurality of coolant gas ports 824 is situated between the second inner band
836 and the third inner band 840. The fourth plurality of coolant gas ports 828 is
situated within the third inner band 840.

[0080] In this embodiment, the region between the outer sealing band 808 and
the first inner band 832 defines a first cooling zone. The region between the first
inner band 832 and the second inner band 836 defines a second cooling zone. The
region between the second inner band 836 and the third inner band 840 defines a third
cooling zone. The region inside the third inner band 840 defines a fourth cooling
zone. The first inner band 832, the second inner band 836, the third inner band 840,
and the outer sealing band 808 have a height of approximately 10 microns.

[0081] In the second cooling zone, a first bleed fixture 842 is situated between
the first inner band 832 and the second inner band 836. In the third cooling zone, a
second bleed fixture 844 is situated between the second inner band 836 and the third
inner band 840. In the fourth cooling zone, a third bleed fixture 848 is situated within
the third inner band 840. The first, second and third bleed fixtures 842, 844, 8§48 may
each include one or more bleed holes. Since FIG. 8 is a cross-sectional side view,
only one bleed fixture is shown in the second, third, and fourth cooling zones.
However, various embodiments may have more than one bleed fixture in each of the
second, third, and fourth cooling zones. In this example, there are no bleed fixtures in
the first cooling zone, because any He leak via the outer sealing band 808 would be to
vacuum. The first, second, and third bleed fixtures 842, 844, 848 are connected to
vacuum.

[0082] The first inner band 832, the second inner band 836, the third inner
band 840, and the outer sealing band 808 are approximately equal in height. The first
inner band 832, the second inner band 836, and the third inner band 840 provide
sealing between adjacent cooling zones.

[0083] In this example, the first plurality of coolant gas ports 812 provide He
at a pressure of 80 Torr, so that the first cooling zone has a pressure of about 80 Torr.
The second plurality of coolant gas ports 820 provide He at a pressure of 30 Torr, so
that the second cooling zone has a pressure of about 30 Torr. The third plurality of

coolant gas ports 824 provide He at a pressure of 80 Torr, so that the third cooling
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zone has a pressure of about 80 Torr. The fourth plurality of coolant gas ports 828
provide He at a pressure of 30 Torr, so that the fourth cooling zone has a pressure of
about 30 Torr. Since adjacent cooling zones are at different pressures, gas from the
cooling zone at a higher pressure tends to leak into the cooling zone at a lower
pressure, thereby increasing the pressure in the cooling zone at a lower pressure. The
first, second, and third bleed fixtures 842, 844, 848 allow the respective cooling zones
to maintain their desired pressures. Pressure caused by gasses leaked into the second,
third and fourth cooling zones is relieved or attenuated by diverting or dumping the
excess gases through the first, second, and third bleed fixtures 842, 844, 848. Cooling
gas from the first cooling zone may be allowed to bleed past the outer sealing band
808 so as to maintain the desired pressure in the first cooling zone. The improved
pressure control provided by the first, second, and third bleed fixtures 842, 844, 848
provide for improved etch uniformity.

[0084] In this embodiment, a first pressure provided by the first control valve
113 is greater than a second pressure provided by the second control valve 114. The
second pressure is less than a third pressure provided by the third control valve 115.
The third pressure is greater than a fourth pressure provided by the fourth control
valve 116. In other embodiments, other pressure relationships may be provided. For
example the first pressure may be greater than the second pressure. The second
pressure may be greater than the third pressure. The third pressure may be greater
than the fourth pressure.

[0085] FIG. 9 is a perspective view of a top part of the ESC 108 in another
embodiment. The top part of the ESC 108 forms a chuck surface 904. In this
embodiment, an outer sealing band 908 extends around a circumference of the chuck
surface 904.

[0086] A first plurality of coolant gas ports 912 is situated inside the outer
sealing band 908. The first plurality of coolant gas ports 912 are in fluid contact with
the first control valve 113, which provides a first pressure to the first plurality of
coolant gas ports 912. A first inner band 932 is between the first plurality of coolant
gas ports 912 and a center point 916.

[0087] A second plurality of coolant gas ports 920 is situated inside the first
inner band 932. The second plurality of coolant gas ports 920 is in fluid contact with
the second control valve 114 and provides a second pressure to the second plurality of

coolant gas ports 920. The second pressure is different from the first pressure. A
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second inner band 936 is situated between the second plurality of coolant gas ports
920 and the center point 916.

[0088] A third plurality of coolant gas ports 924 is situated inside the second
inner band 936. The third plurality of coolant gas ports 924 is in fluid contact with
the third control valve 115 and provides a third pressure to the third plurality of
coolant gas ports 924. The third pressure is different from the second pressure. A third
inner band 940 is between the third plurality of coolant gas ports 924 and the center
point 916.

[0089] A fourth plurality of coolant gas ports 928 is situated within the third
inner band 940. The fourth plurality of coolant gas ports 928 is in fluid contact with
the fourth control valve 116 and provides a fourth pressure to the fourth plurality of
coolant gas ports 928. The fourth pressure is different from the third pressure. The
chuck surface 904 has three lift pin holes 948 to accommodate lift pins (not shown).
The lift pins are used for lifting the substrate 112 from the chuck surface 904.

[0090] In this embodiment, the region between the outer sealing band 908 and
the first inner band 932 defines a first cooling zone. The region between the first
inner band 932 and the second inner band 936 defines a second cooling zone. The
region between the second inner band 936 and the third inner band 940 defines a third
cooling zone. The region inside the third inner band 940 defines a fourth cooling
zone. The first inner band 932, the second inner band 936, the third inner band 940,
and the outer sealing band 908 have a height of approximately 10 microns.

[0091] In the second cooling zone, a first plurality of bleed fixtures 952 is
situated between the first inner band 932 and the second inner band 936. In the third
cooling zone, a second plurality of bleed fixtures 956 is situated between the second
inner band 936 and the third inner band 940. In the fourth cooling zone, a third
plurality of bleed fixtures 960 is within the third inner band 940.

[0092] FIG. 10 is a top view of a bleed fixture 1004 of the first, second, and
third pluralities of bleed fixtures 952, 956, 960. The bleed fixture 1004 comprises a
raised sealing portion 1052 and four bleed holes 1056. The raised sealing portion
1052 provides a narrow gap between the top of the raised sealing portion 1052 and the
substrate (not shown), so that the flow rate of the cooling gas to the bleed holes 1056
is at a rate to maintain a desired pressure profile.

[0093] Grooves 946 extend between the second plurality of coolant gas ports

920 and the first plurality of bleed fixtures 952 in order to evenly distribute the
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coolant gas within the second cooling zone. In this embodiment, there are several
concentric circles of the second plurality of coolant gas ports 920 in the second
cooling zone in order to provide an even distribution of the second plurality of coolant
gas ports 920 within the second cooling gas zones. Not all of the second plurality of
coolant gas ports 920 and all of the grooves 946 are shown in order to more clearly
illustrate other features. In addition, the third plurality of coolant gas ports 924 is
evenly distributed within the third cooling zone. There are grooves between the third
plurality of coolant gas ports 924. Not all of the third plurality of coolant gas ports
924 and all of the grooves are shown in order to more clearly illustrate other features.
In addition, the fourth plurality of coolant gas ports 928 is evenly distributed within
the fourth cooling zone. There are grooves between the fourth plurality of coolant gas
ports 928. Not all of the fourth plurality of coolant gas ports 928 and all of the
grooves are shown in order to more clearly illustrate other features. In addition, the
first plurality of coolant gas ports 912 is evenly distributed within the first cooling
zone. There are grooves between the first plurality of coolant gas ports 912. Not all of
the first plurality of coolant gas ports 912 and all of the grooves are shown in order to
more clearly illustrate other features.

[0094] In various embodiments, the outer sealing band 908 has a height
between 5 to 30 microns. More preferably, the outer sealing band 908 has a height
between 7 to 15 microns. In various embodiments, the first inner band 932, the
second inner band 936, and the third inner band 940 may have a height equal to the
outer sealing band 908 to a height of 0 microns. More preferably, the height of the
first inner band 932, the second inner band 936, and the third inner band 940 is in the
range from one quarter the height of the outer sealing band 908 to approximately
equal to the height of the outer sealing band 908.

[0095] FIG. 11 is an enlarged side cross-sectional view of the outer sealing
band 908 on the chuck surface 904 of the embodiment shown in FIG. 9, The contact
between the substrate and the outer sealing band 908 affects the temperature of the
substrate. During use, the upper outer portion of the outer sealing band 908 is
gradually etched away. As a result, the influence of substrate temperature by the
outer sealing band 908 changes over time. This substrate temperature change may
cause changes from wafer to wafer.

[0096] FIG. 12 is an enlarged side cross-sectional view of an outer sealing

band 1208 of a chuck surface 1204 of another embodiment. In this embodiment, the
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upper outer corner of the outer sealing band 1208 has been removed forming a notch
in the upper outer portion of the outer sealing band 1208, as shown. As a result, only
the upper inner portion (and a smaller area compared to the outer sealing band 908 as
shown in FIG. 11) of the outer sealing band 1208 makes contact with the substrate
(not shown). Since only the upper inner portion (and a smaller area) of the outer
sealing band 1208 makes contact with the substrate, there is less temperature change
from wafer to wafer.

[0097] While this disclosure has been described in terms of several preferred
embodiments, there are alterations, modifications, permutations, and various
substitute equivalents, which fall within the scope of this disclosure. It should also be
noted that there are many alternative ways of implementing the methods and
apparatuses of the present disclosure. It is therefore intended that the disclosure be
interpreted as including all such alterations, modifications, permutations, and various

substitute equivalents as fall within the true spirit and scope of the present disclosure.
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CLAIMS
What is claimed is:
1. An apparatus for processing a substrate in a plasma processing chamber,
comprising:

a first coolant gas pressure system configured to provide a first coolant gas at a
first pressure;

a second coolant gas pressure system configured to provide a second coolant
gas at a second pressure independent of the first coolant gas pressure system;

a third coolant gas pressure system configured to provide a third coolant gas at
a third pressure independent of the first coolant gas pressure system and the second
coolant gas pressure system;

a fourth coolant gas pressure system configured to provide a fourth coolant gas
at a fourth pressure independent of the first coolant gas pressure system, the second
coolant gas pressure system, and the third coolant gas pressure system; and

an electrostatic chuck with a chuck surface having a center point and a
circumference, the electrostatic chuck further comprising:

a first plurality of coolant gas ports connected to the first coolant gas
pressure system, wherein each coolant gas port of the first plurality of coolant gas
ports is further than a first radius from the center point;

a second plurality of coolant gas ports connected to the second coolant
gas pressure system, wherein each coolant gas port of the second plurality of coolant
gas ports is spaced between the first radius from the center point and a second radius
from the center point, wherein the second radius is less than the first radius;

a third plurality of coolant gas ports connected to the third coolant gas
pressure system, wherein each coolant gas port of the third plurality of coolant gas
ports is spaced between the second radius from the center point and a third radius
from the center point, wherein the third radius is less than the second radius;

a fourth plurality of coolant gas ports connected to the fourth coolant
gas pressure system, wherein each coolant gas port of the fourth plurality of coolant
gas ports is spaced a distance within the third radius from the center point; and

an outer sealing band extending around the circumference of the chuck
surface, wherein the first plurality of coolant gas ports, the second plurality of coolant
gas ports, the third plurality of coolant gas ports, and the fourth plurality of coolant

gas ports are located within the outer sealing band.
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2. The apparatus, as recited in claim 1, the electrostatic chuck further comprising
a first inner band, wherein the first inner band is placed between the first plurality of
coolant gas ports and the second plurality of coolant gas ports.
3. The apparatus, as recited in claim 2, the electrostatic chuck further comprising
a second inner band, wherein the second inner band is placed between the second
plurality of coolant gas ports and the third plurality of coolant gas ports.
4. The apparatus, as recited in claim 3, the electrostatic chuck further comprising
a third inner band, wherein the third inner band is placed between the third plurality of
coolant gas ports and the fourth plurality of coolant gas ports.
5. The apparatus, as recited in claim 4, wherein respective heights of the outer
sealing band, the first inner band, the second inner band, and the third inner band are
about equal.
6. The apparatus, as recited in claim 5, the electrostatic chuck further comprising
a plurality of bleed fixtures.
7. The apparatus, as recited in claim 6, wherein each fixtures of the plurality of
bleed fixtures comprises:

at least one bleed hole; and

a sealing portion surrounding the at least one bleed hole.
8. The apparatus, as recited in claim 7, wherein the at least one bleed hole is
connected to an exhaust.
9. The apparatus, as recited in claim 4, wherein a height of the outer sealing band
is higher than respective heights of the first inner band, the second inner band, and the
third inner band.
10. The apparatus, as recited in claim 4, wherein heights of the first inner band,
the second inner band, and the third inner band are between one fourth and three
fourths of a height of the outer sealing band.
11. The apparatus, as recited in claim 1, wherein the first pressure provided by the
first coolant gas pressure system is greater than the second pressure provided by the
second coolant gas pressure system and the second pressure is less than the third
pressure provided by the third coolant gas pressure system and the third pressure is
greater than the fourth pressure provided by the fourth coolant gas pressure system.
12. The apparatus, as recited in claim 1, wherein the outer sealing band has a

height of between 5 and 30 microns.
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13. The apparatus, as recited in claim 1, the electrostatic chuck further comprising

a plurality of lift pin holes on the chuck surface.

14. The apparatus, as recited in claim 1, wherein the outer sealing band has a

notch in an upper outer portion of the outer sealing band.

15. The apparatus, as recited in claim 1, wherein the first coolant gas pressure
system comprises:

a mass flow controller unit connected to the first plurality of coolant gas ports;
and

a flow control valve with a first end connected between the mass flow

controller unit and the first plurality of coolant gas ports.

16. An electrostatic chuck with a chuck surface having a center point and a
circumference, comprising:

a first plurality of coolant gas ports connectable to a first coolant gas pressure
system, wherein each coolant gas port of the first plurality of coolant gas ports is
further than a first radius from the center point;

a second plurality of coolant gas ports connectable to a second coolant gas
pressure system, wherein each coolant gas port of the second plurality of coolant gas
ports is spaced between the first radius from the center point and a second radius from
the center point, wherein the second radius is less than the first radius;

a third plurality of coolant gas ports connectable to a third coolant gas pressure
system, wherein each coolant gas port of the third plurality of coolant gas ports is
spaced between the second radius from the center point and a third radius from the
center point, wherein the third radius is less than the second radius;

a fourth plurality of coolant gas ports connectable to a fourth coolant gas
pressure system, wherein each coolant gas port of the fourth plurality of coolant gas
ports is spaced a distance within the third radius from the center point; and

an outer sealing band extending around the circumference of the chuck
surface, wherein the first plurality of coolant gas ports, the second plurality of coolant
gas ports, the third plurality of coolant gas ports, and the fourth plurality of coolant

gas ports are located within the outer sealing band.
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17. The electrostatic chuck, as recited in claim 16, further comprising a first inner
band, wherein the first inner band is placed between the first plurality of coolant gas
ports and the second plurality of coolant gas ports.
18. The electrostatic chuck, as recited in claim 17, further comprising a second
inner band, wherein the second inner band is placed between the second plurality of
coolant gas ports and the third plurality of coolant gas ports.
19. The electrostatic chuck, as recited in claim 18, further comprising a third inner
band, wherein the third inner band is placed between the third plurality of coolant gas
ports and the fourth plurality of coolant gas ports.
20. The electrostatic chuck, as recited in claim 19, wherein respective heights of
the outer sealing band, the first inner band, the second inner band, and the third inner
band are about equal.
21. The electrostatic chuck, as recited in claim 20, further comprising a plurality
of bleed fixtures.
22. The electrostatic chuck, as recited in claim 21, wherein each of the plurality of
bleed fixtures comprises:

at least one bleed hole; and

a sealing portion surrounding the at least one bleed hole.
23. The electrostatic chuck, as recited in claim 22, wherein the at least one bleed
hole is connectable to an exhaust.
24. The electrostatic chuck, as recited in claim 19, wherein a height of the outer
sealing band is higher than respective heights of the first inner band, the second inner
band, and the third inner band.
25. The electrostatic chuck, as recited in claim 19, wherein heights of the first
inner band, the second inner band, and the third inner band are between one fourth
and three fourths of a height of the outer sealing band.
26. The electrostatic chuck, as recited in claim 16, wherein the first plurality of
coolant gas ports is configured to receive gas at a first pressure from the first coolant
gas pressure system;

wherein the second plurality of coolant gas ports is configured to receive gas
at a second pressure from the second coolant gas pressure system, the first pressure
being greater than the second pressure;

wherein the third plurality of coolant gas ports is configured to receive gas at a

third pressure from the third coolant gas pressure system, the second pressure being
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less than the third pressure; and

wherein the fourth plurality of coolant gas ports is configured to receive gas at
a fourth pressure from the fourth coolant gas pressure system, the third pressure being
greater than the fourth pressure.
27. The electrostatic chuck, as recited in claim 16, wherein the outer sealing band
has a height of between 5 and 30 microns.
28. The electrostatic chuck, as recited in claim 16, further comprising a plurality
of lift pin holes on the chuck surface.
29. The electrostatic chuck, as recited in claim 16, wherein the outer sealing band

has a notch in an upper outer portion of the outer sealing band.

25



WO 2018/183557 PCT/US2018/024922

100

—

PROCESS GAS SOURCE

110
RF
SQOURCE
108 130
109 /
\ I Es. ;i i
108 . —
NNB ! l’ P;-.':x
AN
15;\ \ X o2
N 412
"~ s
EXHAUST
PUMP L CQNTg;ﬁ}LLER
120
113 1141115 116
ESC COOLANT GAS ESC
SOURCE SQURCE
151 148

FIG. 1



WO 2018/183557

2/6

Processor(s}) ——

Main
Memory

A Communications
206 infrastructure

Display Device

Py
Iav

User Interface

PCT/US2018/024922

Storage Device

210

/4
Removable 7/

Storage Device

Cormmunications

Device
/ \
; /S
V4 AN
7 \1
212 215

interface

-
Ve
V4
)
214



WO 2018/183557 PCT/US2018/024922

3/6

304 | 315,340 336 332
112 | f / /’°
/[ /; [ L[ ]

¥
i T 7f

. 5 ‘z
308 F—R1 \\ \\ \\ N
328 324 320 312

108 R L
R3-
FIG. 3

FIG. 4



WO 2018/183557 PCT/US2018/024922

4/6

FIG. 5

640 636 632
f604 /12 E/’”m?f f //
o 55 £

o W] o ]

[ , Ty
|
808 | Ri1 \6 “\%‘6 \ \

108 R3]
- FIG. 6

7% | //-716
(= T
08 f X R2 \728\724 \72{3 \712

FIG. 7




WO 2018/183557 PCT/US2018/024922

5/6

/«usm /2 ! fB’i?/‘S"m /’8?/852832
= e — T

/ | |

5 a

808 | i 812
R2 k\ 824
108 FR3— \g-828\844 820

842
FIG. 8
952
916912 960 948
948 808 904 —— 956
932 = M - :
936 o T AN U A
940 7o N N e
x . Wik

920 7
158 J/ 5
" f / 946
928 924 FIG. 9

1004 FIG. 10



WO 2018/183557 PCT/US2018/024922

6/6

///,»904

T >

FiG. 11

1208 f/’/f4294

FIG. 12



International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2018/024922

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/683(2006.01)i, HO1L 21/67(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOI1L 21/683; F28F 7/00; HO1L 21/67, HO5B 3/68; HO1J 37/32;, B44C 1/22; C23F 1/08; C23C 16/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: processing chamber, coolant gas, electrostatic chuck, coolant gas pott, outer sealing band, bleed

hole, bleed fixture

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 6740853 Bl (JOHNSON et al.) 25 May 2004 1-29
See column 7, lines 44-54, column 10, lines 16-27, column 11, line 34 - colum
n 12, line 54 and figures 1A, 3A, 4A-4H.

Y US 2009-0194264 A1 (SASAKI, YASUHARU) 06 August 2009 1-29
See paragraphs [0034], [0039], [0043]-[0045] and figures 1-3B.

A US 2017-0092472 A1 (TOKYO ELECTRON LIMITED) 30 March 2017 1-29
See paragraphs [0053]-[0077] and figures 1-4.

A US 2010-0116788 A1 (SINGH et al.) 13 May 2010 1-29
See paragraphs [0028]-[0044] and figures 3-9.

A US 2004-0187787 A1 (DAWSON et al.) 30 September 2004 1-29
See paragraphs [0027]-[0072] and figures 2-7.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search
13 July 2018 (13.07.2018)

Date of mailing of the international search report

13 July 2018 (13.07.2018)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

CHOI, Sang Won

Telephone No.

+82-42-481-8291

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/024922
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6740853 Bl 25/05/2004 AT 491825 T 15/01/2011
AU 4324601 A 03/10/2001
AU 4531801 A 03/10/2001
AU 4722601 A 03/10/2001
CN 1207939 C 22/06/2005
CN 1377568 A 30/10/2002
EP 1219141 Al 03/07/2002
EP 1219141 A4 01/10/2008
EP 1219141 B1 15/12/2010
JP 2003-524885 A 19/08/2003
JP 4505169 B2 21/07/2010
KR 10-0722057 Bl 25/05/2007
KR 10-2002-0043601 A 10/06/2002
TW 526672 B 01/04/2003
TW 550658 B 01/09/2003
TW 567737 B 21/12/2003
TW 577854 B 01/03/2004
US 2002-0197870 Al 26/12/2002
US 2003-0029833 Al 13/02/2003
US 2003-0035705 Al 20/02/2003
US 6767698 B2 27/07/2004
US 7066703 B2 27/06/2006
WO 01-24581 Al 05/04/2001
WO 01-24581 A8 19/07/2001
WO 01-70517 Al 27/09/2001
WO 01-70605 Al 27/09/2001
WO 01-72094 Al 27/09/2001
US 2009-0194264 Al 06/08/2009 CN 101504928 A 12/08/2009
CN 101504928 B 03/08/2011
EP 2088616 A2 12/08/2009
EP 2088616 A3 02/01/2013
JP 2009-188162 A 20/08/2009
JP 5222442 B2 26/06/2013
KR 10-1115659 Bl 14/03/2012
KR 10-2009-0086171 A 11/08/2009
TW 201001612 A 01/01/2010
TW 1445124 B 11/07/2014
US 8696862 B2 15/04/2014
US 2017-0092472 Al 30/03/2017 CN 107039326 A 11/08/2017
EP 3147931 A2 29/03/2017
EP 3147931 A3 03/05/2017
JP 2017-063011 A 30/03/2017
KR 10-2017-0037526 A 04/04/2017
TW 201724159 A 01/07/2017
US 2010-0116788 Al 13/05/2010 CN 102197156 A 21/09/2011
CN 105603376 A 25/05/2016

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/024922
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2366039 A2 21/09/2011
EP 2366039 A4 18/09/2013
JP 2012-508991 A 12/04/2012
JP 5546552 B2 09/07/2014
KR 10-2011-0083666 A 20/07/2011
KR 10-2016-0141873 A 09/12/2016
TW 201033398 A 16/09/2010
TW 201631190 A 01/09/2016
TW 1546408 B 21/08/2016
TW 1589719 B 01/07/2017
WO 2010-055441 A2 20/05/2010
WO 2010-055441 A3 08/07/2010
US 2004-0187787 Al 30/09/2004 CN 1781181 A 31/05/2006
CN 1781181 C 31/05/2006
EP 1611601 A2 04/01/2006
JP 2006-522452 A 28/09/2006
JP 4745961 B2 10/08/2011
KR 10-1052446 Bl 28/07/2011
KR 10-2005-0118716 A 19/12/2005
TW 200509182 A 01/03/2005
TW 1333232 B 11/11/2010
WO 2004-093167 A2 28/10/2004
WO 2004-093167 A3 09/06/2005

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

