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SUBSTRATE PROCESSING APPARATUS
WITH HEATER ELEMENT HELD BY
VACUUM

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Thepresentapplication claims benefitunder35 U.S.
C. §119(e) of U.S. Provisional Patent Application No.
61/223,335, filed Jul. 6, 2009, which is hereby incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The presentinventionrelates generally to the field of
substrate processing equipment. More particularly, the
present invention relates to a system and apparatus for con-
trolling the temperature of substrates, such as semiconductor
wafers, used in the formation of integrated circuits.

[0003] Modern integrated circuits contain millions of indi-
vidual elements that are formed by patterning the materials,
such as silicon, metal and/or dielectric layers, that make up
the integrated circuit to sizes that are small fractions of a
micrometer. The technique used throughout the industry for
forming such patterns is photolithography. A typical photoli-
thography process sequence generally includes depositing
one or more uniform photoresist (resist) layers on the surface
of'a substrate, drying and curing the deposited layers, pattern-
ing the substrate by exposing the photoresist layer to electro-
magnetic radiation that is suitable for modifying the exposed
layer and then developing the patterned photoresist layer.
[0004] It is common in the semiconductor industry for
many of the steps associated with the photolithography pro-
cess to be performed in a multi-chamber processing system
(e.g., a cluster tool) that has the capability to sequentially
process semiconductor wafers in a controlled manner. One
example of a cluster tool that is used to deposit (i.e., coat) and
develop a photoresist material is commonly referred to as a
track lithography tool.

[0005] Track lithography tools typically include a main-
frame that houses multiple chambers (which are sometimes
referred to herein as stations) dedicated to performing the
various tasks associated with pre- and post-lithography pro-
cessing. There are typically both wet and dry processing
chambers within track lithography tools. Wet chambers
include coat and/or develop bowls, while dry chambers
include thermal control units that house bake and/or chill
plates. Track lithography tools also frequently include one or
more pod/cassette mounting devices, such as an industry
standard FOUP (front opening unified pod), to receive sub-
strates from and return substrates to the clean room, multiple
substrate transfer robots to transfer substrates between the
various chambers/stations of the track tool and an interface
that allows the tool to be operatively coupled to a lithography
exposure tool in order to transfer substrates into the exposure
tool and receive substrates from the exposure tool after the
substrates are processed within the exposure tool.

[0006] Over the years, there has been a strong push within
the semiconductor industry to shrink the size of semiconduc-
tor devices. The reduced feature sizes have caused the indus-
try’s tolerance to process variability to shrink, which in turn,
has resulted in semiconductor manufacturing specifications
having more stringent requirements for process uniformity
and repeatability. An important factor in minimizing process
variability during track lithography processing sequences is
to ensure that every substrate processed within the track
lithography tool for a particular application has the same
“wafer history.” A substrate’s wafer history is generally moni-

Jan. 6, 2011

tored and controlled by process engineers to ensure that all of
the device fabrication processing variables that may later
affect a device’s performance are controlled, so that all sub-
strates in the same batch are always processed the same way.
[0007] To ensure that each substrate has the same “wafer
history” requires that each substrate experiences the same
repeatable substrate processing steps (e.g., consistent coating
process, consistent hard bake process, consistent chill pro-
cess, etc.) and the timing between the various processing
steps is the same for each substrate. Lithography type device
fabrication processes can be especially sensitive to variations
in process recipe variables, e.g., temperature and the timing
between the recipe steps, which directly affects process vari-
ability and ultimately device performance.

[0008] Despite the advances made in performing semicon-
ductor processing operations, there is a need in the art for
improved methods and systems for thermal processing of
semiconductor substrates.

SUMMARY OF THE INVENTION

[0009] Certain embodiments of the present invention pro-
vide a substrate processing apparatus. The substrate process-
ing apparatus may include a first planar member, a second
planar member disposed below the first planar member, and
an evacuated region between the first planar member and the
second planar member. The substrate processing apparatus
may further include a heating layer disposed in the evacuated
region. In one embodiment, the heating layer is coupled to a
lower surface of the first planar member and an upper surface
of the second planar member and is held in place by the low
pressure/vacuum present in the evacuated region.

[0010] Other embodiments ofthe present invention provide
a heater assembly. The heater assembly may include a first
insulating layer and a first conducting layer disposed on and
coupled to the first insulating layer. The heater assembly may
further include a second insulating layer disposed on and
coupled to the first conducting layer and a second conducting
layer disposed on and coupled to the second insulating layer.
Heater assembly may also include a third insulating layer
disposed on and coupled to the second conducting layer. The
conducting layers may have heater elements arranged in a
predetermined pattern.

[0011] In still other embodiments, a dual stack heater is
provided. Each stack can include a conducting layer disposed
between two insulating layers. The conducting layer in one
stack may have heater elements arranged in multiple inde-
pendent zones while the conducting layer in the other stack
may have heater elements arranged to form a single heating
zone.

[0012] The following detailed description, together with
the accompanying drawings will provide a better understand-
ing of the nature and advantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a simplified schematic diagram of a track
lithography tool in which embodiments of the present inven-
tion may be implemented.

[0014] FIG. 2 is a cross-sectional view of a substrate pro-
cessing apparatus according to an embodiment of the present
invention.

[0015] FIG. 3 is a cross-sectional view of a heater element
according to an embodiment of the present invention.
[0016] FIG. 4 is a cross-sectional view of a heater element
according to another embodiment of the present invention.
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[0017] FIG. 5 illustrates a sample heater element pattern
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0018] Conventional techniques for manufacturing heating
apparatus include bonding, screwing, or screen-printing
heater elements onto metal or ceramic plates. There are sev-
eral disadvantages to these methods. First, the coefficient of
thermal expansion (CTE) of the material of the metal plate
may be different from the CTE of materials used to manufac-
ture the heater elements. Due to this mismatch in the CTE,
different parts of the heating apparatus can expand/contract at
different rates causing bending/warping of the heating appa-
ratus. Second, bonding and other similar techniques perma-
nently connect the heater elements to the metal/ceramic
plates. Therefore, changing the heater elements in case of
malfunction involves replacing the entire heating apparatus.
This can dramatically increase maintenance costs resulting in
higher Cost of Ownership (CoO) for the customer. Finally, it
is nearly impossible to change the heater configuration once
the heater elements are bonded to the metal plates. Therefore,
in an instance where a heating configuration change is
desired, the only alternative available is to manufacture an
entirely new assembly.

[0019] Certainembodiments ofthe present invention elimi-
nate the problems with conventional designs by providing a
heater coupled to plates made of high thermal conductivity
material. The heater is coupled to the plates by e.g., using
vacuum pressure. This enables easy change of the heater
element in case of failure or heating configuration change
without the need for replacing the entire heating apparatus.
[0020] FIG. 1 is a plan view of a track lithography tool
according to an embodiment of the present invention. In the
embodiment illustrated in FIG. 1, the track lithography tool is
coupled to an immersion scanner. An XYZ rectangular coor-
dinate system in which an XY plane is defined as the hori-
zontal plane and a Z-axis is defined to extend in the vertical
direction is additionally shown in FIG. 1 for purposes of
clarifying the directional relationship therebetween.

[0021] In a particular embodiment, the track lithography
tool is used to form, through use of a coating process, an
anti-reflection (AR) and a photoresist film on substrates, for
example, semiconductor substrates. The track lithography
tool is also used to perform a development process on the
substrates after they have been subjected to a pattern exposure
process. The substrates processed by the track lithography
tool are not limited to semiconductor substrates, but may
include glass substrates for a liquid crystal display device,
and the like.

[0022] The track lithography tool 100 illustrated in FIG. 1
includes an factory interface block 1, a BARC (Bottom Anti-
Reflection Coating) block 2, a resist coating block 3, a devel-
opment processing block 4, and a scanner interface block 5. In
the track lithography tool, the five processing blocks 1 to 5 are
arranged in a side-by-side relation. An exposure unit (or step-
per) EXP, which is an external apparatus separate from the
track lithography tool is provided and coupled to the scanner
interface block 5. Additionally, the track lithography tool and
the exposure unit EXP are connected via LAN lines 162 to a
host computer 160.

[0023] The factory interface block 1 is a processing block
for transferring unprocessed substrates received from outside
of the track lithography tool to the BARC block 2 and the
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resist coating block 3. The factory interface block 1 is also
useful for transporting processed substrates received from the
development processing block 4 to the outside of the track
lithography tool. The factory interface block 1 includes a
table 112 configured to receive a number of (in the illustrated
embodiment, four) cassettes (or carriers) C, and a substrate
transfer mechanism 113 for retrieving an unprocessed sub-
strate W from each of the cassettes C and for storing a pro-
cessed substrate W in each of the cassettes C. The substrate
transfer mechanism 113 includes a movable base 114, which
is movable in the Y direction (horizontally) along the table
112, and a robot arm 115 mounted on the movable base 114.

[0024] The robot arm 115 is configured to support a sub-
strate W in a horizontal position during substrate transfer
operations. Additionally, the robot arm 115 is capable of
moving in the Z direction (vertically) in relation to the mov-
able base 114, pivoting within a horizontal plane, and trans-
lating back and forth in the direction of the pivot radius. Thus,
using the substrate transfer mechanism 113, the holding arm
115 is able to gain access to each of the cassettes C, retrieve an
unprocessed substrate W out of each cassette C, and store a
processed substrate W in each cassette C. The cassettes C may
be one or several types including: an SMIF (standard
mechanical interface) pod; an OC (open cassette), which
exposes stored substrates W to the atmosphere; or a FOUP
(front opening unified pod), which stores substrates W in an
enclosed or sealed space.

[0025] The BARC block 2 is positioned adjacent to the
factory interface block 1. Partition 20 may be used to provide
an atmospheric seal between the factory interface block 1 and
the BARC block 2. The partition 20 is provided with a pair of
vertically arranged substrate rest parts 30 and 31 each used as
a transfer position when transferring a substrate W between
the factory interface block 1 and the BARC block 2.

[0026] Theupper substrate rest part 30 is used for the trans-
port of a substrate W from the factory interface block 1 to the
BARC block 2. The substrate rest part 30 includes three
support pins. The substrate transfer mechanism 113 of the
factory interface block 1 places an unprocessed substrate W,
which was taken out of one of the cassettes C, onto the three
support pins of the substrate rest part 30. A transport robot
101 in the BARC block 2 (described more fully below) is
configured to receive the substrate W placed on the substrate
rest part 30. The lower substrate rest part 31, on the other
hand, is used for the transport of a substrate W from the
BARC block 2 to the factory interface block 1. The substrate
rest part 31 also includes three support pins. The transport
robot 101 in the BARC block 2 places a processed substrate
W onto the three support pins of the substrate rest part 31. The
substrate transfer mechanism 113 is configured to receive the
substrate W placed on the substrate rest part 31 and then store
the substrate W in one of the cassettes C. Pairs of substrate rest
parts 32-39 (which are described more fully below) are simi-
lar in construction and operate in an analogous manner to the
pair of substrate rest parts 30 and 31.

[0027] The substraterest parts 30 and 31 extend through the
partition 20. Each of the substrate rest parts 30 and 31 include
an optical sensor (not shown) for detecting the presence or
absence of a substrate W thereon. Based on a detection signal
from each of the sensors, control of the substrate transfer
mechanism 113 and the transport robot 101 of the BARC
block 2 is exercised to transfer and receive a substrate W to
and from the substrate rest parts 30 and 31.

AEM Americas, Inc. - 1008

Pg. 7



US 2011/0000426 Al

[0028] Referring to FIG. 1 again, BARC block 2 is also
included in the track lithography tool 100. The BARC block
2 is a processing block for forming an AR film (also referred
to as a BARC) on a substrate using a coating process. The
BARC is positioned in the film stack under the photoresist
film, which is subsequently deposited. The BARC reduces
standing waves or halation occurring during exposure. The
BARC block 2 includes a bottom coating processor 124 con-
figured to coat the surface of a substrate W with the AR film,
apair of thermal processing towers 122 for performing one or
more thermal processes that accompany the formation of the
AR film, and the transport robot 101, which is used in trans-
ferring and receiving a substrate W to and from the bottom
coating processor 124 and the pair of thermal processing
towers 122.

[0029] Inthe BARC block 2, the bottom coating processor
124 and the pair of thermal processing towers 122 are
arranged on opposite sides of the transport robot 101. Spe-
cifically, the bottom coating processor 124 is on the front side
of' the track lithography tool and the pair of thermal process-
ing towers 122 are on the rear side thereof. Additionally, a
thermal barrier (not shown) is provided on the front side of the
pair of thermal processing towers 122. Thus, the thermal
crosstalk from the pair of thermal processing towers 122 to
the bottom coating processor 124 is reduced by the spacing
between the bottom coating processor 124 and the pair of
thermal processing towers 122 and through the use of the
thermal barrier.

[0030] Generally, the bottom coating processor 124
includes three vertically stacked coating processing units that
are similar in construction. The three coating processing units
are collectively referred to as the bottom coating processor
124, unless otherwise identified. Each of the coating process-
ing units includes a spin chuck 126 on which the substrate W
is rotated in a substantially horizontal plane while the sub-
strate W is held in a substantially horizontal position through
suction. Each coating processing unit also includes a coating
nozzle 128 used to apply a coating solution for the AR film
onto the substrate W held on the spin chuck 126, a spin motor
(not shown) configured to rotatably drive the spin chuck 126,
a cup (not shown) surrounding the substrate W held on the
spin chuck 22, and the like.

[0031] The thermal processing towers 122 include a num-
ber of bake plates used to heat a substrate W to a predeter-
mined temperature and a number of cool plates used to cool a
heated substrate down to a predetermined temperature and
thereafter maintain the substrate at the predetermined tem-
perature. The bake plates and cool plates are vertically
stacked, with the cool plates generally mounted underneath
the bake plates. The thermal processing towers may also
include a number of vertically stacked adhesion promotion
units (e.g., HMDS treatment units). Vertical stacking of pro-
cessing units reduces the tool footprint and reduces the
amount of ancillary equipment (e.g., temperature and humid-
ity control apparatus, electrical service, and the like).

[0032] Referring once again to FIG. 1, the resist coating
block 3 is a processing block for forming a resist film on the
substrate W after formation of the AR film in the BARC block
2. In a particular embodiment, a chemically amplified resist is
used as the photoresist. The resist coating block 3 includes a
resist coating processor 134 used to form the resist film on top
of the AR film, a pair of thermal processing towers 132 for
performing one or more thermal processes accompanying the
resist coating process, and the transport robot 102, which is
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used to transfer and receive a substrate W to and from the
resist coating processor 134 and the pair of thermal process-
ing towers 132.

[0033] Similar to the configuration of the processors in
BARCblock 2, the resist coating processor 134 and the pair of
thermal processing towers 132 are arranged on opposite sides
of the transport robot 102. A thermal barrier (not shown) is
provided to reduce thermal crosstalk between processors.
Generally, the resist coating processor 134 includes three
vertically stacked coating processing units that are similar in
construction. Each of the coating processing units includes a
spin chuck 136, a coating nozzle 138 for applying a resist
coating to the substrate W, a spin motor (not shown), a cup
(not shown), and the like.

[0034] The thermal processing towers 132 include a num-
ber of vertically stacked bake chambers and cool plates. In a
particular embodiment, the thermal processing tower closest
to the factory interface block 1 includes bake chambers and
the thermal processing tower farthest from the factory inter-
face block 1 includes cool plates. In the embodiment illus-
trated in FIG. 1, the bake chambers include a vertically
stacked bake plate and temporary substrate holder as well as
a local transport mechanism 134 configured to move verti-
cally and horizontally to transport a substrate W between the
bake plate and the temporary substrate holder and may
include an actively chilled transport arm. The transport robot
102 is identical in construction to the transport robot 101 in
some embodiments. The transport robot 102 is able to inde-
pendently access substrate rest parts 32 and 33, the thermal
processing towers 132, the coating processing units provided
in the resist coating processor 134, and the substrate rest parts
34 and 35.

[0035] The development processing block 4 is positioned
between the resist coating block 3 and the scanner interface
block 5. A partition 22 for sealing the development processing
block from the atmosphere of the resist coating block 3 is
provided. The upper substrate rest part 34 is used to transport
a substrate W from the resist coating block 3 to the develop-
ment processing block 4. The lower substrate rest part 35, on
the other hand, is used to transport a substrate W from the
development processing block 4 to the resist coating block 3.
As described above, substrate rest parts 32-39 may include an
optical sensor for detecting the presence or absence of a
substrate W thereon. Based on a detection signal from each of
the sensors, control of the various substrate transfer mecha-
nisms and transport robots of the various processing blocks is
exercised during substrate transfer processes.

[0036] The development processing block 4 includes a
development processor 144 for applying a developing solu-
tion to a substrate W after exposure in the scanner EXP, a pair
of'thermal processing towers 141 and 142, and transport robot
103. The development processor 144 includes five vertically
stacked development processing units that are similar in con-
struction to each other. Each of the development processing
units includes a spin chuck 146, a nozzle 148 for applying
developer to a substrate W, a spin motor (not shown), a cup
(not shown), and the like.

[0037] Thermal processing tower 142 includes bake cham-
bers and cool plates as described above. Additionally, thermal
processing tower 142 is accessible to both transport robot 103
as well as transport robot 104. Thermal processing unit 141 is
accessible to transport robot 103. Additionally, thermal pro-
cessing tower 142 includes substrate rest parts 36 and 37,
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which are used when transferring substrates to and from the
development processing block 4 and the scanner interface
block 5.

[0038] The interface block 5 is used to transfer a coated
substrate W to the scanner EXP and to transfer an exposed
substrate to the development processing block 5. The inter-
face block 5 in this illustrated embodiment includes a trans-
port mechanism 154 for transferring and receiving a substrate
W to and from the exposure unit EXP, a pair of edge exposure
units EEW for exposing the periphery of a coated substrate, a
curing module 105 and transport robot 104. The curing mod-
ule 105 can be configured to expose the wafer to incident
radiation and is separate from the exposure module EXP
described below. Typically, the curing module is configured
to allow the substrate to be exposed to ultra-violet radiation,
but can also be configured with other types of radiation
sources. Substrate rest parts 38 and 39 are provided along
with the pair of edge exposure units EEW for transferring
substrates to and from the scanner and the development pro-
cessing unit 4.

[0039] The exposure unit EXP is configured to allow the
substrate to be exposed to incident radiation of various wave-
lengths. The exposure unit EXP usually consists of an illumi-
nation source that generates the radiation. The typical illumi-
nation sources used in an exposure unit are gas discharge
lamps using either Krypton Fluoride (KrF), Argon Fluoride
(ArF), or other suitable lamps. These particular lamps gener-
ate radiation with wavelengths 0f 248 nm and 193 nm, respec-
tively.

[0040] The transport mechanism 154 includes a movable
base 154 A and a holding arm 154B mounted on the movable
base 154A. The holding arm 154B is capable of moving
vertically, pivoting, and moving back and forth in the direc-
tion of the pivot radius relative to the movable base 154A. The
send buffer SBF is provided to temporarily store a substrate
W prior to the exposure process if the exposure unit EXP is
unable to accept the substrate W, and includes a cabinet
capable of storing a plurality of substrates W in tiers.

[0041] Controller 160 is used to control all of the compo-
nents and processes performed in the cluster tool. The con-
troller 160 is generally adapted to communicate with the
scanner EXP, monitor and control aspects of the processes
performed in the cluster tool, and is adapted to control all
aspects of the complete substrate processing sequence. The
controller 160, which is typically a microprocessor-based
controller, is configured to receive inputs from a user and/or
various sensors in one of the processing chambers and appro-
priately control the processing chamber components in accor-
dance with the various inputs and software instructions
retained in the controller’s memory. The controller 160 gen-
erally contains memory and a CPU (not shown) which are
utilized by the controller to retain various programs, process
the programs, and execute the programs when necessary. The
memory (not shown) is connected to the CPU, and may be one
or more of a readily available memory, such as random access
memory (RAM), read only memory (ROM), floppy disk, hard
disk, or any other form of digital storage, local or remote.
Software instructions and data can be coded and stored within
the memory for instructing the CPU. The support circuits (not
shown) are also connected to the CPU for supporting the
processor in a conventional manner. The support circuits may
include cache, power supplies, clock circuits, input/output
circuitry, subsystems, and the like all well known in the art. A
program (or computer instructions) readable by the controller
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160 determines which tasks are performable in the processing
chambers. Preferably, the program is software readable by the
controller 160 and includes instructions to monitor and con-
trol the process based on defined rules and input data.

[0042] Although embodiments of the present invention are
described herein in the context of the track lithography tool
illustrated in FIG. 1, other architectures for track lithography
tools are included within the scope of embodiments of the
present invention. For example, track lithography tools uti-
lizing Cartesian architectures are suitable for use with
embodiments as described throughout the present specifica-
tion. In a particular embodiment, implementation is per-
formed for an RF?i, available from Sokudo Co., Ltd. of
Kyoto, Japan.

[0043] The challenges to high-resolution lithography are
encapsulated in the resolution equation: CD=k1*I/NA, where
CD is the smallest attainable critical dimension, k1 is a mea-
sure of process difficulty, I is the illumination wavelength,
and NA is the effective numerical aperture of the optical
system. Some resolution enhancement techniques involve
methods that reduce k1 at a given I and NA and therefore
reduce the minimum CD. According to ITRS, the k1 needs to
be reduced to less than 0.3 for the 45 nm node and beyond to
enable the continued use of the existing lithography equip-
ment. Moreover, very tight CD control is essential as the
industry moves towards smaller feature sizes.

[0044] FIG. 2 illustrates substrate processing apparatus
200. In some embodiments, the substrate processing appara-
tus can be a bake plate used to heat the substrate to a prede-
termined temperature as part of the processing sequence. The
substrate processing apparatus 200 can be implemented as
one of the components (e.g., a bake plate) of the thermal
processing towers 122 illustrated in FIG. 1.

[0045] The substrate processing apparatus 200 may include
a top planar member 201 and a bottom planar member 203.
Top planar member 201 and bottom planar member 203 are
separated by region 202. A substrate 204 can rest on an upper
surface of top planar member 201. In one embodiment, the
substrate can be a silicon wafer. In other embodiments, the
substrate can be quartz, glass, gallium-arsenide wafers, etc. In
some embodiments, the top and the bottom planar members
can be made from the same material in order to obtain a close
matchin the CTE. In some embodiments, the planar members
can be manufactured from materials including aluminum,
coppet, silicon carbide, aluminum nitride, hexagonal boron
nitride, or a tungsten-copper alloy. In an embodiment, the
tungsten-copper alloy may include about 90% tungsten and
about 10% copper. Other percentage combinations of tung-
sten and copper are also possible and may depend on the
application.

[0046] In an embodiment, top planar member 201 may
include a plurality of proximity pins (not shown) disposed on
the upper surface. The proximity pins may help to reduce the
contact area of the substrate with upper surface of top planar
member 201 thereby reducing the amount of backside par-
ticles that may be generated. Additionally, the proximity pins
may create fluidic channels below the substrate that may aid
in distributing the heat uniformly across the substrate. In
some embodiments, top planar member 201 may include one
or more vacuum ports 214 that may be connected to house
vacuum system 290 via exhaust line 250 and regulator 251. In
operation, the substrate may be held on the proximity pins by
applying vacuum on the backside of the substrate using ports
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214. In some embodiments, the proximity pins may be manu-
factured of materials including ceramic, aluminum, polyim-
ide, or the like.

[0047] In some embodiments, region 202 may be charac-
terized by a height of between 50 pm and 600 um before it is
evacuated. Heater layer 215 may be disposed in region 202. In
an embodiment, region 202 includes a vacuum port 213 con-
nected to house vacuum system 290 via exhaust line 260 and
regulator 261. During operation, vacuum is applied to region
202, thereby evacuating region 202 and causing planar mem-
bers 201 and 203 to be drawn toward each other and trapping
heater layer 215 between them. Thus, the heater layer can be
coupled to the upper and lower planar members by evacuating
region 202. In an instance where there is loss of vacuum,
heater layer 215 may rest on the upper surface of bottom
planar member 203. In some embodiments, the lateral move-
ment of heater layer 215 may be restricted by use of plurality
of guide pins (not shown) positioned peripherally around the
outer edge of the upper surface of the bottom planar member
and outer edge of the lower surface of the top planar member.

[0048] A plurality of lift pins holes 210 may extend from a
lower surface of bottom planar member 203 to the upper
surface of top planar member 201. A plurality of lift pins can
pass through holes 210 during load/unload operation of the
substrate. In some embodiments, a plurality of sensor through
holes 211 may extend from the lower surface of the bottom
planar member to the upper surface of the top planar member.
A plurality of temperature sensors 212 can be installed in
through holes 211. In some embodiments, temperature sen-
sors 212 can be installed such that a top portion of the sensor
212 is connected to a side of through hole 211 near an upper
section of through hole 211. Temperature sensor 212 can be
any one of resistance temperature detector (RTD), thermo-
couple, or a thermistor.

[0049] Substrate processing apparatus 200 may also
include a movable top cooling plate 220 positioned below the
lower planar member. Top cooling plate 220 may be config-
ured to travel in a vertical direction using a plurality of air
cylinders 231. Top cooling plate 220 can make contact with
the lower surface of planar member 203 when cooling plate
220 is at its highest position. In the highest position, cooling
plate 220 can draw heat away from the lower planar member.
Insome embodiments, cooling plate 220 may include thermal
material 221 disposed on its upper surface. In one embodi-
ment, thermal material 221 may comprise a thermal pad made
of Kapton® material available from DuPont Inc. The thermal
material may aid in efficient removal of heat from the lower
planar member. In some embodiments, cooling plate 220 may
include one or more vacuum ports 222 embedded in thermal
material 221. Vacuum ports 222 may be connected to house
vacuum system 290 via exhaust line 270 and regulator 271.
Vacuum ports 222 provide a cooling path between the bottom
layer of planar member 203 and the top layer of cooling plate
220. In some embodiments, the vacuum applied through ports
222 provides a uniform load across planar member 203 and
cooling plate 220. This ensures that the height of an air gap
between them is maintained at a constant level since both the
planar member and the cooling plate are uniformly deformed.
The constant air gap helps to effectively and rapidly remove
heat from planar member 203 to reduce the time required to
achieve a stable temperature. In an embodiment, the air gap is
maintained at about 50 um. It has been observed that the heat
transfer rate is more a function of the air gap between the
planar member and the cooling plate than the contact resis-
tance or the bulk resistance of thermal material 221. In some
embodiments, cooling plate 220 may be made from material
including aluminum, copper, or tungsten-copper alloy.
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[0050] Substrate processing apparatus 200 may also
include a non-movable bottom cooling plate 230. Cooling
plate 230 may provide active cooling capability and include
one or more fluid channels adapted to accept a fluid like
deionized water, Galden™, process cooling water, etc. A pair
of fluid inlet/outlet may be provided to connect to a fluid
supply/return. Top cooling plate 220 can make contact with
bottom cooling plate 230 at a lower position. At the lower
position, the bottom cooling plate may help draw the heat
from the top cooling plate. In some embodiments, the top and
bottom cooling plates can be used for lowering the tempera-
ture of the of the substrate processing apparatus during in the
instance when rapid change in temperature is desired.

[0051] FIG. 3 illustrates a heater 300 according to an
embodiment of the present invention. Heater element 300 can
include an insulating layer 301. A conducting layer 302 is
disposed over insulating layer 301. Conducting layer can be
thermally coupled to insulating layer 301. In some embodi-
ments, conducting layer 302 can include one or more heater
elements arranged in a predetermined pattern. In one embodi-
ment, the heater elements are arranged in a manner so as to
provide single zone heating for the substrate. Heater 300 may
further include insulating layer 303 disposed on conducting
layer 302. A second conducting layer 304 may be disposed on
top of insulating layer 303. In some embodiments, conduct-
ing layer 304 may include heater elements arranged in a
predetermined pattern. In one embodiment, conducting layer
304 may have heater elements arranged in multiple heating
zones that may be individually controlled. For instance, con-
ducting layer may have heater elements arranged to form six
independent heating zones with a separate temperature sensor
for each zone. In an embodiment, the heater elements may be
etched onto conducting layer 304. In other embodiments, the
heater layers may be screen printed or bonded to conducting
layer 304. FIG. 5 provides an illustration of heater elements
and a sample arrangement pattern.

[0052] A final insulating layer 305 may be disposed on top
of conducting layer 304. Insulating layers 301, 303, and 305
may serve to isolate conducting layers 302 and 304 from each
other. In some embodiments, the stacked heater including
insulating layers 301, 303, and 305 and conducting layers 302
and 304 may be laminated or lapped to form a singular struc-
ture. In some embodiments, conducting layers 302 and 304
may be made from materials including stainless steel,
inconel, or aluminum. Insulating layers may include polyim-
ide or high temperature curable ceramic, e.g., Cermabond
865 available from Aremco Inc. In some embodiments, con-
ducting layers 302 and 304 may have a thickness in the range
of'about 5 pm to about 30 um. Insulating layers 301, 303, and
305 may have a thickness in the range of about 30 um to about
60 pum.

[0053] FIG. 4 provides an alternate embodiment illustrat-
ing heater 400. In this embodiment, heater 400 may include
two individual heater stacks. Stack 401 may include an insu-
lating layer 410 disposed on a conducting layer 411. Con-
ducting layer 411 may be disposed on a second insulating
layer 412. Conducting layer 411 may include heater elements
arranged in multiple independent heating zones pattern simi-
lar to conducting layer 304 discussed above. Stack 402 may
include insulating layer 420 disposed on conducting layer
421. Conducting layer 421 may be disposed on another insu-
lating layer 422. Conducting layer 421 may have similar
characteristic as conducting layer 302 discussed above. In
one embodiment, stack 401 and stack 402 may be disposed in
region 202 and held together by evacuating region 202 of the
substrate processing apparatus, as discussed above. One of
the advantages of providing separate heater elements is that it

AEM Americas, Inc. - 1008

Pg. 10



US 2011/0000426 Al

may allow for additional flexibility in maintenance and recon-
figuration of the heater elements should the heater fail or in an
instance where a different heating profile is desired.

[0054] FIG. 5illustrates a sample heater pattern 500 includ-
ing heating elements 501. In some embodiments, heater ele-
ments 501 range in length from about 1 mm to about 6 mm.
The short length of the heater elements may help in reducing
warping of the planar members due to differential thermal
expansion coefficients and/or any resulting breakage of the
heater elements. Itis to be noted that the pattern shown in F1G.
5 is for illustration purpose only and one skilled in the art will
realize that many other patterns are possible.

[0055] Although the invention has been described with
respect to specific embodiments, it will be appreciated that
the invention is intended to cover all modifications and
equivalents within the scope of the following claims.

What is claimed is:

1. A substrate processing apparatus comprising:

a first planar member;

a second planar member disposed below the first planar
member;

an evacuated region between the first planar member and
the second planar member, the evacuated region being
characterized by vacuum; and

a heating layer disposed in the evacuated region, wherein
the heating layer is coupled to a lower surface of the first
planar member and an upper surface of the second planar
member.

2. The apparatus of claim 1 wherein the first planar member
comprises at least one of aluminum, copper, silicon carbide,
aluminum nitride, hexagonal boron nitride, or a copper-tung-
sten alloy.

3. The apparatus of claim 2 wherein the copper-tungsten
alloy comprises about 10% copper and about 90% tungsten.

4. The apparatus of claim 1 further comprising:

a first cooling member configured to travel in a vertical
direction between a lower surface of the second planar
member and an upper surface of a second cooling mem-
ber, the second cooling member being disposed below
the first cooling member, wherein a upper surface of the
first cooling member is configured to contact the lower
surface of the second planar member at a first position
and a lower surface of the first cooling member is con-
figured to contact the upper surface of the second cool-
ing member at a second position.

5. The apparatus of claim 4 wherein the second cooling
member is fixed and includes one or more cooling channels
adapted to accept a cooling fluid.

6. The apparatus of claim 1 further comprising a plurality
of proximity pins disposed on an upper surface of the first
planar member.

7. The apparatus of claim 1 wherein the heating element
comprises a plurality of heating elements arranged in one or
more independent zones.

8. A heater element comprising:

a first insulating layer;

afirst conducting layer disposed on and coupled to the first
insulating layer, the first conducting layer including a
plurality of heating elements arranged in a predeter-
mined pattern;

a second insulating layer coupled to the first conducting
layer, wherein the second insulating layer is at least
partially disposed on the first conducting layer;
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a second conducting layer disposed on and coupled to the
second insulating layer, the second insulating layer com-
prising one or more heater elements arranged in a pre-
determined pattern; and

a third insulating layer disposed on and coupled to the
second conducting layer.

9. The heater element of claim 8 wherein the first insulating

layer comprises polyimide.
10. The heater element of claim 8 wherein the first insulat-
ing layer and the second insulating layer comprises high
temperature curable ceramic.
11. The heater element of claim 8 wherein the first con-
ducting layer comprises at least one of aluminum, stainless
steel, or inconel.
12. The heater element of claim 8 wherein each of the first
insulating layer, the second insulating layer, and the third
insulating layer have a thickness of about 50 microns.
13. The heater element of claim 8 wherein each of the first
conducting layer and the second conducting layer have a
thickness of between about 5 microns and 30 microns.
14. A track lithography tool for processing a substrate, the
track lithography tool comprising:
aplurality of pod assemblies adapted to accept one or more
cassettes of substrates;
a plurality of processing modules adapted to perform vari-
ous processing steps associated with the track lithogra-
phy tool, the plurality of processing modules including:
at least one module for coating the substrate with a
photoresist material,

at least one module for developing the photoresist mate-
rial, the developing module including a substrate
heating apparatus, the substrate heating apparatus
comprising:

a housing including:

a first planar member;

a second planar member;

an evacuated region between the first planar member and
the second planar member, the evacuated region being
characterized by a pressure less than atmospheric
pressure; and

a heating layer disposed in the evacuated region,
wherein the heating layer is coupled to alower surface
of'the first planar member and an upper surface of the
second planar member; and

a curing module configured to cure the photoresist mate-
rial; and

one or more robots adapted to transfer the substrate from
one of the plurality of pod assemblies to one of the
plurality of processing modules within the track lithog-
raphy tool and transfer the substrate among the plurality
of processing modules.

15. The track lithography tool of claim 14 wherein the

heating layer comprises:

a first heater stack including:

a first insulating layer;

a first conducting layer disposed on and coupled to the first
insulating layer; and

a second insulating layer disposed on and coupled to the
first conducting layer; and

a second heater stack including:

a third insulating layer;

a second conducting layer disposed on and coupled to the
third insulating layer; and
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a fourth insulating layer disposed on and coupled to the
second conducting layer;
wherein the first heater stack is disposed over the second
heater stack and the first heater stack and the second
heater stack are thermally coupled to the first planar
member and the second planar member.
16. The track lithography tool of claim 15 wherein the first
conducting layer includes one or more heater elements.
17. A method of manufacturing a heater element, the
method comprising:
forming a first insulating layer;
forming a first conducting layer over the first insulation
layer, the first conducting layer including one or more
heater elements; and
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forming a second insulating layer over the first conducting
layer.

18. The method of claim 17 further comprising:

forming a second conducting layer over the second insu-
lating layer, the first conducting layer including one or
more heater elements; and

forming a third insulating layer over the second conducting
layer.

19. The method of claim 17 wherein forming the first
conducting layer includes etching the one or more heater
elements in the first conducting layer.

sk sk sk sk sk
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