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DEVICE AND METHOD FOR SUBSTRATE HEATING DURING TRANSPORT

This application claims priority of U.S. Patent Application
Serial No. 14/679,526 filed April 6, 2015, the disclosure of

which is incorporated herein by reference in its entirety.

FIELD

Embodiments of the present disclosure relate to apparatus for
heating a substrate during transport, and more particularly, for
heating a substrate in a transfer chamber while moving the

substrate between processing chambers.

BACKGROUND

The fabrication of a semiconductor device 1involves a
plurality of discrete and complex processes. The semiconductor
substrate typically undergoes many processes during the
fabrication process. These processes may occur 1in different
processing chambers, which may be maintained at different
processing conditions. In certain embodiments, a transfer
chamber 1s used to transport the substrates between these
processing chambers. A substrate handling robot is disposed in
the transfer chamber and moves the substrate from one processing
chamber to another processing chamber. Additionally, the
substrate handling robot may move the substrates to and from a
load 1lock, which separates the transfer chamber from the

external environment.
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Heating substrates before and/or after processing is common
in many semiconductor fabrication processes. In many cases, the
substrate 1s heated to a temperature close to the process
temperature and then transported to the processing chamber. This
preheating may help prevent substrate warping, popping and
movement when the cold substrate contacts the hot platen. These
phenomenon may cause the creation of particles and mishandling,

and may reduce overall process yield.

Additionally, 1in some embodiments, a substrate may be
warmed after being subjected to a cold process to eliminate the
possibility of condensation when the substrate exits the

transfer chamber.

In many embodiments, this heating of the substrate 1is
performed using a preheating station. The preheating station may
comprise one or more infrared lamps that are focused on the
substrate. While the preheating station is effective at raising
the temperature of the substrate, 1t has a negative impact on
throughput. Specifically, a substrate may be deposited at the
preheating station for a significant amount of time in order for
the substrate to reach the desired temperature. This increases
the time that the substrate remains 1in the transfer chamber.
Further, once the substrate is removed from the preheating
station, it begins to cool. For example, in some instances, the
substrate may cool up to 50°C or more as it is being transported
from the preheating station to the processing chamber. Thus, the
substrate may not be at the desired temperature when the

substrate is finally placed in that processing chamber.

Therefore, it would be beneficial 1f there were a system

and method of heating a substrate while the substrate 1is being

2
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transported between processing chambers. Further, it would be
beneficial if this heating could be accomplished without adding

additional processing time to the fabrication process.

SUMMARY

A system for heating substrates while being <transported
between processing chambers is disclosed. The system comprises
an array of 1light emitting diodes (LEDs) disposed in the
transfer chamber. The LEDs may be GaN LEDs, which emit light at
a wavelength which 1s readily absorbed by silicon, thus
efficiently and quickly heating the substrate. A controller is
in communication with the LEDs. The LEDs may be independently
controllable, so that the LEDs that are disposed above the
substrate as it is moved from one processing chamber to another
are illuminated. In other words, the illumination of the LEDs
and the movements of the substrate handling zrobot may be

synchronized by the controller.

In one embodiment, a substrate handling and heating system
is disclosed. The substrate handling and heating system
comprises a chamber housing, defining a chamber; a substrate
handling robot disposed in the chamber; and a LED array,
comprising a plurality of LEDs, disposed within the chamber,
wherein the LED array 1is disposed between a top surface of the
chamber housing and the substrate handling robot; wherein
illumination of the LEDs in the LED array 1is dependent upon a
path of a substrate traveling through the chamber. In some
embodiments, the chamber 1is a transfer chamber. In some

embodiments, the LEDs 1in the LED array disposed above the
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substrate are illuminated as the substrate travels through the

chamber.

In another embodiment, a substrate handling and heating
system is disclosed. The substrate handling and heating system
comprises a transfer chamber housing, defining a transfer
chamber; a substrate handling robot disposed in the transfer
chamber; a LED array, comprising a plurality of LEDs, disposed
in the transfer chamber, wherein the LED array 1is disposed
between a top surface of the transfer chamber housing and the
substrate handling robot; and a controller in communication with
the substrate handling robot and the LED array, such that the
controller controls movement of the substrate handling robot and
controls illumination of the LEDs in the LED array based on a
path of a substrate traveling through the transfer chamber via
the substrate handling robot. In certain embodiments, the LED
array comprises a plurality of =zones, where each zone can be
independently controlled by the controller. In certain
embodiments, the controller illuminates zones disposed above the
substrate and turns off =zones not disposed above the substrate

as the substrate moves along the path.

In another embodiment, a substrate handling and heating
system is disclosed. The substrate handling and heating system
comprises a transfer chamber housing, defining a transfer
chamber; a substrate handling robot disposed in the transfer
chamber; a LED array, comprising a plurality of LEDs, disposed
in the transfer chamber, wherein the LED array 1is disposed
between a top surface of the transfer chamber housing and the
substrate handling robot; a substrate handling controller in
communication with the substrate handling robot, such that the

substrate handling controller controls movement of the substrate

4
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handling robot; and a LED array controller in communication with
the LED array, such that the LED array controller controls
illumination of the LEDs in the LED array based on a path of a
substrate traveling through the transfer chamber via the
substrate handling robot. In certain embodiments, the substrate
handling robot comprises one or more encoders to provide
information about a position of an arm of the substrate handling
robot, and the LED array controller receives the information
from the encoders. In certain embodiments, the substrate
handling controller provides information to the LED array
controller about the position or movement of an arm of the

substrate handling robot.

BRIEF DESCRIPTION OF THE FIGURES

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

FIG. 1 is a side view of a system used to heat substrates
during transport according to one embodiment;

FIGs. 2A-2B are a top view and a cross-sectional view,
respectively, of the substrate handling and heating system;

FIGs. 3A-3C show an embodiment of the operation of the LED
array;

FIG. 4 is a side view of a substrate handling and heating
system according to another embodiment; and

FIG. 5 is a side view of a substrate handling and heating

system according to a third embodiment.
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DETAILED DESCRIPTION

As described above, in many applications, it is
advantageous to preheat a substrate prior to that substrate
being processed. Therefore, a system that can be used to heat
substrates while the substrates are being transported between

processing chambers would be beneficial.

A transfer chamber is used to move, or transport,
substrates between processing chambers. In this disclosure, the
term “processing chamber” is used to describe any source or
destination for a substrate. For example, a processing chamber
may be used to perform a particular process, such as
implantation, deposition, etching, or annealing. Additionally,
the term “processing chamber” also refers to a load lock, which
is used to transfer substrates between the transfer chamber and
the external environment. A load lock typically comprises a
sealable chamber, having two points of access. A substrate may
be placed in a load lock by opening one of these points of
access and placing the substrate in the sealable chamber. The
sealable chamber is then pumped down to near vacuum conditions.
The second point of access 1s then opened, and the substrate is
removed, typically by a substrate handling robot disposed in the
transfer chamber. The process operates in the reverse manner for

substrates leaving the transfer chamber.

FIG. 1 shows a side view of the substrate handling and
heating system 100 according to one embodiment. The substrate
handling and heating system 100 comprises a transfer chamber
110, which 1is in communication with a plurality of processing
chambers 120. As described above, the processing chambers 120

may be chambers 1in which a process, such as implantation,

6



10

15

20

25

30

WO 2016/164163 PCT/US2016/023537

etching, annealing or deposition, 1is performed. Additionally,
the processing chambers 120 may include load locks, used to move
substrates between the transfer chamber 110 and the external

environment.

The transfer chamber 110 may be defined by a transfer
chamber housing 115. Disposed within the transfer chamber 110 is
a substrate handling robot 130, which is used to move substrates
from any of the processing chambers 120 to any other processing
chamber 120. In some embodiments, the substrate handling robot
130 may be disposed such that the arm 135 of the substrate
handling robot 130 may access all of the processing chambers
120. In other embodiments, multiple substrate handling robots
130 may be disposed within a transfer chamber 110, such that at
least one of the substrate handling robots 130 is able to access

each of the processing chambers 120.

The substrate handling robot 130 may be any suitable
device. The device may be a SCARA (Selective Compliance
Articulated Robot Arm) device, a delta robot, a linear robot or
a gantry robot. The arm 135 of the substrate handling robot 130
is used to carry the substrate from one processing chamber 120
to another processing chamber 120. Typically, the top surface of
the substrate 1is not covered as the substrate is being

transported by the arm 135.

The transfer chamber 110 may be maintained at near vacuum
conditions. The temperature within the transfer chamber 110 may
similar to the ambient temperature of the external environment.

Other pressure and temperature conditions may also be employed.



10

15

20

25

30

WO 2016/164163 PCT/US2016/023537

An LED array 140 may be disposed within the transfer
chamber 110, and located on or near the top surface 116 of the
transfer chamber housing 115. In certain embodiments, the LED
array 140 1is affixed to the top surface 116 of the transfer
chamber housing 115, as shown in FIG. 1. In other embodiments,
the LED array 140 may be disposed near the top surface 116. In
either embodiment, the LED array 140 may be disposed above the
substrate handling robot 130, such that the arm 135 of the
substrate handling robot 130, and therefore the substrate, is

beneath the LED array 140.

The LED array 140 may comprise a plurality of high power
LEDs, which emit 1light of a wavelength or a plurality of
wavelengths that is readily absorbed by the substrates. For
example, silicon exhibits high absorptivity and low
transmissivity in the range of wavelengths between about 0.4 and
1.0 pm. Silicon absorbs more than 50% of the energy emitted in
the range of wavelengths from 0.4 to 1.0 pm. LEDs that emit
light 1in this range of wavelengths may be used. In certain
embodiments, LEDs made from GaN are employed. These GaN LEDs
emit light at a wavelength of about 450 nm.

The LEDs which make up the LED array 140 may be varied in
size. In certain embodiments, each LED may be 1.3mm x 1.7mm. In
another embodiment, each LED may be 1lmm x Imm. Of course, LEDs
of other dimensions are also within the scope of the disclosure.
The density of the LEDs in the LED array 140 may vary. For
example, 1in one embodiment, a density of 8.65 LEDs/cm? may be
used. In another embodiment, a density of 18.1 LEDs/cm? may be
used. In other embodiments, densities of up to 78 LEDs/cm? may be
used. As such, the density of the LED array 140 is not limited

by the disclosure.
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The LED array 140 may cover the entirety of the top surface
116 of the transfer chamber housing 115 1in some embodiments.
Thus, depending on the density of the LED array 140, more than
35,000 individual LEDs may be used to create the LED array 140.
In other embodiments, the LED array 140 may cover a portion of

the top surface 116.

These LEDs may be grouped into zones. A zone is defined as
a set of LEDs that is commonly controlled, such that all LEDs in
that zone illuminate and turn off as a single entity. In certain
embodiments, each zone may comprise hundreds or even thousands
of LEDs. However, in another embodiment, each zone comprises a
smaller number of LEDs. For example, 1in one embodiment, each
zone comprises a single LED so that each LED in the LED array
140 may be individually controlled. Further, the number of LEDs
in a zone is not limited by this disclosure. Additionally, while
zones may all be of equal area, this is not the only embodiment.
For example, each zone may not have the same number of LEDs or

cover the same area.

The substrate handling robot 130 and the LED array 140 may
each be 1in communication with a controller 150. While FIG. 1
shows a single controller 150, it is understood that each of

these devices may have a dedicated controller.

The controller 150 may have output or control signals that
instruct the substrate handling robot 130 from which processing
chamber 120 the next substrate may be retrieved (i.e. the source
processing chamber), and to which processing chamber 120 that
next substrate 1is to be transported (i.e. the destination

processing chamber). In certain embodiments, the controller 150

9
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may provide control signals specifying each movement of the
substrate handling robot 130 as the arm 135 moves from the
source processing chamber to the destination processing chamber.
In other embodiments, the substrate handling robot 130 may have
an internal control unit, with a memory element 1in which the
path from any processing chamber to any other processing chamber
is defined and stored. In this embodiment, the controller 150
simply stipulates the source ©processing chamber and the
destination processing chamber, and the substrate handling robot
130 executes the requisite movements. In some embodiments, the
controller 150 may also provide a time parameter to the
substrate handling robot 130, which informs the substrate
handling robot 130 when to execute the given movements. However,
other embodiments are also possible. For example, the controller
150 may provide control signals that correspond to each motion
that the arm 135 of the substrate handling robot 130 is to
perform. The granularity of these motions may vary. For example,
in one embodiment, the controller 150 may dictate motions as
rotary or linear, defined by a radius and arc, for rotary
motions, and by length and direction, for linear motions. The
control signals may be encoded in other ways as well. However,
in all embodiments, the controller 150, either directly or
indirectly, controls the movement of the substrate handling

robot 130 and the time when this movement occurs.

The controller 150 may also be in communication with the
LED array 140. The controller 150 may provide control or output
signals to the LED array 140 to illuminate and turn off
particular zones. In certain embodiments, LEDs, unlike halogen
lamps, may reach full illumination in about 200ms. Thus, the
LEDs of the LED array 140 may be easier to turn on and off than

conventional heating lamps.

10
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In certain embodiments, a dedicated lighting controller may
be provided with the LED array 140, such that the controller 150
simply provides a zone number, or a plurality of zone numbers,
and an action to be performed in that =zone or =zones. The
controller 150 may also provide a time parameter, indicating
when the action is to be performed. In yet another embodiment,
the dedicated 1lighting controller include a memory element,
which contains a set of preset patterns, where each pattern
represents the path and zones between any source processing
chamber and any destination processing chamber. In this
embodiment, the controller 150 may simply provide the dedicated
lighting controller with the source processing chamber and the
destination ©processing chamber. In some embodiments, the
controller 150 may also provide a time parameter to the
dedicated 1lighting controller, which informs the dedicated

lighting controller when to execute the given sequence.

In other embodiments, a dedicated lighting controller may
not be used. In this embodiment, the controller 150 may have an
output signal for each of the zones of the LED array 140, such
that assertion of an output signal illuminates all of the LEDs
in the corresponding zone. Other embodiments are also possible.
However, in all embodiments, the controller 150, either directly
or indirectly, controls the illumination of the LEDs in the LED

array 140 and the time when this illumination occurs.

As stated above, in certain embodiments, one controller 150
is used to control both the substrate handling robot 130 and the
LED array 140. In this embodiment, the controller 150 has
knowledge of the movements that the substrate handling robot 130

will take, as the controller 150 is providing the instructions

11
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to the substrate handling robot 130 for that movement. Thus, in
this embodiment, the controller 150 uses this information about
the forthcoming movements of the substrate handling robot 130 to

illuminate particular zones of the LED array 140.

In all of the embodiments described herein, the zones
illuminated by the controller 150 may be dependent upon the path
the substrate travels from the source processing chamber to the
destination processing chamber. By illuminating =zones as the
substrate travels along a path 1in the transfer chamber, the
substrate may be heated. For example, the controller 150 may
actuate the =zone 1in the LED array 140 directly above the
substrate as the substrate handling robot 130 moves the
substrate from the source processing chamber to the destination
processing chamber. This illumination sequence may have several
advantages. First, 1t minimizes the power used to heat the
substrate, as only the LEDs that are disposed above the
substrate, and are therefore capable of effectively heating it,
are used. Second, by only illuminating a portion of the LED
array, the heat that is generated within the transfer chamber
110 is reduced. This may allow the substrate handling robot 130
to remain at a cooler temperature than would be achievable if

the LEDS were all used at once.

FIG. 2A shows a top view of the substrate handling and
heating system 100, showing the substrate handling robot 130,
the arm 135, the transfer chamber 110 and the substrate 101.
FIG. 2B shows a cross-sectional view of the substrate handling
and heating system 100, which shows the relative positions of
the substrate handling robot 130, the transfer chamber housing

115 and the LED array 140.

12
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In this example, a substrate 101 1is moved from a source
processing chamber 120a disposed on the left side of the
transfer chamber 110 to a destination processing chamber 120b
disposed on the right side of the transfer chamber 110. Path 125
represents the path taken by the substrate 101 moving from the
source processing chamber 120a to the destination processing
chamber 120b. While path 125 shows the path including an arced
portion enveloped by linear portions, other embodiments are also
possible and the disclosure is not limited to any particular
path. Further, other paths are also possible. For example,
substrates may be moved from any of the processing chambers 120
to any other of the processing chambers 120. Thus, path 125 is
simply representative of one possible path that a substrate 101

may travel within the transfer chamber 110.

As described above, the controller 150 may instruct the
substrate handling robot 130, using control signals, to move a
substrate 101 from source processing chamber 120a to destination
processing chamber 120b. The controller 150, or the internal
control unit of the substrate handling robot 130, may determine
the path 125 that will be traversed by the substrate 101 as it
is moved. In either embodiment, the controller 150 is aware of
the path 125 taken by the substrate 101. The controller 150 also
instructs the LED array 140 to illuminate the LEDs in the LED
array 140 that are along the path 125. In other words, in one
embodiment, all of the zones that are above path 125 are
illuminated at once, and the substrate 101 is moved along the
path 125. In another embodiment, the =zones of LEDs may be
illuminated only when the substrate 101 is disposed or about to
be disposed directly below that zone. In other words, the zone
located near the source processing chamber 120a may be

illuminated first. As the substrate 101 moves to the right, that

13



10

15

20

25

30

WO 2016/164163 PCT/US2016/023537

zone may be turned off, while a second zone is illuminated. This
process may continue for as many zones are involved in the path
125. In certain embodiments, the LEDs for the second zone may be

illuminated prior to turning off the LEDs in the first zone.

Further, in certain embodiments, the LEDs of the LED array
140 are illuminated such that all portions of the substrate 101
are equally 1lit while it is moving between the source processing
chamber 120a and the destination processing chamber 120b. In
other words, 1in certain embodiments, the entire substrate 101 is

1lit as the substrate 101 travels along the path 125.

In other embodiments, all portions of the substrate 101 are
equally 1lit; however, the substrate 101 is not illuminated
throughout the entire path 125. For example, the substrate 101
may be not illuminated when 1t first exits the source processing
chamber or as it enters the destination processing chamber. For
example, the LED array 140 may only be used to illuminate the
substrate 101 during the arced portion of the path 125. However,
in certain embodiments, during those portions of the path 125
where the substrate 101 is 1illuminated, all portions of the

substrate are equally 1lit.

FIG. 2A shows a transfer chamber 110 in communication with
four processing chambers. However, the disclosure is not limited
to this embodiment. For example, the transfer chamber may have
five, six, eight or any other suitable number of processing
chambers. As described above, in some embodiments, a plurality
of substrate handling robots 130 is disposed within the transfer
chamber 110, such that at least one substrate handling robot 130
may communicate with each processing chamber. The substrate

handling robots may also be capable of communicating with each
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other to transfer the substrate 101 from one substrate handling

robot to another.

FIGs. 3A-3C represent one embodiment of the operation of
the LED array 140. In these figures, the LEDs of the LED array
140 are shown. However, for clarity, the arm 135 and the
substrate handling robot 130 are not illustrated. However, these

components are part of this embodiment.

In FIG. 3A, the substrate 101 has Jjust exited the source
processing chamber 120a and entered the transfer chamber 110. A
subset 141 of the LED array 140, shown in solid £fill, is
illuminated at this time. The subset 141 of LEDs may represent
one zone, a plurality of zones, or may represent a plurality of
individual LEDs. In other words, the size of each zone is not
limited by this example or by this disclosure. The subset 141 of
LEDs may be selected based on their ability to effectively heat
the substrate 101. In other words, LEDs that are disposed a
distance away from the substrate 101 may not effectively heat
the substrate 101, therefore, these LEDs may not be illuminated.
In certain embodiments, the subset of LEDs that are disposed

directly above the substrate 101 are illuminated.

As the substrate continues moving along path 125, it
reaches the position shown in FIG. 3B. In this location, a
second subset 142 of the LED array 140 is 1illuminated. 1In
certain embodiments, some of the LEDs that were part of subset
141 are also part of second subset 142. For example, subset 141
may comprise a plurality of zones, where at least one of those
zones 1s also part of second subset 142. This helps insure that
all portions of the substrate 101 remain equally illuminated

while the substrate 101 is being transported from the source
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processing chamber 120a to the destination processing chamber
120b. FIG. 3C shows the substrate 101 as it continues along path
125. In this position, a third subset 143 of LEDs in the LED
array 140 are illuminated. In this location, all of the LEDs
that were part of subset 141 are now turned off, as the
substrate 101 has 1left the portion of the transfer chamber 110
where the LEDs 1in subset 141 will effectively illuminate and
heat the substrate 101. However, some of the LEDs that were part
of second subset 142 may also be part of third subset 143.

Thus, as described above, 1in certain embodiments, the LEDs
that comprise the LED array 140 are controlled in such a way so
that the LEDs that are above the substrate 101 at a particular
point in time are illuminated. As the substrate 101 moves beyond
a particular LED or zone of LEDs, that LED or zone of LEDs 1is
turned off. Thus, the position of the substrate can be defined
by Cartesian coordinates (x,y) or by polar coordinates (r,90) and
by a time parameter. The illumination of LEDs, subsets of LEDs
or zones of LEDs 1is related to the position of the substrate at

a particular point in time.

The embodiment of FIG. 1 assumes a controller 150 that is
aware of, and in communication with, both the substrate handling
robot 130 and the LED array 140. However, other embodiments are
also possible. FIG. 4 shows another embodiment. In this
embodiment, many of the same components are present and are
given identical reference designators. Therefore, these
components will not be described again. In this embodiment, the
substrate handling and heating system 200 includes a substrate
handling controller 210 that controls the movements of the

substrate handling robot 130. The substrate handling and heating

16



10

15

20

25

30

WO 2016/164163 PCT/US2016/023537

system 200 also includes an LED array controller 220, which

controls the LEDs in the LED array 140.

This embodiment does not include a controller that is both
aware of the motion of the substrate handling robot 130 and can
control the LED array 140. In this embodiment, the substrate
handling controller 210 provides control signals or outputs to
the substrate handling robot 130, as was described above with
respect to controller 150. As described above, these control
signals or outputs may be used to specify a source processing
chamber, a destination processing chamber and a time parameter.
In other embodiments, the control signals or outputs may
instruct the arm 135 of the substrate handling robot 130 of the
movements to execute and when these movements are to be

performed.

LED array controller 220 provides control signals or
outputs to the LED array 140 as was described above with respect
to controller 150. The LED array controller 220 may specify the
zones tTo be illuminated and the time to perform that
illumination. In other embodiments, the LED array controller 220

provides control signals to actuate each zone directly.

However, in this embodiment, unlike that of FIG. 1,
information regarding the motions of substrate handling robot
130 1s passed to the LED array controller 220. 1In certain
embodiments, the substrate handling robot 130 may have one or
more encoders 136, which provide information regarding the
position of the arm 135 of the substrate handling robot 130. The
information from these encoders 136 is passed to the LED array
controller 220. Using the information regarding the position of

the arm 135 of the substrate handling robot 130, the LED array
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controller 220 1is able to illuminate the appropriate LEDs or
zones of LEDs, as described above. For example, the LED array
controller 220 may 1include a memory element that contains a
mapping of the encoder position of the arm 135 to zones or zones
of the LED array 140. In another embodiment, the LED array
controller 220 may execute an algorithm to determine the

appropriate zones based on the encoder information.

Thus, in this embodiment, the LED array controller 220 uses
actual position information regarding the substrate handling
robot 130 to determine which zones of LEDs should be illuminated

at a particular time.

Like FIG. 4, FIG. 5 shows an embodiment of a substrate
handling and heating system 300 having a substrate handling
controller 210 and a LED array controller 220. However, in this
embodiment, the substrate handling controller 210 has an output,
or set of outputs, which communicate with the LED array
controller 220. In other words, 1in certain embodiments, the
substrate handling controller 210 informs the LED array
controller 220 of actions that the substrate handling robot 130
is or will be executing. In other embodiments, the substrate
handling controller 210 informs the LED array controller 220 of
the position of the arm 135 of the substrate handling robot.

In certain embodiments, the connection 225 between the two
controllers may be unidirectional, where the substrate handling
controller 210 communicates to the LED array controller 220. In
other embodiments, this connection may be bidirectional, such as
a network connection. Based on this information from the
substrate handling controller 210, the LED array controller 220

is able to control the LED array 140 in the manner described
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above. Thus, 1n certain embodiments, the substrate handling
controller 210 communicates with the LED array controller 220 to
provide the LED array controller 220 with the information in
order to properly orchestrate the illumination of the LED array

140.

The embodiments described above in the present application
may have many advantages. First, the use of multiple LEDs in an
LED array allows finer granularity over the areas of the
transfer chamber 110 that are illuminated. In particular, it is
possible to illuminate only those LEDs that are above the
substrate. In this way, the substrate is heated by the LEDs, but

excessive heat is not introduced into the transfer chamber.

Additionally, the finer granularity allows all portions or
regions of the substrate to be -equally illuminated. This
minimizes thermal stress on the substrate. In other words, in
certain embodiments, all portions of the substrate are
illuminated as it moved along its path from a source processing

chamber to a destination processing chamber.

Further, the use of LEDs may be an efficient way to heat
the substrate. In certain embodiments, the substrate can be
heated to the intended temperature during its path from the
source processing chamber to the destination processing chamber,
without using a preheat station, or slowing or stopping along

the path. This may improve efficiency and throughput.

Further, the use of LEDs also reduces the heat that is
introduced into the transfer chamber and also reduces the total
power needed. The 1light from the LEDs 1is used to heat the

substrate, due to the coupling with the substrate material and
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the wavelength of the light emitted from the LED. This is in
contrast to infrared or halogen lamps, which generate a dJgreat
deal of heat and emit 1light at a wavelength which 1s not
absorbed by the substrate. Additionally, the selective
illumination of the LEDs may reduce the heat that is transferred
to the substrate handling robot 130, which may contain heat-

sensitive components.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other wvarious
embodiments of and modifications to the present disclosure, in
addition to those described herein, will be apparent to those of
ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the
present disclosure. Furthermore, although the present
disclosure has been described herein in the context of a
particular implementation 1in a particular environment for a
particular purpose, those of ordinary skill in the art will
recognize that its usefulness is not limited thereto and that
the present disclosure may be Dbeneficially implemented 1in any
number of environments for any number of purposes. Accordingly,
the claims set forth below should be construed in view of the
full breadth and spirit of the present disclosure as described

herein.
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What is claimed is:

1. A substrate handling and heating system, comprising:

a chamber housing, defining a chamber;

a substrate handling robot disposed in the chamber;
and

a LED array, comprising a plurality of LEDs, disposed
within the chamber, wherein the LED array 1is disposed
between a top surface of the chamber housing and the
substrate handling robot;

wherein illumination of the LEDs in the LED array 1is
dependent upon a path of a substrate traveling through
the chamber.

2. The substrate handling and heating system of claim 1,
wherein the chamber 1is a transfer chamber, and further
comprising a plurality of processing chambers in
communication with the transfer chamber, wherein the path
of the substrate is from one of the plurality of processing
chambers to another of the ©plurality of processing
chambers.

3. The substrate handling and heating system of claim 2,
wherein at least one of the plurality of processing
chambers comprises a load lock.

4. The substrate handling and heating system of claim 1,
wherein only a portion of the LEDs in the LED array 1is
illuminated at a particular time.

5. The substrate handling and heating system of claim 1,
wherein the LEDs 1in the LED array disposed above the
substrate are illuminated as the substrate travels through

the chamber.
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8.

10.

11.

12.

The substrate handling and heating system of claim 1,
wherein the LEDs emit light at a wavelength absorbed by the

substrate.

. The substrate handling and heating system of c¢laim 6,

wherein the wavelength is between 0.4 and 1.0 um.
A substrate handling and heating system, comprising:

a transfer chamber housing, defining a transfer
chamber;

a substrate handling robot disposed in the transfer
chamber;

a LED array, comprising a plurality of LEDs, disposed
in the transfer chamber, wherein the LED array 1is
disposed between a top surface of the transfer chamber
housing and the substrate handling robot; and

a controller in communication with the substrate
handling robot and the LED array, such that the
controller controls movement of the substrate handling
robot and controls illumination of the LEDs in the LED
array based on a path of a substrate traveling through

the transfer chamber via the substrate handling robot.

. The substrate handling and heating system of claim 8,

wherein the LED array comprises a plurality of zones,
wherein each zone can be independently controlled by the
controller.

The substrate handling and heating system of claim 9,
wherein the controller illuminates zones disposed above the
substrate and turns off zones not disposed above the
substrate as the substrate moves along the path.

The substrate handling and heating system of claim 8,
wherein the LEDs emit light at a wavelength between 0.4 and
1.0 pm.

A substrate handling and heating system, comprising:
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13.

14.

15.

a transfer chamber housing, defining a transfer
chamber;

a substrate handling robot disposed in the transfer
chamber;

a LED array, comprising a plurality of LEDs, disposed
in the transfer chamber, wherein the LED array 1is
disposed between a top surface of the transfer chamber
housing and the substrate handling robot;

a substrate handling controller in communication with
the substrate handling robot, such that the substrate
handling controller controls movement of the substrate
handling robot; and

a LED array controller in communication with the LED
array, such that the LED array controller controls
illumination of the LEDs in the LED array based on a path
of a substrate traveling through the transfer chamber via
the substrate handling robot.

The substrate handling and heating system of claim 12,
wherein the substrate handling robot comprises one or more
encoders to provide information about a position of an arm
of the substrate handling robot, and the LED array
controller receives the information from the one or more
encoders.

The substrate handling and heating system of claim 12,
wherein the substrate handling controller provides
information to the LED array controller about movement or
position of an arm of the substrate handling robot.

The substrate handling and heating system of claim 12,
wherein the LED array controller illuminates zones disposed
above the substrate and turns off zones not disposed above

the substrate as the substrate moves along the path.
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