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POSITION AND TEMPERATURE MONITORING OF ALD PLATEN SUSCEPTOR

BACKGROUND

[0001] Embodiments of the present invention generally relate to an apparatus for
processing substrates. More particularly, the invention relates to a batch processing
platform for performing atomic layer deposition (ALD) and chemical vapor deposition
(CVD) on substrates.

[0002] The process of forming semiconductor devices is commonly conducted in
substrate processing platforms containing multiple chambers. In some instances, the
purpose of a multi-chamber processing platform or cluster tool is to perform two or
more processes on a substrate sequentially in a controlled environment. In other
instances, however, a multiple chamber processing platform may only perform a
single processing step on substrates; the additional chambers are intended to
maximize the rate at which substrates are processed by the platform. In the latter
case, the process performed on substrates is typically a batch process, wherein a
relatively large number of substrates, e.g. 25 or 50, are processed in a given chamber
simultaneously. Batch processing is especially beneficial for processes that are too
time-consuming to be performed on individual substrates in an economically viable
manner, such as for ALD processes and some chemical vapor deposition (CVD)

processes.

[0003] The effectiveness of a substrate processing platform, or system, is often
quantified by cost of ownership (COOQ). The COO, while influenced by many factors,
is largely affected by the system footprint, i.e., the total floor space required to operate
the system in a fabrication plant, and system throughput, i.e., the number of
substrates processed per hour. Footprint typically includes access areas adjacent the
system that are required for maintenance. Hence, although a substrate processing
platform may be relatively small, if it requires access from all sides for operation and
maintenance, the system's effective footprint may still be prohibitively large.

[0004] The semiconductor industry's tolerance for process variability continues to
decrease as the size of semiconductor devices shrink. To meet these tighter process
requirements, the industry has developed a host of new processes which meet the
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tighter process window requirements, but these processes often take a longer time to
complete. For example, for forming a copper diffusion barrier layer conformally onto
the surface of a high aspect ratio, 65 nm or smaller interconnect feature, it may be
necessary to use an ALD process. ALD is a variant of CVD that demonstrates
superior step coverage compared to CVD. ALD is based upon atomic layer epitaxy
(ALE) that was originally employed to fabricate electroluminescent displays. ALD
employs chemisorption to deposit a saturated monolayer of reactive precursor
molecules on a substrate surface. This is achieved by cyclically alternating the
pulsing of appropriate reactive precursors into a deposition chamber. Each injection
of a reactive precursor is typically separated by an inert gas purge to provide a new
atomic layer to previous deposited layers to form an uniform material layer on the
surface of a substrate. Cycles of reactive precursor and inert purge gases are
repeated to form the material layer to a desired thickness. The biggest drawback with
ALD techniques is that the deposition rate is much lower than typical CVD techniques
by at least an order of magnitude. For example, some ALD processes can require a
chamber processing time from about 10 to about 200 minutes to deposit a high quality
layer on the surface of the substrate. In choosing such ALD and epitaxy processes for
better device performance, the cost to fabricate devices in a conventional single
substrate processing chamber would increase due to very low substrate processing
throughput. Hence, when implementing such processes, a continuous substrate
processing approach is needed to be economically feasible.

[0005] New generations of ALD process tools require a tight control of the gap
between the wafer and the deposition source (injector) to meet composition and
thickness uniformity across the wafer and between wafers. The process may take
place in a wide range of temperatures, and in a range of separation between the
wafer and the deposition source. It can be important to monitor the uniformity of the
distance across the wafers area, which can be as large as 1.5m in diameter. Also, the
temperature range that the system works at requires adjustments for thermal
expansion to meet the accuracy of wafer placement in the process pockets.

[0006] Therefore, there is a need in the art for apparatus and methods providing

control over the injector to gap distance over long diameters and temperature ranges.
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SUMMARY

[0007] Embodiments of the invention are directed to deposition apparatus
comprising a gas distribution assembly, a susceptor assembly and a camera. The
gas distribution assembly has a front surface and an edge. The susceptor assembly
is spaced from the gas distribution assembly to rotate a plurality of substrates around
a central axis. The susceptor assembly has a top surface with a plurality of recesses
to hold a plurality of substrates, a bottom surface and an edge. The top surface of the
susceptor assembly and the front surface of the gas distribution assembly define a
gap. The camera has a field of view including the edge of the susceptor assembly. A
controller is connected to the camera to determine the gap between the top surface of

the susceptor assembly and the front surface of the gas distribution assembly.

[0008] In some embodiments, there are at least three cameras spaced about an
interior region of the deposition apparatus. Each camera has a field of view including
the edge of the susceptor assembly and each camera is connected to the controller.

[0009] In one or more embodiments, the controller determines the gap between the
top surface of the susceptor assembly and one or more of the front surface of the gas
distribution assembly or a reference plane at each camera position while the
susceptor assembly remains stationary.

[0010] In some embodiments, the field of view of the camera further includes the
edge of the gas distribution assembly and the gap. In one or more embodiments,
there are at least three cameras spaced about an interior region of the deposition
apparatus, each camera having a field of view including the edge of the susceptor
assembly, the edge of the gas distribution plate and the gap, each camera connected
to the controller. In some embodiments, the controller determines a plane formed by

the susceptor assembly relative to a plane formed by the gas distribution assembly.

[0011] In one or more embodiments, the gas distribution assembly comprises a
reference mark on the edge of the gas distribution plate, the reference mark being
used as a substitute for the front surface of the gas distribution plate when

determining the gap.
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[0012] In some embodiments, there is one camera and the controller uses a
plurality of images from the camera taken during a processing cycle in which the
susceptor assembly rotates, the controller determining the planarity of the susceptor
assembly from measurements from the plurality of images taken during the

processing cycle.

[0013] In one or more embodiments, the controller includes a feedback circuit in
communication with at least one gap control actuation device, the controller providing
a signal to the at least one gap control actuation device to direct the device to move
one or more of the susceptor assembly and the gas distribution assembly to change
the gap.

[0014] Additional embodiments of the invention are directed to deposition apparatus
comprising a gas distribution assembly and a susceptor assembly. The gas
distribution assembly has a front surface and an edge. The susceptor assembly is
spaced from the gas distribution assembly to rotate a plurality of substrates around a
central axis. The susceptor assembly has a top surface with a plurality of recesses to
hold a plurality of substrates, a bottom surface and an edge, wherein the top surface
of the susceptor assembly and the front surface of the gas distribution assembly
define a gap. A plurality of capacitance sensors are positioned on the front surface of
the gas distribution assembly directed toward the top surface of the susceptor
assembly. Each of the capacitance sensors provides an electrical signal which is
proportional to the distance of the top surface of the susceptor assembly to the
capacitance sensor. A controller is connected to the plurality of capacitance sensors
to determine the gap between the top surface of the susceptor assembly and the front
surface of the gas distribution assembly from the electrical signals provided by the

plurality of capacitance sensors.

[0015] In some embodiments, the controller includes a memory to store calibrated
values of the electrical signals provided by the plurality of capacitance sensors as a
function of the gap as one or more of a lookup table or standardization equation.

[0016] In one or more embodiments, the controller determines the gap between the
top surface of the susceptor assembly and the front surface of the gas distribution

assembly at each capacitance sensor position while the susceptor assembly remains
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stationary. In some embodiments, the controller creates a three-dimensional map of
the top surface of the susceptor assembly from the electrical signals provided by the

plurality of capacitance sensors.

[0017] In one or more embodiments, the controller uses a plurality of
measurements from at least one capacitance sensor taken during a processing cycle
in which the susceptor assembly rotates, the controller determining the planarity of a
portion of the susceptor assembly adjacent the capacitance sensor from the electrical
signals provided by the capacitance sensor during the processing cycle.

[0018] In some embodiments, the controller includes a feedback circuit in
communication with at least one gap control actuation device, the controller providing
a signal to the at least one gap control actuation device to direct the device to move
one or more of the susceptor assembly and the gas distribution assembly to change
the gap.

[0019] Further embodiments of the invention are directed to deposition apparatus
comprising a susceptor assembly, a controller and a camera. The susceptor
assembly is to rotate a plurality of substrates around a central axis. The susceptor
assembly has a top surface and a bottom surface. The surface has a plurality of
recesses to hold a plurality of substrates and each recess has a center. The bottom
surface has an alignment reference point for at least one of the plurality of recesses.
The camera has a field of view directed at the bottom surface of the susceptor
assembly and positioned so that when a recess is positioned adjacent a loading
station, the alignment reference point is within the field of view of the camera. The
controller is connected to the camera to determine the position of the recess adjacent
the loading station from the alignment reference point.

[0020] In some embodiments, the alignment reference point comprises a recess
center reference point and a camera reference point, the recess center reference
point providing an indication of the position of the center of the recess and the camera
reference point providing an indication of the camera alignment relative to the recess
center reference point to correct for marking misalignment. In one or more
embodiments, the recess center reference point comprises a hole in the bottom

surface of the susceptor assembly.
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[0021] In some embodiments, the camera reference point comprises a shape made
up of at two vertices having known distances between each vertex. In one or more

embodiments, the camera reference point comprises a rectangular shape.

[0022] In some embodiments, the controller includes a memory to store calibrated
values of each alignment reference point, the controller determining the position of the
recess by comparing the alignment reference point to the stored calibrated values. In
one or more embodiments, the controller is in communication with the susceptor
assembly to send signals to rotate the susceptor assembly based on the
determination of the position of the recess. In some embodiments, the controller is in
communication with a transfer robot to provide a signal to the robot indicating the
location of the recess so that the robot can place a substrate in the recess in a
consistent position.

[0023] In one or more embodiments, the bottom surface of the susceptor assembly
further comprises a temperature reference point within the field of view of the camera
and the determines the temperature of the susceptor assembly from the position of
the temperature reference point.

[0024] In some embodiments, the temperature reference point comprises a groove

in the bottom surface of the susceptor assembly at a fixed diameter.

[0025] In one or more embodiments, the temperature reference point and the
alignment reference point are within the field of view at the same time and the
controller determines the position of the recess compensating for the temperature of
the susceptor assembly.

[0026] Additional embodiments of the invention are directed to methods of
measuring a gap between a rotatable susceptor assembly and a gas distribution
assembly in a processing chamber. At least one camera is positioned adjacent the
susceptor assembly and gas distribution assembly so that an edge of the susceptor
assembly, and optionally, an edge of the gas distribution assembly and the gap are
visible in a field of view of the camera. An image of the field of view of the camera is
taken. The image including the edge of the susceptor assembly and, optionally, the
edge of the gas distribution assembly and the gap. The position on the image of a top

surface of the susceptor assembly is determined and, optionally, a front surface of the
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gas distribution assembly. The gap between the top surface of the susceptor
assembly and the front surface of the gas distribution assembly is determined from the

image.

[0027] In some embodiments, there are three cameras positioned around the
susceptor assembly and gas distribution assembly and the gap is measured for each
camera. One or more embodiments, further comprise determining an angle of tilt of

the susceptor assembly relative to the gas distribution plate.

[0028] In one or more embodiments, measuring the gap comprises one or more of
measuring the distance between the top surface of the susceptor assembly and the
front surface of the gas distribution assembly or measuring the distance between the

top surface of the susceptor assembly and a reference plane.

[0029] In some embodiments, a single camera is used and the method further
comprising rotating the susceptor assembly about a central axis; taking in image of
the field of view of the camera at known rotational angles relative to the susceptor
assembly to generate a plurality of images; determining the gap for each of the
plurality of images; and determining the uniformity of the gap as a function of the
susceptor assembly rotational angle.

[0030] One or more embodiments of the invention are directed to methods of
measuring a gap between a rotatable susceptor assembly and a gas distribution
assembly in a processing chamber. At least one sensor is positioned on the gas
distribution assembly facing the susceptor assembly, the sensor being one or more of
a capacitance sensor and an eddy current sensor. An electrical signal from the at
least one sensor is measured. The electrical signal is proportional to the gap between
the susceptor assembly and the sensor. The gap between the susceptor assembly
and the gas distribution assembly is determined from the electrical signal.

[0031] In some embodiments, a plurality of sensors are positioned on the gas
distribution assembly, and the electrical signal from each sensor is measured, and the
method further comprising determining the gap between the susceptor assembly and
each sensor, and generating the three-dimensional map of the susceptor assembly.
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[0032] In one or more embodiments, a single susceptor is monitored, the method
further comprising: rotating the susceptor assembly about a central axis; measuring a
plurality of electrical signals from the susceptor as a function of susceptor assembly
rotational angle or time; determining the gap for each of the plurality of electrical
signals; and determining the uniformity of the gap as a function of the susceptor
assembly rotational angle or time.

[0033] Additional embodiments of the invention are directed to methods of
transferring a substrate to a rotatable susceptor assembly. The susceptor assembly is
rotated so that a recess in a top surface of the susceptor assembly is positioned
adjacent a loading area of a processing chamber. An alignment reference point on a
back side of the susceptor assembly is found using a camera directed at the back side
of the susceptor assembly. The position of the recess on the top surface of the
susceptor assembly is determined by measuring the position of the alignment
reference point on the back side of the susceptor assembly to determine coordinates
of the recess. The coordinates of the recess are communicated to one or more of a
controller and a transfer robot to allow the transfer robot to place the substrate within

the recess reproducibly.

[0034] In some embodiments, the alignment reference point comprises a recess
center reference point and a camera reference point, the recess center reference
point providing an indication of the position of the center of the recess and the camera
reference point providing an indication of the camera alignment relative to the camera
reference point, evaluating the position of the recess further comprising correcting for

the alignment of the camera.

[0035] In one or more embodiments, the controller includes a memory to store
calibrated values of each alignment reference point, the controller determining the
position of the recess by comparing the alignment reference point to the stored
calibrated values and adjusting the rotational position of the susceptor assembly to
improve the alignment of the recess with the loading area.

[0036] Some embodiments further comprise finding a temperature reference point
on the bottom of the susceptor using a camera and measuring a temperature of the

susceptor assembly from a position of the temperature reference point. In one or
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more embodiments, the temperature reference point comprises a groove in the bottom

surface of the susceptor assembly at a fixed diameter.

[0037] In some embodiments, the temperature reference point and the alignment
reference point are within a field of view of the camera at the same time and the
coordinates of the recess are determined compensating for the temperature of the
susceptor assembly. In one or more embodiments, the temperature reference point is

the alignment reference point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0039] FIG. 1 is a cross-sectional side view of a processing chamber in accordance

with one or more embodiment of the invention;

[0040] FIG. 2 shows a perspective view of a processing chamber with pie-shaped

gas distribution sectors in accordance with one or more embodiments of the invention;

[0041] FIG. 3 shows a perspective view of a processing chamber in accordance

with one or more embodiments of the invention;

[0042] FIG. 4 is a schematic plan view of a substrate processing system configured
with four gas distribution assemblies and a loading station in accordance with one or

more embodiments of the invention;

[0043] FIG. 5 is a schematic plan view of a processing system in accordance with

one or more embodiments of the invention;

[0044] FIG. 6A shows schematic view of the top surface of a susceptor assembly

and a transfer robot in accordance with one or more embodiments of the invention;
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[0045] FIG. 6B shows a schematic view of the bottom surface of the susceptor
assembly of FIG. 6A;

[0046] FIG. 6C shows an expanded view of a portion of FIG. 6B; and

[0047] FIGS. 7A — 7C show examples of alignment reference points in accordance

with one or more embodiments of the invention.

DETAILED DESCRIPTION

[0048] Embodiments of the invention are directed to apparatus and methods for
measuring the gap between the injector assembly and substrate or susceptor
assembly. Some embodiments of the invention are directed to apparatus and
methods for placing a wafer on a susceptor assembly in a reproducible manner. One
or more embodiments of the invention are directed to apparatus and methods for
measuring the temperature of a susceptor assembly. Some embodiments of the
invention provide static and dynamic 3D mapping of the gap across the plating area,
as well as direct temperature measurement and on the fly adjustment of wafer
placement coordinates using cameras, capacitance sensors and design elements to

enable monitoring various parameters.

[0049] As used in this specification and the appended claims, the terms “wafer”,
“substrate” and the like are used interchangeably. In some embodiments, the wafer is

a rigid, discrete substrate.

[0050] In some embodiments, a rotating susceptor is assumed to be a rigid body
with vertical actuators placed at the outer diameter of the susceptor. The actuators
apply pressure against a bearing which pushes the susceptor against the injectors
above. Each injector has reference pads with an opposing bearing. As the pressure is
applied to actuators the gap closes against the injector pads until a predetermined

force is reached correlating to a gap distance

[0051] In some embodiments, the susceptor is not a rigid body, so actuators with a
bearing are placed at the outer diameter and inner diameter of the susceptor. The
injectors assembly has reference pads with an opposing bearing at both the inner
diameter and outer diameter. As the pressure is applied to the actuators, the gap
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closes against the injector pads until a predetermined force is reached correlating to a

gap distance.

[0052] FIG. 1 shows cross-section of a processing chamber 100 including a gas
distribution assembly 120, also referred to as injectors or an injector assembly, and a
susceptor assembly 140. The gas distribution assembly 120 is any type of gas
delivery device used in a processing chamber. The gas distribution assembly 120
includes a front surface 121 which faces the susceptor assembly 140. The front
surface 121 can have any number or variety of openings to deliver a flow of gases
toward the susceptor assembly 140. The gas distribution assembly 120 also includes
an outer edge 124 which, in the embodiments, shown, is substantially round.

[0053] The specific type of gas distribution assembly 120 used can vary depending
on the particular process being used. Embodiments of the invention can be used with
any type of processing system where the gap between the susceptor and the gas
distribution assembly is controlled. While various types of gas distribution assemblies
can be employed (e.g., showerheads), embodiments of the invention may be
particularly useful with spatial ALD gas distribution assemblies which have a plurality
of substantially parallel gas channels. As used in this specification and the appended
claims, the term “substantially parallel” means that the elongate axis of the gas
channels extend in the same general direction. There can be slight imperfections in
the parallelism of the gas channels. The plurality of substantially parallel gas
channels can include at least one first reactive gas A channel, at least one second
reactive gas B channel, at least one purge gas P channel and/or at least one vacuum
V channel. The gases flowing from the first reactive gas A channel(s), the second
reactive gas B channel(s) and the purge gas P channel(s) are directed toward the top
surface of the wafer. Some of the gas flow moves horizontally across the surface of
the wafer and out of the processing region through the purge gas P channel(s). A
substrate moving from one end of the gas distribution assembly to the other end will
be exposed to each of the process gases in turn, thereby forming a layer on the
substrate surface.

[0054] In some embodiments, the gas distribution assembly 120 is a rigid stationary

body made of a single injector unit. In one or more embodiments, the gas distribution
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assembly 120 is made up of a plurality of individual sectors 122, as shown in FIG. 2.
Either a single piece body or a multi-sector body can be used with the various

embodiments of the invention described.

[0055] The susceptor assembly 140 is positioned beneath the gas distribution
assembly 120. The susceptor assembly 140 includes a top surface 141 and at least
one recess 142 in the top surface 141. The susceptor assembly 140 also has a
bottom surface 143 and an edge 144The recess 142 can be any suitable shape and
size depending on the shape and size of the wafers 60 being processed. In the
embodiment shown in FIG. 1, the recess 142 has a flat bottom to support the bottom
of the wafer, but it will be understood that the bottom of the recess can vary. In some
embodiments, the recess has step regions around the outer peripheral edge of the
recess which are sized to support the outer peripheral edge of the wafer. The amount
of the outer peripheral edge of the wafer that is supported by the steps can vary
depending on, for example, the thickness of the wafer and the presence of features

already present on the back side of the wafer.

[0056] In some embodiments, as shown in FIG. 1, the recess 142 in the top surface
141 of the susceptor assembly 140 is sized so that a wafer 60 supported in the recess
142 has a top surface 61 substantially coplanar with the top surface 141 of the
susceptor 140. As used in this specification and the appended claims, the term
“substantially coplanar” means that the top surface of the wafer and the top surface of
the susceptor assembly are coplanar within 0.2 mm. In some embodiments, the top

surfaces are coplanar within £ 0.15 mm, £ 0.10 mm or £ 0.05 mm.

[0057] The susceptor assembly 140 of Fig. 1 includes a support post 160 which is
capable of lifting, lowering and rotating the susceptor assembly 140. The susceptor
assembly may include a heater, or gas lines, or electrical components within the
center of the support post 160. The support post 160 may be the primary means of
increasing or decreasing the gap between the susceptor assembly 160 and the gas
distribution assembly 120, moving the susceptor assembly 140 into proper position.
The susceptor assembly 140 may also include fine tuning actuators 162 which can
make micro-adjustments to susceptor assembly 140 to create a desired gap 170

between the susceptor assembly 140 and the gas injector assembly 120.
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[0058] In some embodiments, the gap 170 distance is in the range of about 0.1 mm
to about 5.0 mm, or in the range of about 0.1 mm to about 3.0 mm, or in the range of
about 0.1 mm to about 2.0 mm, or in the range of about 0.2 mm to about 1.8 mm, or in
the range of about 0.3 mm to about 1.7 mm, or in the range of about 0.4 mm to about
1.6 mm, or in the range of about 0.5 mm to about 1.5 mm, or in the range of about 0.6
mm to about 1.4 mm, or in the range of about 0.7 mm to about 1.3 mm, or in the range
of about 0.8 mm to about 1.2 mm, or in the range of about 0.9 mm to about 1.1 mm, or

about 1 mm.

[0059] The processing chamber 100 shown in the Figures is a carousel-type
chamber in which the susceptor assembly 140 can hold a plurality of wafers 60. As
shown in FIG. 2, the gas distribution assembly 120 may include a plurality of separate
injector units 122, each injector unit 122 being capable of depositing a film on the
wafer, as the wafer is moved beneath the injector unit. Two pie-shaped injector units
122 are shown positioned on approximately opposite sides of and above the
susceptor assembly 140. This number of injector units 122 is shown for illustrative
purposes only. It will be understood that more or less injector units 122 can be
included. In some embodiments, there are a sufficient number of pie-shaped injector
units 122 to form a shape conforming to the shape of the susceptor assembly 140. In
some embodiments, each of the individual pie-shaped injector units 122 may be
independently moved, removed and/or replaced without affecting any of the other
injector units 122. For example, one segment may be raised to permit a robot to
access the region between the susceptor assembly 140 and gas distribution assembly

120 to load/unload wafers 60.

[0060] Processing chambers having multiple gas injectors can be used to process
multiple wafers simultaneously so that the wafers experience the same process flow.
For example, as shown in FIG. 4, the processing chamber 100 has four gas injector
assemblies 120 and four wafers 60. At the outset of processing, the wafers 60 can be
positioned between the injector assemblies 30. Rotating 17 the susceptor assembly
140 by 452 will result in each wafer 60 which is between injector assemblies 120 to be
moved to an injector assembly 120 for film deposition, as illustrated by the dotted
circle under the injector assemblies 120. An additional 452 rotation would move the

wafers 60 away from the injector assemblies 30. With spatial ALD injectors, a film is
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deposited on the wafer during movement of the wafer relative to the injector assembly.
In some embodiments, the susceptor assembly 140 is rotated in increments that
prevent the wafers 60 from stop beneath the injector assemblies 120. The number of
wafers 60 and gas distribution assemblies 120 can be the same or different. In some
embodiments, there are the same number of wafers being processed as there are gas
distribution assemblies. In one or more embodiments, the number of wafers being
processed are fraction of or an integer multiple of the number of gas distribution
assemblies. For example, if there are four gas distribution assemblies, there are 4x

wafers being processed, where x is an integer value greater than or equal to one.

[0061] The processing chamber 100 shown in FIG. 4 is merely representative of
one possible configuration and should not be taken as limiting the scope of the
invention. Here, the processing chamber 100 includes a plurality of gas distribution
assemblies 120. In the embodiment shown, there are four gas distribution assemblies
30 evenly spaced about the processing chamber 100. The processing chamber 100
shown is octagonal, however, it will be understood by those skilled in the art that this
is one possible shape and should not be taken as limiting the scope of the invention.
The gas distribution assemblies 120 shown are trapezoidal, but it will be understood
by those skilled in the art that the gas distribution assemblies can be a single circular
component or made up of a plurality of pie-shaped segments, like that shown in FIG.
2.

[0062] The embodiment shown in FIG. 4 includes a load lock chamber 180, or an
auxiliary chamber like a buffer station. This chamber 180 is connected to a side of the
processing chamber 100 to allow, for example the substrates 60 to be
loaded/unloaded from the chamber 100. A wafer robot may be positioned in the
chamber 180 to move the substrate

[0063] Rotation of the carousel (e.g., the susceptor assembly 140) can be
continuous or discontinuous. In continuous processing, the wafers are constantly
rotating so that they are exposed to each of the injectors in turn. In discontinuous
processing, the wafers can be moved to the injector region and stopped, and then to
the region 84 between the injectors and stopped. For example, the carousel can

rotate so that the wafers move from an inter-injector region across the injector (or stop
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adjacent the injector) and on to the next inter-injector region where it can pause again.
Pausing between the injectors may provide time for additional processing steps

between each layer deposition (e.g., exposure to plasma).

[0064] One or more embodiments of the invention can be used for gap 170 control.
Referring to FIG. 3, gap 170 control can be achieved by using externally mounted
CCD cameras 210 for image capture and processing, and/or capacitance sensors 230
(shown in FIG. 1) embedded inside the gas distribution assembly 120 or the plating
platform (i.e., the susceptor assembly 140) for real time and continuous gap 170
measurement. As used in this specification and the appended claims, the term
‘image” refers to a two-dimensional array of data points obtained by an optical
instrument, for example, a digital photograph that provides an actual visual
representation of the subject matter being focused upon or within the field of view. In
some embodiments, the entire image is captured in a single snapshot in time as
opposed to a sequential or random series of measurements over the same physical
space. An image may be an uninterrupted two-dimensional representation of the

three-dimensional subject matter.

[0065] The cameras 210 can be mounted in, for example, three positions around
the susceptor assembly 140, with a field of view wide enough to simultaneously
capture the edges of the gas injector plate and the susceptor that carries the wafer,
face up against the gas flow from the injector. This allows the injector to perform as a
reference point to measuring the gap. Using three cameras, a single image of both
with a stationary susceptor allows the determination of the plane formed by the carrier
relative to the injector. This is useful to monitor tilt and offsets of the plating surface,
and to enable adjustments and calibration of this gap. Measuring the position of the
plating edge as the carrier rotates, allows for monitoring of dynamic gap non
uniformity, as an example caused by wobbling during the rotation or non-uniform
sagging of the carrier platform. The edges of the plates might be identified using
image processing techniques to provide a 2D map of the static and dynamic

dimension uniformity.

[0066] Accordingly, with reference to FIG. 3, one or more embodiments of the

invention are directed to deposition apparatus 100. The apparatus includes a gas
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distribution assembly 120 which has a front surface 121 and an edge 124. For ease
of description, the gas distribution assembly 120 is shown as a disc-shaped unit, but
those skilled in the art will understand that this can be a very irregular shape,
especially on the top portion where gas lines may be connected.

[0067] The apparatus 100 also includes a susceptor assembly 140 which is spaced
from the gas distribution assembly 120. The susceptor assembly has a top surface
141, a bottom surface 143 and an edge 144. The space is referred to as the gap 170
and is the primary reactive region of the apparatus. The susceptor assembly 140 has
support post 160 acting as a central axis about which the susceptor assembly 140 can
rotate. The susceptor assembly 140 has a top surface 141 with a plurality of recesses

142, also referred to as pockets, sized to hold a plurality of substrates.

[0068] A camera 210 is positioned near the edges of the susceptor assembly and
gas distribution assembly and has a field of view including the edge 124 of the gas
distribution assembly 120, the edge 144 of the susceptor assembly 140 and the gap
170. While only a single camera 210 is shown in FIG. 3, it will be understood that
more than one camera 210 can also be employed. For example, since a minimum of
three points are needed to define a plane, some embodiments of the invention use
three cameras which, when analyzed can provide sufficient data to calculate a plane.

[0069] In some embodiments, the camera 210 has a field of view that includes the
edge 144 of the susceptor assembly 140. In embodiments of this sort, the camera
210 may be calibrated to a reference plane other than the gas distribution assembly
120. For example, the camera 210 may be calibrated to some reference plane not in
the image (e.g., such as a mechanical standard plane). The gap can be calculated
from the location of the susceptor edge 144 in relation to the standard plane.

[0070] The camera 210 is connected to a controller 220. The controller can be a
computer with a memory for storing information and support circuits for analyzing data
and communication with external devices, like the camera 210 or actuators 162. The
controller evaluates the image from the camera 210 to determine the gap 170
between the top surface 141 of the susceptor assembly 140 and the front surface 121
of the gas distribution assembly 120.
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[0071] The camera 210 generates an image which can be analyzed by the
controller 220. During analysis, the controller 220 might detect the front edge of the
gas distribution assembly, which correlates to the front surface 121 of the gas
distribution assembly 120, and the top edge of the susceptor assembly 140, which
correlates to the top surface of the 141 of the susceptor assembly 140. When the
camera 210 is at a known distance from the gas distribution assembly 120, the
number of pixels between the front edge of the gas distribution assembly and the top
edge of the susceptor assembly are proportional to the size of the gap 170. The
camera 210 may include a lens that can show the gap over a number of pixels.
Meaning that the lens has sufficient resolution to show gap. The controller may count
the number of pixels between the edges and compare the value to a look-up table for
the given distance to the gas distribution assembly 120. While a look-up table
technique is described, those skilled in the art will understand that there are other
techniques for correlating the camera 210 image to the gap 170 size (e.g., a

standardization equation).

[0072] Referring to FIG. 5, in some embodiments, there are at least three cameras
210 spaced about an interior region of the deposition apparatus 100. The
embodiment shown in FIG. 5 is a top view showing top of the gas distribution
assembly 120 with the susceptor assembly 140 positioned below the plane of the
page. For ease of visualization, gas lines and connections to the gas distribution
assembly 120 are omitted from this drawing, but it will be understood that there can be
any number of gas connections or vacuum connections to the gas distribution
assembly. The spacing can vary, for example, each camera 210 may be 120° apart
around the circular gas distribution assembly 120 and susceptor assembly 140. Each
camera 210 can see the edge 124 of the gas distribution assembly 120, the edge 144
of the susceptor assembly 140 and the gap 170 simultaneously. The image taken
from each camera 210 can be processed by the controller 220 and the gap 170 at
each camera 210 location can be determined. The controller can determine the plane
formed by the susceptor assembly 140 relative to a plane formed by the gas
distribution assembly 120. This would allow for the tilt angle, relative to a fixed gas
distribution assembly 120, to be calculated. For example, if the gap 170 measured by
each of the cameras 210 were identical; there would be substantially no tilt between
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the susceptor assembly 140 and the gas distribution assembly 120, meaning that the
two would be coplanar. Analyzing only the edge of the susceptor cannot guarantee
that the entire susceptor is completely flat, so this component would be substantially
coplanar, with small regions, possibly, that are not perfectly coplanar.

[0073] Multi-camera analysis of the gap may be particularly useful when the
susceptor assembly 140 is stationary. The controller can analyze the gap and then
send signals to the support post 160 or actuators 162, shown on the bottom in FIG. 1
and on the top in FIG. 3, which can change the size of the gap 170. The controller
210 may include a feedback circuit in communication with at least one gap control
actuation device (e.g., the support post 160 or actuators 162). The controller 220 can
provide a signal to the at least one gap control actuation device to direct the device to
move one or more of the susceptor assembly 140 and the gas distribution assembly
120 to change the size of the gap 170.

[0074] In addition to analyzing the stationary susceptor to injector gap 170, the
controller can analyze the planarity of the susceptor assembly 140 dynamically. A
single camera 210 can be used to record a plurality of images of the gap as the
susceptor assembly 140 rotates. The images can be time stamped or correlated to
the specific rotational angle of the susceptor assembly 140. Analyzing the gap 170 as
a function of the angle or time, the controller can calculate the planarity of the
susceptor assembly 140. While only one camera is needed for dynamic

measurements of the planarity, multiple cameras can be used as well.

[0075] In some embodiments, the gas distribution assembly 120 comprises a
reference mark 125 on the edge 124 of the gas distribution assembly 120. The
reference mark 125 can be used as a substitute for the front surface 121 of the gas
distribution assembly 120 in calculating the gap 170. The reference mark, shown in
FIG. 1, can be, for example, a groove etched into the edge 124 of the gas distribution
assembly 120 at a known distance from the front surface 121 of the gas distribution
assembly 120. The image captured by the camera would include the reference line
125, which may be easier to detect by the controller 220 instead of determining the
edge of the gas distribution assembly 120. A similar reference mark can be created

on the edge 144 of the susceptor assembly 140 and used in the same fashion. In
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some embodiments, the controller 220 analyzes an image from the camera 210 in
which both reference marks are visible. The spacing between the reference marks,
less then distance of the reference marks from the edges of the respective
assemblies, would result in the size of the gap 170.

[0076] In some embodiments, mounting sensors 230 (e.g., capacitance sensors or
eddy current sensors) in a fixed injector plate may enable real time 3D mapping of the
gap or the surface of the susceptor assembly 140. This may be performed when the
wafer carrier plate is stationary, or rotating under the injector assembly. The
capacitance sensor heads face the wafer carrier surface, and transmit an electrical
signal that is proportional to the distance of the carrier surface from the sensor.
Mounting several sensors in different places across the plating area allows for static
and dynamic 3D mapping of the separation between the wafer and the gas sources.

[0077] A plurality of capacitance sensors 230 can be positioned on the front surface
121 of the gas distribution assembly 120 directed toward the top surface 141 of the
susceptor assembly 140. If the capacitance sensors 230 are not perfectly flush with
the surface of the gas distribution assembly, then the offset amount can be included in
any calculations. The controller 220 can be connected to the plurality of capacitance
sensors 230 to determine the gap 170 between the top surface 141 of the susceptor
assembly 140 and the front surface 121 of the gas distribution assembly 120 from the
electrical signals provided by the plurality of capacitance sensors 230.

[0078] In some embodiments, the controller 220 determines the gap 170 between
the top surface 141 of the susceptor assembly 140 and the front surface 121 of the
gas distribution assembly 120 at each capacitance sensor 230 position while the
susceptor assembly 140 remains stationary. With enough sensors 230 placed about
the surface of the gas distribution assembly, a detailed 3D mapping of the surface of
the susceptor could be obtained.

[0079] In one or more embodiments, the controller 220 uses a plurality of
measurements from at least one capacitance sensor 230 taken during a processing
cycle in which the susceptor assembly 140 rotates. The controller 220 can determine
the planarity of a portion of the susceptor assembly 140 adjacent the capacitance

sensor 230 from the electrical signals provided by the capacitance sensor 230 during
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the processing cycle. Analysis of this sort across different portions of the susceptor
assembly 140 can provide a detailed map of the planarity of the susceptor assembly
as a function of the distance to the edge of the susceptor assembly by determining the
planarity of concentric portions of the assembly.

[0080] Again, the controller 220 may include one or more feedback circuits in
communication with at least one gap control actuation device. With the detailed
analysis of the planarity of the susceptor assembly 140, the controller 220 might
provide a signal to one or more actuator to move just a portion of the susceptor
assembly 140 closer to or further from the injector assembly. This may be particularly
useful where the susceptor assembly 140 is made up of a plurality of pie-shaped

segments, like the injector assembly of FIG. 2.

[0081] Embodiments of the invention can also be used for position control for wafer
transfer and detection of the temperature of the susceptor assembly. When a wafer is
going to be placed in a susceptor recess 142, the recess 142 must be near the
transfer robot and in a known position. Referring to FIG. 4, the susceptor assembly
140 can be rotated until one of the recesses 142 is adjacent the transfer station 180.
The robot may pick up a wafer and deposit a new wafer into the recess before rotating
the susceptor assembly again.

[0082] Placing a camera 210 looking at the back surface 143 of the wafer carrier
plate (i.e., susceptor assembly 140), and preparing a known feature in the plate that
can be detected by the camera 210, allows for accurate angular and radial
determination of the target location to place the wafer at. The camera must have a
wide enough field of view to cover all possible movement range around the nominal
target position, and resolution power for accurate determination of the target position
for the wafer transfer operation. Image processing algorithms act to analyze the
picture and determine the point in X-Y plane for the wafer to be placed at or picked up

from.

[0083] Additionally, monitoring the position of a known feature carved in the lower
surface of the wafer carrier, allows for accurate and absolute determination of the
susceptor bulk-temperature, through the measurement of the amount of thermal

expansion. This feature may be a groove placed in a fixed diameter around the plate.
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This allows for real time continuous monitoring across the wafer carrier plate as it
rotates, or static measurement when the carrier is not moving, such as when wafer

transfer is taking place.

[0084] An advantage of this technique, as opposed to, for example, pyrometers, is
that it is independent of the surface properties, and coating will not affect the
temperature reading accuracy. Since it is reasonable to assume that the thermal
regiment is in steady state, this measurement provides a very good correlation to the
steady state wafer temperature during the plating process.

[0085] Referring to FIGS. 6A through 6C, one or more embodiments of the
invention are directed to apparatus which can accurately determine the position of the
susceptor assembly 140 recesses 142. FIG. 6A shows a view of a susceptor
assembly 140 looking at a top surface 141 thereof. The susceptor assembly 140
shown has six recesses 142 with each being empty. A transfer robot 185 is shown
moving a substrate 60 to the susceptor assembly 140 to be placed in the recess 142
located in the loading area 186. The loading area 186 is a loose term to describe the
area between and including the susceptor assembly 140 portion near the robot 185
(this portion will change as the susceptor assembly rotates), the recess 142, a camera
210 and the robot 185. Embodiments of the invention help the transfer robot 185

accurately place the substrate 60 in the recess 142.

[0086] FIG. 6B shows the bottom surface 143 of the susceptor assembly 140 of
FIG. 6A. The recesses 142 in the top surface 141 are shown in phantom but are not
visible from this side. Here it can be seen that the susceptor assembly 140 has a
plurality of alignment reference points 250. FIG. 6C shows an expanded view of one
of the alignment reference points 250 in a phantom recess 142.

[0087] The alignment reference point 250 is made up of two separate components,
a camera recess center reference point 251 and a camera reference point 252. The
combination of these two points 251, 252 make up the total alignment reference point
250. The alignment reference point 250 shown is made of a circle inside a rectangle.
Each of these reference points can be used for different purposes. In some
embodiments, there is one alignment reference point 250 for each recess 142 in the

top surface 141.
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[0088] A camera 210 is positioned in the loading area 186 below the susceptor
assembly 140 so that the camera 210 looks at the bottom surface 143 of the
susceptor assembly 140. The camera 210 shown in FIG. 6B is off to the side of the
susceptor assembly 140 only for ease of drawing, it is actually below the recess in the
loading area 186 and would block the view of the alignment reference point. The
camera 210 has a field of view directed at the bottom surface 143 of the susceptor
assembly 140 and is positioned so that when a recess 142 is positioned adjacent a
loading station 186, the alignment reference point 250 opposite the recess 142 is
within the field of view of the camera 210. Therefore, the camera 210 is looking up at
the susceptor assembly and viewing the alignment reference point 250. The camera
is in communication with a controller 220 to determine the position of the recess
adjacent the loading station from the alignment reference point.

[0089] The components of the alignment reference point 250 can be used
separately or together. In the circle in square example shown in FIG. 6C, both the
recess reference point 251 and camera reference point 252 are in the field of view.
The field of view must be large enough to see the reference point 250 at any location
within the loading region 186. The recess center reference point 251 is a central point
for the distance calculation and does not need to be exactly opposite the center of the
recess. The recess reference point 251 provides a measure, for example, of the
shortest distance between the recess reference point 251 and the edge of the
susceptor assembly 140. This is merely illustrative and other measures could be
used.

[0090] Since the susceptor assembly 140 rotates, the recess center reference point
251 may not be in the exact center of the field of view of the camera 210. The camera
reference point 252 is used to determine where in the susceptor path of travel that the
alignment point is located. For example, as the susceptor rotates, the center point
moves across the field of view but the camera reference point 252 will move and
rotate slightly as it moves because it is a shaped object, not merely a point. The
camera reference point 252 may be used to correct for angular shifts of the camera
mount, thermal distortion, or any other distortions that may cause the center of the

pocket to shift.
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[0091] The camera reference point 252 can be any shape involving at least two
vertices. In fact, the camera reference point 252 does not need to be an actual shape
as long as two vertices are observed. Examples of possible camera reference points
252 are shown in FIGS. 7A through 7C. FIG. 7A shows a center reference point 251
surrounded by three points which, if connected with lines, would make a triangle. The
controller can recognize the pattern and location of the points to determine the center
and orientation of the reference. FIG. 7B shows a similar reference point in which
there is a triangle formed in the bottom surface of the susceptor assembly. FIG. 7C
shows a pentagonal camera reference point 252 that could also be used. The
alignment reference point 250 may be used to accurately determine the pixel scape of

the camera at any temperature.

[0092] The distance L between the points can be a standardized or known value.
The distance measured by the controller with the pattern recognition of the alignment
reference point 250 can then be used to determine the distance of the camera 210
from the bottom surface 143 of the susceptor assembly 140. As the camera 210
moves farther from the bottom surface 141 of the susceptor assembly, the images in
the field of view of the camera will appear smaller, and will encompass a smaller
number of pixels in the image. From this information and using, for example, a look-
up table or standardization equation, the distance of the camera 210 from the
susceptor assembly 140 can be determined and, if needed, incorporated into the

position calculation.

[0093] In some embodiments, the recess center reference point 251 comprises a
hole in the bottom surface 143 of the susceptor assembly 140. The hold can be
shallow (i.e., less than about 25% of the thickness of the material), deep (i.e., greater
than 25% of the thickness of the material) or a through hole. In one or more
embodiments, the camera reference point comprises a shape made up of at least two
vertices having known distances between each vertex. In some embodiments, the
camera reference point comprises one or more of a triangle, a square, a pentagon, a

hexagon, a plurality of points, or other shapes.

[0094] The controller 220 can be in communication with the camera 210 and one or

more of the transfer robot 185 and the susceptor assembly 140 support post 160.



10

15

20

25

30

WO 2014/144533 PCT/US2014/028988

24

With a feedback circuit, the controller 220 can provide a signal to one or both of the
robot 185 and the support post 160 to make necessary adjustments. If the recess 142
is in view and close to the robot 185, the instructions provided to the robot may
include the precise coordinates for the robot to place the wafer so that it fits properly in
the recess. |If, for example, the recess 142 is too far for the robot to reach, the
controller can send signals to the support post to rotate the susceptor assembly to

improve the location.

[0095] The temperature of the susceptor assembly 140 can also be determined. In
some embodiments, the bottom surface 143 of the susceptor assembly 140 further
comprises a temperature reference point 260 within the field of view of the camera
210. As used in this specification and the appended claims, the term “reference point”
is not limited to a dot or circle, but can also be a shape or line, as long as it is
recognizable by the controller. The temperature reference point 260 can be used by
the controller 220 to determine the temperature of the susceptor assembly 140 from
the position of the temperature reference point 260. For example, as shown in FIG.
6B and 6C, the temperature reference point 260 is a groove in the bottom surface 143
of the susceptor assembly 140. The groove is at a fixed diameter, or a known radial
position relative to the central axis, edge of the susceptor assembly and/or the
alignment reference point 250. As the temperature increases, the susceptor assembly
will change shape causing a difference in the distance between the temperature
reference point 260 and a known reference. The controller 220 can evaluate the
distance between these points and using, for example, a look-up table, determine the

temperature associated with that distance.

[0096] Follows is a list of various embodiments but it will be understood that there
are other embodiments and combinations of embodiments that are within the scope

as well.

1. Embodiment 1 is directed to a deposition apparatus comprising:
a gas distribution assembly having a front surface and an edge;
a susceptor assembly spaced from the gas distribution assembly to

rotate a plurality of substrates around a central axis, the susceptor assembly
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having a top surface with a plurality of recesses to hold a plurality of substrates,
a bottom surface and an edge, wherein the top surface of the susceptor
assembly and the front surface of the gas distribution assembly defining a gap;

a camera having a field of view including the edge of the susceptor
assembly; and

a controller connected to the camera to determine the gap between the
top surface of the susceptor assembly and the front surface of the gas
distribution assembly.

The apparatus of embodiment 1, wherein there are at least three cameras
spaced about an interior region of the deposition apparatus, each camera
having a field of view including the edge of the susceptor assembly, each

camera connected to the controller.

The apparatus of embodiment 2, wherein the controller determines the gap
between the top surface of the susceptor assembly and one or more of the
front surface of the gas distribution assembly or a reference plane at each
camera position while the susceptor assembly remains stationary.

The apparatus of embodiment 1, wherein the field of view of the camera further
includes the edge of the gas distribution assembly and the gap.

The apparatus of embodiment 4, wherein there are at least three cameras
spaced about an interior region of the deposition apparatus, each camera
having a field of view including the edge of the susceptor assembly, the edge of
the gas distribution plate and the gap, each camera connected to the controller.

The apparatus of embodiment 5, wherein the controller determines a plane
formed by the susceptor assembly relative to a plane formed by the gas
distribution assembly.

The apparatus of embodiment 1 to 6, wherein the gas distribution assembly

comprises a reference mark on the edge of the gas distribution plate, the
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reference mark being used as a substitute for the front surface of the gas
distribution plate when determining the gap.

The apparatus of embodiment 1 to 7, wherein there is one camera and the
controller uses a plurality of images from the camera taken during a processing
cycle in which the susceptor assembly rotates, the controller determining the
planarity of the susceptor assembly from measurements from the plurality of

images taken during the processing cycle.

The apparatus of embodiment 1 to 8, wherein the controller includes a
feedback circuit in communication with at least one gap control actuation
device, the controller providing a signal to the at least one gap control actuation
device to direct the device to move one or more of the susceptor assembly and

the gas distribution assembly to change the gap.

Embodiment 10 is directed to a deposition apparatus comprising:

a gas distribution assembly having a front surface and an edge;

a susceptor assembly spaced from the gas distribution assembly to
rotate a plurality of substrates around a central axis, the susceptor assembly
having a top surface with a plurality of recesses to hold a plurality of substrates,
a bottom surface and an edge, wherein the top surface of the susceptor
assembly and the front surface of the gas distribution assembly define a gap;

a plurality of capacitance sensors positioned on the front surface of the
gas distribution assembly directed toward the top surface of the susceptor
assembly, each of the capacitance sensors providing an electrical signal which
is proportional to the distance of the top surface of the susceptor assembly to
the capacitance sensor; and

a controller connected to the plurality of capacitance sensors to
determine the gap between the top surface of the susceptor assembly and the
front surface of the gas distribution assembly from the electrical signals

provided by the plurality of capacitance sensors.
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The apparatus of embodiment 10, wherein the controller includes a memory to
store calibrated values of the electrical signals provided by the plurality of
capacitance sensors as a function of the gap as one or more of a lookup table

or standardization equation.

The apparatus of embodiment 10 or 11, wherein the controller determines the
gap between the top surface of the susceptor assembly and the front surface of
the gas distribution assembly at each capacitance sensor position while the

susceptor assembly remains stationary.

The apparatus of embodiment 12, wherein the controller creates a three-
dimensional map of the top surface of the susceptor assembly from the
electrical signals provided by the plurality of capacitance sensors.

The apparatus of embodiment 10 to 13, wherein the controller uses a plurality
of measurements from at least one capacitance sensor taken during a
processing cycle in which the susceptor assembly rotates, the controller
determining the planarity of a portion of the susceptor assembly adjacent the
capacitance sensor from the electrical signals provided by the capacitance

sensor during the processing cycle.

The apparatus of embodiment 10 to 14, wherein the controller includes a
feedback circuit in communication with at least one gap control actuation
device, the controller providing a signal to the at least one gap control actuation
device to direct the device to move one or more of the susceptor assembly and
the gas distribution assembly to change the gap.

Embodiment 16 is directed to a deposition apparatus comprising:

a susceptor assembly to rotate a plurality of substrates around a central
axis, the susceptor assembly having a top surface and a bottom surface, the
top surface having a plurality of recesses to hold a plurality of substrates, each

recess having a center, the bottom surface having an alignment reference point
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for each of the plurality of recesses, each alignment reference point opposite a
recess;

a camera with a field of view directed at the bottom surface of the
susceptor assembly and positioned so that when a recess is positioned
adjacent a loading station, the alignment reference point opposite the recess is
within the field of view of the camera; and

a controller connected to the camera to determine the position of the
recess adjacent the loading station from the alignment reference point.

The apparatus of embodiment 16, wherein the alignment reference point
comprises a recess center reference point and a camera reference point, the
recess center reference point providing an indication of the position of the
center of the recess and the camera reference point providing an indication of
the camera alignment relative to the recess center reference point to correct for

marking misalignment.

The apparatus of embodiment 17, wherein the recess center reference point
comprises a hole in the bottom surface of the susceptor assembly.

The apparatus of embodiment 17, wherein the camera reference point
comprises a shape made up of at two vertices having known distances

between each vertex.

The apparatus of embodiment 19, wherein the camera reference point
comprises a rectangular shape.

The apparatus of embodiment 16 to 20, wherein the controller includes a
memory to store calibrated values of each alignment reference point, the
controller determining the position of the recess by comparing the alignment
reference point to the stored calibrated values.
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The apparatus of embodiment 21, wherein the controller is in communication
with the susceptor assembly to send signals to rotate the susceptor assembly

based on the determination of the position of the recess.

The apparatus of embodiment 21, wherein the controller is in communication
with a transfer robot to provide a signal to the robot indicating the location of
the recess so that the robot can place a substrate in the recess in a consistent

position.

The apparatus of embodiment 16 to 23, wherein the bottom surface of the
susceptor assembly further comprises a temperature reference point within the
field of view of the camera and the determines the temperature of the susceptor
assembly from the position of the temperature reference point.

The apparatus of embodiment 24, wherein the temperature reference point
comprises a groove in the bottom surface of the susceptor assembly at a fixed

diameter.

The apparatus of embodiment 24, wherein the temperature reference point and
the alignment reference point are within the field of view at the same time and
the controller determines the position of the recess compensating for the
temperature of the susceptor assembily.

Embodiment 27 is directed to a method of measuring a gap between a
rotatable susceptor assembly and a gas distribution assembly in a processing
chamber, the method comprising:

positioning at least one camera adjacent the susceptor assembly and
gas distribution assembly so that an edge of the susceptor assembly, and
optionally, an edge of the gas distribution assembly and the gap are visible in a
field of view of the camera;

taking an image of the field of view of the camera, the image including
the edge of the susceptor assembly and, optionally, the edge of the gas
distribution assembly and the gap;
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determining the position on the image of a top surface of the susceptor
assembly and, optionally, a front surface of the gas distribution assembly; and

measuring the gap between the top surface of the susceptor assembly
and the front surface of the gas distribution assembly from the image.

The method of embodiment 27, wherein there are three cameras positioned
around the susceptor assembly and gas distribution assembly and the gap is

measured for each camera.

The method of embodiment 28, further comprising determining an angle of tilt

of the susceptor assembly relative to the gas distribution plate.

The method of embodiment 27, wherein measuring the gap comprises one or
more of measuring the distance between the top surface of the susceptor
assembly and the front surface of the gas distribution assembly or measuring
the distance between the top surface of the susceptor assembly and a

reference plane.

The method of embodiment 27, wherein a single camera is used and the
method further comprising:

rotating the susceptor assembly about a central axis;

taking in image of the field of view of the camera at known rotational
angles relative to the susceptor assembly to generate a plurality of images;

determining the gap for each of the plurality of images; and

determining the uniformity of the gap as a function of the susceptor
assembly rotational angle.

Embodiment 32 is directed to a method of measuring a gap between a
rotatable susceptor assembly and a gas distribution assembly in a processing
chamber, the method comprising:

positioning at least one sensor on the gas distribution assembly facing
the susceptor assembly, the sensor being one or more of a capacitance sensor

or eddy current sensor;
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measuring an electrical signal from the at least one sensor, the electrical
signal being proportional to the gap between the susceptor assembly and the
sensor; and

determining the gap between the susceptor assembly and the gas
distribution assembly from the electrical signal.

The method of embodiment 32, wherein a plurality of sensors are positioned on
the gas distribution assembly, and the electrical signal from each sensor is
measured, and the method further comprising determining the gap between the
susceptor assembly and each sensor, and generating the three-dimensional

map of the susceptor assembly.

The method of embodiment 32, wherein a single capacitance susceptor is
monitored, the method further comprising:

rotating the susceptor assembly about a central axis;

measuring a plurality of electrical signals from the capacitance susceptor
as a function of susceptor assembly rotational angle or time;

determining the gap for each of the plurality of electrical signals; and

determining the uniformity of the gap as a function of the susceptor
assembly rotational angle or time.

Embodiment 35 is directed to a method of transferring a substrate to a rotatable
susceptor assembly, the method comprising:

rotating the susceptor assembly so that a recess in a top surface of the
susceptor assembly is positioned adjacent a loading area of a processing
chamber;

finding an alignment reference point on a back side of the susceptor
assembly using a camera directed at the back side of the susceptor assembly;

evaluating the position of the recess on the top surface of the susceptor
assembly by measuring the position of the alignment reference point on the
back side of the susceptor assembly to determine coordinates of the recess;
and
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communicating the coordinates of the recess to one or more of a
controller and a transfer robot to allow the transfer robot to place the substrate

within the recess reproducibly.

The method of embodiment 35, wherein the alignment reference point
comprises a recess center reference point and a camera reference point, the
recess center reference point providing an indication of the position of the
center of the recess and the camera reference point providing an indication of
the camera alignment relative to the camera reference point, evaluating the
position of the recess further comprising correcting for the alignment of the

camera.

The method of embodiment 35, wherein the controller includes a memory to
store calibrated values of each alignment reference point, the controller
determining the position of the recess by comparing the alignment reference
point to the stored calibrated values and adjusting the rotational position of the
susceptor assembly to improve the alignment of the recess with the loading

area.

The method of embodiment 35, further comprising:

finding a temperature reference point on the bottom of the susceptor
using a camera;

measuring a temperature of the susceptor assembly from a position of

the temperature reference point.

The method of embodiment 38, wherein the temperature reference point
comprises a groove in the bottom surface of the susceptor assembly at a fixed

diameter.

The method of embodiment 38, wherein the temperature reference point and
the alignment reference point are within a field of view of the camera at the
same time and the coordinates of the recess are determined compensating for
the temperature of the susceptor assembly.
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41.  The method of embodiment 38, wherein the temperature reference point is the

alignment reference point.

[0097] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is determined by the claims that follow.
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What is claimed is:

1.

A deposition apparatus comprising:

a gas distribution assembly having a front surface and an edge;

a susceptor assembly spaced from the gas distribution assembly to
rotate a plurality of substrates around a central axis, the susceptor assembly
having a top surface with a plurality of recesses to hold a plurality of substrates,
a bottom surface and an edge, wherein the top surface of the susceptor
assembly and the front surface of the gas distribution assembly defining a gap;

a camera having a field of view including the edge of the susceptor
assembly; and

a controller connected to the camera to determine the gap between the
top surface of the susceptor assembly and the front surface of the gas
distribution assembly.

The apparatus of claim 1, wherein there are at least three cameras spaced
about an interior region of the deposition apparatus, each camera having a field
of view including the edge of the susceptor assembly, each camera connected
to the controller.

The apparatus of claim 2, wherein the controller determines the gap between
the top surface of the susceptor assembly and one or more of the front surface
of the gas distribution assembly or a reference plane at each camera position
while the susceptor assembly remains stationary.

The apparatus of claim 1, wherein the field of view of the camera further

includes the edge of the gas distribution assembly and the gap.

The apparatus of claim 4, wherein there are at least three cameras spaced
about an interior region of the deposition apparatus, each camera having a field
of view including the edge of the susceptor assembly, the edge of the gas

distribution plate and the gap, each camera connected to the controller.
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A deposition apparatus comprising:

a gas distribution assembly having a front surface and an edge;

a susceptor assembly spaced from the gas distribution assembly to
rotate a plurality of substrates around a central axis, the susceptor assembly
having a top surface with a plurality of recesses to hold a plurality of substrates,
a bottom surface and an edge, wherein the top surface of the susceptor
assembly and the front surface of the gas distribution assembly define a gap;

a plurality of capacitance sensors positioned on the front surface of the
gas distribution assembly directed toward the top surface of the susceptor
assembly, each of the capacitance sensors providing an electrical signal which
is proportional to the distance of the top surface of the susceptor assembly to
the capacitance sensor; and

a controller connected to the plurality of capacitance sensors to
determine the gap between the top surface of the susceptor assembly and the
front surface of the gas distribution assembly from the electrical signals
provided by the plurality of capacitance sensors.

The apparatus of claim 10, wherein the controller includes a memory to store
calibrated values of the electrical signals provided by the plurality of
capacitance sensors as a function of the gap as one or more of a lookup table

or standardization equation.

The apparatus of claim 10, wherein the controller determines the gap between
the top surface of the susceptor assembly and the front surface of the gas
distribution assembly at each capacitance sensor position while the susceptor

assembly remains stationary.

The apparatus of claim 10, wherein the controller uses a plurality of
measurements from at least one capacitance sensor taken during a processing
cycle in which the susceptor assembly rotates, the controller determining the
planarity of a portion of the susceptor assembly adjacent the capacitance
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sensor from the electrical signals provided by the capacitance sensor during
the processing cycle.

The apparatus of any of the preceding claims, wherein the controller includes a
feedback circuit in communication with at least one gap control actuation
device, the controller providing a signal to the at least one gap control actuation
device to direct the device to move one or more of the susceptor assembly and
the gas distribution assembly to change the gap.

A deposition apparatus comprising:

a susceptor assembly to rotate a plurality of substrates around a central
axis, the susceptor assembly having a top surface and a bottom surface, the
top surface having a plurality of recesses to hold a plurality of substrates, each
recess having a center, the bottom surface having an alignment reference point
for each of the plurality of recesses, each alignment reference point opposite a
recess;

a camera with a field of view directed at the bottom surface of the
susceptor assembly and positioned so that when a recess is positioned
adjacent a loading station, the alignment reference point opposite the recess is
within the field of view of the camera; and

a controller connected to the camera to determine the position of the
recess adjacent the loading station from the alignment reference point.

The apparatus of claim 16, wherein the alignment reference point comprises a
recess center reference point and a camera reference point, the recess center
reference point providing an indication of the position of the center of the
recess and the camera reference point providing an indication of the camera
alignment relative to the recess center reference point to correct for marking

misalignment.

A method of measuring a gap between a rotatable susceptor assembly and a
gas distribution assembly in a processing chamber, the method comprising:
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positioning at least one camera adjacent the susceptor assembly and
gas distribution assembly so that an edge of the susceptor assembly, and
optionally, an edge of the gas distribution assembly and the gap are visible in a
field of view of the camera;

taking an image of the field of view of the camera, the image including
the edge of the susceptor assembly and, optionally, the edge of the gas
distribution assembly and the gap;

determining the position on the image of a top surface of the susceptor
assembly and, optionally, a front surface of the gas distribution assembly; and

measuring the gap between the top surface of the susceptor assembly

and the front surface of the gas distribution assembly from the image.

A method of measuring a gap between a rotatable susceptor assembly and a
gas distribution assembly in a processing chamber, the method comprising:

positioning at least one sensor on the gas distribution assembly facing
the susceptor assembly, the sensor being one or more of a capacitance sensor
or eddy current sensor;

measuring an electrical signal from the at least one sensor, the electrical
signal being proportional to the gap between the susceptor assembly and the
sensor; and

determining the gap between the susceptor assembly and the gas
distribution assembly from the electrical signal.

A method of transferring a substrate to a rotatable susceptor assembly, the
method comprising:

rotating the susceptor assembly so that a recess in a top surface of the
susceptor assembly is positioned adjacent a loading area of a processing
chamber;

finding an alignment reference point on a back side of the susceptor
assembly using a camera directed at the back side of the susceptor assembly;

evaluating the position of the recess on the top surface of the susceptor
assembly by measuring the position of the alignment reference point on the
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back side of the susceptor assembly to determine coordinates of the recess;

and
communicating the coordinates of the recess to one or more of a
controller and a transfer robot to allow the transfer robot to place the substrate

within the recess reproducibly.
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