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WAFER CARRIER HAVING RETENTION POCKETS WITH COMPOUND RADII
FOR CHEMICAL VAPOR DEPOSITION SYSTEMS

Field of the Invention
The invention relates generally to semiconductor fabrication technology and, more
particularly, to chemical vapor deposition (CVD) processing and associated apparatus having
features for reducing temperature non-uniformities on semiconductor wafer surfaces during

processing.

Background of the Invention

In the fabrication of light-emitting diodes (LEDs) and other high-performance devices
such as laser diodes, optical detectors, and field effect transistors, a chemical vapor deposition
(CVD) process is typically used to grow a thin film stack structure using materials such as
gallium nitride over a sapphire or silicon substrate. A CVD tool includes a process chamber,
which is a sealed environment that allows infused gases to be deposited upon the substrate
(typically in the form of wafers) to grow the thin film layers. An example of a current product
line of such manufacturing equipment is the TurboDisc® family of MOCVD systems,
manufactured by Veeco Instruments Inc. of Plainview, New York.

A number of process parameters are controlled, such as temperature, pressure and gas
flow rate, to achieve a desired crystal growth. Different layers are grown using varying materials
and process parameters. For example, devices formed from compound semiconductors such as
III-V semiconductors typically are formed by growing successive layers of the compound
semiconductor using metal organic chemical vapor deposition (MOCVD). In this process, the
wafers are exposed to a combination of gases, typically including a metal organic compound as a
source of a group Il metal, and also including a source of a group V element which flow over
the surface of the wafer while the wafer is maintained at an elevated temperature. Generally, the
metal organic compound and group V source are combined with a carrier gas which does not
participate appreciably in the reaction as, for example, nitrogen. One example of a III-V
semiconductor is gallium nitride, which can be formed by reaction of an organo-gallium
compound and ammonia on a substrate having a suitable crystal lattice spacing, as for example, a
sapphire wafer. The wafer is usually maintained at a temperature on the order of 1000-1100°C

during deposition of gallium nitride and related compounds.
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In a MOCVD process, where the growth of crystals occurs by chemical reaction on the
surface of the substrate, the process parameters must be controlled with particular care to ensure
that the chemical reaction proceeds under the required conditions. Even small variations in
process conditions can adversely affect device quality and production yield. For instance, if a
gallium and indium nitride layer is deposited, variations in wafer surface temperature will cause
variations in the composition and bandgap of the deposited layer. Because indium has a
relatively high vapor pressure, the deposited layer will have a lower proportion of indium and a
greater bandgap in those regions of the wafer where the surface temperature is higher. If the
deposited layer is an active, light-emitting layer of an LED structure, the emission wavelength of
the LEDs formed from the wafer will also vary to an unacceptable degree.

In a MOCVD process chamber, semiconductor wafers on which layers of thin film are to
be grown are placed on rapidly-rotating carousels, referred to as wafer carriers, to provide a
uniform exposure of their surfaces to the atmosphere within the reactor chamber for the
deposition of the semiconductor materials. Rotation speed is on the order of 1,000 RPM. The
wafer carriers are typically machined out of a highly thermally conductive material such as
graphite, and are often coated with a protective layer of a material such as silicon carbide. Each
wafer carrier has a set of circular indentations, or pockets, in its top surface in which individual
wafers are placed. Typically, the wafers are supported in spaced relationship to the bottom
surface of each of the pockets to permit the flow of gas around the edges of the wafer. Some
examples of pertinent technology are described in U.S. Patent Application Publication No.
2012/0040097, U.S. Patent No. 8,092,599, U.S. Patent No. 8,021,487, U.S. Patent Application
Publication No. 2007/0186853, U.S. Patent No. 6,902,623, U.S. Patent No. 6,506,252, and U.S.
Patent No. 6,492,625, the disclosures of which are incorporated by reference herein.

The wafer carrier is supported on a spindle within the reaction chamber so that the top
surface of the wafer carrier having the exposed surfaces of the wafers faces upwardly toward a
gas distribution device. While the spindle is rotated, the gas is directed downwardly onto the top
surface of the wafer carrier and flows across the top surface toward the periphery of the wafer
carrier. The used gas is evacuated from the reaction chamber through ports disposed below the
wafer carrier. The wafer carrier is maintained at the desired elevated temperature by heating
elements, typically electrical resistive heating elements disposed below the bottom surface of the
wafer carrier. These heating elements are maintained at a temperature above the desired
temperature of the wafer surfaces, whereas the gas distribution device typically is maintained at a

temperature well below the desired reaction temperature so as to prevent premature reaction of
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the gases. Therefore, heat is transferred from the heating elements to the bottom surface of the
wafer carrier and flows upwardly through the wafer carrier to the individual wafers.

The gas flow over the wafers varies depending on the radial position of each wafer, with
outermost-positioned wafers being subjected to higher flow rates due to their faster velocity
during rotation. Even each individual wafer can have temperature non-uniformities, i.e., cold
spots and hot spots depending upon its geometrical position relative to the other wafers on the
carrier. One of the variables affecting the formation of temperature non-uniformities is the shape
of the pockets within the wafer carrier. Generally, pocket shapes are circular and have a single
radius of curvature. As the wafer carrier rotates, the wafers are subject to substantial centripetal
force at their outermost edge (i.e., the furthermost edge from the axis of rotation), causing the
wafer to press against the interior wall of the respective pocket in the wafer carrier. Under this
condition, there is no gas flow around these outer edges of the wafers, and there is increased heat
conduction to these outer-most portions of the wafers, resulting in more temperature non-
uniformity and further aggravating the problems described above. Efforts have been made to
minimize the temperature non-uniformities by increasing the gap between the wafer’s edge and
the interior wall of the pocket, including designing a wafer that is flat on a portion of the edge
(i.e., a “flat” wafer). This flat portion of the wafer creates a gap for gas to flow and decreases the
points of contact with the interior wall of the pocket, thereby mitigating temperature non-
uniformities.

A great deal of effort has been devoted to system design features to minimize temperature
variations during processing; however, the problem continues to present many challenges. Given
the extreme conditions wafers are subject to during chemical vapor deposition, including
exposure to substantial centripetal force, there remains a need for improved technologies to

further reduce temperature non-uniformities.

Summary of the Invention

One aspect of the invention is directed to a wafer carrier for use in a system for growing
epitaxial layers on one or more wafers by chemical vapor deposition (CVD). The wafer carrier
includes a body formed symmetrically about a central axis, and including a generally planar top
surface that is situated perpendicularly to the central axis. A plurality of wafer retention pockets
are recessed in the body from the top surface, each of the wafer retention pockets including a
floor surface generally parallel to the top surface, and a peripheral wall surface that surrounds the
floor surface and defines a periphery of that wafer retention pocket. Each wafer retention pocket

has a pocket center situated along a corresponding wafer carrier radial axis that is perpendicular
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to the central axis. Each wafer retention pocket has a periphery having a shape defined by at
least a first arc having a first radius of curvature situated around a first arc center and a second
arc having a second radius of curvature situated around a second arc center. The second arc is
different from the first arc by at least one of: the first radius of curvature being different from the
second radius of curvature, or the first arc center being different from the second arc center.
Advantageously, the use of wafer retention pockets shaped from compound arcs having
different radii of curvature can provide improved uniformity in the thermal distribution on the
surface of a wafer subjected to a CVD process. A number of other advantages will become

apparent from the following Detailed Description.

Brief Description of the Drawings

The invention may be more completely understood in consideration of the following
detailed description of various embodiments of the invention in connection with the
accompanying drawings, in which:

FIG. 1 illustrates a chemical vapor deposition apparatus in accordance with one
embodiment of the invention.

FIG. 2 is a perspective view diagram illustrating a wafer carrier used with a CVD system,
according to one embodiment of the invention.

FIG. 3 is a diagram of a cross-sectional view taken along the line shown, detailing a
wafer pocket used with a CVD system, according to one embodiment of the invention.

FIG. 4 is a diagram of a wafer situated in a conventional pocket, according to one
embodiment of the invention.

FIG. 5 is a diagram of a wafer situated in a pocket shaped from a compound radius of two
intersecting arcs, according to one embodiment of the invention.

FIG. 6 is a diagram of a wafer situated in a pocket shaped from a compound radius of two
non-intersecting arcs, according to one embodiment of the invention.

FIGS. 7A-7D are diagrams of wafers situated in pockets shaped from compound radii of
two arcs, according to embodiments of the invention.

FIGS. 8A-8D are diagrams of wafers situated in pockets shaped from compound radii of
two arcs, according to embodiments of the invention.

While the invention is amenable to various modifications and alternative forms, specifics
thereof have been shown by way of example in the drawings and will be described in detail. It
should be understood, however, that the intention is not to limit the invention to the particular

embodiments described. On the contrary, the intention is to cover all modifications, equivalents,
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and alternatives falling within the spirit and scope of the invention as defined by the appended

claims.

Detailed Description

FIG. 1 illustrates a chemical vapor deposition apparatus in accordance with one
embodiment of the invention. Reaction chamber 5 defines a process environment space. Gas
distribution device 10 is arranged at one end of the chamber. The end having gas distribution
device 10 is referred to herein as the "top" end of reaction chamber 5. This end of the chamber
typically, but not necessarily, is disposed at the top of the chamber in the normal gravitational
frame of reference. Thus, the downward direction as used herein refers to the direction away
from gas distribution device 10; whereas the upward direction refers to the direction within the
chamber, toward gas distribution device 10, regardless of whether these directions are aligned
with the gravitational upward and downward directions. Similarly, the "top" and "bottom"
surfaces of elements are described herein with reference to the frame of reference of reaction
chamber 5 and gas distribution device 10.

Gas distribution device 10 is connected to sources 15, 20, and 25 for supplying process
gases to be used in the wafer treatment process, such as a carrier gas and reactant gases, such as a
metalorganic compound and a source of a group V metal. Gas distribution device 10 is arranged
to receive the various gases and direct a flow of process gasses generally in the downward
direction. Gas distribution device 10 desirably is also connected to coolant system 30 arranged
to circulate a liquid through gas distribution device 10 so as to maintain the temperature of the
gas distribution device at a desired temperature during operation. A similar coolant arrangement
(not shown) can be provided for cooling the walls of reaction chamber 5. Reaction chamber 5 is
also equipped with exhaust system 35 arranged to remove spent gases from the interior of the
chamber through ports (not shown) at or near the bottom of the chamber so as to permit
continuous flow of gas in the downward direction from gas distribution device 10.

Spindle 40 is arranged within the chamber so that the central axis 45 of spindle 40
extends in the upward and downward directions. Spindle 40 is mounted to the chamber by a
conventional rotary pass-through device 50 incorporating bearings and seals (not shown) so that
spindle 40 can rotate about central axis 45, while maintaining a seal between spindle 40 and the
wall of reaction chamber 5. The spindle has fitting 55 at its top end, i.e., at the end of the spindle
closest to gas distribution device 10. As further discussed below, fitting 55 is an example of a
wafer carrier retention mechanism adapted to releasably engage a wafer carrier. In the particular

embodiment depicted, fitting 55 is a generally frustoconical element tapering toward the top end
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of the spindle and terminating at a flat top surface. A frustoconical element is an element having
the shape of a frustum of a cone. Spindle 40 is connected to rotary drive mechanism 60 such as
an electric motor drive, which is arranged to rotate spindle 40 about central axis 45.

Heating element 65 is mounted within the chamber and surrounds spindle 40 below
fitting 55. Reaction chamber 5 is also provided with entry opening 70 leading to antechamber
75, and door 80 for closing and opening the entry opening. Door 80 is depicted only
schematically in FIG. 1, and is shown as movable between the closed position shown in solid
lines, in which the door isolates the interior of reaction chamber 5 from antechamber 75, and an
open position shown in broken lines at 80'. The door 80 is equipped with an appropriate control
and actuation mechanism for moving it between the open position and closed positions. In
practice, the door may include a shutter movable in the upward and downward directions as
disclosed, for example, in U.S. Pat. No. 7,276,124, the disclosure of which is hereby
incorporated by reference herein. The apparatus depicted in FIG. 1 may further include a
loading mechanism (not shown) capable of moving a wafer carrier from the antechamber 75 into
the chamber and engaging the wafer carrier with spindle 40 in the operative condition, and also
capable of moving a wafer carrier off of spindle 40 and into antechamber 75.

The apparatus also includes a plurality of wafer carriers. In the operating condition
shown in FIG. 1, a first wafer carrier 85 is disposed inside reaction chamber 5 in an operative
position, whereas a second wafer carrier 90 is disposed within antechamber 75. Each wafer
carrier includes body 95 which is substantially in the form of a circular disc having a central axis
(See FIG. 2). Body 95 is formed symmetrically about central axis. In the operative position, the
central axis of the wafer carrier body is coincident with central axis 45 of spindle 40. Body 95
may be formed as a single piece or as a composite of plural pieces. For example, as disclosed in
U.S. Patent Application Pub. No. 20090155028, the disclosure of which is hereby incorporated
by reference herein, the wafer carrier body may include a hub defining a small region of the body
surrounding the central axis and a larger portion defining the remainder of the disc-like body.
Body 95 is desirably formed from materials which do not contaminate the process and which can
withstand the temperatures encountered in the process. For example, the larger portion of the
disc may be formed largely or entirely from materials such as graphite, silicon carbide, or other
refractory materials. Body 95 generally has a planar top surface 100 and a bottom surface 110
extending generally parallel to one another and generally perpendicular to the central axis of the
disc. Body 95 also has one, or a plurality, of wafer-holding features adapted to hold a plurality

of wafers.
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In operation, wafer 115, such as a disc-like wafer formed from sapphire, silicon carbide,
or other crystalline substrate, is disposed within each pocket 120 of ecach wafer carrier.
Typically, wafer 115 has a thickness which is small in comparison to the dimensions of its major
surfaces. For example, a circular wafer of about 2 inches (50 mm) in diameter may be about 430
um thick or less. As illustrated in FIG. 1, wafer 115 is disposed with a top surface facing
upwardly, so that the top surface is exposed at the top of the wafer carrier. It should be noted
that in various embodiments, wafer carrier 85 carries different quantities of wafers. For instance,
in one example embodiment, wafer carrier 85 can be adapted to hold six wafers. In another
example embodiment, as shown in FIG. 2, the wafer carrier holds 12 wafers.

In a typical MOCVD process, wafer carrier 85 with wafers loaded thereon is loaded from
antechamber 75 into reaction chamber 5 and placed in the operative position shown in FIG. 1. In
this condition, the top surfaces of the wafers face upwardly, towards gas distribution device 10.
Heating element 65 is actuated, and rotary drive mechanism 60 operates to turn spindle 40 and
hence wafer carrier 85 around axis 45. Typically, spindle 40 is rotated at a rotational speed from
about 50-1500 revolutions per minute. Process gas supply units 15, 20, and 25 are actuated to
supply gases through gas distribution device 10. The gases pass downwardly toward wafer
carrier 85, over top surface 100 of wafer carrier 85 and wafers 115, and downwardly around the
periphery of the wafer carrier to the outlet and to exhaust system 50. Thus, the top surface of the
wafer carrier and the top surfaces of wafer 115 are exposed to a process gas including a mixture
of the various gases supplied by the various process gas supply units. Most typically, the process
gas at the top surface is predominantly composed of the carrier gas supplied by carrier gas supply
unit 20. In a typical chemical vapor deposition process, the carrier gas may be nitrogen, and
hence the process gas at the top surface of the wafer carrier is predominantly composed of
nitrogen with some amount of the reactive gas components.

Heating eclements 65 transfer heat to the bottom surface 110 of wafer carrier 85,
principally by radiant heat transfer. The heat applied to the bottom surface of wafer carrier 85
flows upwardly through the body 95 of the wafer carrier to the top surface 100 of the wafer
carrier. Heat passing upwardly through the body also passes upwardly through gaps to the
bottom surface of each wafer, and upwardly through the wafer to the top surface of wafer 115.
Heat is radiated from the top surface 100 of wafer carrier 85 and from the top surfaces of the
wafer to the colder elements of the process chamber as, for example, to the walls of the process
chamber and to gas distribution device 10. Heat is also transferred from the top surface 100 of

wafer carrier 85 and the top surfaces of the wafers to the process gas passing over these surfaces.
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In the embodiment depicted, the system includes a number of features designed to
determine uniformity of heating of the surfaces of each wafer 115. In this embodiment,
temperature profiling system 125 receives temperature information that can include a
temperature and temperature monitoring positional information from temperature monitor 130.
In addition, temperature profiling system 125 receives wafer carrier positional information,
which in one embodiment can come from rotary drive mechanism 60. With this information,
temperature profiling system 125 constructs a temperature profile of the wafers 120 on wafer
carrier 85. The temperature profile represents a thermal distribution on the surface of each of the
wafers 120.

FIGS. 2 and 3 illustrate wafer carrier 200, also referred to as a susceptor, in greater detail.
Each wafer retention site is in the form of a generally circular recess, or pocket 205, extending
downwardly into body 210 from the top surface 215. FIG. 3 is a cross-sectional view of pocket
205 (demarcated with a horizontal line and two angled arrow in FIG. 2). The generally circular
shape is made to correspond to the shape of wafer 240. Each wafer carrier 200 includes body
210 which is substantially in the form of a circular disc having a central axis 220. Body 210 is
formed symmetrically about central axis 220. In the operative position, the central axis 220 of
wafer carrier body 210 is coincident with the axis of the spindle (See FIG. 3). Body 210 may be
formed as a single piece or as a composite of plural pieces. Each pocket 205 has a floor surface
225 disposed below the surrounding portions of top surface 215. Each pocket 205 also has a
peripheral wall surface 230 surrounding floor surface 225 and defining the periphery of pocket
205. Peripheral wall surface 230 extends downwardly from the top surface 215 of body 210 to
floor surface 225. In various embodiments, as depicted in particular in FIG. 3, peripheral wall
surface 230 has an undercut where the wall slopes inwards, towards the center of the pocket,
over at least a portion of the periphery. Thus, peripheral wall surface 230 forms an acute angle
relative to floor surface 225. In one example embodiment, the angle formed between peripheral
wall surface 230 and floor surface 225 is 80 degrees.

In a related embodiment (not shown), portions of peripheral wall surface 230 have
varying degrees of sloping. For instance, in one such embodiment, those portions of peripheral
wall surface 230 that are furthest from the central axis 220 of the wafer carrier have a more acute
angle. In another related embodiment, as illustrated in FIG. 3, the floor surface 225 includes
standoff features, such as tabs 235 located in certain locations along the periphery of each pocket
205. Tabs 235 raise the wafer 240 off of floor surface 225, thereby permitting some flow of gas
around the edges and below the bottom surface of wafer 240. In other embodiments, wafer 240

can be raised from pocket floor surface 225 using a ring that fits inside pocket 205, just
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underneath peripheral wall surface 230; the ring can occupy the position of tabs 235 (i.c., in licu
of tabs), such that the outer periphery of wafer 240 rests on the ring.

FIG. 4 is a partial plan view diagram of wafer 400 situated in a pocket 405, while the
wafer carrier is rotating in the direction of rotation shown. When a wafer carrier is rotating, each
wafer 400 in its corresponding wafer pocket 405 exerts a reactive centrifugal force outwardly
along its corresponding wafer carrier radial axis 410 in response to the centripetal force applied
to the wafer by the outer-most portion of peripheral wall surface of pocket 405. The reactive
centrifugal force is indicated with the arrow marked f'that is pointing outwardly from central axis
415 along wafer carrier radial axis 410. As a result, an increased sized gap 420 is created on the
interior portion, and the outer portion of wafer 400 presses against the interior wall of pocket
405. This situation creates temperature non-uniformities, with the outer portion being subjected
generally to increased localized temperatures, i.¢., hot spots.

Generally, the shapes of wafer pockets are circular, such that a wafer pocket has a single
radius relative to the central axis of the pocket, as explained above in FIG. 4. However, in an
effort to maintain a more uniform gap between a wafer and the peripheral wall of a wafer pocket
to allow a more even distribution of gases during the CVD process, ultimately reducing
temperature non-uniformities, wafer pockets can comprise different shapes. In various
embodiments, a wafer pocket can be comprised of two or more arcs having different radii, such
that the shape of the pocket can be elliptical or oval.

As illustrated in FIG. 5, wafer 500 is situated in a pocket shaped from a compound radius
of two intersecting arcs according to one type of embodiment. The radius 510 of first arc 515 is
smaller than radius 520 of second arc 525. First arc 515 and second arc 525 that together make
up the periphery of the pocket are depicted in solid lines. For illustration purposes, these arcs are
extended to form closed circles, with those portions not making up any part of the wafer pocket’s
periphery shown with dashed lines. First arc 515 intersects with second arc 525 at intersection
point 530. In the embodiment depicted, cach wafer pocket of the wafer carrier is shaped from a
compound radius of two intersecting arcs. In related embodiments, three or more arcs having
different radii may form the shape of the pocket’s periphery.

According to these embodiments, such wafer pockets, can reduce the points of contact
between a wafer and the interior portion of the wafer pocket against which the wafer presses
(subject to centripetal force, or the reactive centrifugal force, during rotation of the wafer carrier,
as depicted with arrow f), as described above. Additionally, using wafer pockets shaped as
shown in FIG. 5 can increase gap 535 between the interior wall of the wafer pocket and the

peripheral edge of the wafer, as well as make gap 535 more uniform, as compared to a wafer
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pocket having a single curvature. Advantageously, this ensures better gas flow and reduces the
temperature non-uniformities affecting the wafer during CVD processing.

In one embodiment, the wafer pocket is shaped such that, when the wafer is situated in
the pocket during processing, gap 535 is generally uniform in size over a majority of the pocket’s
circumference. In this context, the generally uniform size of the gap is defined as a gap size
having a tolerance of +/- 10%. In a related embodiment, gap 535 is generally uniform over at
least 66% of the circumference of the wafer retention pocket. In still another related
embodiment, gap 535 is generally uniform over at least 75% of the circumference of the wafer
retention pocket. In a further embodiment, the radii are defined such that gap 535 is uniform
over at least 85% of the circumference of the wafer retention pocket.

In other embodiments, a wafer pocket can be shaped from a compound radius, such that
the arcs corresponding to those radii do not naturally intersect (i.e., no intersection point). As
shown in FIG. 6, wafer 600 is situated in a pocket shaped from a compound radius of two non-
intersecting arcs according to one embodiment. The radius 610 of first arc 615 is smaller than
radius 620 of second arc 625; however, if extended to form closed circles (shown with dashed
lines), first arc 615 would lie within second arc 625 and not intersect. In some embodiments,
wafer pockets can be shaped from a compound radius of two or more non-intersecting arcs. In
related embodiments, a wafer pocket shaped from a compound radius of two non-intersecting
arcs includes connecting portions 640, symmetrically located on each side of the central axis 415
of the wafer pocket, and near the distal end of the wafer pocket against which the wafer presses
(exerting centrifugal force, shown with arrow), as described above. Connecting portions 640
complete the peripheral wall of the wafer pocket to connect first arc 615 and second arc 625.

As shown in FIG. 6, first arc 615 and second arc 625 form a wafer pocket having a
compound radius in which the arcs corresponding to each radius do not intersect (shown with
solid lines). Such wafer pockets, including the wafer pockets shaped as shown in FIG. 6, can
reduce the points of contact between a wafer and the interior portion of the wafer pocket against
which the wafer presses (exerting centrifugal force f), as described above. Additionally, using
wafer pockets shaped as shown in FIG. 6 can increase gap 635 between the interior portion of the
wafer pocket and the peripheral edge of the wafer, as well as make gap 635 more uniform,
ultimately ensuring better gas flow and reducing the likelihood of forming temperature non-
uniformities.

In one embodiment, the wafer pocket is shaped such that, when the wafer is situated in
the pocket during processing, gap 635 is generally uniform in size over a majority of the pocket’s

circumference. In this context, the generally uniform size of the gap is defined as a gap size

10



10

15

20

25

30

WO 2015/112969 PCT/US2015/012884

having a tolerance of +/- 10%. In a related embodiment, gap 635 is generally uniform over at
least 66% of the circumference of the wafer retention pocket. In still another related
embodiment, gap 635 is generally uniform over at least 75% of the circumference of the wafer
retention pocket. In a further embodiment, the radii are defined such that gap 635 is uniform
over at least 85% of the circumference of the wafer retention pocket.

The embodiments above are intended to be illustrative and not limiting. Other variations
are contemplated to fall within the claims. For example, in a related embodiment, on a given
wafer carrier, different wafer retention pockets can have differing configurations of the
compound radii defining the pockets. For example, in one embodiment, the ratio of the lengths
of the first arc to the second arc can be different among wafer retention pockets that are situated
closer to, or farther from, the center of the wafer carrier. For instance, the length of first arc 615
can be in smaller proportion to the length of second arc 625 for those pockets which are closer to
the center of the wafer carrier. It is also contemplated that the opposite configuration (i.e., the
first arc 615 being in larger proportion) for the pockets that are closer to the center, in certain
other embodiments. Similar arrangements can be made for arcs 515 and 525 of the embodiment
depicted in FIG. 5.

In another type of variation, the radii of the curvatures of the first and second arcs can
vary from one wafer retention pocket to another on the same wafer carrier.

In still another type of variation, each of the first and second arcs 515 and 525, or 615 and
625, respectively, are situated symmetrically relative to wafer carrier radial axis 410. In another
embodiment, the arcs may be situated asymmetrically to position the wafer somewhat off-center,
which may further help mitigate heating non-uniformities in certain configurations. For example,
as shown in FIGS. 7A-D, the centers of cach of the first and second arcs can be situated such
they both lic on the same wafer carrier radial axis 410. For illustration purposes, the arcs are
extended to form closed circles, with those portions not making up any part of the wafer pocket’s
periphery shown with dashed lines. In some cases, first arc 715 and second arc 725 can also be
symmetric with respect to the same wafer carrier radial axis 410, with radius 710 of first arc 715
being smaller than radius 720 of arc second 725 (FIG. 7A; see also, FIGS. 4-6). In other cases,
first arc 715 can be symmetric with respect to wafer carrier radial axis 410, and second arc 725
can be asymmetric with respect to wafer carrier radial axis 410, with radius 710 of first arc 715
being smaller than radius 720 of second arc 725 (FIG. 7B). In other cases, first arc 715 can be
asymmetric with respect to wafer carrier radial axis 410 and second arc 725 can be symmetric
with respect to wafer carrier radial axis 410, with radius 710 of first arc 715 being smaller than

radius 720 of arc second 725 (FIG. 7C). In still other cases, first arc 715 and second arc 725 can
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both be asymmetric with respect to wafer carrier radial axis 410, with radius 710 of first arc 715
being smaller than radius 720 of arc 725 (FIG. 7D).

Additionally, as shown in FIGS. 8A-D, the centers of each of the first and second arcs
can be situated such they do not lie on the same wafer carrier radial axis. For illustration
purposes, the arcs are extended to form closed circles, with those portions not making up any
part of the wafer pocket’s periphery shown with dashed lines. In some cases, first arc 815 and
second arc 825 can be symmetric with respect to separate wafer carrier radial axes; for example,
first arc 815 (with radius 810) can have a center that is not situated on wafer carrier radial axis
410, while second arc 825 (with radius 820) can have a center that is situated on wafer carrier
radial axis 410 (FIG. 8A). In other cases, first arc 815 (with radius §10) can be symmetric with
respect to wafer carrier radial axis 410 and have a center situated on wafer carrier radial axis 410,
while second arc 825 (with radius 820) can be asymmetric with respect to wafer carrier radial
axis 410 and have a center that is not situated on wafer carrier radial axis 410 (FIG. 8B). In other
cases, first arc 815 (with radius 810) can be asymmetric with respect to wafer carrier radial axis
410 but have a center situated on wafer carrier radial axis 410, while second arc 825 (with radius
820) can be symmetric with respect to a separate wafer carrier axis (i.e., not wafer carrier radial
axis 410) and have a center not situated on wafer carrier radial axis 410 (FIG. 8C). In still other
cases, first arc 815 (with radius 810) and second arc 825 (with radius 820) can both be
asymmetric with respect to separate wafer carrier axes (e.g., wafer carrier radial axis 410 and a
separate wafer radial carrier axis) and both can have centers situated on separate radial axes (e.g.,
wafer carrier radial axis 410 and a separate wafer radial carrier axis) (FIG. 8D). These and other
variations may help further mitigate temperature non-uniformities occurring on wafer 800.

In addition, although aspects of the present invention have been described with reference
to particular embodiments, those skilled in the art will recognize that changes can be made in
form and detail without departing from the scope of the invention, as defined by the claims.
Persons of ordinary skill in the relevant arts will recognize that the invention may comprise
fewer features than illustrated in any individual embodiment described above. The embodiments
described herein are not meant to be an exhaustive presentation of the ways in which the various
features of the invention may be combined. Accordingly, the embodiments are not mutually
exclusive combinations of features; rather, the invention may comprise a combination of
different individual features selected from different individual embodiments, as will be
understood by persons of ordinary skill in the art.

Any incorporation by reference of documents above is limited such that no subject matter

is incorporated that is contrary to the explicit disclosure herein. Any incorporation by reference
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of documents above is further limited such that no claims that are included in the documents are
incorporated by reference into the claims of the present application. The claims of any of the
documents are, however, incorporated as part of the disclosure herein, unless specifically
excluded. Any incorporation by reference of documents above is yet further limited such that
any definitions provided in the documents are not incorporated by reference herein unless
expressly included herein.

For purposes of interpreting the claims for the present invention, it is expressly intended
that the provisions of Section 112, sixth paragraph of 35 U.S.C. are not to be invoked unless the

specific terms “means for” or “step for” are recited in a claim.
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What 1s claimed is:

1. A wafer carrier for use in a system for growing epitaxial layers on one or more wafers by
chemical vapor deposition (CVD), the wafer carrier comprising:
a body formed symmetrically about a central axis, and including a generally
planar top surface that is perpendicular to the central axis;
a plurality of wafer retention pockets recessed in the body from the top surface,
cach of the wafer retention pockets including:
a floor surface generally parallel to the top surface; and
a peripheral wall surface surrounding the floor surface and defining a
periphery of that wafer retention pocket,
wherein each wafer retention pocket has a pocket center situated along a
corresponding wafer carrier radial axis that is perpendicular to the central axis; and
cach wafer retention pocket has a periphery having a shape defined by at least a
first arc having a first radius of curvature situated around a first arc center and a second
arc having a second radius of curvature situated around a second arc center, wherein the
second arc is different from the first arc by at least one of:
the first radius of curvature being different from the second radius of
curvature, or

the first arc center being different from the second arc center.

2. The wafer carrier of claim 1, wherein in the periphery of each wafer retention pocket, the

first arc and the second arc intersect.

3. The wafer carrier of claim 1, wherein in the periphery of each wafer retention pocket, the

first arc and the second arc do not intersect.

4. The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;

wherein the first arc has a smaller radius of curvature than the second arc.
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5. The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;

wherein the first arc has a larger radius of curvature than the second arc.

6. The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;
wherein the first arc is situated symmetrically about the wafer carrier radial axis
corresponding to the wafer retention pocket having the periphery defined by the first and

the second arcs.

7. The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;
wherein the second arc is situated symmetrically about the wafer carrier radial
axis corresponding to the wafer retention pocket having the periphery defined by the first

and the second arcs.

8. The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;
wherein the first arc and the second arc are each situated symmetrically about the
wafer carrier radial axis corresponding to the wafer retention pocket having the periphery

defined by the first and the second arcs.

9. The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;
wherein the first arc is situated asymmetrically about the wafer carrier radial axis
corresponding to the wafer retention pocket having the periphery defined by the first and

the second arcs.
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10.  The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;
wherein the second arc is situated asymmetrically about the wafer carrier radial
axis corresponding to the wafer retention pocket having the periphery defined by the first

and the second arcs.

11.  The wafer carrier of claim 1, wherein each wafer retention pocket has a proximal end and
a distal end relative to the central axis, and in the periphery of each wafer retention pocket, the
first arc is situated at the distal end and the second arc is situated at the proximal end;
wherein the first arc and the second arc are each situated asymmetrically about the
wafer carrier radial axis corresponding to the wafer retention pocket having the periphery

defined by the first and the second arcs.

12.  The wafer carrier of claim 1, wherein the shape of the periphery of each wafer retention
pocket is further defined by at least one connecting portion that intersects with both the first arc

and the second arc.

13.  The wafer carrier of claim 1, wherein the shape of the periphery of each wafer retention
pocket is further defined by two connecting portions that each intersects with both the first arc

and the second arc.

14. The wafer carrier of claim 1, further comprising;:
a first wafer retention pocket and a second wafer retention pocket; and
wherein a ratio between a length of the first arc to a length of the second arc of a common
wafer retention pocket is different among the first wafer retention pocket and the second wafer

retention pocket.

15. The wafer carrier of claim 1, further comprising;:
a first wafer retention pocket and a second wafer retention pocket; and
wherein a ratio between a radius of curvature of the first arc to a radius of curvature of
the second arc of a common wafer retention pocket is different among the first wafer retention

pocket and the second wafer retention pocket.
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16.  The wafer carrier of claim 1, wherein the periphery of each wafer retention pocket is
constructed such that, when a wafer is situated in the wafer retention pocket during CVD
processing, a gap between an outer edge of the wafer and the periphery of the wafer retention

pocket is generally uniform in size around at least 50% of a circumference of the wafer.

17.  The wafer carrier of claim 1, wherein the periphery of each wafer retention pocket is
constructed such that, when a wafer is situated in the wafer retention pocket during CVD
processing, a gap between an outer edge of the wafer and the periphery of the wafer retention

pocket is generally uniform in size around at least 75% of a circumference of the wafer.

18. A method for constructing a wafer carrier for use in a system for growing epitaxial layers
on one or more wafers by chemical vapor deposition (CVD), the method comprising:
forming a body symmetrically about a central axis to include a generally planar
top surface that is perpendicular to the central axis;
forming a plurality of wafer retention pockets recessed in the body from the top
surface, each of the wafer retention pockets including:
a floor surface generally parallel to the top surface; and
a peripheral wall surface surrounding the floor surface and defining a
periphery of that wafer retention pocket,
wherein in forming the plurality of wafer retention pockets, cach wafer retention pocket
is formed to have a pocket center situated along a corresponding wafer carrier radial axis that is
perpendicular to the central axis; and
cach wafer retention pocket has a periphery having a shape defined by at least a first arc
having a first radius of curvature situated around a first arc center and a second arc having a
second radius of curvature situated around a second arc center, wherein the second arc is
different from the first arc by at least one of:
the first radius of curvature being different from the second radius of curvature; or

the first arc center being different from the second arc center.
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