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SUBSTRATE CARRIER

FIELD
[0001] Embodiments of the present disclosure generally relate to substrate

processing equipment.

BACKGROUND

[0002] Substrates to be processed are transferred to different chambers and areas
using carriers that enable the transfer of multiple substrates at a time. One such
carrier used in aluminum nitride deposition for light emitting diode (LED)
applications, in which substrates between 2-6 inches are used, is a 300 mm silicon
(Si) substrate carrier. The Si substrate carrier is formed of single crystal silicon that
is machined with pockets to carry the substrates. However, Si substrate carriers
tend to break during processing, cleaning, and/or refurbishment. Alternatively,
silicon carbide (SiC) substrate carriers may be used since a SiC substrate is about
40% more dense than a silicon substrate. However, because of the increased
density, SiC substrate carriers are heavier and can, therefore, damage a substrate
support on which they are placed. Also, SiC substrate carriers can also chip and
crack leading to low yield.

[0003] Accordingly, the inventors have provided embodiments of improved

substrate carriers as disclosed herein.

SUMMARY

[0004] Embodiments of a substrate carrier are provided herein. In some
embodiments, a substrate carrier includes a base plate, wherein the base plate is a
thin, solid plate with no through holes or embedded components; and a plurality of
raised portions extending from the base plate, wherein the plurality of raised portions
include first raised portions and second raised portions, the first raised portions
disposed radially inward from the second raised portions, wherein the base plate
and the plurality of raised portions define pockets configured to retain a plurality of
substrates, and wherein an upper surface of the second raised portions have a

greater surface area than an upper surface of the first raised portions.
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[0005] In some embodiments, a substrate carrier includes a base plate having a
central substrate retaining surface, and a plurality of peripheral substrate retaining
surfaces; a plurality of first raised portions defining the central substrate retaining
surface; and a plurality of second raised portions, which along with the plurality of
first raised portions, define the plurality of peripheral substrate retaining surfaces,
wherein each second raised portion of the plurality of second raised portions at least
partially defines adjacent peripheral substrate retaining surfaces, and wherein the
substrate carrier is made of silicon-infiltrated, silicon carbide (SiSiC).

[0006] In some embodiments, a substrate carrier includes a base plate, wherein
the base plate is a solid plate with no through holes or embedded components; and
a plurality of raised portions that are generally triangular shaped extending from the
base plate, wherein the base plate and the plurality of raised portions define a
plurality of pockets having a circular shape, and wherein the plurality of pockets

include a central pocket and a six peripheral pockets.
[0007] Other and further embodiments of the present disclosure are described

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present disclosure, briefly summarized above and

discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. However, the
appended drawings illustrate only typical embodiments of the disclosure and are
therefore not to be considered limiting of scope, for the disclosure may admit to

other equally effective embodiments.

[0009] Figure 1 depicts a schematic cross-sectional view of a deposition chamber

in accordance with some embodiments of the present disclosure.

[0010] Figure 2 depicts an isometric view of a substrate carrier in accordance with
some embodiments of the present disclosure.

[0011] Figure 3 depicts a top view of the substrate carrier of Figure 2.

[0012] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
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figures are not drawn to scale and may be simplified for clarity. Elements and
features of one embodiment may be beneficially incorporated in other embodiments

without further recitation.

DETAILED DESCRIPTION

[0013] Embodiments of a substrate carrier are provided herein. The substrate

carrier can be used, for example, to support substrates (such as semiconductor
substrates) in thin film and microelectronic fabrication processes. In some
embodiments, the carrier integrates use of a ceramic material, such as silicon (Si) or
silicon carbide (SiC). In some embodiments, the ceramic material is silicon-
infiltrated, silicon carbide (SiSiC), to advantageously reduce breakage and improving
fabrication yield. The carrier includes a base plate having raised portions to define
pockets, advantageously reducing or eliminating stresses associated with forming
pockets into a substrate carrier. In some embodiments, the carrier advantageously
includes seven pockets to accommodate seven substrates having a diameter of

about 4.0 inches for processing.

[0014] The substrate carrier may be used with suitable multi-chamber processing
systems that include the ENDURA® and CENTURA® processing systems or other
suitable processing systems commercially available from Applied Materials, Inc.,
located in Santa Clara, California. Other processing systems (including those from
other manufacturers) may be adapted to benefit from the embodiments disclosed
herein. The multi-chamber processing systems may be configured to perform
various functions including layer deposition including atomic layer deposition (ALD),
chemical vapor deposition (CVD), physical vapor deposition (PVD), etch, pre-clean,

de-gas, orientation and center-finding, annealing, and other substrate processes.

[0015] Figure 1 depicts a schematic cross-sectional view of a deposition chamber
in accordance with some embodiments of the present disclosure. In some
embodiments, the plasma processing chamber is a physical vapor deposition (PVD)
processing chamber. However, other types of processing chambers configured for
different processes can also use or be modified for use with embodiments of the

substrate carrier.
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[0016] In some embodiments, a chamber 100 is a vacuum chamber which is
suitably adapted to maintain sub-atmospheric pressures within a chamber interior
volume 120 during substrate processing. The chamber 100 includes a chamber
body 106 covered by a lid 104 which encloses a processing volume 119 located in
an upper portion of chamber interior volume 120. A slit valve 134 is coupled to the
chamber body 106 and configured to facilitate transfer of a substrate 122 into and
out of the chamber 100. The chamber body 106 and lid 104 may be made of metal,
such as aluminum. The chamber body 106 may be grounded via a coupling to
ground 115.

[0017] A substrate support 124 is disposed within the chamber interior volume 120
to support and retain a substrate carrier 142 and the substrate 122, such as a
semiconductor wafer, for example. The substrate support 124 may generally
comprise a pedestal 136 that includes a dielectric body having one or more
electrodes 154 disposed therein and a hollow support shaft 112 for supporting the
pedestal 136. The hollow support shaft 112 provides a conduit to provide, for
example, gases, fluids, coolants, power, or the like, to the pedestal 136.

[0018] In some embodiments, the hollow support shaft 112 is coupled to a lift
mechanism 113, such as an actuator or motor, which provides vertical movement of
the electrostatic chuck 150 between an upper, processing position (as shown in FIG.
2) and a lower, transfer position (not shown). A bellows assembly 110 is disposed
about the hollow support shaft 112 and is coupled between the pedestal 136 and a
bottom surface 126 of chamber 100 to provide a flexible seal that allows vertical
motion of the pedestal 136 while preventing loss of vacuum from within the chamber
100.

[0019] The hollow support shaft 112 provides a conduit for coupling a chucking
power supply 140 and RF sources (e.g., RF plasma power supply 170 and RF bias
power supply 117) to the pedestal 136. In some embodiments, RF plasma power
supply 170 and RF bias power supply 117 are coupled to the electrostatic chuck via
respective RF match networks (only RF match network 116 shown). In some
embodiments, the substrate support may alternatively include AC, DC, or RF bias

power.
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[0020] A substrate lift 130 can include lift pins 109 mounted on a platform 108
connected to a shaft 111 which is coupled to a second lift mechanism 132 for raising
and lowering the substrate lift 130 so that the substrate carrier 142 and the substrate
122 may be placed on or removed from the pedestal 136. The pedestal 136
includes thru-holes to receive the lift pins 109. A bellows assembly 131 is coupled
between the substrate lift 130 and bottom surface 126 to provide a flexible seal

which maintains the chamber vacuum during vertical motion of the substrate lift 130.

[0021] The chamber 100 is coupled to and in fluid communication with a vacuum
system 114 which includes a throttle valve (not shown) and vacuum pump (not
shown) which are used to exhaust the chamber 100. The pressure inside the
chamber 100 may be regulated by adjusting the throttle valve and/or vacuum pump.
The chamber 100 is also coupled to and in fluid communication with a process gas
supply 118 which may supply one or more process gases to the chamber 100 for
processing a substrate disposed therein. The process gas may be a sputtering gas,
or a reactive gas. In some embodiments, the process gas includes aluminum nitride
(AIN).

[0022] In operation, for example, a plasma 102 may be created in the chamber
interior volume 120 to perform one or more processes. The plasma 102 may be
created by coupling power from a plasma power source (e.g., RF plasma power
supply 170) to a process gas to ignite the process gas and create the plasma 102.
In some embodiments, a bias power may also be provided from a bias power supply
(e.g., RF bias power supply 117) to one or more electrodes 154 within the pedestal
136 to attract ions from the plasma towards the substrate 122. The electrostatic

chuck may have a particular thickness above the electrode.

[0023] In some embodiments, for example where the chamber 100 is a PVD
chamber, a target 166 comprising a source material to be deposited on a substrate
122 may be disposed above the substrate and within the chamber interior volume
120. The target 166 may be supported by a grounded conductive portion of the
chamber 100, for example an aluminum adapter through a dielectric isolator. In
other embodiments, the chamber 100 may include a plurality of targets in a multi-
cathode arrangement for depositing layers of different material using the same

chamber.
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[0024] A controllable DC power source 168 may be coupled to the chamber 100 to
apply a negative voltage, or bias, to the target 166. The RF bias power supply 117
may be coupled to the substrate support 124 in order to induce a negative DC bias
on the substrate 122. In some embodiments, an RF plasma power supply 170 may
also be coupled to the chamber 100 to apply RF power to the target 166 to facilitate
control of the radial distribution of a deposition rate on substrate 122. In operation,
ions in the plasma 102 created in the chamber 100 react with the source material
from the target 166. The reaction causes the target 166 to eject atoms of the source
material, which are then directed towards the substrate 122, thus depositing
material. The deposited material may be, for example, the deposited material may
be AIN, or the like.

[0025] In some embodiments, the chamber 100 further includes a magnetron
assembly 178. The magnetron assembly 178 provides a rotating magnetic field
proximate the target 166 to assist in plasma processing within the chamber 100. In
some embodiments, the magnetron assembly 178 includes a plurality of magnets

that rotate about a central axis of the chamber 100

[0026] Figure 2 depicts an isometric view of a substrate carrier 202 in accordance
with some embodiments of the present disclosure. Figure 3 depicts a top view of
the substrate carrier 202. In some embodiments, the substrate carrier 202 is the
substrate carrier 142 described with respect to Figure 1. The substrate carrier 202
includes a base plate 210. In some embodiments, the base plate 210 is a thin, solid
plate with no through holes or embedded components. In some embodiments, the
base plate 210 has a thickness of about 0.03 inches to about 0.05 inches. In some
embodiments, the base plate 210 is made of Si or SiC. In some embodiments, the
base plate 210 is made of SiSiC. In some embodiments, the base plate 210 has an
outer diameter of about 11.5 inches to about 12.5 inches, although other outer
diameters may also be used. In some embodiments, the base plate 210 includes a
notch 212 that extends radially inward from an outer sidewall of the base plate 210.
The notch 212 is configured to align the substrate carrier to other components

during processing or transfer.

[0027] The substrate carrier 202 includes a plurality of raised portions 206
extending from the base plate 210. The plurality of raised portions 206 include first
6
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raised portions 220 and second raised portions 230. The first raised portions 220
are disposed radially inward from the second raised portions 230. In some
embodiments, the second raised portions 230 are larger than the first raised portions
220, for example, an upper surface 232 of each of the second raised portions 230
has a greater surface area than an upper surface 222 of each of the first raised
portions 220. In some embodiments, the plurality of raised portions 206 extend
about 0.01 inches to about 0.04 inches from the base plate 210. In some
embodiments, the plurality of raised portions 206 extend about 0.02 inches to about
0.03 inches from the base plate 210.

[0028] The base plate 210 and the plurality of raised portions 206 define pockets
240, or substrate retaining surfaces, configured to retain a plurality of substrates
(e.g., substrate 302 shown in phantom in Figure 3) on the substrate carrier. In some
embodiments, the pockets 240 are configured to retain substrates having a
thickness of about 350 micrometers to about 1025 micrometers. In some
embodiments, the pockets 240 are circular in shape. In some embodiments, the
pockets 240 include a central pocket 244 and peripheral pockets 242. The plurality
of raised portions 206 are configured to only partially surround the plurality of
substrates, advantageously reducing the weight of the substrate carrier. At least
four raised portions of the plurality of raised portions 206 are disposed around each
substrate 302 to ensure that each substrate 302 is sufficiently held in place.

[0029] In some embodiments, the first raised portions 220 are disposed equidistant
about a center of the base plate 210. The first raised portions 220 have three sides
to define a generally triangular shape. In some embodiments, the three sides of the
first raised portions 220 of each first raised portions 220 are curved inward towards
a center of each first raised portion 220 to correspond with a curvature of a
semiconductor substrate. In some embodiments, each of the first raised portions
220 partially define three adjacent pockets 240 (e.g., the central pocket 244 and two
adjacent peripheral pockets 242). In some embodiments, the first raised portions
220 include a radius 224 between adjacent sides. In some embodiments, the radius
224 is about 0.07 inches to about 0.13 inches. In some embodiments, the substrate
carrier includes six first raised portions 220. In some embodiments, a side of each

one of the first raised portions 220 facing the center of the base plate 210 is curved
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radially outward to define the central pocket 244 configured to retain a substrate. In
some embodiments, the central pocket 244 is configured to retain a substrate having

a diameter of about 4.0 inches.

[0030] In some embodiments, the second raised portions 230 are disposed
equidistant about a center of the base plate 210. In some embodiments, the second
raised portions 230 are disposed about 7.5 inches or greater from a center of the
base plate 210. In some embodiments, the second raised portions 230 have three
sides to form a generally triangular shape. In some embodiments, two of the three
sides of each one of the second raised portions 230 are curved inward towards a
center of each one of the second raised portions 230 to correspond with a curvature
of a semiconductor substrate. In some embodiments, each of the second raised
portions 230 defines two adjacent pockets of the peripheral pockets 242. In some
embodiments, the second raised portions 230 include a radius 234 between
adjacent sides. In some embodiments, the radius 234 is about 0.12 inches to about
0.18 inches. In some embodiments, the substrate carrier includes six second raised
portions 230. In some embodiments, the side of each one of the second raised
portions 230 that is not defining a peripheral pocket 242 is curved outward away
from the center of each one of the second raised portions 230 to correspond with a
curvature of an outer sidewall of the base plate 210. In some embodiments, the
peripheral pockets 242 are configured to retain a substrate having a diameter of
about 4.0 inches. In some embodiments, the second raised portions 230 are

disposed radially inwards from an outer sidewall of the base plate 210.

[0031] In some embodiments, two of the first raised portions 220 and two of the
second raised portions 2230 have a curved side to define each peripheral pocket
242. In some embodiments, the plurality of raised portions 206 includes six first
raised portions 220 and six second raised portions 230 configured to define the
central pocket 244 and six peripheral pockets 242 to accommodate seven

substrates therein.

[0032] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing

from the basic scope thereof.



Claims:

1. A substrate carrier, comprising:

a base plate, wherein the base plate is a thin, solid plate with no through
holes or embedded components; and

a plurality of raised portions extending from the base plate, wherein the
plurality of raised portions include first raised portions and second raised portions,
wherein all of the first raised portions are disposed radially inward from the second
raised portions, wherein the base plate and the plurality of raised portions define
pockets configured to retain a plurality of substrates, wherein each of the second
raised portions are three-sided, wherein the plurality of raised portions includes six
first raised portions and six second raised portions configured to define a central
pocket and six peripheral pockets, and wherein an upper surface of each of the
second raised portions have a greater surface area than an upper surface of each of

the first raised portions.

2. The substrate carrier of claim 1, wherein each one of the plurality of raised
portions have three sides that are curved.

3. The substrate carrier of claim 2, wherein at least two of the three sides of
each one of the plurality of raised portions are configured to partially define adjacent

pockets.

4, The substrate carrier of claim 1, wherein all of the first raised portions are
disposed about a center of the base plate along a common circle and have a side
facing the center that is curved radially outward from the center to define the central

pocket.

5. The substrate carrier of claim 1, wherein the second raised portions have two

sides that are curved radially inward and a third side that is curved radially outward.

6. The substrate carrier of claim 1, wherein the plurality of raised portions are
generally triangular shaped.



7. The substrate carrier of claim 1, wherein the central pocket and peripheral
pockets are each configured to hold a substrate having a diameter of about 4.0

inches.

8. The substrate carrier of any of claims 1 to 6, wherein the first raised portions

extend about 0.01 inches to about 0.04 inches from the base plate.

9. The substrate carrier of any of claims 1 to 6, wherein the base plate has a
thickness of about 0.03 inches to about 0.05 inches.

10. The substrate carrier of any of claims 1 to 6, wherein the substrate carrier is

made of silicon (Si), silicon carbide (Sic), or silicon-infiltrated, silicon carbide (SiSiC).

11. The substrate carrier of any of claims 1 to 6, wherein the base plate has an

outer diameter of about 11.5 inches to about 12.5 inches.

12. The substrate carrier of any of claims 1 to 6, wherein the base plate includes

a notch that extends radially inward from an outer sidewall of the base plate.

13. The substrate carrier of any of claims 1 to 6, wherein the first raised portions
include a radius between adjacent sides of the first raised portions.

14. A process chamber, comprising:
a chamber body defining an interior volume;
a substrate support disposed in the interior volume; and

the substrate carrier as described in any of claims 1 to 13.
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