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GAS MIXING APPARATUS

FIELD

[0001] Embodiments of the present invention generally relate to semiconductor

processing equipment.

BACKGROUND

[0002] The inventors have observed that many conventional gas delivery systems
utilized to deliver multiple process gases to a process chamber can fail to provide a
uniform mixture of the process gases to the process chamber. Such a lack in
uniformity in a process gas mixture leads to areas of the process chamber receiving
higher concentrations of individual components of the process gases, thereby

resulting in process non-uniformities.

[0003] Therefore, the inventors have provided an improved gas mixing apparatus.

SUMMARY

[0004] Embodiments of gas mixing apparatus are provided herein. In some
embodiments, a gas mixing apparatus may include a container defining an interior
volume, the container having a closed top and bottom and a sidewall having a
circular cross section with respect to a central axis of the container passing through
the top and bottom; a plurality of first inlets coupled to the container proximate the
top of the container to provide a plurality of process gases to the interior volume of
the container, the plurality of first inlets disposed such that a flow path of the plurality
of process gases through the plurality of first inlets is substantially tangential to the
sidewall of the container; and an outlet coupled to the container proximate the
bottom of the container to allow the plurality of process gases to be removed from

the interior volume of the container.

[0005] In some embodiments, an apparatus for processing substrates may include
a process chamber having a processing volume; a substrate support disposed within
the processing volume; and a gas mixing apparatus coupled to the process chamber
to provide a mixture of process gases to the processing volume of the process
chamber. The gas mixing apparatus may include a container defining an interior
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volume, the container having a closed top and bottom and a sidewall having a
circular cross section with respect to a central axis of the container passing through
the top and bottom; a plurality of first inlets coupled to the container proximate the
top of the container to provide a plurality of process gases to the interior volume of
the container, the plurality of first inlets disposed such that a flow path of the plurality
of process gases through the plurality of first inlets is substantially tangential to the
sidewall of the container; and an outlet coupled to the container proximate the
bottom of the container to allow the plurality of process gases to be removed from

the interior volume of the container.

[0006] Other and further embodiments of the present invention are described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the invention depicted 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.

[0008] Figure 1 is a schematic side view of a gas mixing apparatus in accordance

with some embodiments of the present invention.

[0009] Figure 2 is a schematic top view of a gas mixing apparatus in accordance

with some embodiments of the present invention.

[0010] Figure 3 is a schematic side view of a gas mixing apparatus in accordance

with some embodiments of the present invention.

[0011]  Figure 4 is a schematic top view of a gas mixing apparatus in accordance

with some embodiments of the present invention.

[0012] Figure 5 is a schematic cross sectional side view of a gas mixing apparatus

in accordance with some embodiments of the present invention.

[0013] Figure 6 is a schematic cross sectional top view of a gas mixing apparatus

in accordance with some embodiments of the present invention.

2



WO 2014/011423 PCT/US2013/048855

[0014] Figure 7 is a schematic cross sectional top view of a gas mixing apparatus

in accordance with some embodiments of the present invention.

[0015] Figure 8 depicts a schematic side view of a process chamber suitable for
use with a gas mixing apparatus in accordance with some embodiments of the

present invention.

[0016] Figure 9 depicts a top perspective view of a portion of a process chamber
suitable for use with a gas mixing apparatus in accordance with some embodiments

of the present invention.

[0017] Figure 10 depicts a top perspective view of a portion of a process chamber
suitable for use with a gas mixing apparatus in accordance with some embodiments

of the present invention.

[0018] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION

[0019] Embodiments of gas mixing apparatus are provided herein. In some
embodiments, the inventive gas mixing apparatus may advantageously provide a
more uniform mixture of process gases and/or a more uniform plasma to a process

chamber as compared to convention gas delivery systems.

[0020] The inventors have observed that certain semiconductor processes require
sufficient mixing of multiple process gases to avoid process non-uniformities. For
example, in a seasoning process utilized to clean and/or condition a process
chamber in preparation for processing a substrate, a uniform mixture of process
gases is typically required to generate a uniform plasma to properly clean the
process chamber. However, the inventors have observed that conventional gas
delivery systems utilized to deliver multiple process gases to a process chamber can
fail to provide a uniform mixture of the process gases to the process chamber,
thereby leading to process non-uniformities.

3
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[0021] Accordingly, the inventors have provided embodiments of an improved gas
mixing apparatus to deliver multiple process gases to a process chamber. For
example, Figure 1 is a schematic side view of a gas mixing apparatus in accordance
with some embodiments of the present invention. In some embodiments, the gas
mixing apparatus 100 may generally comprise a container 106, a plurality of inlets
(e.g., a plurality of first inlets) and an outlet 111. As depicted in Figure 1, first inlet
120 and second inlet 122 are shown. A conduit is coupled to each of the plurality of
inlets to facilitate delivery of a gas and/ or plasma from a gas source and/or plasma
source. For example, in some embodiments, a first conduit 104 may be coupled to
the first inlet 120 and a second conduit 102 may be coupled to the second inlet 122,

as shown in Figure 1.

[0022] In some embodiments, the container 106 includes a sidewall with a closed
top 116 and bottom 118, thereby defining an inner volume 108. The container 106
may have any shape suitable to allow a desired amount of mixing of the process gas
and/or plasma provided to the container 106. In some embodiments, the inner
volume of container 106 may have a circular cross section. By providing a circular
cross section, the inventors have observed that the process gas and/or plasma
provided to the container 106 may flow in a circular or spiral manner, thereby
allowing the process gas and/or plasma to mix prior to flowing out of the container
via the outlet 111. In some embodiments, the bottom 118 of the container 106 may
be flat. Alternatively, in some embodiments, the bottom 118 of the container 106
may be curved or substantially bowl shaped, such as shown in Figure 1. In some
embodiments, the container 106 may be substantially cylindrical, as depicted in
Figure 1. Alternatively, in some embodiments, the container 106 may be conical or
frustoconical, for example, as shown in Figure 3. In such embodiments, a diameter
of the container 106 proximate the top 116 of the container may be greater than a
diameter of the container 106 proximate the bottom 118 of the container 106.

[0023] Referring back to Figure 1, the container 106 may have any dimensions
suitable to provide a suitable residence time of process gases and/or plasma within
the container 106 to facilitate a desired mixing of process gases and/or plasma. For

example, in some embodiments, the container 106 may have an inner diameter of
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about 14.3 mm to about 18.6 mm. In some embodiments, the container may have
a height of about 38.3 mm to about 58.7 mm.

[0024] The container 106 may be fabricated from any process compatible material,
for example any material that is non-reactive to the process gas or plasma provided
to the container 106. For example, in some embodiments, the container 106 may be

fabricated from a metal, such as stainless steel, aluminum, or the like.

[0025] In some embodiments, an outlet (e.g., the first outlet 111) is disposed
proximate the bottom 118 of the container 106 and allows the process gas and/or
plasma to flow out of the container 106. The container 106 may have a plurality of
outlets to facilitate delivery of the contents of the container 106 to a corresponding
plurality of gas delivery zones within a process chamber. For example, in some
embodiments, the container 106 may have two or more outlets, such as three
outlets (first outlet 111, second outlet 113 and third outlet 115 shown), as shown in
Figure 1. In such embodiments, a conduit may be respectively coupled to each
outlet to facilitate delivery of the mixed process gas and/or plasma, for example, to a
plurality of gas delivery zones of a process chamber. For example, a first conduit
112, second conduit 114, and third conduit 110 may be respectively coupled to the
first outlet 111, second outlet 113 and third outlet 115.

[0026] Although only two inlets (i.e., first inlet 120 and second inlet 122) are shown
in Figure 1, the container 106 may include any number of inlets suitable to
accommodate for any number of process gases and/or plasmas that are to be
provided to the container 106. For example, referring to Figure 2, in some
embodiments, the container 106 may have four inlets (i.e., first inlet 120, second
inlet 122, third inlet 206 and fourth inlet 208 shown). In such embodiments, similar
to the first inlet 120 and second inlet 122 discussed above, the third inlet 206 and
fourth inlet 208 each have a conduit coupled thereto (e.g., third conduit 202 and
fourth conduit 204 coupled to the third inlet 206 and fourth inlet 208, respectively) to
facilitate delivery of the gas and/ or plasma from the gas and/or plasma source.

[0027] The plurality of inlets (e.g., first inlet 120, second inlet 122, third inlet 206
and fourth inlet 208) may be disposed about the container 106 in any configuration
suitable to provide a desired flow of process gas and/or plasma within the container

5
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106. For example, in some embodiments, each of the first inlet 120, second inlet
122, third inlet 206 and fourth inlet 208 may be disposed about the container 106
such the process gas and/or plasma is provided having a flow direction that is
tangential to the cross section of the container 106 (as indicated by arrows 210),
such as shown in Figure 2. By providing the flow in such a manner, the inventors
have observed that the process gas and/or plasma mixes more completely prior to
flowing out of the container via the outlets (e.g., first outlet 111, second outlet 113
and third outlet 115 described above). The inventors believe that the circular cross
section of the container 106 and the tangential flow of the process gas and/or
plasma cause the process gas and/or plasma to flow in a circular or spiral manner.
Such a circular or spiral flow may increase the residence time of the process gas
and/or plasma within the container and the turbulence of the process gas and/or
plasma, thereby facilitating the mixing of the process gas and/or plasma. In some
embodiments, the process gas and/or plasma may be mixed up to 100% mixing

(i.e., a complete, or uniform mixing of components).

[0028] Alternatively or in combination, in some embodiments and as depicted in
Figure 3, an additional inlet 304 (e.g., a second inlet) may be coupled to the top 306
of the container 106 and configured to provide a flow of process gas and/or plasma
in a direction substantially perpendicular to the top 306 of the container 106 (as
indicated by arrow 303). In some embodiments, the additional inlet 304 may be
utilized to provide a plasma formed in a remote plasma source to the container 106
via an additional conduit 302 while the first inlet 120 and second inlet 122 provide a
process gas from a gas source coupled to the first and second inlets 120, 122. For
example, in some embodiments the gas mixing apparatus 100 may be coupled to a
process chamber (such as in a non-limiting example, a plasma ion immersion
implantation reactor, as described below with respect to Figure 8) to provide a
mixture of process gases and plasma to perform a seasoning process within the
process chamber. In such embodiments, a silicon containing gas for example,
silane (SiH4), may be provided to the container 106 via the first inlet 120, an oxygen
containing gas, for example, oxygen gas (O2), may be provided to the container 106
via the second inlet 122 and an argon (Ar) containing plasma may be provided to the
container 106 via the additional inlet 304. When provided in such a configuration,

6
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the gases provided via the first inlet 120 and the second inlet 122 may be provided
in a direction tangential to the cross section of the container 106 (as indicated by
arrows 210 in Figure 2, or arrows 402 in Figure 4) and the plasma provided via the
additional inlet 304 may be provided in a direction substantially perpendicular to the

top 306 of the container 106 (as indicated by arrow 303, as shown in Figure 3).

[0029] In some embodiments, one or more additional components may be
provided within the container 106 to enhance the mixing of the process gases and/or
plasma. For example, referring to Figure 5, in some embodiments, a plurality of
baffles 501 may be disposed within the container 106. The inventors believe that,
when present, the plurality of baffles 501 may increase residence time and
turbulence of the flow of the process gases and/or plasma, thereby enhancing the
mixing of the process gases and/or plasma.

[0030] The plurality of baffles 501 may be provided in any number or configuration
sufficient to increase the aforementioned residence time and turbulence of the flow
of the process gases and/or plasma. For example, in some embodiments, the
plurality of baffles 501 may comprise one or more baffles (first baffle 502, second
baffle 504, third baffle 506, fourth baffle 508 and fifth baffle 510 shown) extending
from a wall 505 of the container 106 towards a center 503 of the container 106. In
some embodiments, the baffles may extend beyond an axial centerline of the
container 106, for example to advantageously maximize the flow path, and therefore
residence time, of the gases in the container 106. In some embodiments, the baffles
may be disposed substantially parallel with the top 306 of the container 106, such as
shown in Figure 5. In some embodiments, each of a plurality of baffles 501 may be
disposed such that each baffle is staggered with an adjacent baffle, such as, for
example, by being disposed on opposite sides of the container 106. In some
embodiments, each of the plurality of baffles 501 may have a height of about 0.5

mm to about 1 mm, or in some embodiments, about 1 mm.

[0031] Alternatively, or in combination, in some embodiments, at least some of the
plurality of baffles 501 may be disposed substantially perpendicular to the top of the
container 106, for example, such as the first baffle 602, second baffle 604, third

baffle 606, and fourth baffle 608 shown in Figure 6. In some embodiments, the



WO 2014/011423 PCT/US2013/048855

plurality of baffles 501 may be flat, as depicted in Figure 6, or may have a curved
shape, such as the first baffle 702, second baffle 704, third baffle 706, and fourth
baffle 708 shown in Figure 7. In some embodiments, each of the plurality of baffles
may have a height of about 0.5 mm to about 1 mm, or in some embodiments, about

10 mm.

[0032] The gas mixing apparatus 100 described above may be utilized to provide a
mixture of process gases and/or plasma to any type of processing equipment used
to perform processes on a substrate. For example, the gas mixing apparatus 100
may be coupled to a toroidal source plasma ion immersion implantation reactor such
as, but not limited to, the CONFORMA™ reactor commercially available from
Applied Materials, Inc., of Santa Clara, California. Other process chambers,
including those configured for other processes as well as those available from other
manufacturers, may also benefit from modification in accordance with the teachings

provided herein.

[0033] Referring to Figure 8, a toroidal source plasma immersion ion implantation
reactor 800 may generally comprise a cylindrical vacuum chamber 802 defined by a
cylindrical side wall 804 and a disk-shaped ceiling 806. A substrate support
pedestal 808 at the floor of the chamber 802 supports a substrate 810 to be
processed. A gas distribution plate or showerhead 812 on the ceiling 806 receives
process gas in its gas manifold 814 from the gas mixing apparatus 100.

[0034] A plurality of gas and/or plasma sources (three sources 852, 854, 856
shown) may be coupled to the gas mixing apparatus 100 to provide process gases
and/or plasma to the gas mixing apparatus 100 to be mixed and subsequently
provided to the chamber 802. In some embodiments, the gas mixing apparatus 100
may be coupled to an upper manifold 801 disposed above, and coupled to the
chamber 802 to distribute the mixed process gases and/or plasma to desired gas
delivery zones or regions of the process chamber. In some embodiments, the upper
manifold 801 may be coupled directly to the interior of the process chamber or to a
lower manifold (e.g., gas distribution plate or showerhead 812) disposed within the
chamber 802.
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[0035] Referring to Figure 9, in some embodiments, the upper manifold 801 may
include a plurality of manifolds. For example , in some embodiments, the plurality of
manifolds may include a plurality of gas rings, such as an inner gas ring 904 and an
outer gas ring 902, as well as a central injection port 908. Each of the inner gas ring
904 and outer gas ring 902 may comprise a plurality of gas outlets (e.g., a plurality
of third gas outlets). Gas outlets 910 are shown for outer gas ring 902 and gas
outlets 912 are shown for inner gas ring 904 in Figure 9. The gas outlets 910, 912
are coupled to the chamber 802 and facilitate delivery of the process gas and/or
plasma from the inner gas ring 904 and outer gas ring 902 to the interior of the
chamber 802 (e.g., via the gas distribution plate or showerhead 812 described
above).

[0036] The gas mixing apparatus 100 may be coupled to the upper manifold 801 in
any position relative to the upper manifold 801 that is suitable to provide a desired

mix of process gas and/or plasma to a desired location within the chamber 802.

[0037] For example, in some embodiments, the gas mixing apparatus 100 may be
disposed above the inner gas ring 904, wherein the first conduit 112 is coupled to
the inner gas ring 904, the second conduit 114 is coupled to the outer gas ring 902
and the third conduit 110 is coupled to the central injection port 908, such as shown
in Figure 9. In such embodiments, an additional conduit 906 may be coupled to the
central injection port 908 to facilitate separate delivery of, for example, a plasma

from a remote plasma source.

[0038] Alternatively, in some embodiments, the gas mixing apparatus 100 may be
disposed above the central injection port 908, wherein the first conduit 112 is
coupled to the central injection port 908, the second conduit 114 is coupled to the
inner gas ring 904 and the third conduit 110 is coupled to the outer gas ring 902,
such as shown in Figure 10. In such embodiments, a plasma from a plasma remote
source may be provided to the gas mixing apparatus 100 via the additional conduit
302.

[0039] Referring back to Figure 8, a vacuum pump 820 is coupled to a pumping

annulus 822 defined between the substrate support pedestal 808 and the sidewall



WO 2014/011423 PCT/US2013/048855

804. A processing region 824 is defined between the substrate 810 and the gas
distribution plate 812.

[0040] A pair of external reentrant conduits 826, 828 establishes reentrant toroidal
paths for plasma currents passing through the processing region 824, and the
toroidal paths intersecting in the processing region 824. Each of the conduits 826,
828 has a pair of ends 830 coupled to opposite sides of the chamber. Each conduit
826, 828 is a hollow conductive tube. Each conduit 826, 828 has a D.C. insulation
ring 832 preventing the formation of a closed loop conductive path between the two
ends of the conduit.

[0041] An annular portion of each conduit 826, 828, is surrounded by an annular
magnetic core 834. An excitation coil 836 surrounding the core 834 is coupled to an
RF power source 838 through an impedance match device 840. The two RF power
sources 838 coupled to respective ones of the cores 836 may be of two slightly
different frequencies. The RF power coupled from the RF power generators 838
produces plasma ion currents in closed toroidal paths extending through the
respective conduit 826, 828 and through the processing region 824. These ion
currents oscillate at the frequency of the respective RF power source 838. Bias
power is applied to the substrate support pedestal 808 by a bias power generator
842 through an impedance match circuit 844.

[0042] Plasma formation is performed by introducing a process gas, or mixture of
process gases into the chamber 824 through the gas distribution plate 812 and
applying sufficient source power from the generators 838 to the reentrant conduits
826, 828 to create toroidal plasma currents in the conduits and in the processing
region 824.

[0043] The plasma flux proximate the wafer surface is determined by the wafer
bias voltage applied by the RF bias power generator 842. The plasma rate or flux
(number of ions sampling the wafer surface per square cm per second) is
determined by the plasma density, which is controlled by the level of RF power
applied by the RF source power generators 838. The cumulative ion dose
(ions/square cm) at the wafer 810 is determined by both the flux and the total time

over which the flux is maintained.
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[0044] If the wafer support pedestal 808 is an electrostatic chuck, then a buried
electrode 846 is provided within an insulating plate 848 of the wafer support
pedestal, and the buried electrode 846 is coupled to the bias power generator 842
through the impedance match circuit 844 and/or a DC voltage source 850.

[0045] In operation, and for example, the substrate 810 may be placed on the
substrate support pedestal 808 and one or more process gases may be introduced
into the chamber 802 to strike a plasma from the process gases. For example, a
plasma may be generated from the process gases within the reactor 800 to
selectively modify surfaces of the substrate 810 as discussed above. The plasma is
formed in the processing region 824 by applying sufficient source power from the
generators 838 to the reentrant conduits 826, 828 to create plasma ion currents in
the conduits 826, 828 and in the processing region 824 in accordance with the
process described above. In some embodiments, the wafer bias voltage delivered
by the RF bias power generator 842 can be adjusted to control the flux of ions to the
wafer surface, and possibly one or more of the thickness a layer formed on the
wafer or the concentration of plasma species embedded in the wafer surface.

[0046] A controller 854 comprises a central processing unit (CPU) 856, a memory
858, and support circuits 860 for the CPU 856 and facilitates control of the
components of the chamber 802 and, as such, of the etch process, as discussed
below in further detail. To facilitate control of the process chamber 802, for example
as described below, the controller 854 may be one of any form of general-purpose
computer processor that can be used in an industrial setting for controlling various
chambers and sub-processors. The memory 858, or computer-readable medium, of
the CPU 856 may be one or more of readily available memory such as random
access memory (RAM), read only memory (ROM), floppy disk, hard disk, or any
other form of digital storage, local or remote. The support circuits 860 are coupled
to the CPU 856 for supporting the processor in a conventional manner. These
circuits include cache, power supplies, clock circuits, input/output circuitry and
subsystems, and the like. The inventive methods, or at least portions thereof,
described herein may be stored in the memory 858 as a software routine. The
software routine may also be stored and/or executed by a second CPU (not shown)
that is remotely located from the hardware being controlled by the CPU 856.

11
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[0047] Thus, embodiments of gas mixing apparatus have been provided herein
that may advantageously provide enhanced mixing of process gases and/or plasma

being provided to one or more gas delivery zones.

[0048] 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.

12
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Claims:

1. A gas mixing apparatus, comprising:

a container defining an interior volume, the container having a closed top and
bottom and a sidewall having a circular cross section with respect to a central axis of
the container passing through the top and bottom;

a plurality of first inlets coupled to the container proximate the top of the
container to provide a plurality of process gases to the interior volume of the
container, the plurality of first inlets disposed such that a flow path of the plurality of
process gases through the plurality of first inlets is substantially tangential to the
sidewall of the container; and

an outlet coupled to the container proximate the bottom of the container to
allow the plurality of process gases to be removed from the interior volume of the

container.

2. The gas mixing apparatus of claim 1, further comprising a plurality of gas
sources respectively coupled to the plurality of first inlets.

3. The gas mixing apparatus of claim 2, wherein at least one of the plurality of

gas sources is configured to provide a gas in a plasma state.

4. The gas mixing apparatus of claim 1, further comprising:

a second inlet coupled to a top of the container to provide a second process
gas to the container, the second inlet disposed such that a flow path of the second
process gas through the second inlet is substantially perpendicular to the top of the

container.

5. The gas mixing apparatus of claim 4, further comprising a second gas source
coupled to the second inlet.

13
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6. The gas mixing apparatus of any of claims 1-5, wherein the bottom of the
container is bowl-shaped, having the bowl extending away from the interior volume,
wherein the outlet is coupled to the bottom.

7. The gas mixing apparatus of any of claims 1-5, wherein the container has a
conical shape, wherein a diameter of the container proximate the top of the
container is greater than a diameter of the container proximate the bottom of the

container.

8. The gas mixing apparatus of any of claims 1-5, further comprising:
a plurality of baffles disposed within the container.

9. The gas mixing apparatus of claim 8, wherein the plurality of baffles are
substantially planar and parallel to the top of the container, wherein each baffle of
the plurality of baffles extend from the sidewall of the container toward the central

axis of the container.

10. The gas mixing apparatus of claim 8, wherein the plurality of baffles are
substantially perpendicular to the top of the container, wherein each baffle of the
plurality of baffles extend from a wall of the container toward the central axis of the

container.

11.  The gas mixing apparatus of any of claims 1-5, further comprising:

a plurality of outlets coupled to the container proximate the bottom of the
container; and

a plurality of gas rings, each having a plurality of third gas outlets, wherein the
container is fluidly coupled to the plurality of gas rings via the plurality of outlets.

12. The gas mixing apparatus of claim 11, wherein the plurality of gas rings

comprise a central injection port, an inner gas ring disposed about the central
injection port, and an outer gas ring disposed about the inner gas ring.

14
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13. The gas mixing apparatus of claim 11, wherein the plurality of gas outlets are
fluidly coupled to a lower manifold disposed within a process chamber, the lower
manifold having a plurality of gas dispersion holes to provide the plurality of process

gases to an inner volume of the process chamber.

14.  An apparatus for processing substrates, comprising:

a process chamber having a processing volume;

a substrate support disposed within the processing volume; and

a gas mixing apparatus coupled to the process chamber to provide a mixture
of process gases to the processing volume of the process chamber, the gas mixing
apparatus as described in any of the preceding claims.
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