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APPARATUSES FOR CLEANING A MULTI-STATION SEMICONDUCTOR PROCESSING CHAMBER

RELATED APPLICATION(S)
[0001] A PCT Request Form is filed concurrently with this specification as part of the present
application. Each application that the present application claims benefit of or priority to as
identified in the concurrently filed PCT Request Form is incorporated by reference herein in its

entirety and for all purposes.

BACKGROUND
[0002] During some semiconductor processing operations, materials are deposited and
removed from semiconductor substrates positioned in a processing chamber. These materials
and other unwanted particulates and contaminants can become deposited on internal surfaces
and features of the processing chamber, including the chamber walls and gas distribution
devices, such as a showerhead. To maintain high throughput, low contamination, low particle,
and fully functioning equipment after processing wafers in the processing chamber, the
accumulated unwanted materials should be cleaned from the processing chamber’s internal
features.
[0003] Background and contextual descriptions contained herein are provided solely for the
purpose of generally presenting the context of the disclosure. Much of this disclosure presents
work of the inventors, and simply because such work is described in the background section or

presented as context elsewhere herein does not mean that it is admitted to be prior art.

SUMMARY
[0004] Details of one or more implementations of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages will become apparent from the description, the drawings,
and the claims. The following, non-limiting implementations are considered part of the
disclosure; other implementations will be evident from the entirety of this disclosure and the

accompanying drawings as well.
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[0005] In some implementations, a deflector plate for use in a semiconductor processing tool
may be provided. The deflector plate may include a body having a top surface and an
underside surface that are on opposite sides of the body. The deflector plate may also include
a plurality of recesses in the top surface that are arranged in a radial pattern around a center
axis. For each recess, that recess may be at least partially defined by a corresponding bottom
surface, a corresponding first side surface, a corresponding second side surface, and a
corresponding front surface. The first side surface, the second side surface, and the front
surface may intersect the bottom surface, the front surface may span between the first side
surface and the second side surface, and the front surface may span between the bottom
surface and an outer edge of the recess that is radially outwards from the bottom surface in a
direction perpendicular to the center axis and farther from the underside surface than the
bottom surface in a direction parallel to the center axis.

[0006] In some implementations, each front surface may span between a corresponding outer
edge and a corresponding bottom surface along a first profile having a linear section, a non-
linear section, or a combination of at least one linear section and at least one non-linear
section.

[0007] In some implementations, a corresponding obtuse angle may be defined between each
front surface facing the center axis and a reference plane that is perpendicular to the center
axis, and the obtuse angle may be between about 120 degrees and about 170 degrees.

[0008] In some implementations, the bottom surface may be substantially perpendicular to
the center axis.

[0009] In some implementations, the front surface may be oriented at an acute angle with
respect to the center axis and the front surface facing the center axis.

[0010] In some implementations, the acute angle may be between about 20 degrees and
about 80 degrees.

[0011] In some implementations, the front surface may intersect with the bottom surface at a
first edge having a radius, and the radius may be between about 1 inch and about 0.1 inches.
[0012] In some implementations, the first side surface may be oriented with respect to the
bottom surface at a first angle, the second side surface may be oriented with respect to the
bottom surface at the first angle, and the first angle may be between about 60 degrees and
about 100 degrees.

[0013] In some implementations, the first side surface and second side surface may be

substantially parallel to each other.
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[0014] In some implementations, the first side surface may intersect with the bottom surface
at a first edge having a second radius, and the second side surface may intersect with the
bottom surface at a second edge having the second radius.

[0015] In some implementations, the second radius may be between about 0.1 inches and
about 0.01 inches.

[0016] In some implementations, the first side surface may intersect with the front surface at
a third edge having a third radius, and the second side surface may intersect with the front
surface at a fourth edge having the third radius.

[0017] In some implementations, the third radius may be between about 0.1 inches and about
0.01 inches.

[0018] In some implementations, the front surface may be planar.

[0019] In some implementations, the front surface may be curved.

[0020] In some implementations, the front surface may be convex with respect to the center
axis.

[0021] In some implementations, the plurality of recesses may include four recesses
substantially equally spaced about the center axis.

[0022] In some implementations, each recess may be further defined by a first back surface
and a second back surface, the first back surface may span between the bottom surface and a
first inner edge of the recess that is radially inwards from the bottom surface in a direction
perpendicular to the center axis and farther from the underside surface than the bottom
surface in a direction parallel to the center axis, and the second back surface may span between
the bottom surface and a second inner edge of the recess that is radially inwards from the
bottom surface in a direction perpendicular to the center axis and farther from the underside
surface than the bottom surface in a direction parallel to the center axis.

[0023] In some implementations, each recess may be further defined by a first back surface
and a second back surface, the first back surface may intersect with the first side surface and
the bottom surface, the second back surface may intersect with the second side surface and the
bottom surface, the first back surface and the second back surface may be offset from, and may
not intersect, each other, the first back surface may be oriented at an obtuse angle with respect
to the center axis, and the second back surface may be oriented at the obtuse angle with
respect to the center axis.

[0024] In some implementations, the obtuse angle may be between about 95 degrees and

about 165 degrees.
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[0025] In some implementations, the first back surface may intersect with the first side
surface at a first corner that is curved, and the second back surface may intersect with the
second side surface at a second corner that is curved.

[0026] In some implementations, the deflector plate may further include a plurality of
channels. Each channel may intersect with a corresponding recess, each channel may be
interposed between the center axis and the corresponding recess, each channel may include a
channel bottom surface, a first channel side surface, and a second channel side surface, the first
channel side surface may intersect with the channel bottom surface and the first back surface
of the recess, the second channel side surface may intersect with the channel bottom surface
and the second back surface of the recess, and the channel bottom surface may intersect with
the bottom surface of the recess.

[0027] In some implementations, each channel may have a rectangular cross-sectional area.
[0028] In some implementations, each recess may have a recess width between the first side
surface and the second side surface, each channel may have a channel width between the first
channel side surface and the second channel side surface, and the channel width may be less
than the recess width.

[0029] In some implementations, the first back surface may span between the bottom surface
and a first inner edge of the recess that is radially inwards from the bottom surface in a
direction perpendicular to the center axis and farther from the underside surface than the
bottom surface in a direction parallel to the center axis.

[0030] In some implementations, each recess may be further defined by a back surface, the
back surface may intersect with and span between the first side surface and the second side
surface, and the back surface may span between the bottom surface and an inner edge of the
recess that is radially inwards from the bottom surface in a direction perpendicular to the
center axis and farther from the underside surface than the bottom surface in a direction
parallel to the center axis.

[0031] In some implementations, each recess may be further defined by a back surface, the
back surface may intersect with and span between the first side surface and the second side
surface, the back surface may intersect with the bottom surface, and the back surface may be
oriented at an obtuse angle with respect to the center axis.

[0032] In some implementations, the deflector plate may further include a center through-

hole that is centered on the center axis.
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[0033] In some implementations, a multi-station semiconductor processing apparatus may be
provided. The multi-station semiconductor processing apparatus may include a processing
chamber having a plurality of processing stations positioned therein and arranged in a circular
array around a center region. The multi-station semiconductor processing apparatus may
further include a cleaning gas distribution nozzle positioned in the center region of the
processing chamber and having a nozzle inlet, a plurality of nozzle outlets, and a plurality of
nozzle flowpaths that fluidically connect each nozzle outlet to the nozzle inlet. The multi-
station semiconductor processing apparatus may also have a deflector plate having a plurality
of recesses in a top surface, each recess being at least partially defined by a corresponding
bottom surface, a corresponding first side surface, a corresponding second side surface, and a
corresponding front surface. The front surface may span between the bottom surface and an
outer edge of that recess that is radially outwards from the bottom surface in a direction
perpendicular to a center axis of the deflector plate and farther from an underside surface of a
body than the bottom surface in a direction parallel to the center axis. The nozzle outlets and
the deflector plate may be fluidically connected with the processing chamber and processing
stations, the cleaning gas distribution nozzle may be configured to direct a cleaning gas flow
onto the deflector plate, and the deflector plate may be positioned underneath the cleaning
gas distribution nozzle such that a cleaning gas flowed onto each recess is configured to flow
into a corresponding processing station.

[0034] In some implementations, the deflector plate and cleaning gas distribution nozzle may
be positioned such that the cleaning gas flowing through the nozzle inlet flows onto each recess
and into each processing station.

[0035] In some implementations, the multi-station semiconductor processing apparatus may
further include a wafer indexer and the deflector plate may be a part of the wafer indexer.
[0036] In some implementations, the multi-station semiconductor processing apparatus may
further include a plurality of robot arms that are each configured to handle a wafer and each
recess may be positioned between two corresponding robot arms.

[0037] In some implementations, the cleaning gas distribution nozzle may further include a
stem with an inner cavity that fluidically connects the nozzle inlet with the plurality of nozzle
outlets.

[0038] In some implementations, each nozzle outlet may be positioned radially outwards from

the inner cavity in a direction perpendicular to the center axis, each nozzle outlet may be
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positioned offset from the inner cavity in a direction parallel to the center axis, and each nozzle
flowpath may span between the inner cavity and a corresponding nozzle outlet.

[0039] In some implementations, each nozzle outlet may be oriented at an obtuse angle with
respect to a center axis of the cleaning gas distribution nozzle.

[0040] In some implementations, the obtuse angle may be between about 100 degrees and
about 160 degrees.

[0041] In some implementations, the multi-station semiconductor processing apparatus may
further include a cleaning gas source fluidically connected to the nozzle inlet.

[0042] In some implementations, the cleaning gas source may be a plasma source.

[0043] In some implementations, the cleaning gas may include a fluorine plasma.

[0044] In some implementations, the multi-station semiconductor processing apparatus may
further include a vertical movement mechanism configured to cause relative vertical movement
between the cleaning gas distribution nozzle and the deflector plate, cause the cleaning gas
distribution nozzle and the deflector plate to be offset from each other by a first distance
during a processing operation, and cause the cleaning gas distribution nozzle and the deflector
plate to be offset from each other by a second distance large than the first distance during a
cleaning operation.

[0045] In some implementations, each processing station may have a corresponding substrate
support structure and showerhead having a faceplate surface that faces the substrate support
structure, and increasing an offset distance between the cleaning gas distribution nozzle and
the deflector plate increases a distance between the faceplate surface and the deflector plate.
[0046] In some implementations, the second distance may be between about 0.75 inches and
about 1.25 inches.

[0047] In some implementations, an apparatus may be provided for use in semiconductor
processing. The apparatus may include a nozzle body, one or more nozzle inlets, a plurality of
nozzle outlet passages, and one or more deflector surfaces fixed in space with respect to the
nozzle body. The nozzle body may have a center axis, each nozzle outlet passage may be
fluidically connected to at least one of the one or more nozzle inlets, the plurality of nozzle
outlet passages may be interposed between the one or more nozzle inlets and the one or more
deflector surfaces, the one or more deflector surfaces may face towards the one or more nozzle
inlets, and each deflector surface may have a corresponding outer edge that is radially

outward, when viewed along the center axis, of a circle circumscribing the outlet passages.
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[0048] In some implementations, each nozzle outlet passage may be oriented at an oblique
angle with respect to the center axis of the nozzle body and oriented away from the nozzle
inlet.

[0049] In some such implementations, the angle between the center axis and each nozzle
outlet passage may be about 100 degrees to about 160 degrees.

[0050] In some implementations, the nozzle may have four nozzle outlets.

[0051] In some implementations, a cooling passage portion may extend through at least part
of the nozzle body.

[0052] In some such implementations, the cooling passage portion may include a cooling
passage inlet and a cooling passage outlet, the cooling passage inlet and the cooling passage
outlet may be located in the nozzle body and may be adjacent to one or more riser passages
within the nozzle body, and each of the one or more riser passages may be fluidically
interposed between at least one of the one or more nozzle inlets and at least one of the
plurality of nozzle outlet passages.

[0053] In some alternate such implementations, the apparatus may further include one or
more nozzle cavities that may be fluidically interposed between at least one of the one or more
nozzle inlets and at least one of the plurality of nozzle outlet passages, and the cooling passage
portion may have an annular or annular sector shape within the nozzle body and may be
adjacently located to where the plurality of nozzle outlet passages connects to one or more
riser passages.

[0054] In some implementations, the deflector surface may be provided by a ceramic material.
[0055] In some implementations, the deflector surface may be provided by a material
comprising aluminum.

[0056] In some implementations, the apparatus may further include a plurality of ribs, each rib
circumferentially interposed between an adjacent pair of deflector surfaces.

[0057] In some such implementations, each rib may have a top surface that is substantially
perpendicular to the center axis.

[0058] In some implementations, a first reference plane may be substantially perpendicular to
the center axis of the nozzle body and coincident with at least a portion of the deflector
surface, and may be about 0.10 inches to about 0.50 inches away from a nozzle outlet.

[0059] In some implementations, a first reference plane may be substantially perpendicular to
the center axis of the nozzle body and coincident with at least a portion of the deflector

surface, and may be about 0.10 inches to about 0.20 inches away from a nozzle outlet.
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[0060] In some implementations, each of the one or more deflector surfaces may be at least
partially defined by a corresponding bottom surface and a corresponding front surface. In such
implementations, the corresponding front surface and the corresponding bottom surface of
each deflector surface may intersect, and the corresponding front surface may span between
the outer edge and the corresponding bottom surface of each deflector surface.

[0061] In some implementations, each front surface may span between the outer edge and
the corresponding bottom surface along a corresponding first profile oriented at an oblique
angle with respect to the center axis, the corresponding first profile of each deflector surface
having a linear section, a non-linear section, or a combination of at least one linear section and
at least one non-linear section.

[0062] In some implementations, a corresponding obtuse angle may be defined between at
least a portion of each front surface facing the center axis and a reference plane that is
perpendicular to the center axis, and the obtuse angle may be between about 120 degrees and
about 170 degrees.

[0063] In some implementations, each corresponding bottom surface may be substantially
perpendicular to the center axis.

[0064] In some implementations, the front surface may intersect with the bottom surface at a
first edge having a radius and the radius may be between about 1 inch and 0.1 inches.

[0065] In some implementations, the front surface may be planar.

[0066] In some implementations, the front surface may be curved.

[0067] In some implementations, the front surface may be convex with respect to the center
axis.

[0068] In some implementations, the apparatus may further include a processing chamber
having a plurality of processing stations arranged in a circular array around a center region, and
the nozzle body may be positioned in the center region.

[0069] In some implementations, the nozzle body may be configured to rotate about the
center axis relative to the processing chamber.

[0070] |n some implementations, the nozzle body may be configured to rotate by up to 90.°
[0071] In some implementations, the apparatus may further include a cleaning chemistry
source fluidically connected to at least one of the one or more nozzle inlets.

[0072] In some implementations, the cleaning chemistry source may be a remote plasma

generator configured to generate a plasma.
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[0073] In some implementations, the cleaning chemistry may include a plasma formed using

at least one or more of fluorine, oxygen, hydrogen, and nitrogen trifluoride.

BRIEF DESCRIPTION OF THE DRAWINGS
[0074] The various implementations disclosed herein are illustrated by way of example, and
not by way of limitation, in the figures of the accompanying drawings, in which like reference

numerals refer to similar elements.

[0075] FIG. 1A depicts a top view of a multi-station processing chamber according to disclosed

embodiments.

[0076] FIG. 1B depicts a cross-sectional side view of the processing chamber of FIG. 1A taken

along a corner-to-corner diagonal of the chamber.
[0077] FIG. 1C depicts a magnified portion of the processing chamber of FIG. 1B.

[0078] FIG. 2A depicts an off-angle view of a deflector plate in accordance with disclosed

embodiments.
[0079] FIG. 2B depicts a top view of the deflector plate of FIG. 2A.
[0080] FIG. 2C depicts a top view of a magnified single recess of FIG. 2B.

[0081] FIG. 2D depicts a cross-sectional side view slice of the recess of FIG. 2C along line A-A of

FIG. 2C.
[0082] FIG. 2E depicts the profile of the recess of FIG. 2D.

[0083] FIG. 2F depicts the profile of the recess of FIG. 2E and illustrative cleaning chemistry

flows.

[0084] FIG. 2G depicts a cross-sectional side view slice of the recess of FIG. 2C along line B-B of

FIG. 2C.

[0085] FIG. 2H depicts a cross-sectional side view slice of the recess of FIG. 2C along line C-C of

FIG. 2C.

[0086] FIG. 2l depicts a cross-sectional side view slice of the recess of FIG. 2C along line D-D of

FIG. 2C.

[0087] FIG. 2) depicts a cross-sectional side view slice of the channel of FIG. 2C along line E-E

of FIG. 2C.
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[0088] FIG. 3A depicts a mass fraction contour map of a cleaning chemistry flow into a

processing station without the use of a deflector plate.
[0089] FIG. 3B depicts an off-angle view of FIG. 3A.

[0090] FIGS. 4A-D depict a mass fraction contour map of a cleaning chemistry flow into a

processing station with the use of a deflector plate and nozzle as described herein.

[0091] FIG. 5 depicts a cross-sectional side view of the processing chamber of FIG. 1A taken

along a corner-to-corner diagonal of the chamber.
[0092] FIG. 6 shows a magnified portion of an example nozzle.
[0093] FIGS. 7A and 7B shows a top view of example deflector surfaces.

[0094] FIGS. 8A and 8B shows a cross-sectional side view of example deflector surfaces.

DETAILED DESCRIPTION
[0095] In the following description, numerous specific details are set forth in order to provide
a thorough understanding of the presented embodiments. The disclosed embodiments may be
practiced without some or all of these specific details. In other instances, well-known process
operations have not been described in detail to not unnecessarily obscure the disclosed
embodiments. While the disclosed embodiments will be described in conjunction with the
specific embodiments, it will be understood that it is not intended to limit the disclosed

embodiments.

Definitions

” u, ”u ” u

[0096] In this application, the terms “semiconductor wafer,” “wafer,” “substrate,” “wafer

substrate,” and “partially fabricated integrated circuit” are used interchangeably. One of
ordinary skill in the art would understand that the term “partially fabricated integrated circuit”
can refer to a silicon wafer during any of many stages of integrated circuit fabrication thereon.
A wafer or substrate used in the semiconductor device industry typically has a diameter of 200
mm, or 300 mm, or 450 mm. The following detailed description assumes the embodiments are
implemented for use with such a wafer. However, the description is not so limited. The work

piece may be of various shapes, sizes, and materials. In addition to semiconductor wafers,

other work pieces that may take advantage of these embodiments include various articles such

10
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as printed circuit boards, magnetic recording media, magnetic recording sensors, mirrors,

optical elements, micro-mechanical devices and the like.

[0097] For the purposes of this disclosure, the term “fluidically connected” is used with
respect to volumes, plenums, holes, etc., that may be connected with one another in order to
form a fluidic connection, similar to how the term “electrically connected” is used with respect
to components that are connected together to form an electric connection. The term
“fluidically interposed,” if used, may be used to refer to a component, volume, plenum, or hole
that is fluidically connected with at least two other components, volumes, plenums, or holes
such that fluid flowing from one of those other components, volumes, plenums, or holes to the
other or another of those components, volumes, plenums, or holes would first flow through the
“fluidically interposed” component before reaching that other or another of those components,
volumes, plenums, or holes. For example, if a pump is fluidically interposed between a
reservoir and an outlet, fluid that flowed from the reservoir to the outlet would first flow

through the pump before reaching the outlet.

Introduction and Context

[0098] Multi-station semiconductor processing tools (“multi-station tools”) have two or more
processing stations within a single processing chamber which can lead to numerous
advantages, such as increasing throughput by enabling parallel processing of multiple wafers
while at the same time utilizing common processing equipment between the various stations.
For instance, in a chamber with four processing stations, four substrates placed in the four

separate stations may be processed at the same time.

[0099] Cleaning processes in processing stations and chambers are important to maintaining
the life expectancy of the equipment, decreasing operation cost, preventing particle
contamination on wafer processing, and maintaining high throughput of wafers. Shorter clean
times and more efficient cleaning methods are critical to various stages of processing wafers in
integrated circuit fabrication. Unwanted residue and other deposited material can accumulate
on the processing chamber’s walls and top surface, as well as various surfaces of each
processing station, such as the showerhead faceplate and pedestal, for example. Some

showerhead faceplates have non-planar geometries and configurations that can make them

11
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difficult to clean, such as a combination of planar surfaces, holes, nozzles, and other flow

dispersion elements.

[0100] Additionally, or alternatively, the configurations of some multi-station processing
chambers make cleaning operations more difficult, time consuming, or impracticable. In some
instances, the elements and components upstream from the processing chamber may not be
able to withstand exposure to the cleaning chemistries. For example, some cleaning
chemistries flow a plasma, such as a fluorine plasma, and many materials used for components
upstream of a processing chamber are unable to withstand this chemistry without
unacceptable damage. This can include structures made of metals or dielectric materials, such

as a quartz.

[0101] Further, the configurations of some showerheads, or other gas dispersion device for
flowing process gases into the processing chamber, may prevent or adversely affect the
cleaning chemistry flowed therethrough into a processing station of the multi-station chamber.
For instance, some showerheads may have a plurality of distribution holes that have an opening
and/or bore diameter that can restrict a plasma flow through the showerhead and can
adversely affect the plasma that does pass through such a restriction. Gas flowpaths through
some showerheads may also result in unacceptable levels of back pressure upstream of the
showerhead when flowing the cleaning chemistry. For instance, it was discovered that flowing
a plasma through some showerheads into a processing chamber with a low pressure (e.g., 1
Torr), resulted in a back pressure upstream of the showerhead of at least one order of
magnitude greater than the chamber pressure (e.g., 40 or 50 Torr), which can adversely affect

and damage upstream components of a fluid delivery system and processing chamber.

[0102] The present inventors discovered that flowing cleaning chemistry into a multi-station
chamber through a central location using a cleaning gas distribution nozzle that directs the
cleaning chemistry onto a deflector plate which in turn directs the cleaning chemistry into each
processing station efficiently and effectively cleaned the processing stations. The present
inventors further discovered that flowing the cleaning chemistry onto a deflector plate with a
plurality of recesses that are at least partially defined by a bottom surface, sidewalls, and an
angled front surface advantageously caused the cleaning chemistry to flow into each processing
station at a semi-upwards angle which quickly and effectively cleaned the surfaces of each
station, including the showerhead surfaces. As used herein “cleaning chemistry” includes a

cleaning fluid, a cleaning gas, and/or a cleaning plasma such as a fluorine plasma that is reactive

12
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with the deposition film/material to be cleaned; these terms may be used synonymously
herein. For example, cleaning chemistries may include a plasma formed from one or more of
hydrogen (H2), fluorine (F2), oxygen (02), and/or nitrogen trifluoride (NF3) gas, optionally with
one or more inert gases, such as argon (Ar), added. Cleaning chemistries may also include
radicals, such as fluorine, oxygen, and/or hydrogen radicals that may have been produced by,
for example, a remote plasma (although in such cleaning chemistries, the plasma and/or ions
resulting therefrom may not reach the deflector plates discussed herein, leaving behind the

afore-mentioned radicals, which may be delivered to the deflector plates discussed herein.

Apparatuses

[0103] Aspects of this disclosure pertain to a deflector plate configured to direct cleaning
chemistry, such as a plasma gas, at an upwards angle into each station of a multi-station
processing chamber, as well as a cleaning gas distribution nozzle configured to flow the
cleaning chemistry onto the deflector plate. This nozzle and deflector plate are both positioned
in a relatively central location of the processing chamber. The deflector plate is positioned
underneath the nozzle, and the nozzle is configured to flow the cleaning chemistry at a
downwards angle (e.g., a downwards vector that has both horizontal and vertical directional
components) onto the deflector plate. The cleaning gas distribution nozzle includes an inlet for
receiving the cleaning chemistry and a central flowpath that splits into a plurality of flowpaths
and nozzle outlets that are each configured to direct the cleaning chemistry onto a
corresponding recess of the deflector plate. Each deflector plate recess has side surfaces, a
bottom surface, and an angled front surface that are configured to receive the cleaning
chemistry and direct it at an upwards angle (e.g., an upwards vector that has both horizontal
and vertical directional components) towards the showerhead of the respective processing

station.

[0104] FIG. 1A depicts a top view of a multi-station processing chamber according to disclosed
embodiments. The multi-station processing chamber 100 here includes chamber side walls 102
that at least partially define a chamber interior 104, as well as four processing stations 106A—
106D positioned within the chamber interior 104 and arranged in a circular array. The multi-
station processing chamber 100 as an area at the center of the chamber, referred to as a center
region 108 and indicated by the dashed circle. A deflector plate 110 and cleaning gas

distribution nozzle 112 (hereinafter referred to as the “nozzle”) are positioned in this center
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region 108 of the multi-station processing chamber 100 with the nozzle 112 above the deflector
plate 110. The deflector plate 110 includes four recesses 114A-D that each correspond with a
processing station 106A-D, respectively. As described in more detail below, the nozzle 112 is
configured to flow cleaning chemistry onto the deflector plate 110 which is configured to direct
that flow into each processing station 106A-D. FIG. 1 also depicts illustrative lateral flows of
the cleaning chemistry in the X-Y plane from the recesses 114A-D into each station 106A-D

with arrows 116.

[0105] The nozzle 112 of the multi-station processing chamber 100 also includes a nozzle inlet
118 that is configured to be fluidically connected to a cleaning chemistry source 115, such as a
remote plasma source that may include a fluorine plasma, for example. The nozzle 112 is
configured to receive the cleaning chemistry through the nozzle inlet 118 and direct the
cleaning chemistry into the chamber interior 104, onto the deflector plate 110 and into each

processing station 106A-D.

[0106] FIG. 1B depicts a cross-sectional side view of the processing chamber of FIG. 1A taken
along a corner-to-corner diagonal of the chamber. The side walls 102 and bottom 120 of the
multi-station processing chamber 100 are shown and for clarity, the top portion of the multi-
station processing chamber 100 is not shown. Two processing stations are illustrated, which
may be considered the stations across from each other with respect to the center of the multi-
station processing chamber 100, such as processing stations 106B and 106D as shown, or
processing stations 106A and 106C. Each processing station 106B and 106D includes a pedestal
105B and 105D, respectively, and a showerhead 107B and 107D, respectively. Each
showerhead 107B and 107D has a face 198B and 198D that faces the pedestal 105B and 105D,
respectively, and it is this face, among other surfaces, onto which the apparatuses herein are
configured to flow cleaning chemistry. The deflector plate 110 is positioned in the chamber
interior 104 and in the center region 108 of the multi-station processing chamber 100, and
underneath the nozzle 112 by a non-zero offset distance 196. In some embodiments, like in

FIG. 1B, the nozzle 112 and the deflector plate 110 may be separate from each other.

[0107] Additional features of the nozzle 112 are visible, such as a nozzle stem 122 with a cavity
124 that fluidically connects the nozzle inlet 118 with a plurality of nozzle flowpaths 126 and a
plurality of nozzle outlets 128. Each nozzle flowpath 126 is fluidically connected to the cavity
124 of the nozzle stem 122, spans between the cavity 124 and one corresponding nozzle outlet

128, and fluidically connects one nozzle outlet 128 to the cavity 124. As indicated by arrows
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116, the cleaning chemistry is configured to flow from the cleaning chemistry source 115 into
the chamber interior 104 by flowing to and through the nozzle inlet 118, through the cavity
124, through each nozzle flowpath 126, and through each nozzle outlet 128. The configuration
of the nozzle 112 and the positioning of the deflector plate 110 with respect to the nozzle 112
are also configured to cause the cleaning chemistry to flow onto the deflector plate 110
recesses, such as 114D and 114B in FIG. 1B. As also seen, the cleaning chemistry flows through
a portion of the chamber interior 104 from each nozzle outlet 128 to the deflector plate 110.
The deflector plate 110 is further configured to direct and deflect the cleaning chemistry into
each processing station at an upwards angle as illustrated by the arrows 116 in FIG. 1B. This
may include, in some implementations, cleaning chemistry flowing from one nozzle outlet 128
onto one deflector plate recess which in turn directs the cleaning chemistry into one processing

chamber.

[0108] Additional details and configurations of the deflector plate will now be discussed. FIG.
2A depicts an off-angle view of a deflector plate in accordance with disclosed embodiments.
The deflector plate 110 includes a body 130 with a top surface 132 and an underside surface
(not visible in this Figure) on the opposite side of the body 130, and a center axis 134 extending
through the body 130. In some implementations, as shown here, the top surface 132 may be
perpendicular, or substantially perpendicular (e.g., within 10% of perpendicular), to the center
axis 134. As illustrated, the body 130 may have an annular, disc shape with a through-hole 136
in the center; this through-hole 136 may be centered on the center axis 134 of the body 130.
The top surface 132 of the deflector plate 110 includes a plurality of recesses 114A-D, such as
four as illustrated in FIG. 2A, that are encompassed within the dashed shapes. In some
implementations, the number of recesses in the deflector plate may match the number of

processing stations in the processing chamber.

[0109] FIG. 2B depicts a top view of the deflector plate of FIG. 2A. Here, the center axis 134 is
perpendicular to the plane of the Figure. The four recesses 114A-D are arranged around the
center axis 134, such as equally, or substantially equally (e.g., within 10% of equal), spaced
around the center axis 134. This arrangement may also be considered the recesses 114A-D
being arranged in a radial pattern around the center axis 134. As discussed in more detail
below, each recess is at |least partially defined by a bottom surface 138, a first side surface 140,
a second side surface 142, and a front surface 144 that, in some implementations, may be

referenced or defined as being angled at an acute angle with respect to the center axis 134
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and/or as being angled at an obtuse angle with respect to that recess’s bottom surface 138. In
some implementations, the front surface may be defined as a surface that spans between the
bottom surface and an outer edge of that recess that is positioned radially outwards from the
bottom surface in a direction perpendicular to the center axis and positioned farther from the
body underside surface than the body bottom surface in a direction parallel to the center axis.
FIG. 2B illustrates at least some of these recess features with recess 114C, such that the bottom
surface 138C is identified with light shading, the first side surface 140C is encompassed within
ellipse 140C, the second side surface 142C is encompassed within ellipse 142C, and the front

surface 144C is identified with dark shading.

[0110] The features of the recesses are described in more detail below with respect to the
single recess 114C. However, it will be understood that all the features and configurations
described with respect to recess 114C are equally applicable to all the other recesses 114A, B,
and D of the deflector plate. These recesses are configured to be the same, or substantially the
same, as each other but while efforts may be made to manufacture them the same as each
other, manufacturing tolerances and imperfections may cause them to be slightly different and

therefore substantially the same, e.g., within about 10% of each other.

[0111] These recess features are more visible in FIG. 2C which depicts a top view of a
magnified single recess of FIG. 2B. The first side surface 140C and the second side surface 142C
form at least a part of the boundary of the recess 114C and intersect the bottom surface 138C
as well as the front surface 144C. In some embodiments, as shown in FIG. 2C, the first side
surface 140C and the second side surface 142C may be parallel, or substantially parallel (e.g.,
within 10% of parallel) with each other. The front surface 144C also forms at least a part of the
boundary of the recess 114C, intersects with the bottom surface 138C, and spans between the
first side surface 140C and the second side surface 142C. In some embodiments, when viewed
along the center axis 134 as depicted in FIG. 2C, the front surface 144C may be curved in a
plane perpendicular to the center axis 134 of the deflector plate 110. This curvature may be
convex or concave with respect to the center axis 134C, such as convex as illustrated in FIG. 2C,
as well as FIGS. 2A and 2B; one convex curve 146C is identified in FIG. 2C. In some other

implementations, the front surface may be planar.

[0112] As noted above, the front surface may be defined in various manners, such as being
oriented at an acute angle with respect to the center axis, and/or spanning between the

bottom surface and an edge of the recess that is both radially outwards from the bottom
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surface and farther from the body underside surface than the bottom surface. FIG. 2D depicts a
cross-sectional side view slice of the recess of FIG. 2C along line A-A of FIG. 2C. Here, a section
of the bottom surface 138C and a section of the front surface 144C are seen along with a
portion of the top surface 132, a portion of the underside surface 148 (on the opposite side of
the body 130), and the center axis 134. In some embodiments, as illustrated, the front surface
144C may be defined as a front surface that spans between the bottom surface 138C and an
outer edge 171C of that recess 114C. This outer edge 171C is positioned radially outwards from
the bottom surface 138C and is positioned farther away from the center axis 134 than the
bottom surface 138C. The bottom surface 138C may be positioned away from the center axis
134 in a direction perpendicular to the center axis 134 (e.g., the x-axis) by a distance D1 and the
outer edge 171C may be positioned away from the center axis 134 in the direction
perpendicular to the center axis 134 by a distance D2 that is greater than the distance D1.
Similarly, the bottom surface 138C may be positioned away from the underside surface 148 in a
direction parallel to the center axis 134 (e.g., the z-axis) by a distance D3 and the outer edge
171C may be positioned away from the center axis 134 in the direction parallel to the center
axis 134 by a distance D4 that is greater than the distance D3. The front surface 144C spans
between the recess’s outer edge 171C and the bottom surface 138C, and may do so along
various profiles and paths. This may include a linear path or a path having both linear and non-
linear, e.g., curved, sections (the front surface 144C in FIG. 2D includes both one linear section
and one non-linear section which is referenced below as the non-linear edge 152 with radius

R2), for example.

[0113] For further clarity, some recess configurations are further illustrated in FIG. 2E which
depicts the profile of the recess of FIG. 2D; the recess profile is depicted in a heavy solid line. In
some embodiments, as shown in FIG. 2E, the bottom surface 138C of the recess 114C is
oriented at a perpendicular, or substantially perpendicular (e.g., within 10% of perpendicular),
to the center axis 134. As noted above, in some implementations the front surface 144C may
be defined as being oriented at an acute angle 81 with respect to the center axis 134, or with
respect to a referential axis 150 that is parallel to the center axis 134. The acute angle may also
be considered as referenced between the center axis 134 (or referential axis) and the front
surface 144C that faces the center axis 134. The acute angle 61 may range between about 20
degrees and about 80 degrees or between about 30 degrees and about 60 degrees, for
example. The front surface 144C intersects with the bottom surface 138C at an edge 152 (also

identified in FIGS. 2B-D) that may be curved with a radius R1. In some implementations, this
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radius may range between about 2 inches and about 0.05 inches, between about 1 inch and
about 0.1 inch, or between about 0.7 inches and about 0.25 inches, for example. In some
implementations, the edge 152 may be considered sharp such that it has no, or a negligible or

nominal, about of curvature.

[0114] As noted herein, the acute angle 81 of the front surface 144C assists with directing the
cleaning chemistry into a corresponding processing station. In FIG. 2F, which depicts the profile
of the recess of FIG. 2E, illustrative cleaning chemistry flows 116 are also shown. The cleaning
chemistry 116 flows in a general, relative downwards direction, or vector, from the nozzle (not
shown) onto the deflector plate 110 such that this flow has both a vertical directional
component 154, i.e., a negative or downwards component, in a direction parallel to the center
axis 134 (or to the z-axis) and a horizontal directional component 156 in a direction
perpendicular to the center axis 134 (or to the x-axis) and away from the center axis 134. As
illustrated, the cleaning chemistry is configured to flow onto the bottom surface 138C and the
front surface 144C a general, approximate area 117; this area 117 is also shown in FIG. 2A. The
acute angle 81 of the front surface 144C causes, at least in part, the cleaning chemistry flow
116 to flow in a general upwards and radially outwards direction (or vector), e.g., away from
the center axis 134, into the corresponding processing station and onto that station’s
showerhead. The general vector of this flow 116 has both a vertical directional component
158, i.e., a positive or upwards component, in a direction parallel to the center axis 134 (or to
the z-axis) and a horizontal directional component 156 in a direction perpendicular to the
center axis 134 (or to the x-axis) and away from the center axis 134. It will be understood that
these vectors and directional components may be considered the average nominal, or general,
vectors of the cleaning chemistry flows because these flows are gas and/or fluid flows are

imprecise by nature.

[0115] Referring back to FIG. 2C, the first side surface 140C and the second side surface 142C
each intersect with the bottom surface at an edge, respectively. In some implementations,
these edges may be rounded and/or these sides surfaces may be oriented at various angles
with respect to the center axis 134. FIG. 2G depicts a cross-sectional side view slice of the
recess of FIG. 2C along line B-B of FIG. 2C. As can be seen, the first side surface 140C intersects
with the bottom surface 138C at a first edge 160C with a radius R2 and the second side surface
142C intersects with the bottom surface 138C at a second edge 162C with the radius R2. In

some implementations, this radius R2 may range between about 0.5 inches and about 0.01
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inches, between about 0.1 inches and about 0.01 inches, or between about 0.1 inches and

about 0.01 inches.

[0116] As also illustrated in FIG. 2G, the first side surface 140C and the second side surface
142C are oriented at an angle parallel, or substantially parallel (e.g., within 10% of parallel), to
the center axis 134 when viewed at an angle perpendicular to the center axis 134. The side
surface orientations may also be measured with respect to the bottom surface 138C; as shown,
the first side surface 140C and the second side surface 142C are both oriented at an angle 64
with respect to the bottom surface 138C which may be a perpendicular, or substantially
perpendicular (e.g., within 10% of perpendicular), angle. The configuration of these side
surfaces assists with directing the cleaning chemistry flow into the corresponding processing
station by, for example, at least partially confining the flow to the recess and creating flow
turbulence including flow vortices that may advantageously distribute and mixing the flow
chemistry. For example, the cleaning chemistry may be caused to flow outwards towards the
side surfaces, then upwards, and then downwards and inwards in a general spiral-like flow

pattern as shown with flow 116 in FIG. 2G.

[0117] The first side surface 140C and the second side surface 142C also intersect with the
front surface 144C. Referring again back to FIG. 2C, the first side surface 140C intersects with
the front surface 144C at a first region 168C and the second side surface 142C intersects with
the front surface 144C in a second region 170C. FIG. 2H depicts a cross-sectional side view slice
of the recess of FIG. 2C along line C-C of FIG. 2C. As can be seen, the first side surface 140C
intersects with the front surface 144C at a first edge 172C in the first region 168C with a radius
R3 and the second side surface 142C intersects with the front surface 144C in the second region
170C at a second edge 174C with the radius R3. In some implementations, the radius R3 may
be the same as R2, and in some embodiments, the radius R3 may range between about 0.5
inches and about 0.01 inches, between about 0.1 inches and about 0.01 inches, or between

about 0.1 inches and about 0.01 inches.

[0118] As further illustrated in FIG. 2H, the front surface 144C may be curved in a direction
parallel to center axis 134. Here, the front surface 144C curves upwards with an apex higher
than its sides, i.e., it is convex. In some other implementations, the front surface may not have
any curve while in other embodiments, the front surface may have a concave shape such that
its sides are higher than its bottom. In these areas, the configuration of the side surfaces again

assists with directing the cleaning chemistry flow into the corresponding processing station by,
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for example, at least partially confining the flow to the recess and creating flow turbulence
including flow vortices that may advantageously distribute and mixing the flow chemistry,

including the general spiral-like flow pattern as shown with flow 116 in FIG. 2H.

[0119] In some embodiments, each recess may be further defined by one or more back
surfaces. Referring to FIG. 2C, a first back surface 164C and a second back surface 166C are
identified with dark shading. A first corner 176C may also span between and connect the first
back surface 164C and the first side surface 140C; similarly, a second corner 178C may span
between and connect the second back surface 166C and the second side surface 142C. The first
corner 176C and the second corner 178C may be both curved and angled, as illustrated, in
some embodiments. These two back surfaces 164C and 168C both intersect with the bottom
surface 138C and may be oriented at an obtuse angle with respect to the center axis 134; these
first and second back surfaces 164C and 168C also do not intersect with each other as

illustrated, in some implementations.

[0120] FIG. 2l depicts a cross-sectional side view slice of the recess of FIG. 2C along line D-D of
FIG. 2C. Similar to the front surface, the back surfaces may be defined in various manner. For
example, each first and second back surface 164C and 166C may be defined as a surface that
spans between the bottom surface 138C and inner edges 173C and 175C, respectively, of that
recess 114C. These inner edges 173C and 175C are positioned radially inwards from the
bottom surface 138C and positioned farther away from the center axis 134 than the bottom
surface 138C. As seen in FIG. 2I, the first back surface 164C spans between the bottom surface
138C and an inner edge 173C (back surface 166C spans between inner edge 175C seen in FIG.
2C). The bottom surface 138C may be positioned away from the center axis 134 in a direction
perpendicular to the center axis 134 (e.g., the x-axis) by a distance D5 and the inner edge 173C
may be positioned away from the center axis 134 in the direction perpendicular to the center
axis 134 by a distance D6 that is less than the distance D5. Similarly, the bottom surface 138C
may be positioned away from the underside surface 148 in a direction parallel to the center axis
134 (e.g., the z-axis) by a distance D3 and the inner edge 173C may be positioned away from
the center axis 134 in the direction parallel to the center axis 134 by a distance D7 that is
greater than the distance D3. The first back surface 164C spans between the recess’s inner
edge 173C and the bottom surface 138C, and may do so along various profiles and paths. This
may include a linear path or a path having both linear and non-linear, e.g., curved, sections (the

front surface 144C in FIG. 2l includes both one linear section and one non-linear section), for

20



WO 2023/069922 PCT/US2022/078259

example. The second back surface 166C may be oriented and defined in the same manner as

FIG. 164C.

[0121] As can be seen, the first back surface 164C intersects with the bottom surface 138C. As
noted above, in some implementations the first back surface 164C may be defined as being
oriented at an obtuse angle 62 with respect to the center axis 134, or with respect to a
referential axis 151 that is parallel to the center axis 134. In some instances, this obtuse angle
may be considered as referenced between center axis 134 (or referential axis 151) and the back
surface that faces the front surface. The obtuse angle 82 may range between about 95 degrees
and about 165 degrees or between about 110 degrees and about 150 degrees, for example.
The present inventors found that in some implementations, using an obtuse angle was more
advantageous that orienting the back surface parallel, or substantially parallel (e.g., within 10%
of parallel), to the center axis because the obtuse angle directed the cleaning chemistry flow
with minimal to no impediment or adverse restriction of such flow. The second back surface

166C is oriented in the same manner as FIG. 164C.

[0122] In some implementations, the deflector plate 110 may have a plurality of channels that
each correspond and intersect with a recess. Each channel may extend from the center
through-hole to one corresponding recess. In FIG. 2C, one of the channels 180C is seen and
encompassed within the dashed rectangle. Channel 180C extends from the center through-
hole 136, through the body, and to the recess 114C along an axis 191 perpendicular to the
center axis 134. In some implementations, the channel may be considered a part of the recess.
The channel 180C is at least partially defined by a channel bottom surface 182C, a first channel
side surface 184C, and a second channel side surface 186C. In some implementations, as
illustrated in FIG. 2C, the recess 110C has a recess width 190C larger than a channel width 192C
of the channel 180C.

[0123] FIG. 2) depicts a cross-sectional side view slice of the channel of FIG. 2C along line E-E
of FIG. 2C. As can be seen, in some instances, the nominal cross-sectional area 183 of the
channel 180C may be rectangular. The first channel side surface 184C and the second channel
side surface 186C may be perpendicular, or substantially perpendicular (e.g., within 10% of
perpendicular), to the channel bottom surface 182 in some implementations. The channel side
surface orientations may also be measured with respect to the center axis 134; as shown, the
first channel side surface 184C and the second channel side surface 186C are both parallel, or

substantially parallel (e.g., within 10% of parallel), to each other. The configuration of these
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channel side surfaces may assist with directing the cleaning chemistry flow into the
corresponding processing station by, for example, at least partially confining the flow to the
recess and creating flow turbulence including flow vortices that may advantageously distribute
and mixing the flow chemistry, including, for example, causing the cleaning chemistry to flow
outwards towards the channel side surfaces, then upwards, and then downwards and inwards

in a general spiral-like flow pattern as shown with flow 116 in FIG. 2J.

[0124] The channel bottom surface 182C may also be coplanar with the bottom surface 138C
and/or perpendicular with the center axis 134, in some embodiments. The channels of the
deflector plate may further assist with directing the cleaning chemistry flowed onto the
deflector plate radially outwards, to the angled front surface of each recess, and into the
corresponding processing station. Although not labeled herein, similar to the first and second
side surfaces 140C and 142C, respectively, the first channel side surface 184C and the second
channel side surface 186C may both intersect with the channel bottom surface 182C at an edge
having a radius that may range between about 0.5 inches and about 0.01 inches, between

about 0.1 inches and about 0.01 inches, or between about 0.1 inches and about 0.01 inches.

[0125] In some other embodiments, the recess may have a single back surface instead of two
back surfaces as shown in FIG. 2A-2J, and there may be no channels. The single back surface
may span between the first and second side surfaces of the recess and, in some instances, may
not have a channel extending therethrough. In some embodiments, the single back surface
may be oriented at an obtuse angle with respect to the center axis as described herein with the

first and second back surfaces 164C and 166C.

[0126] It will be understood that all the features and configurations described above with
respect to recess 114C, and including the channels, are equally applicable to all the other
recesses 114A, B, and D of the deflector plate. These recesses are therefore configured the
same, or substantially the same, as each other. For example, the front surface of recess 114A

may the same as provided above for the front surface 144C of recess 114C.

[0127] Additional features of the processing chamber of FIGS. 1A and 1B will now be
discussed. In some embodiments, as shown in FIG. 1B, the deflector plate 110 may be
supported by a support structure 194 in the multi-station processing chamber 100. In some
embodiments, this support structure 194 may include a plurality of robotic arms or end
effectors configured to move and position a wafer in each processing station, as well as to

rotate about a center axis 135 of the multi-station processing chamber 100. The rotation may,
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in some instances, cause the deflector plate 110 and the support structure 194 to rotate about

the center axis 135.

[0128] Additionally, or alternatively, in some implementations the support structure 194 may
be a part of a carousel, wafer indexer, or other wafer transportation device configured to move,
or simultaneously move, a plurality of wafers between the plurality of processing stations
106A-D, such as simultaneously rotating them about the center axis 135. In some instances,
the deflector plate may be positioned on, or a part of, a wafer indexer. The wafer indexer may
have a plurality of robotic arms, end effectors, or other structures configured to hold and
position wafers in the processing chamber. In some implementations, the wafer indexer may
have the same number of robotic arms as processing chambers, and the deflector plate may
also have the same number of recesses as processing chambers. Each recess may, in some
embodiments, be positioned in between two robotic arms of the wafer indexer. FIG. 1A
includes a plurality of robotic arms 181, e.g., four arms 181 as shown, that are each configured
to hold and position one wafer. These arms 181 may be a part of a wafer indexer that is
configured to rotate about the center axis 135 in FIG. 1B. These arms 181 are also arranged in a
circular pattern around the center axis 135 (perpendicular to the plane of FIG. 1A) and
positioned in between two recesses. As seen, each recess 114A-D is positioned between two

different arms 181.

[0129] In some embodiments, the processing chamber may be configured to cause relative
vertical movement between the deflector plate 110 and the nozzle 112. This may include
having a movement mechanism 195 configured to move the support structure 194 on which
the deflector plate 110 is positioned vertically along the center axis 135 of multi-station
processing chamber 100 (or center axis of the support structure 194 which may be collinear
with the center axis 135 as illustrated). In some implementations, additionally or alternatively,
the nozzle 112 may be configured to move vertically along the axis 135. By causing relative
motion between the deflector plate 110 and the nozzle 112, an offset distance 196 can be
created which allows for the cleaning chemistry to be directed at a downwards angle onto the
deflector plate which enables the gas to be directed and flowed into the respective processing
stations. If this offset distance 196 is too small, then the cleaning chemistry may not flow at the
proper angle, it may be too restricted and therefore lose some of its cleaning properties, such
as its chemically reactive energy. If this offset distance 196 is too large, then the cleaning

chemistry again may not flow at the proper angle or with enough energy to adequately clean
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the processing station. During a cleaning operation, the offset distance 196 may range between
about 0.5 inches and 2 inches, or about 0.75 inches or about 1.25 inches, for example. During
processing operations in the processing stations, the offset distance may be less, such as less

than about 0.5 inches.

[0130] These and additional features are discussed in FIG. 1C which depicts a magnified
portion of the processing chamber of FIG. 1B. Here, for clarity, a cross-sectional slice of the
deflector plate 110 is shown. One processing station 106B is also shown along with the center
region 108 of the multi-station processing chamber 100, one chamber side wall 102, the
chamber bottom 109, the deflector plate 110 cross-sectional slice, the support structure 194,
the movement mechanism 195, and a lower portion of the nozzle 112. As noted above, the
center region 108 of the multi-station processing chamber 100 is in fluidical connection with
each processing station 106A-D. The cleaning chemistry flow 116 through the cavity 124, into
two nozzle flowpaths 126, and out the two corresponding nozzle outlets 128 is further
illustrated. Although not depicted here, the multi-station processing chamber 100 may include
some partial structures around a part of each station to at least partially define a processing
station volume; however each such processing station volume is still fluidically connected to the
center region 108 to allow the cleaning chemistry to flow from the deflector plate into each

station.

[0131] Additionally, as also illustrated in FIG. 1C, increasing the offset distance 196 between
the nozzle 112 and the deflector plate 110 may also increase the offset distance 197 between
the deflector plate 110 and the face 198 of the showerheads in the processing stations.
Increasing this offset distance 197 between the showerhead 107B face 198B in some
implementations may result in a more advantageous gas flow angle that can more effectively

clean the showerhead face 198.

[0132] In order to direct the cleaning chemistry flow 116 downwards onto the deflector plate,
the nozzle flowpath 126 may be oriented in various manners and defined in numerous ways.
For example, the nozzle 112 includes a split 111 where the cavity 124 terminates and splits into
the nozzle flowpaths 126. The nozzle outlets 128 are positioned radially outwards from the
split 111 and cavity 124 by a distance D8 in a direction perpendicular to the center axis 135, and
offset from the split 111 and cavity 124 by a distance D9 in a direction parallel to the center axis
135. Each nozzle flowpath 126 extends between the split 111 and cavity 124 to a

corresponding nozzle outlet 128 and may do so along various profiles and paths. This may
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include a linear path or a path having both linear and non-linear, e.g., curved, sections for

example.

[0133] Insome implementations, the nozzle flowpaths may be defined as being oriented at an
obtuse angle 83 with respect to a center axis 139 of the cavity 124. In some embodiments, the
angle 63 may range between about 100 degrees and about 160 degrees. In some instances,
this center axis 139 may be collinear, or substantially collinear (e.g., within 10% of collinear),
with the center axis 134 of the deflector plate 110. As provided above with respect to FIG. 2F,
the nozzle 112 is configured to flow the cleaning chemistry in a general, relative downwards
direction, or vector, onto the deflector plate 110 such that this flow has both the vertical
directional component 154, i.e., a negative or downwards component, in a direction parallel to
the center axis 135 (or to the z-axis) and the horizontal directional component 156 in a
direction perpendicular to the center axis 135 (or to the x-axis) and away from the center axis

135.

[0134] Further, the angle of the recesses’ front surface advantageously directs the cleaning
chemistry flow into each processing station which includes the underside face 198 of each
station’s showerhead (which includes a gas distribution device configured to flow process gases
downwards onto a wafer positioned underneath the device). The present inventors found that
this angle can affect the cleaning chemistry’s flowpath into a station and its cleaning
effectiveness. For instance, if the angle is too small then the cleaning chemistry flowpath into
the chamber may not intersect enough with the showerhead. If the angle is too large (e.g.,
approaching orthogonal to the deflector plate center axis), then the cleaning chemistry
flowpath into the chamber may be too low under the showerhead and not intersect enough
with the showerhead. The angles and configurations provided here are able to clean the

processing stations as desired.

[0135] In some embodiments, the multi-station processing chamber 100 described herein may
include a controller that is configured to control various aspects of the processing chamber and
a semiconductor processing tool or apparatus. Referring back to FIG. 1A, an implementation of
a system controller 137 employed to control process conditions and hardware states of the
multi-station processing chamber 100 and its processing stations is shown. System controller
137 may include one or more memory devices 143, one or more mass storage devices 145, and

one or more processors 147. Processor 147 may include one or more CPUs, ASICs, general-
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purpose computer(s) and/or specific purpose computer(s), one or more analog and/or digital
input/output connection(s), one or more stepper motor controller board(s), etc.

[0136] In some implementations, the controller 137 is part of a system, which may be part of
the above-described examples. Such systems can include semiconductor processing
equipment, including a processing tool or tools, chamber or chambers, a platform or platforms
for processing, and/or specific processing components (a wafer pedestal, a gas flow system,
etc.). These systems may be integrated with electronics for controlling their operation before,
during, and after processing of a semiconductor wafer or substrate. The electronics may be
referred to as the “controller,” which may control various components or subparts of the
system or systems. The controller 137, depending on the processing requirements and/or the
type of system, may be programmed to control any of the processes disclosed herein, including
the delivery of processing gases, temperature settings (e.g., heating and/or cooling), pressure
settings, vacuum settings, power settings, radio frequency (RF) generator settings in some
systems, RF matching circuit settings, frequency settings, flow rate settings, fluid delivery
settings, positional and operation settings, wafer transfers into and out of a tool and other
transfer tools and/or load locks connected to or interfaced with a specific system.

[0137] Broadly speaking, the controller may be defined as electronics having various
integrated circuits, logic, memory, and/or software that receive instructions, issue instructions,
control operation, enable cleaning operations, enable endpoint measurements, and the like.
The integrated circuits may include chips in the form of firmware that store program
instructions, digital signal processors (DSPs), chips defined as application specific integrated
circuits (ASICs), and/or one or more microprocessors, or microcontrollers that execute program
instructions (e.g., software). Program instructions may be instructions communicated to the
controller in the form of various individual settings (or program files), defining operational
parameters for carrying out a particular process on or for a semiconductor wafer or to a
system. The operational parameters may, in some embodiments, be part of a recipe defined by
process engineers to accomplish one or more processing steps during the fabrication of one or
more layers, materials, metals, oxides, silicon, silicon dioxide, surfaces, circuits, and/or dies of a
wafer.

[0138] The controller, in some implementations, may be a part of or coupled to a computer
that is integrated with, coupled to the system, otherwise networked to the system, or a
combination thereof. For example, the controller may be in the “cloud” or all or a part of a fab

host computer system, which can allow for remote access of the wafer processing. The
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computer may enable remote access to the system to monitor current progress of fabrication
operations, examine a history of past fabrication operations, examine trends or performance
metrics from a plurality of fabrication operations, to change parameters of current processing,
to set processing steps to follow a current processing, or to start a new process. In some
examples, a remote computer (e.g. a server) can provide process recipes to a system over a
network, which may include a local network or the Internet. The remote computer may include
a user interface that enables entry or programming of parameters and/or settings, which are
then communicated to the system from the remote computer. In some examples, the
controller receives instructions in the form of data, which specify parameters for each of the
processing steps to be performed during one or more operations. It should be understood that
the parameters may be specific to the type of process to be performed and the type of tool that
the controller is configured to interface with or control. Thus as described above, the controller
may be distributed, such as by comprising one or more discrete controllers that are networked
together and working towards a common purpose, such as the processes and controls
described herein. An example of a distributed controller for such purposes would be one or
more integrated circuits on a chamber in communication with one or more integrated circuits
located remotely (such as at the platform level or as part of a remote computer) that combine
to control a process on the chamber.

[0139] Without limitation, example systems may include a plasma etch chamber or module, a
deposition chamber or module, a spin-rinse chamber or module, a metal plating chamber or
module, a clean chamber or module, a bevel edge etch chamber or module, a physical vapor
deposition (PVD) chamber or module, a chemical vapor deposition (CVD) chamber or module,
an atomic layer deposition (ALD) chamber or module, an atomic layer etch (ALE) chamber or
module, an ion implantation chamber or module, a track chamber or module, and any other
semiconductor processing systems that may be associated or used in the fabrication and/or
manufacturing of semiconductor wafers.

[0140] As noted above, depending on the process step or steps to be performed by the tool,
the controller might communicate with one or more of other tool circuits or modules, other
tool components, cluster tools, other tool interfaces, adjacent tools, neighboring tools, tools
located throughout a factory, a main computer, another controller, or tools used in material
transport that bring containers of wafers to and from tool locations and/or load ports in a

semiconductor manufacturing factory.
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[0141] The controllers provided herein are configured to perform various techniques or
processes, such as causing the cleaning chemistry to flow from the cleaning chemistry source,
through the nozzle, onto the deflector plate, and into the processing stations concurrently. The
controller may also be configured to control the movement mechanism of the support
structure 194 to cause relative motion between the deflector plate and nozzle. This includes
causing the deflector plate and the nozzle to be offset from each other by a first offset distance
and a different, second offset distance.

[0142] In some embodiments, a nozzle with one or more deflector surface(s) referred to
herein as a “deflector surface nozzle,” may be used to direct cleaning chemistry into each
station of a multi-station processing chamber. Similar to the previous embodiment, the
deflector surface nozzle is positioned in a relatively central location of the processing chamber.
The deflector surface nozzle is configured to flow cleaning chemistry from an inlet through an
outlet passage onto a deflector surface into various areas of the multi-station processing
chamber. The deflector surface nozzle may have the features of a nozzle as described above,
but with the additional feature of one or more deflector surface(s). The deflector surface
nozzle includes an inlet for receiving cleaning chemistry and a riser passage that splits into a
plurality of outlet passages configured to flow the cleaning chemistry on the one or more
deflector surfaces of the nozzle, thereby changing the flow path of the cleaning chemistry gas

flow so as to be directed radially outward and closer to the showerheads of each station.

[0143] FIG. 5 depicts a cross-sectional side view of an alternate implementation of the
processing chamber 100 of FIG. 1A taken along a corner-to-corner diagonal of the chamber; the
alternate implementation of the processing chamber 100 features a deflector surface nozzle
512. As in FIG. 1B, the side walls and bottom 120 of the multi-station processing chamber 100
are shown, and for clarity, the top portion of the multi-station processing chamber 100 is not
shown. Similarly, two processing stations are illustrated, which may be considered the stations
across from each other with respect to the center of the multi-station processing chamber 100,
such as processing stations 106B and 106D as shown, or processing stations 106A and 106C.
Each processing station 106B and 106D includes a pedestal 105B and 105D, respectively, and a
showerhead 107B and 107D, respectively. Each showerhead 107B and 107D has a face 198B
and 198D that faces the pedestal 105B and 105D, respectively, and it is this face, among other
surfaces, onto which the apparatuses herein are configured to flow cleaning chemistry. The

deflector surface nozzle 512 may be positioned in the center portion of the chamber 100 such
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that the one or more deflector surfaces 550 are in the chamber interior 104 and in the center

region 108.

[0144] Additional features of the deflector surface nozzle 512 are visible, such as a nozzle
stem, also referred to herein as a nozzle body 522, with one or more nozzle cavities, also
referred to herein as a riser passage or riser passages 524, that fluidically connect the nozzle
inlet 518 with a plurality of nozzle flowpaths, also referred to herein as a nozzle outlet passages
526, and a plurality of nozzle outlets 528. In some embodiments, there may be four nozzle
outlet passages 526, each with its own nozzle outlet 528. Each nozzle outlet passage 526 may
be fluidically connected to the riser passage 524 of the nozzle body 522, span between the riser
passage 524 and one corresponding nozzle outlet 528, and fluidically connect one nozzle outlet
528 to the riser passage 524. As indicated by arrows 516, the cleaning chemistry is configured
to flow from the cleaning chemistry source 115 into the chamber interior 104 by flowing to and
through the nozzle inlet 518, through the riser passage 524, through each nozzle outlet passage
526, and through each nozzle outlet 528. The deflector surface nozzle 512 may have one or
more deflector surfaces 550 that are fixed in space relative to the nozzle body 522 and
positioned below the plurality of nozzle outlets 528. The deflector surface nozzle 512 is
configured to cause the cleaning chemistry to flow out each of the nozzle outlets 518 onto one
of the one or more deflector surfaces 550. The cleaning chemistry flows from each nozzle
outlet 528 onto the deflector surface 550 through a portion of the chamber interior 104. The
deflector surface 550 is further configured to direct and deflect the cleaning chemistry into

each processing station, as illustrated by the arrows 516 in FIG. 1B.

[0145] The deflector surface nozzle 512 of the multi-station processing chamber 100 also
includes a nozzle inlet 518 that is configured to be fluidically connected to a cleaning chemistry
source 115, such as a remote plasma source that may include a fluorine plasma, for example.
The deflector surface nozzle 512 may be configured to receive the cleaning chemistry flowed
from the nozzle inlet 518 through the riser passage 524 and out through the nozzle outlet 528
onto each of the deflector surfaces 550 and radially outward into each processing station

106A-D.

[0146] The deflector surface nozzle 512 may also have cooling passage portions 540 within the
nozzle body 522. At least one of the cooling passage portions may have a cooling passage inlet
542 at least one of the cooling passages may have a cooling passage outlet 544. As indicated by

the arrows 548, coolant is configured to flow to the cooling passage portions 540 via the
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cooling passage inlet(s) 542, flowed through the cooling passage portions 540, and then out the
cooling passage outlet(s) 544, as shown in FIG. 6. In some embodiments, at least one of the
cooling passage portions 540 may have an annular or annular sector shape 546. In the
embodiment shown, an annular sector 546 portion of the cooling passage portions 540 is
adjacent or proximate to the intersection of the riser passage 524 and the nozzle outlet passage
526. In some embodiments, some of the cooling passage portions 540 may flow parallel to the

one or more riser passages 524.

[0147] FIG. 6 shows a closer view of the bottom half of the deflector surface nozzle 550.
Going through the center of the nozzle body 522 is a center axis 530. Each of the nozzle outlet
passages 526 is oriented at an oblique angle relative to the center axis 530 away from the
nozzle inlet 518. In some embodiments, the oblique angle may be between about 100° to
about 160°. The term “between,” as used herein and when used with a range of values, is to be
understood, unless otherwise indicated, as being inclusive of the start and end values of that
range. For example, between 1 and 5 is to be understood to be inclusive of the numbers 1, 2, 3,

4, and 5, not just the numbers 2, 3, and 4.

[0148] There are two deflector surfaces 550 shown. The deflector surfaces each have a
corresponding outer edge 558. When viewed along the center axis, the outer edge is radially
outward of a circle circumscribing the outlet passages 526. In some embodiments, there may
be a single deflector surface 550. In some embodiments, there may be a plurality of deflector
surfaces, e.g., two deflector surfaces, four deflector surfaces, etc. Also shown are ribs 560,
which may separate each of the deflector surfaces 550 from adjacent deflector surfaces. The
ribs 560 have a top surface 562. In some embodiments, the top surface 562 is substantially
perpendicular to the center axis 530, and may be placed against the underside of the nozzle
body 522 (for example, a plate that provides the deflector surfaces, e.g., as shown in FIG. 6,
may be clamped to the underside of the nozzle body 522 by a plurality of screws that may be
inserted through holes in the plate and threaded into threaded holes in the underside of the

nozzle body 522).

[0149] A deflector surface reference plane 552 may be used to define the placement of the
deflector surface(s) 550. The deflector surface reference plane 552 may be perpendicular to
the center axis 530 and is coincident with at least a portion of each of the deflector surfaces
550. In some embodiments, the reference plane 552 may be about 0.10 inches to 0.50 inches

away from the nozzle outlets 528. In some embodiments, the reference plane 552 may be
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about 0.10 inches to 0.20 inches away from the nozzle outlets 528. In some embodiments, the
deflector surface may be provided by a ceramic material. In some embodiments, the deflector
surface may be provided by a material that includes aluminum, e.g., aluminum, aluminum alloy,

etc.

[0150] FIGS. 7A and 7B show top views of two example types of deflector surfaces 750 that
may be used on a deflector surface nozzle. FIG. 7A shows four deflector surfaces 750 each with
an outer edge 758. Each of the deflector surfaces 750 is separated from the adjacent deflector
surface by a rib 760, e.g., such that each rib 760 is circumferentially interposed between an
adjacent pair of deflector surfaces 750. Each deflector surface has a bottom surface 754 and a
front surface 756. Each front surface 756 is radially outward of and transitions to a
corresponding bottom surface 754. When positioned in a multi-station processing tool, the
deflector surface nozzle may be positioned such that each deflector surface is oriented towards
a corresponding station. In this example, the deflector surface 750 may be used in a four-
station chamber. Each of deflector surfaces 750a, 750b, 750c, and 750d, may be positioned to

flow cleaning chemistry into a corresponding station within the multi-station chamber.

[0151] FIG. 7B shows a top view of an example deflector surface 750, which may be part of a
deflector surface nozzle. The deflector surface 750 is a single continuous surface. The deflector
surface 750 has a bottom surface 754 and a front surface 756. Similar to the deflector surfaces
described above, the front surface 756 is radially outward of and transitions to the bottom
surface 754. The single deflector surface 750 does not have impediments that may block the
cleaning chemistry flowing on the deflector surface, allowing the cleaning chemistry to flow
throughout a processing chamber. However, while this may result in the cleaning chemistry
being delivered more evenly throughout the chamber, this may result in less effective cleaning
of the processing stations, as the cleaning chemistry may not be focused more on those areas
over others, as may be the case when using deflector surfaces that are separated by ribs as in

FIG. 7A.

[0152] FIGS. 8A and 8B depict cross-sectional side views of example deflector surfaces 850.
Each figure shows a deflector surface 850. The deflector surface 850 has a bottom surface 854
and a front surface 856. The front surface 856 spans between the bottom surface 854 and an
outer edge 858 of the deflector surface 850. The outer edge 858 is positioned radially outwards
from the bottom surface 854 and is positioned farther away from a center axis 830 than the

bottom surface 854. The front surface 856 spans between the outer edge 858 and the bottom
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surface 856 and may do so along various profiles and paths. This may include a linear path or a
path having both linear and non-linear, e.g., curved, sections. In some embodiments, the

bottom surface 856 may be substantially perpendicular to the center axis.

[0153] FIG. 8A shows a first example of a deflector surface 850. In this example, the front
surface 856 has a profile featuring two linear sections, a horizontal section and a slope section,
and a curved section. In some embodiments, at least a portion of the front surface 856 is at an
oblique angle relative to the center axis 830. In some embodiments, the front surface 856 may
have a portion that is between about 120 degrees to about 170 degrees from a deflector
surface reference plane 852 that is substantially perpendicular to the center axis 830. In the
embodiment shown in FIG. 8A, the front surface 856 has a curved surface. The curved surface
may be convex relative to the center axis 830. In some embodiments, the curved surface may
have a radius between about 0.1 inches and about 1 inch. FIG. 8B shows a second example of a
deflector surface 850 where the front surface 856 is planar. In the embodiment shown, the
front surface 856 and the bottom surface 854 are coplanar with the deflector surface reference

plane 852.

Results

[0154] The present inventors discovered that without an adequate upwards angle into the
processing station, the cleaning chemistry would not provide the desired cleaning of the
processing stations. For example, FIG. 3A depicts a mass fraction contour map of a cleaning
chemistry flow into a processing station without the use of a deflector plate as described
herein. FIG. 3B depicts an off-angle view of FIG. 3A. Here, a plate underneath the nozzle was
used without any recesses or recesses with angled front surfaces. As can be seen, the cleaning
chemistry 316 did not flow upwards towards the showerhead 307 in the processing station and
remained in a narrow stream close to the pedestal surface 305 thereby not cleaning many

aspects of the processing station.

[0155] In contrast, FIGS. 4A-D depict a mass fraction contour map of a cleaning chemistry flow
into a processing station with the use of a deflector plate and nozzle as described herein. In
these figures, various angles of the recess front surface are used. In FIG. 4A, the angle 61 of the
recess front surface is about 75 degrees, in FIG. 4B, the angle 61 of the recess front surface is

about 65 degrees, in FIG. 4C, the angle 01 of the recess front surface is about 45 degrees, and in
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FIG. 4D, the angle 61 of the recess front surface is about 30 degrees. As can be seen, once the
angle has decreased to between about 65 degrees and about 30 degrees, the deflector plate
sufficiently directed the cleaning chemistry onto the showerhead 407 and thereby was able to

clean the showerhead to a desired amount.

[0156] Itis to be understood that the use of ordinal indicators, e.g., (a), (b), (c), ..., herein is for
organizational purposes only, and is not intended to convey any particular sequence or
importance to the items associated with each ordinal indicator. For example, “(a) obtain
information regarding velocity and (b) obtain information regarding position” would be
inclusive of obtaining information regarding position before obtaining information regarding
velocity, obtaining information regarding velocity before obtaining information regarding
position, and obtaining information regarding position simultaneously with obtaining
information regarding velocity. There may nonetheless be instances in which some items
associated with ordinal indicators may inherently require a particular sequence, e.g., “(a) obtain
information regarding velocity, (b) determine a first acceleration based on the information
regarding velocity, and (c) obtain information regarding position”; in this example, (a) would
need to be performed (b) since (b) relies on information obtained in (a)—(c), however, could be
performed before or after either of (a) or (b).

[0157] Various modifications to the implementations described in this disclosure may be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other implementations without departing from the spirit or scope of this disclosure.
Thus, the claims are not intended to be limited to the implementations shown herein, but are
to be accorded the widest scope consistent with this disclosure, the principles and the novel
features disclosed herein.

[0158] Certain features that are described in this specification in the context of separate
implementations also can be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implementation also
can be implemented in multiple implementations separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or variation of a sub-combination.

[0159] Similarly, while operations are depicted in the drawings in a particular order, this

should not be understood as requiring that such operations be performed in the particular
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order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. Further, the drawings may schematically depict one more example processes
in the form of a flow diagram. However, other operations that are not depicted can be
incorporated in the example processes that are schematically illustrated. For example, one or
more additional operations can be performed before, after, simultaneously, or between any of
the illustrated operations. In certain circumstances, multitasking and parallel processing may
be advantageous. Moreover, the separation of various system components in the
implementations described above should not be understood as requiring such separation in all
implementations, and it should be understood that the described program components and
systems can generally be integrated together in a single software product or packaged into
multiple software products. Additionally, other implementations are within the scope of the
following claims. In some cases, the actions recited in the claims can be performed in a
different order and still achieve desirable results.

[0160] It will be understood that the present disclosure includes, but is not limited to, the
numbered implementations listed below.

[0161] Implementation 1: A deflector plate for use in a semiconductor processing tool, the
deflector plate including: a body having a top surface and an underside surface that are on
opposite sides of the body; and a plurality of recesses in the top surface and arranged in a radial
pattern around a center axis, wherein, for each recess: that recess is at least partially defined by
a corresponding bottom surface, a corresponding first side surface, a corresponding second
side surface, and a corresponding front surface, the first side surface, the second side surface,
and the front surface intersect the bottom surface, the front surface spans between the first
side surface and the second side surface, and the front surface spans between the bottom
surface and an outer edge of the recess that is radially outwards from the bottom surface in a
direction perpendicular to the center axis and farther from the underside surface than the
bottom surface in a direction parallel to the center axis.

[0162] Implementation 2: The deflector plate of implementation 1, wherein each front
surface spans between a corresponding outer edge and a corresponding bottom surface along a
first profile having a linear section, a non-linear section, or a combination of at least one linear
section and at least one non-linear section.

[0163] Implementation 3: The deflector plate of implementation 1, wherein: a corresponding

obtuse angle is defined between each front surface facing the center axis and a reference plane

34



WO 2023/069922 PCT/US2022/078259

that is perpendicular to the center axis, and the obtuse angle is between about 120 degrees and
about 170 degrees.

[0164] Implementation 4: The deflector plate of implementation 1, wherein the bottom
surface is substantially perpendicular to the center axis.

[0165] Implementation 5: The deflector plate of implementation 1, wherein the front surface
is oriented at an acute angle with respect to the center axis and the front surface facing the
center axis.

[0166] Implementation 6: The deflector plate of implementation 5, wherein the acute angle is
between about 20 degrees and about 80 degrees.

[0167] Implementation 7: The deflector plate of implementation 1, wherein: the front surface
intersects with the bottom surface at a first edge having a radius, and the radius is between
about 1 inch and about 0.1 inches.

[0168] Implementation 8: The deflector plate of implementation 1, wherein: the first side
surface is oriented with respect to the bottom surface at a first angle, the second side surface is
oriented with respect to the bottom surface at the first angle, and the first angle is between
about 60 degrees and about 100 degrees.

[0169] Implementation 9: The deflector plate of implementation 1, wherein the first side
surface and second side surface are substantially parallel to each other.

[0170] Implementation 10: The deflector plate of implementation 1, wherein: the first side
surface intersects with the bottom surface at a first edge having a second radius, and the
second side surface intersects with the bottom surface at a second edge having the second
radius.

[0171] Implementation 11: The deflector plate of implementation 10, wherein the second
radius is between about 0.1 inches and about 0.01 inches.

[0172] Implementation 12: The deflector plate of implementation 1, wherein: the first side
surface intersects with the front surface at a third edge having a third radius, and the second
side surface intersects with the front surface at a fourth edge having the third radius.

[0173] Implementation 13: The deflector plate of implementation 12, wherein the third
radius is between about 0.1 inches and about 0.01 inches.

[0174] Implementation 14: The deflector plate of implementation 1, wherein the front
surface is planar.

[0175] Implementation 15: The deflector plate of implementation 1, wherein the front

surface is curved.
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[0176] Implementation 16: The deflector plate of implementation 15, wherein the front
surface is convex with respect to the center axis.

[0177] Implementation 17: The deflector plate of implementation 1, wherein the plurality of
recesses includes four recesses substantially equally spaced about the center axis.

[0178] Implementation 18: The deflector plate of implementation 1, wherein: each recess is
further defined by a first back surface and a second back surface, the first back surface spans
between the bottom surface and a first inner edge of the recess that is radially inwards from
the bottom surface in a direction perpendicular to the center axis and farther from the
underside surface than the bottom surface in a direction parallel to the center axis, and the
second back surface spans between the bottom surface and a second inner edge of the recess
that is radially inwards from the bottom surface in a direction perpendicular to the center axis
and farther from the underside surface than the bottom surface in a direction parallel to the
center axis.

[0179] Implementation 19: The deflector plate of implementation 1, wherein: each recess is
further defined by a first back surface and a second back surface, the first back surface
intersects with the first side surface and the bottom surface, the second back surface intersects
with the second side surface and the bottom surface, the first back surface and the second back
surface are offset from, and do not intersect, each other, the first back surface is oriented at an
obtuse angle with respect to the center axis, and the second back surface is oriented at the
obtuse angle with respect to the center axis.

[0180] Implementation 20: The deflector plate of implementation 19, wherein the obtuse
angle is between about 95 degrees and about 165 degrees.

[0181] Implementation 21: The deflector plate of implementation 19, wherein: the first back
surface intersects with the first side surface at a first corner that is curved, and the second back
surface intersects with the second side surface at a second corner that is curved.

[0182] Implementation 22: The deflector plate of implementation 1, further including a
plurality of channels, wherein: each channel intersects with a corresponding recess, each
channel is interposed between the center axis and the corresponding recess, each channel
includes a channel bottom surface, a first channel side surface, and a second channel side
surface, the first channel side surface intersects with the channel bottom surface and the first
back surface of the recess, the second channel side surface intersects with the channel bottom
surface and the second back surface of the recess, and the channel bottom surface intersects

with the bottom surface of the recess.
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[0183] Implementation 23: The deflector plate of implementation 22, wherein each channel
has a rectangular cross-sectional area.

[0184] Implementation 24: The deflector plate of implementation 22, wherein: each recess
has a recess width between the first side surface and the second side surface, each channel has
a channel width between the first channel side surface and the second channel side surface,
and the channel width is less than the recess width.

[0185] Implementation 25: The deflector plate of implementation 22, wherein the first back
surface spans between the bottom surface and a first inner edge of the recess that is radially
inwards from the bottom surface in a direction perpendicular to the center axis and farther
from the underside surface than the bottom surface in a direction parallel to the center axis.
[0186] Implementation 26: The deflector plate of implementation 1, wherein: each recess is
further defined by a back surface, the back surface intersects with and spans between the first
side surface and the second side surface, and the back surface spans between the bottom
surface and an inner edge of the recess that is radially inwards from the bottom surface in a
direction perpendicular to the center axis and farther from the underside surface than the
bottom surface in a direction parallel to the center axis.

[0187] Implementation 27: The deflector plate of implementation 1, wherein: each recess is
further defined by a back surface, the back surface intersects with and spans between the first
side surface and the second side surface, the back surface intersects with the bottom surface,
and the back surface is oriented at an obtuse angle with respect to the center axis.

[0188] Implementation 28: The deflector plate of implementation 1, further including a
center through-hole that is centered on the center axis.

[0189] Implementation 29: A multi-station semiconductor processing apparatus, including: a
processing chamber having a plurality of processing stations positioned therein and arranged in
a circular array around a center region; a cleaning gas distribution nozzle positioned in the
center region of the processing chamber and having a nozzle inlet, a plurality of nozzle outlets,
and a plurality of nozzle flowpaths that fluidically connect each nozzle outlet to the nozzle inlet;
and a deflector plate having a plurality of recesses in a top surface, each recess being at least
partially defined by a corresponding bottom surface, a corresponding first side surface, a
corresponding second side surface, and a corresponding front surface, wherein the front
surface spans between the bottom surface and an outer edge of that recess that is radially
outwards from the bottom surface in a direction perpendicular to a center axis of the deflector

plate and farther from an underside surface of a body than the bottom surface in a direction
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parallel to the center axis, wherein: the nozzle outlets and the deflector plate are fluidically
connected to processing chamber and processing stations, the cleaning gas distribution nozzle
is configured to direct a cleaning gas flow onto the deflector plate, and the deflector plate is
positioned underneath the cleaning gas distribution nozzle such that a cleaning gas flowed onto
each recess is configured to flow into a corresponding processing station.

[0190] Implementation 30: The multi-station semiconductor processing apparatus of
implementation 29, wherein the deflector plate and cleaning gas distribution nozzle are
positioned such that the cleaning gas flowing through the nozzle inlet flows onto each recess
and into each processing station.

[0191] Implementation 31: The multi-station semiconductor processing apparatus of
implementation 29, further including a wafer indexer, wherein the deflector plate is a part of
the wafer indexer.

[0192] Implementation 32: The multi-station semiconductor processing apparatus of
implementation 29, further including a plurality of robot arms that are each configured to
handle a wafer, wherein each recess is positioned between two corresponding robot arms.
[0193] Implementation 33: The multi-station semiconductor processing apparatus of
implementation 29, wherein the cleaning gas distribution nozzle further includes a stem with an
inner cavity that fluidically connects the nozzle inlet with the plurality of nozzle outlets.

[0194] Implementation 34: The multi-station semiconductor processing apparatus of
implementation 33, wherein: each nozzle outlet is positioned radially outwards from the inner
cavity in a direction perpendicular to the center axis, each nozzle outlet is positioned offset
from the inner cavity in a direction parallel to the center axis, and each nozzle flowpath spans
between the inner cavity and a corresponding nozzle outlet.

[0195] Implementation 35: The multi-station semiconductor processing apparatus of
implementation 29, wherein each nozzle outlet is oriented at an obtuse angle with respect to a
center axis of the cleaning gas distribution nozzle.

[0196] Implementation 36: The multi-station semiconductor processing apparatus of
implementation 35, wherein the obtuse angle is between about 100 degrees and about 160
degrees.

[0197] Implementation 37: The multi-station semiconductor processing apparatus of
implementation 29, further including a cleaning gas source fluidically connected to the nozzle

inlet.
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[0198] Implementation 38: The multi-station semiconductor processing apparatus of
implementation 37, wherein the cleaning gas source is a plasma source.

[0199] Implementation 39: The multi-station semiconductor processing apparatus of
implementation 38, wherein the cleaning gas includes a fluorine plasma.

[0200] Implementation 40: The multi-station semiconductor processing apparatus of
implementation 29, further including a vertical movement mechanism configured to: cause
relative vertical movement between the cleaning gas distribution nozzle and the deflector
plate, cause the cleaning gas distribution nozzle and the deflector plate to be offset from each
other by a first distance during a processing operation, and cause the cleaning gas distribution
nozzle and the deflector plate to be offset from each other by a second distance large than the
first distance during a cleaning operation.

[0201] Implementation 41: The multi-station semiconductor processing apparatus of
implementation 40, wherein: each processing station has a corresponding substrate support
structure and showerhead having a faceplate surface that faces the substrate support
structure, and increasing an offset distance between the cleaning gas distribution nozzle and
the deflector plate increases a distance between the faceplate surface and the deflector plate.
[0202] Implementation 42: The multi-station semiconductor processing apparatus of
implementation 40, wherein the second distance is between about 0.75 inches and about 1.25
inches.

[0203] Implementation 43: An apparatus for use in semiconductor processing, the apparatus
including: a nozzle body; one or more nozzle inlets; a plurality of nozzle outlet passages; and
one or more deflector surfaces fixed in space with respect to the nozzle body, wherein: the
nozzle body has a center axis, each nozzle outlet passage is fluidically connected to at least one
of the one or more nozzle inlets, the plurality of nozzle outlet passages are interposed between
the one or more nozzle inlets and the one or more deflector surfaces, the one or more
deflector surfaces face towards the one or more nozzle inlets, and each deflector surface has a
corresponding outer edge that is radially outward, when viewed along the center axis, of a
circle circumscribing the outlet passages.

[0204] Implementation 44: The apparatus of implementation 43, wherein each nozzle outlet
passage is oriented at an oblique angle with respect to the center axis of the nozzle body
oriented away from the nozzle inlet.

[0205] Implementation 45: The apparatus of implementation 44, wherein the angle between

the center axis and each nozzle outlet passage is about 100 degrees to about 160 degrees.
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[0206] Implementation 46: The apparatus of implementation 43, wherein the nozzle has four
nozzle outlets.

[0207] Implementation 47: The apparatus of implementation 43, wherein a cooling passage
portion extends through at least part of the nozzle body.

[0208] Implementation 48: The apparatus of implementation 47, wherein the cooling passage
portion includes a cooling passage inlet and a cooling passage outlet, the cooling passage inlet
and the cooling passage outlet are located in the nozzle body and are adjacent to one or more
riser passages within the nozzle body, and each of the one or more riser passages is fluidically
interposed between at least one of the one or more nozzle inlets and at least one of the
plurality of nozzle outlet passages.

[0209] Implementation 49: The apparatus of implementation 47 further including one or
more nozzle cavities fluidically interposed between at least one of the one or more nozzle inlets
and at least one of the plurality of nozzle outlet passages, and the cooling passage portion has
an annular or annular sector shape within the nozzle body and is adjacently located to where
the plurality of nozzle outlet passages connects to one or more riser passages.

[0210] Implementation 50: The apparatus of implementation 43, wherein the deflector
surface is provided by a ceramic material.

[0211] Implementation 51: The apparatus of implementation 43, wherein the deflector
surface is provided by a material including aluminum.

[0212] Implementation 52: The apparatus of implementation 43, further including a plurality
of ribs, each rib circumferentially interposed between an adjacent pair of deflector surfaces.
[0213] Implementation 53: The apparatus of implementation 52, wherein each rib has a top
surface that is substantially perpendicular to the center axis.

[0214] Implementation 54: The apparatus of implementation 43, wherein a first reference
plane is substantially perpendicular to the center axis of the nozzle body and coincident with at
least a portion of the deflector surface, and is about 0.10 inches to about 0.50 inches away
from a nozzle outlet.

[0215] Implementation 55: The apparatus of implementation 43, wherein first reference
plane is substantially perpendicular to the center axis of the nozzle body and coincident with at
least a portion of the deflection surface, and is about 0.10 inches to about 0.20 inches away
from a nozzle outlet.

[0216] Implementation 56: The apparatus of implementation 43, wherein each of the one or

more deflector surfaces is at least partially defined by a corresponding bottom surface and a
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corresponding front surface, wherein: the corresponding front surface and the corresponding
bottom surface of each deflector surface intersect and the corresponding front surface spans
between the outer edge and the corresponding bottom surface of each deflector surface.
[0217] Implementation 57: The apparatus of implementation 56, wherein each front surface
spans between the outer edge and the corresponding bottom surface along a corresponding
first profile oriented at an oblique angle with respect to the center axis, the corresponding first
profile of each deflector surface having a linear section, a non-linear section, or a combination
of at least one linear section and at least one non-linear section.

[0218] Implementation 58: The apparatus of implementation 56, wherein: a corresponding
obtuse angle is defined between at least a portion of each front surface facing the center axis
and a reference plane that is perpendicular to the center axis, and the obtuse angle is between
about 120 degrees and about 170 degrees.

[0219] Implementation 59: The apparatus of implementation 56, wherein each corresponding
bottom surface is substantially perpendicular to the center axis.

[0220] Implementation 60: The apparatus of implementation 56, wherein the front surface
intersects with the bottom surface at a first edge having a radius, and the radius is between
about 1 inch and 0.1 inches.

[0221] Implementation 61: The apparatus of implementation 56, wherein the front surface is
planar.

[0222] Implementation 62: The apparatus of implementation 56, wherein the front surface is
curved.

[0223] Implementation 63: The apparatus of implementation 62, wherein the front surface is
convex with respect to the center axis.

[0224] Implementation 64: The apparatus of any of implementations 43 through 63, further
including a processing chamber having a plurality of processing stations arranged in a circular
array around a center region, wherein the nozzle body is positioned in the center region.
[0225] Implementation 65: The apparatus of implementation 64, wherein the nozzle body is
configured to rotate about the center axis relative to the processing chamber.

[0226] Implementation 66: The apparatus of implementation 65, wherein the nozzle body is
configured to rotate by up to 90°.

[0227] Implementation 67: The apparatus of implementation 65, further including a cleaning

chemistry source fluidically connected to at least one of the one or more nozzle inlets.
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[0228] Implementation 68: The apparatus of implementation 67, wherein the cleaning
chemistry source is a remote plasma generator configured to generate a plasma.

[0229] Implementation 69: The apparatus of implementation 68, wherein the cleaning
chemistry includes a plasma formed using at least one or more of fluorine, oxygen, hydrogen,
and nitrogen trifluoride.

[0230] It is to be understood that the above disclosure, while focusing on a particular example
implementation or implementations, is not limited to only the discussed example, but may also
apply to similar variants and mechanisms as well, and such similar variants and mechanisms are

also considered to be within the scope of this disclosure.
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CLAIMS

What is claimed is:

1. A deflector plate for use in a semiconductor processing tool, the deflector plate
comprising:
a body having a top surface and an underside surface that are on opposite sides of the
body; and
a plurality of recesses in the top surface and arranged in a radial pattern around a
center axis, wherein, for each recess:
that recess is at least partially defined by a corresponding bottom surface, a
corresponding first side surface, a corresponding second side surface, and a
corresponding front surface,
the first side surface, the second side surface, and the front surface intersect the
bottom surface,
the front surface spans between the first side surface and the second side
surface, and
the front surface spans between the bottom surface and an outer edge of the
recess that is radially outwards from the bottom surface in a direction perpendicular to
the center axis and farther from the underside surface than the bottom surface in a

direction parallel to the center axis.

2. The deflector plate of claim 1, wherein each front surface spans between a
corresponding outer edge and a corresponding bottom surface along a first profile having a
linear section, a non-linear section, or a combination of at least one linear section and at least

one non-linear section.

3. The deflector plate of claim 1, wherein:
a corresponding obtuse angle is defined between each front surface facing the center
axis and a reference plane that is perpendicular to the center axis, and

the obtuse angle is between about 120 degrees and about 170 degrees.

4, The deflector plate of claim 1, wherein the bottom surface is substantially perpendicular

to the center axis.
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5. The deflector plate of claim 1, wherein the front surface is oriented at an acute angle

with respect to the center axis and the front surface facing the center axis.

6. The deflector plate of claim 5, wherein the acute angle is between about 20 degrees and

about 80 degrees.

7. The deflector plate of claim 1, wherein:
the front surface intersects with the bottom surface at a first edge having a radius, and

the radius is between about 1 inch and about 0.1 inches.

8. The deflector plate of claim 1, wherein:

the first side surface is oriented with respect to the bottom surface at a first angle,

the second side surface is oriented with respect to the bottom surface at the first angle,
and

the first angle is between about 60 degrees and about 100 degrees.

9. The deflector plate of claim 1, wherein the first side surface and second side surface are

substantially parallel to each other.

10. The deflector plate of claim 1, wherein:

the first side surface intersects with the bottom surface at a first edge having a second
radius, and

the second side surface intersects with the bottom surface at a second edge having the

second radius.

11. The deflector plate of claim 10, wherein the second radius is between about 0.1 inches

and about 0.01 inches.
12. The deflector plate of claim 1, wherein:

the first side surface intersects with the front surface at a third edge having a third

radius, and
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the second side surface intersects with the front surface at a fourth edge having the

third radius.

13. The deflector plate of claim 12, wherein the third radius is between about 0.1 inches

and about 0.01 inches.

14. The deflector plate of claim 1, wherein the front surface is planar.

15. The deflector plate of claim 1, wherein the front surface is curved.

16. The deflector plate of claim 15, wherein the front surface is convex with respect to the
center axis.

17. The deflector plate of claim 1, wherein the plurality of recesses includes four recesses

substantially equally spaced about the center axis.

18. The deflector plate of claim 1, wherein:

each recess is further defined by a first back surface and a second back surface,

the first back surface spans between the bottom surface and a first inner edge of the
recess that is radially inwards from the bottom surface in a direction perpendicular to the
center axis and farther from the underside surface than the bottom surface in a direction
parallel to the center axis, and

the second back surface spans between the bottom surface and a second inner edge of
the recess that is radially inwards from the bottom surface in a direction perpendicular to the
center axis and farther from the underside surface than the bottom surface in a direction

parallel to the center axis.

19. The deflector plate of claim 1, wherein:
each recess is further defined by a first back surface and a second back surface,
the first back surface intersects with the first side surface and the bottom surface,
the second back surface intersects with the second side surface and the bottom surface,
the first back surface and the second back surface are offset from, and do not intersect,

each other,
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the first back surface is oriented at an obtuse angle with respect to the center axis, and

the second back surface is oriented at the obtuse angle with respect to the center axis.

20. The deflector plate of claim 19, wherein the obtuse angle is between about 95 degrees

and about 165 degrees.

21. The deflector plate of claim 19, wherein:

the first back surface intersects with the first side surface at a first corner that is curved,

and

the second back surface intersects with the second side surface at a second corner that
is curved.
22. The deflector plate of claim 1, further comprising a plurality of channels, wherein:

each channel intersects with a corresponding recess,

each channel is interposed between the center axis and the corresponding recess,

each channel includes a channel bottom surface, a first channel side surface, and a
second channel side surface,

the first channel side surface intersects with the channel bottom surface and the first
back surface of the recess,

the second channel side surface intersects with the channel bottom surface and the
second back surface of the recess, and

the channel bottom surface intersects with the bottom surface of the recess.

23. The deflector plate of claim 22, wherein each channel has a rectangular cross-sectional
area.
24, The deflector plate of claim 22, wherein:

each recess has a recess width between the first side surface and the second side
surface,

each channel has a channel width between the first channel side surface and the second
channel side surface, and

the channel width is less than the recess width.
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25. The deflector plate of claim 22, wherein the first back surface spans between the
bottom surface and a first inner edge of the recess that is radially inwards from the bottom
surface in a direction perpendicular to the center axis and farther from the underside surface

than the bottom surface in a direction parallel to the center axis.

26. The deflector plate of claim 1, wherein:

each recess is further defined by a back surface,

the back surface intersects with and spans between the first side surface and the second
side surface,

the back surface spans between the bottom surface and an inner edge of the recess that
is radially inwards from the bottom surface in a direction perpendicular to the center axis and
farther from the underside surface than the bottom surface in a direction parallel to the center

axis.

27. The deflector plate of claim 1, wherein:

each recess is further defined by a back surface,

the back surface intersects with and spans between the first side surface and the second
side surface,

the back surface intersects with the bottom surface, and

the back surface is oriented at an obtuse angle with respect to the center axis.

28. The deflector plate of claim 1, further comprising a center through-hole that is centered

on the center axis.

29. A multi-station semiconductor processing apparatus, comprising:

a processing chamber having a plurality of processing stations positioned therein and
arranged in a circular array around a center region;

a cleaning gas distribution nozzle positioned in the center region of the processing
chamber and having a nozzle inlet, a plurality of nozzle outlets, and a plurality of nozzle
flowpaths that fluidically connect each nozzle outlet to the nozzle inlet; and

a deflector plate having a plurality of recesses in a top surface, each recess being at least
partially defined by a corresponding bottom surface, a corresponding first side surface, a

corresponding second side surface, and a corresponding front surface, wherein the front

47



WO 2023/069922 PCT/US2022/078259

surface spans between the bottom surface and an outer edge of that recess that is radially
outwards from the bottom surface in a direction perpendicular to a center axis of the deflector
plate and farther from an underside surface of a body than the bottom surface in a direction
parallel to the center axis, wherein:
the nozzle outlets and the deflector plate are fluidically connected to processing
chamber and processing stations,
the cleaning gas distribution nozzle is configured to direct a cleaning gas flow
onto the deflector plate, and
the deflector plate is positioned underneath the cleaning gas distribution nozzle
such that a cleaning gas flowed onto each recess is configured to flow into a

corresponding processing station.

30. The multi-station semiconductor processing apparatus of claim 29, wherein the
deflector plate and cleaning gas distribution nozzle are positioned such that the cleaning gas

flowing through the nozzle inlet flows onto each recess and into each processing station.

31. The multi-station semiconductor processing apparatus of claim 29, further comprising a

wafer indexer, wherein the deflector plate is a part of the wafer indexer.

32. The multi-station semiconductor processing apparatus of claim 29, further comprising a
plurality of robot arms that are each configured to handle a wafer, wherein each recess is

positioned between two corresponding robot arms.

33. The multi-station semiconductor processing apparatus of claim 29, wherein the cleaning
gas distribution nozzle further includes a stem with an inner cavity that fluidically connects the

nozzle inlet with the plurality of nozzle outlets.

34, The multi-station semiconductor processing apparatus of claim 33, wherein:

each nozzle outlet is positioned radially outwards from the inner cavity in a direction
perpendicular to the center axis, and

each nozzle outlet is positioned offset from the inner cavity in a direction parallel to the
center axis, and

each nozzle flowpath spans between the inner cavity and a corresponding nozzle outlet.
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35. The multi-station semiconductor processing apparatus of claim 29, wherein each nozzle
outlet is oriented at an obtuse angle with respect to a center axis of the cleaning gas

distribution nozzle.

36. The multi-station semiconductor processing apparatus of claim 35, wherein the obtuse

angle is between about 100 degrees and about 160 degrees.

37. The multi-station semiconductor processing apparatus of claim 29, further comprising a

cleaning gas source fluidically connected to the nozzle inlet.

38. The multi-station semiconductor processing apparatus of claim 37, wherein the cleaning

gas source is a plasma source.

39. The multi-station semiconductor processing apparatus of claim 38, wherein the cleaning

gas comprises a fluorine plasma.

40. The multi-station semiconductor processing apparatus of claim 29, further comprising a
vertical movement mechanism configured to:

cause relative vertical movement between the cleaning gas distribution nozzle and the
deflector plate,

cause the cleaning gas distribution nozzle and the deflector plate to be offset from each
other by a first distance during a processing operation, and

cause the cleaning gas distribution nozzle and the deflector plate to be offset from each

other by a second distance large than the first distance during a cleaning operation.

41. The multi-station semiconductor processing apparatus of claim 40, wherein:
each processing station has a corresponding substrate support structure and
showerhead having a faceplate surface that faces the substrate support structure, and
increasing an offset distance between the cleaning gas distribution nozzle and the

deflector plate increases a distance between the faceplate surface and the deflector plate.
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42. The multi-station semiconductor processing apparatus of claim 40, wherein the second

distance is between about 0.75 inches and about 1.25 inches.
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