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(57) Abstract: In some examples, a faceless showerhead comprises a body including a backing plate, the body devoid of a faceplate
or plenum; a gas supply stem to admit gas into the showerhead; and a baffle supported adjacent the backing plate or the gas supply
stem. The faceless showerhead may further comprise at least one support element for supporting the baffle in a baffle cavity in the
backing plate or the gas supply stem.
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FACELESS SHOWERHEAD

CLAIM OF PRIORITY
1] This application claims the benefit of prionty to U.8. Patent
Application Serial No. 63/089,969, filed on October 9, 2020, which 13

mcorporated by reference herein 1n s entirety.

FIELD
2] The present disclosure relates generally to 8 showerhead for substrate
processing applications, and more particularly to a faceless showerhead for

aluminumm oxide {AIOR) processes.

BACKGROUND
13} Conventional showerheads typically include a plenum connecied to
multiple holes in a faceplate to distribute precursor gases {precursors) into a
processing chamber to achieve a desired on-wafer uniformity or feature creation
on a substrate, for example. The existence of a plemurm and thousands of holes
can significantly increase the cost of showerhead. In one problematic aspect, in
view of high deposition rates in AlOx processes, AlOx process hardware can
become prone to flaking and particle generation. Other such 1ssues may not be
tied to deposition rates. For example, there 15 a difficulty in using conventional
dry etch methods of in-situ cleaning of components such as a showerhead.
Without in-situ cleaning, a film will build up over time and flake. Addressing
this situation may require multiple wet cleans and part replacement, thereby
icreasing inventory, wastage and labor costs at a manufacturing site,
14} The background description provided here ts for the purpose of
generally presenting the context of the disclosure. Work of the presently named
inventors, to the extent it 15 described in this background section, as well as

aspects of the description that may not otherwise qualify as prior art at the time
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of filing, are neither expressly nor impliedly admitted as prior art against the

&0

present disclosure.

BRIEF SUMMARY
15} In some examples, a faceless showerhead comprises a body mcluding a
backing plate, the body deveid of a faceplate or plenum; a gas supply stem to
admit gas into the showerhead; and a battle supported adjacent the backing

plate or the gas supply stem.

16} In some examples, the faceless showerhead further comprises at least
one support element for supporting the baffie in a baffle cavity in the backing
plate or the gas supply stem.

171 In some examples, a diameter of the backing plate is in a range 1 2mm-
105mm. In some examples, a diameter of the baffle 15 in a range 2. Smm-13mm.
i8] In some examples, a thickness of the baffle is in a range 0. 5mm-3mm.
In some examples, a separation distance between the baffie and the backing
plate 15 in a range 0. lmm-6mm. In some examples, a separation distance
between the baffle and the gas supply stem 1s in a range 0. 5mm-6mm.

9 In some examples, the baffle includes an arrangement of one or more
through-holes, and wherein a diameter of a through-hole 1s in a range 0. 2mom-
10mm. In some examples, a diameter of an inner or outer circular pattern of the
through-hole arrangement is in a range Zmm-100mm. In some examples, a
diameter of the support element s 11 a range 1mm-10mm, and a length of the

support element s 1n a range 0. 5mm-6mm.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
(16} Some embodiments are illustrated by way of example and not

himitation in the views of the accompanying drawings:
11} FiG. 1 15 a schematic diagram of a processing chamber within which

some examples of the methods of the present disclosure may be employed .

[xe]
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112} FI1G., 2 llustrates an aspect of a conventional showerhead matter in
accordance with one embodiment.

113 FIG, 3 illustrates an example faceless showerhead in accordance with
an embodiment.

14} FIGS, 4A-68 illustrate aspects of the subject matter in accordance with

example embodiments.

[15] FI1G, 7 illustrates an example baffle, in accordance with one
embodiment.
116} F1G. 8 15 a flow chart including operations in a method, according to

some examples.

DETAILED DESCRIPTION
1171 The description that follows tncludes systems, methods, techniques,
mstruction sequences, and computing machine program products that embody
tllustrative embodiments of the present disclosure. In the following description,
for purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of example embodiments. It will be evident,
however, to one skilled in the art that the present disclosure may be practiced
without these specific details.
[18] A portion of the disclosure of this patent document may contain
material that i1s subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or the
patent disclosure, as it appears in the Patent and Trademark Office patent files
or records, but otherwise reserves all copyright rights whatsoever. The
following notice applies to any data as described below and in the drawings that
form a part of this document: Copyright Lam Research Corporation, 2020, All
Rights Reserved.
[19] Conventional precursor delivery systems employ a plenum of one sort

ot another. The existence of a plenum can lead to the disadvantages described

|95
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above. Deposition can become trapped in an inaccessible plenum or inside
thousands of tiny holes. It will be appreciated that cleaning the inside of a
conventional plenum or holes can be difficult and costly.

28] Thus, 10 one aspect, this disclosure seeks to provide a low-cost version
of a showerhead for substrate processing, for example AlOx-based processes.
Some present examples eliminate a plenum requirement. Process optimization
can be addressed through baffle design and chemistry types, as described further
below. Some examples reduce the cost of the showerhead and maintenance cost.
Some embodiments employ a configuration that significantly reduces hardware
costs while meeting desired functional specifications, for example in AlOx
processes.

121} With reference now to FIG. 1, an example arrangement 100 of a
plasma-based processing chamber is shown. The present subject matter may be
used in a variety of semi-conductor manufacturing and substrate processing
operations, but in the iHlustrated example, the plasma-based processing chamber
is described i the context of plasma-enhanced or radical-enhanced Chemical
Vapor Deposition {CVD) or Atomic Layer Deposition {ALD) operations.

122} The skilled artisan will also recognize that other types of ALD
processing technigues, such as AIOx processes, are known {e.g., thermal-based
ALD operations) and may mceorporate a non-plasma-based processing chamber.
An ALD tool 15 a specialized type of CVD processing system in which ALD
reactions occur between two or more chemical species. The two or more
chemical species are referred to as precursor gases and are used to form a thin
film deposition of a material on a substrate, such as a silicon wafer as used in
the semiconductor imndustry. The precursor gases are sequentially mtroduced
mto an ALD processing chamber and react with a surface of the substrate to
form a deposition layer. Generally, the substrate repeatedly interacts with the
precursors to deposit stowly an mereasingly thick laver of one or more material
films on the substrate. In certain applications, multiple precursor gases may be
used to form various types of film or films during a substrate manufacturing

process.
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123} FI1G. 1 15 shown to incluede a processing chamber 102 in which a
showerhead 104 and a substrate-support assembly 108 or pedestal are disposed.
The showerhead 104 may be a showerhead electrode. Typically, the substrate-
support assembly 108 seeks to provide a substantially-isothermal surface and
may serve as both a heating element and a heat sink for a substrate 106. The
substrate-support assembly 108 may comprise an Electrostatic Chuck (ESC) in
which heating elements are included fo aid i processing the substrate 106, as
described above. The substrate 106 may include a wafer comprising, for
example, elemental-semiconductor materials (e g, silicon (81} or germanium
{Ge}) or compound-semiconductor materials (e.g., silicon germanium (81Ge) or
gallium arsenide {GaAs)). Additionally, other substrates include, for example,
dielectric materials such as quartz, sapphire, semi-crystalline polymers, or other

non-metaliic and non-semiconductor materials.

1241 In operation, the substrate 106 15 loaded through a loading port 110
onto the substrate-support assembly 108, A gas line 114 can supply one or more
process gases {e.g., precursor gases) to the showerhead 104, In turn, the
showerhead 104 delivers the one or more process gases into the plasma-based
processing chamber 102, A gas source 112 (e.g., one or more precursor gas
ampules) to supply the one or more process gases 1s coupled to the gas hine 114,
In some exaroples, an RF {radio frequency) power source 116 15 coupled to the
showerhead 104. In other examples, a power source 1s coupled to the substrate-
support assembly 108 or ESC.

125} Prior to entry into the showerhead 104 and downsirears of the gas line
114, a point-of-use (POU) and mamifold combimnation (not shown) controls eniry
of the one or more process gases imto the plasma-based processing chamber 102,
Typically, and with reference to a conventional showerhead 202 illustrated in
FIG. 2, precursor gases may be mixed in or distributed via a plenum 204 of the
showerhead 104,

126] In operation, the plasma-based processing chamber 102 1s evacuated by
a vacuum pump 118, RF power is capacitively coupled between the showerhead

104 and a lower electrode 120 contained within or on the substrate-support
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assembly 108 The substrate-support assembly 108 s typically supplied with
two or more RF frequencies. For example, in various embodiments, the RF
frequencies may be selected from at least one frequency at about 1 MHz, 2
MHz, 13.56 MHz 27 MHz, 60 MHz, and other frequencies as desired. A coil
designed to block or partially block a particular RF frequency can be designed
as needed. Therefore, particular frequencies discussed herein are provided
merely for ease in understanding. The RF power is used to engrgize the one or
more process gases into a plasma in the space between the substrate 106 and the
showerhead 104 The plasma can assist in depositing various layers {not shown)
on the substrate 106. In other applications, the plasma can be used to etch
device features into the various layers on the substrate 1006, R¥ power is
coupled through at least the substrate-support assembly 108 The substrate-
support assembly 108 may have heaters incorporated therein. The detailed
design of the processing chamber 102 may vary and it may, or may not, be
plasma-based in use of present exarple showerheads.

127} FIG. 2 illustrates a general arrangement of a conventional showerhead
202 for use 1 a processing chamber such as a processing chamber 102
described above. The conventional showerhead 202 includes a gas supply stern
206 1o communication with an internal plenum 204 of the conventional
showerhead 202 The conventional showerhead 202 includes a backplate 208
and a faceplate 210. The backplate 208 and faceplate 210 may define walls of
the plenum 204, The faceplate 210 includes holes 212 formed therein. The holes
212 may be several thousand in number. The holes 212 distribute precursors for
processing a substrate (such as a wafer) supported on the substrate-support
assembly 108 in the processing chamber 102, The conventional showerhead 202
suffers from the disadvantages described above.

28] FIG. 3 dustrates a general arrangement of an example faceless
showerhead 302 for use in a processing chamber such as a processing chamber
102 described above. The faceless showerhead 302 is devoid of a plenum, and
devoid of a faceplate (hence “faceless™). The faceless showerhead 302 includes

a backing plate 304 and a baffle 306, A gas supply stem 308 supplies precursors
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to the faceless showerhead 302 The baftle 306 1s connected to the backing plate
304 or the gas supply stem 308 by one or more support elements 310, A support
element 310 may act as a spacer or distancing element, in some examples. In
some examples, the baffle 306 serves to retard and distribute precursor gas
emanating from the lower end of the gas supply stem 308. The baffle 306 may,
or may not, inciude holes formed therein. Other baffle 306 support or spacing
arrangements are possible.

1297 A phrase that may be used by skilled artisans when describing process
optimization in the substrate-processing or semiconductor arts s the
“adjustment of knobs”. This term relates to process factors or chamber
parameters that can be fine-tuned to bring about a desired process or outcome,
for example the creation of certain specified nanc-sized features on a wafer,
film thickness, or other substrate characteristics, for example. Various desired
outcomes or results can be obtained or fine-tuned by “adjusting the knobs”.

1301 Some examples of a faceless showerhead 302 enable such fine-tuning
in various ways. Fine-tuning factors enabled by a faceless showerhead 302 may
include, for example, a general configuration, posution, or dimension of the
faceless showerhead 302 per se or with respect to a substrate 106; a diameter,
thickness, or other dimnension of the baffle 306; an arrangement or configuration
of holes 10 the baffle 306, a diameter or shape of holes 10 the baffle 306; a
presence or absence of holes 1n the baffle 306, a separation distance between the
baffle 306 and the gas supply stem 308, a separation distance between the baffle
306 and the backing plate 304, and a dimension or placement of a support
element 310, Other fine~-tuning factors are possible. For example, the baffle may
be heated or cooled. The backing plate may be heated or cooled. In some
examples, the backing plate assumes a particular configuration, such as
mcluding a convex or concave portion. A baffle 306 may be removable, or
gquickly replaceable by a baffle of an alternate configuration. Some specific
examples of faceless showerheads are now described.

131} The faceless showerhead 402 illustrated in FIGS, 4A-48 includes a

backing plate 404 and a gas supply stem 406, The faceless showerhead 402

~3
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mcludes a baffle 408 attached to a lower end of the gas supply stem 406 by one
or more support elements 410, In this example, three support elements 410 are
provided in the form of short rods, as shown in ¥FI1G. 4A. In some examples, the
support elements 410 are arranged at equally spaced intervals around the center
of the baffle 408 and at a specified distance therefrom. The baffle 408 is
supporied or nested within a baffle recess or cavity 412 of the backing plate
404. Here, the baffle cavity 412 includes a conical shape. The wider mouth of
the conical shape may facilitate cleaning of deeper areas. Other baffle cavity
shapes are possible, for exampie the cylindrical baffle cavity shown in FIG. SA.
It the example tllustrated in FIG. 44, an outer or lower surface 418 of the
baffle 408 is coplanar with a lower surface 420 of the backing plate 404. Other
baffle configurations, cavities, and support positions are possible.

32} In FIG, 4B, the baffle 408 is seen to include one or more through-holes
414 formed therein to allow passage and distribution of gas. In the illustrated
example, six through-holes 414 are provided and arranged at equally spaced
intervals 1 an outer circular pattern as shown. The llustrated example also
includes six through-holes 416 arranged at equally spaced intervals in an inner
circular pattern as shown. Other arrangements are possible. In some examples,
the haffle 1s completely devoid of any through holes, or at least holes that serve
a3 gas passages.

133} FIGS. 5A-5B and 6A-68B dlustrate further examples of faceless
showerheads 502 and 602, Corresponding components of the faceless
showerheads 502 and 602 have been labelled 11 a manner similar to FIGS, 44-
4B. In the example showerhead 602 shown in FIGS, 6A-6B, the baffle 608 15
positioned mn a baffle cavity 622 provided 1n the stem 606 as opposed to the
backing plate 604, for example. In this configuration, a lower surface 618 of the
baffle 608 is not coplanar with a tower surface 620 of the backing plate 604
The surfaces 618 and 620 may be rendered coplanar, if desired, through use of
an appropriately long support element 610, In the tdlustrated example, a cavity
612 1s retained in the backing plate 604, but this feature is not necessarily

present in other examples. In some embodiments, a lower surface 624 of the
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stem 606 may be rendered flush or coplanar with the lower surface 620 of the
backing plate 604.

134} The length, placement, or configuration of the support elements 410,
510, and 610 can be selected to create inter-relationships or functionality
between and among the components of the faceless showerheads 402, 502, and
602 as desired. A given support element 410, 510 and 610 may be removed or
quickly replaced by another support element 410, 510 and 610 of an alternate
fength or configuration. With reference to FIG. 7, for example, a baffle 708 15
supported in a baffle cavity 712 by a support element 710 of an alternate
configuration. In this example, a support element is provided in the form of a
lateral support arm as opposed to an elongate rod. In this case, the baffle 708 is
supported by an array of three, equally spaced, support arms 710 provided
around a periphery of the haffle 708, as shown.

I35} With reference to the accompanying figures, in some examples a
diameter of the backing plate 15 in the range 12mm-105mm or 2. Smm-13mm.

Inn some examples, a diameter of the baffle is in the range 12mm-105mm or

2. Smyn-13mm. In the iHustrated examples shown 1 the drawings, the diameter
of the baffle 1s smaller than the diameter of the backing plate, for example in the
nested-baftle configuration of FIG, SA. In some examples, a thickness of the
batfle 15 in the range 0.Smum-3mro. In some examples, a separation distance
between the baffle and the backing plate 15 1 the range 0. lmm-6mm. In some
examples, a separation distance between the baffle and the gas supply stem 15 in
the range 0.5mm-6mm. In some examples, 8 diameter of a through-hole 15 10 the
range O 2mm-10mm. In some examples, a diameter of an wnner or outer circular
pattern 1s i the range Zmm-~-100mm. In some examples, a diameter of a support
element 1s 1 the range Tmm-10mm and a length of the support element s 1n the
range 0. Smm-6mm. Various combinations of the fine-tuning factors are possible
to derive a desired process outcome.

136} {Other shapes besides circular are possible for the baffle and the backing
plate. For example, the baffle or backing plate could assume or include one or

more different shapes, for example a triangular, hexagonal, crescent or

G
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amorphous shape. In some examples, a specific shape of the baffle or backing
plate enables a further knob for tuning a given process.

1371 In some examples, holes or posts are provided at or in the center of the
baffle or the gas supply stem. In some examples, the gas supply stem ncludes a
specific inner or outer diameter to enable a further process knob. In some
examples, an inner diameter of a gas supply stem is in the range 2mm to SCmm.
In some examples, an outer diameter of a gas supply stem 15 in the range 25mm
to 150mm. In some examples, the inner or outer diameter of a stem may or may
not be cylindrical, or circular in cylindrical outline,

[38] Some present examples include methods. With reference to F1G. §, a
method 800 of processing a substrate comprises: at operation 802, providing a
faceless showerhead, the faceless showerhead comprising a body including a
backing plate, the body devoid of a faceplate or plenum, a gas supply stem to
admit gas into the showerhead, and a baffle supported away from an end of the
gas supply stem; at operation 804, installing the faceless showerhead in a
substrate processing chamber; at operation 806, admitting gas into the
processing chamber through the faceless showerhead; and, at operation 8038,
processing the subsirate,

1391 In some examples, the faceless showerhead includes any one or more of
the features described elsewhere herein. In some examples, the method 800
further comprises striking a plasma in the substrate processing chamber, or not
striking a plasma n the substrate processing chamber.

[40] Although examples have been described with reference to specific
example embodiments or methods, 1t will be evident that various modifications
and changes may be made to these embodiments without departing from the
broader scope of the embodiments. Accordingly, the specification and drawings
are to be regarded in an llustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of illustration,
and not of hmitation, specific embodiments in which the subject matter may be
practiced. The embodiments tllustrated are described in sufficient detail to

enable those skilied in the art to practice the teachings disclosed herein. Other

10
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embodiments may be utilized and derived therefrom, such that structural and
fogical substitutions and changes may be made without departing from the
scope of this disclosure. This detailed description, therefore, 1s not to be taken
in a Himiting sense, and the scope of various embodiments 1s defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

41} Such embodiments of the inventive subject matter may be referred to
herein, mdividually and/or collectively, by the term “invention”™ merely for
convenience and without intending to voluntardy limit the scope of this
application to any single tnvention or inventive concept if more than one is in
fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other
ernbodiments not specifically described herein, will be apparent to those of skl

in the art upon reviewing the above description.

11
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CLAIMS
What is claimed is:

i A faceless showerhead comprising:

a body mcluding a backing plate, the body devoid of a faceplate or
plenum;

a gas supply stem to admit gas o the faceless showerhead; and

a baffle supported adjacent the backing plate or the gas supply stem.

2. The faceless showerhead of ¢laim 1, further comprising at least one

support element for supporting the batfle in a baffle cavity in the backing plate

or the gas supply stem.

5]

3. The faceless showerhead of claim 1, wherein a diameter of the backing

plate 1s in a range 12mm-105mm.

4, The faceless showerhead of claim 1, wherein g diameter of the baffle 15

in a range 2. Smm-13mm.

5. The faceless showerhead of claim I, wherein a thickness of the baffle 15

in a range 0. 5rmam-3mm.

6. The faceless showerhead of claim 1, wherein a separation distance

between the baftle and the backing plate 15 1n a range 0. lrom-6mm.

7. The faceless showerhead of claim 1, wherein a separation distance

between the baffle and the gas supply stem s 1n a range 0 Smum-Gmm.

8. The faceless showerhead of claim 1, wherein the baffle includes an
arrangement of one or more through-holes, and wherein a diameter of a

through-~hole 15 in a range 0. 2rom-10mm.

9. The faceless showerhead of claim 8, wherein, in some examples, a
diameter of an mnner or outer circular pattern of the through-hole arrangement is

in a range 2mm-100mm.

12
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10. The faceless showerhead of claim 2, wherein a diameter of the support
element is in a range Imm-10mm, and wherein a length of the support element

15 1n a range (. 5Smm-6mm.

11 A method of processing a substrate, the method comprising:

providing a faceless showerhead, the faceless showerhead comprising a
body including a backing plate, the body devoid of a faceplate or plenum, a gas
supply stem to admit gas into the faceless showerhead, and a baffle supported
away from an end of the gas supply stem;

installing the faceless showerhead in a substrate processing chamber;

admitting gas into the processing chamber through the faceless
showerhead; and

processing the substrate.

12, The method of claim 11, wherein the faceless showerhead includes any

one or more of the features of c¢laims 2-10.

13. The method of claim 11, further comprising striking a plasma in the

substrate processing chamber.

14 The method of claim 11, further comprising not striking a plasma in the

substrate processing chamber.
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