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FLAT BOTTOM SHADOW RING

CLAIM OF PRIORITY
i1} This application claims the benefit of prionity to U.S. Provisional
Patent Application No. 63/038,026, filed on June 11, 2020, which is

mcorporated by reference herein in s entirety.

FIELD
121 The present disclosure relates generally to semiconductor
manufacturing, and more particularly to a flat Bottom Shadow Ring for

substrate etching operations.

BACKGROUND
{3} Undesired black silicon formation can present a significant defect
issue in decp silicon ctch operations. Such formation may sometimes occur
m wafer bevel zones at the outer edges of a wafer. Black silicon may be
chserved for example in silicon needles which trap light and cavse plasma or
RF shadows. Black silicon and defective formations may be prone to
breakage. This breakage can cause major defeet issues in production.
{41 A known techoique to address black stlicon formation has included,
for exaraple, covering the edge of the to protect it from etching. Some edge
covering techmgues employ a Bottom Shadow Ring (BSR). Even with a
BSR, with increasing profile depths it can nevertheless remain challenging
to deliver uniform radial gradients or depth uniformity, particularly in
narrow edge exclusion zones of a wafer. Indeed. in some instances, mherent
characteristics of some currently available BSRs can exacerbate these
problems.
{51 For example, a known type of BSR 302 1s dlustrated 1n F1G. 3. This
type of BSR 302 has a short lip 306 having a radial length in the range of
(.254 to 7.6 mum {approximately 0.01 to 0.3 inches). it will be scen that a
radiallv inner zone 303 of the BSR 302 wcludes a ramp 304, The ramp 304
presents an obstruction that can cause etching and other processing issues.

For example, the reflective shape of the ramp 304 can interfore with RF
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ficlds and cause shadows, “no etch” zones, and possible misalignment of
structures, vias, and so forth.

{6} The background description provided here is to generally present
the context of the disclosure. Work of the presently named inventors, to the
extent it is deseribed in this background section, as well as aspecis of the
description that may not otherwise qualify as prior ast at the time of filing,
are netther expressly nor impliedly admitied as prior art against the present

disclosure,

BRIEF SUMMARY
{7 In some examples, a {lat Botiom Shadow Ring {(fBSR}) for
processing a substrate in a processing chamber is provided.
i8] An example BSR comprises an overhang for covering an edge of
the substrate in the processing chamber. The overhang ncludes a flat zone,
the flat zone extends radially outward over an outer edge of the substrate. In
some examples, the flat zone 15 generally parallel with an upper surface of
the substrate.
91 In some examples, a method of processing a substrate in a
processing chamber 1s provided. An example method comprises supporting
the substrate on a substrate-support assembly within the processing chamber.
The method includes mstalling an fBSK in the processing chamber, wherem
the fBSR comprises an overhang for covering an edge of the substrate in the
processing chamber, and wherein the overhang includes a flat zone
cxtending radially outward over an cuter edge of the substrate. The method
further tncludes contering the fBSK over the substrate and covering the edge
of the substrate with the overhang of the {BSR, and then processing the

substrate in the processing chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
{14} Some embodiments are lustrated by way of example and not
limitation in the views of the accompanying drawings. To more casily

identify the discussion of any particular element or act, the most significant
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digit or digits iv a refcrence numsber refer to the figure number in which that
clement is first introduced.

{11} F1G. 1 15 a schematic diagram of a reaction chamber within which
some embodiments of the present flat BSR may be employed.

{12} FI1G. 2 illustrates a general arrangement of an fBSR i accordance
with one embodiment.

{13} FIG. 3 illustrates one type of known BSR 1 accordance with one
cxample.

[14] FIG. 4A is an enlarged view of the fBSR 202 shown s FIG. 2.
{15} FIG. 4B dlustrates an fBSR in accordance with ancther example
embodiment of the present disclosure.

{186} FIG. 5 illustrates an fBSR in accordance with another example
embodiment of the present disclosure.

(171 FIGS. 6A-68 are diagrams illustrating comparative examples of
substrate formations, according to some embodiments.

{18 ¥iG. 7 is a flow chart showing a method for using an {BSR in

accordance with an example embodiment of the present disclosure.

DETAILED DESCRIPTION
(19} The description that follows includes systems, methods, and
technigques which embody ilostrative embodiments of the present
disclosure. In the following description, for purposes of explanation,
vumerous specific details are outlined 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.
128} A portion of the disclosure of this patent docwment may contam
material that is subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anvone 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
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following notice applies to any data as described below and in the drawings
that form a part of this document: Copyright Lam Research Corporation,
2024, All Rights Reserved.

21} FIG. 1 s a schematic diagram of a reaction chamber within which
some embodiments of the present flat BSR may be employed. FIG, 1
Hlustrates a capacitively-coupled plasma processing chamber 100,
representing an exemplary plasma processing chamber of the type typically
employed to etch a substrate. The processing chamber 100 includes a
substrate-support assembly such as a chuck 102, representing the workpigce
holder on which a substrate, such as a wafer 104, is positioned during
ctehing. The chuck 102 may be implemented by any suitable chucking
techmque, for example, electrostatic, mechanical, clamping, vacuum, or the
fike. Duaring etching, the chuck 102 is typically supplied with doual RF
frequencies (a low frequency and high frequency), for example, 2 MHz and
27 MHz, simultaneously, daring etching by a deal-frequency power source
106.

22} An upper electrode 108 15 located above the wafer 104, The upper
clectrode 108 is grounded. FIG. 1 illustrates an etching reactor in which the
bottom surface 107 of the upper electrode 108 is larger than the top surface
109 of the chuck 102 and the wafer 104, During etching, plasma 112 1s
formed from etchant source gas supplied via a mixed gas line 114 and
pumped out through an exhaust line 118. Within the processing chamber
100, the raixed gas line 114 may be connected to a showerhead (not shown).
The upstream mixing and distribution of gases outside the processing
chamber 100 1s discussed in more detail below.

123} An electrical insulator ring 1190 insulates the upper electrode 108
from the processing chamber 100, Confinement rings 116 may be placed
between the upper electrode 108 and a bottom electrode, such as the chuck
102. In gencral, confinement rings 116 help confine the etching plasma 112
to the region above the wafer 104 to improve process control and to ensure
repeatability.

24} When RF power is supplied to chuck 102 from the dual-frequency

power source 106, equipotential field hines are set up over wafer 104, The
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cquipotential field lines are the clectric ficld lines across the plasma sheath
that is between wafer 104 and the plasma 112. Crossing these cquipotential
field lines are electric field lines n the plasma sheath that is between wafer
104 and the plasma 112, During plasma processing, the positive jons
accelerate across the equipotential field lines to impinge on the surface of
wafer 104, thereby providing the desired etch effect, such as improving etch
directionality. Due 1o the geometry of the upper electrode 108 and the chuck
102, the field Hines may not be uniform across the wafer surface and may
vary significantly at the edge of the wafer 104, Accordingly, a focus ring
120 1s typically provided to improve process uniformity across the entire
wafer surface. With reference to FIG. 1, wafer 104 s shown disposed within
a focus ring 120, which may be formed of a suitable dielectric material such
as ceramic, gquartz, plastic, or the like. Thus, the presence of the focus ring
120 allows the equipotential ficld lines to be disposed substantially
untformly over the entire surface of the wafer 104,

25} Axn electrically conductive shield 122 substantially encircles the
focus ring 120. The electrically conductive shield 122 s configured to be
substantially grounded within the processing chamber 100, The conductive
shield 122 prevents the presence of unwanted equipotential field hines
outside of focus ring 120. In relation to the chamber source gas supplied via
the mixed gas hine 114, it has been found that the gas transport
characteristics within the plasma reactor and upstream of it can be the most
sensitive variables contributing to etch or deposition non-uniformities.

28] In some embodiments, a gas delivery panel upstream of the mixed
gas Hne 114 1s supplied by the dividual, gas-specific supply fines before
mixing. These lines can include piping and flow components such as valves,
regulators, mass flow controliers (MFCs), and so forth for each gas
constituent in a gas mixture. These mdividaal hines supply gasto a
conventional gas mixing manifold via manifold mlets. The individual gases
are mixed in the mantfold before leaving the manifold via an exit to be
distributed to other components or a processing chamber (for example, the
processing chamber 100, FIG, 1} via a gas supply line {for example, a mixed

gas line 114, FIG. 1)
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27} in sorae embodiments, a gas mixing wanifold or distributor includes
an g¢longate, tubular structure of the relatively high volume. Each gas supply
line for creating the desired gas nuixture is spaced a certain distance along
the length of the gas manifold. Some manifolds may be up to 27 inches in
Iength, for example. The overall length of a given manifold may be based on
the number of gas lines supplving it. The number of gas lines may in turn be
dependent on the gas mixture desired for a given process in a processing
chamber 100

28] F1G. 2 illustrates a general arrangement 200 of an fBSR 202 in
accordance with an example embodiment. o this erobodiment, the
arrangement 200 includes a wafer 204 and a chuck 205, The wafer includes
an upper surface 207, One or more confinement or focus rings 220 surround
the wafer 204, The respective centers of the wafer 204 and the chuck 203
are to the left in direction 209 in the view. In some instances, an fBSR 202
may be deploved in such a way that an overhang 206 of the fBSR 202 covers
an cdge region 208 of the wafer 204 and extends over an outer edge 222 of
the wafer 204,

29} FIG. 4A is an enlarged view of the fBSR 202 shown in FIG. 2. The
fBSR 202 of FIG. 4A includes an extended flat zone 204 disposed along an
upper surface 402 of the fBSR 202, In some embodiments, the flat zone 204
is disposed imside a radially mner zone 405 of the fBSR 202, In contrast to
the known BSR 302 (FIG. 3}, the flat zone 204 is devoid of an obstracting
profife or interfering structure. A ramp 304, as is present on the BSR 302, is
not present in the fBSR 202, The 1ssues discussed above in relation to the
mterfering nature of the ramp 304 are thereby mitigated, or at least redaced.
With reference again to FIG. 2, in some cxamples, the flat zone 204 liesin a
flat, un-inclined plane which is parallel to the plane of the upper surface 207
of the wafer 204,

{39} In some examples, the fBSR 402 includes a thin overhang 206
having an appreciably longer radial length than the short ip 306 of BSR 302
(FIG. 3). In some examples, the thin overhang 206 has a radial arca or
dimension greater than the radial arca of short lip 306 of the BSR 302, In

some embodiments, the thin overhang 206 extends partway along and
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defines a portion of the flat zone 204, In some cxamples, the thin overhang
206 has a radial length in the range of 7.62 to 76.2 mm {approxamately 0.3 to
3.0 inches}.

{31} According to certain embodiments, the thin overhang 206 has a nose
section 406, which is shorter than the length of the thin overhang 206, for
covering or overlapping a selected, corresponding edge region of a wafer
204 (FIG. 2). In some examples, the nose section 406 has a radial length 1o
the range of 0.245 to 7.62 mm (approximately 0.01 to .3 inches). In some
examples, a distance between an inner edge 407 of the fBSR 402 and a
center of the processed wafer is in the range of 38.1 to 152.4 mam
{approximately 1.5 to 6.0 inches), based on a wafer diameter of 76.2 to 304 .8
mm {approximately 3.0 to 12.0 inches}.

{321 In some examples, the fBSR 202 has a uniform sectional thickness
m the region of the thin overhang 206, In certain embodiments, the fBSR
202 has a sectional thickness of the thin overhang 206 and/or nose section
406 n the range of 0.245 to 7.6 mum {(approximately 0.01 to 0.3 inches) for
retrofitiing certain process chambers. In some examples, the thin overhang
206 forms part of or defines, a portion or all of the apper, extended flat zone
204, as shown. In some examples, the flat zone 204 has a radial length in the
range of 7.62 10 76.2 mm (approximately 0.3 to 3.0 inches). In some
examples, the flat zone 204 extends radially outwardly mto or partway
through a radially outer zone 410, In some examples, the flat zone 204
extends into a radially outer zone 410 that lies between a radial mudpoint of
the fBSR 202 and a circumiference 413 of the fBSR 202, In some examples,
the flat zone 404 extends radially ocutwardly to the full circumference 413 of
the £BSR 402 In some examples, the flat zone 204 terminates at step 408, In
some examples, the fBSR 202 includes one or more locating recesses or
formations 414 and 415 for centering the fBSR 202 on overa wafercron a
substratc-support asserably, such as a chuck 102 (FIG. 1), The fBSR 202
may include certain geometric features, such as an nternally directed
inclined face or slope 416, or an externally directed mnchned face or slope
418. Some examples of an fBSR 202 may include other or further geometric

features to enhance the functionality of the fBSR 202,
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{33] In this regard, FIG. 4B illusirates an fBSR 202 according to further
example embodiments of the present disclosure. In some examples, the flat
zone 204 terminates at the foot of an inclined face or slope 409. Other
ternunation configurations are possible, such as a smooth curve or other
formation. In some examples, a geometric feature includes an expanded
mternally directed inclined face or slope 420 extending between an
underside 424 of the thin overhang 206 and an underside 426 of the fBSR
202, Tn some examples, an inclined face or slope is provided at other or
further locations such as an intersection of two planes or sarfaces of the
B8R 202, In some examples, a geometric feature may include a contoured
formation, such as the rounded corner 422, A contoured formation may be
provided at an intersection of two planes or surfaces of the fBSR 202, for
cxample.

{134} In some examples, the locating formations 414 and 415 have
different sectional profiles or shapes. Other examples are possible. The
locating formations 414 and 415 may have the same shape, or different
shapes to those shown. An example fBSR 202 may nclude only one locating
formation 414 or 415, or a plurality of locating formations including both of
the locating formations 414 and 415, for example. Further locating
formations, and configurations thereof, are possible. For example, a spacing
between the locating formations 414 and 415 may vary. In some examples, a
locating formation 414 or 415 1s configured to engage with a specific
clement on a substrate-support assembly, for example, the confinement ring
220 (FIG. 2).

[35] F1G. 5 illustrates a coated fBSR according to some embodiments of
the present disclosure. With reference to FIG. 5, an fBSR 502 is treated with
a coating 504 to enhance a matenial strength or chemical resistance of the
fBSR 502. The coating 504 may include an oxide coating, for example, an
vitrivm oxide coating. The coating 304 may extend over entire upper
surfaces 306 and 508 of the fBSR 502, for example. In some examples, the
coating 504 covers only an upper surface 308 corresponding to the flat zone
510, or the upper surface 506, Other combinations of coating types and

zones of coverage are possible.
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{36} FIG. 64 is a diagram tustrating example formations 602 created
on a wafer surface using a known BSR such as BSR 302, FIG. 6A shows
that the profile 602A at the edge of the wafer is deformed and includes
striations 603. This type of deformation, i some instances, indicates that an
cteh stop 1s about to be reached. By contrast, FIG. 6B illustrates consistent
example formations 604 created on a wafer surface using an fBSR of the
present disclosure. In comparison with FIG, 64, FIG, 6B shows a much
cleaner profile along the edge of the wafer (604A) with no stnations. This
mndicates that a higher aspect ratio can still be achieved.

{37} FI1G. 7 illustrates a process 700 for using an fBSR in a processing
chamber for processing a substrate (such as a wafer) according to certain
embodiments.

{381 In operation 702, the process 700 starts with supporting the
substrate on a substrate-support assembly within the processing chamber.
The process 700 then proceeds to operation 704,

{39] In operation 704, the process 700 includes installing the fBSR in the
processing chamber and centering it over the substrate. The centering
operation may include engaging a contering formation on the fBSR with the
substratc-support asserably. The f8SR may comprise an overhang for
covering an edge of the substrate in the processing chamber, the flat zone
extending radially outward over the ouifer edge of the substrate. The process
700 then proceeds to operation 706.

[49] I operation 706, the process 700 inclades covering an edge of the
substrate with the overhang of the BSR. The process 700 then proceeds to
operation 708.

{41] In operation 708, the process 700 includes processing the substrate.
42} To further illustrate the apparatus and methods disclosed herein, a
non-lisuting list of examples 1s provided bere:

{43} 1. A flat Bottom Shadow Ring (fBSR} for processing a substrate
i1 a processing chamber, the fBSR comprising: an overhang for covering an
cdge of the substrate in the processing chamber, a flat zove extending

radially outward over an outer edge of the substrate.
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{44} 2. The fBSR of example 1, wherein the flat zoue is gencrally
parallel with an upper sarface of the substrate.

{45} 3. The {BSR of example 1 or example 2, wherein a radial length
of the flat zone 15 in a range of about 7.62 to 76.2 mm {approxamately 0.3 to
3.00 inches}.

{46} 4. The fBSR of any one of cxaraples 1-3, wherein the flat zone
extends radially outwardly into a radially outer zone of the fBSR, the
radially outer zone Iying between a radial midpoint of the fBSR and 3
circumfcrence of the fBSK.

47} 5. The fBSR of any one of examples 1-4, wheremn the flat zone
extends radially outward to the circumference of the fBSR.

{48} 6. The fBSR of any one of exaraples 1-5, wherein the flat zone
mcludes a coating,

49} 7. The fBSR of cxample 6, wherein the coating includes an oxide
coating.

{59} 8. A method of processing a substrate in a processing chamber,
the method comprising: supporting the substrate on a substrate-support
assembly within the processing chamber; installing a flat Bottom Shadow
Ring (fBSR) in the processing chamber, wherein the fBSR comprises an
overhang for covering an edge of the sebstrate in the processing chamber,
and wherein the overhang includes a flat zone extending radiallv outward
over an outer edge of the substrate; centering the fBSR over the substrate
and covering the edge of the substrate with the overhang of the fBSR; and
processing the substrate in the processing chamber. In some cxarmples, the
fBSR used in the example method inclades any one or more of the features
defined in examples 1-7.

{51} Although examples have been deseribed with reference to specific
example embodiments or methods, it will be evident that various
modifications and changes may be made {o these embodiments without
departing from the broader scope of the embodiments. Accordingly, the
specification and drawings are to be regarded 1o ao illustrative rather than a
restrictive sense. The accompanying drawings that form a part hereof, show

by way of illustration, and not of limitation, specific embodiments in which

10
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the subject matter may be practiced. The embodiments dlustrated arc
described in sufficient detail to enable those skalled in the art to practice the
tcachings disclosed herein. Other embodiments may be utilized and derived
therefrom. This detailed description, therefore, is not to be taken in a
Iimiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the foll range of equivalents to which such
claims are entitled.

52} Such embodiments of the inventive subject matter may be referred
to herein, individually and/or collectively, by the term “invention” merely
for convenience and without intending to voluntarily limat the scope of this
application to any single invention or inventive coneept if more than one is
disclosed. Thus, although specific embodiments have been tllustrated and
described herein, it should be appreciated that other arrangements calculated
to achieve the same purpose may be substituted for the specific crmbodiments
shown. This disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the above
cmbodiments, and other embodiments not specifically described herein, will

be apparent to those of skill in the art upon reviewing the above description.
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