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FIG. 3A

positing a metallic material after forming a flowable polymer film to protect a sub-
strate surface within a feature. A first metal liner is deposited by physical vapor de-
position (PVD). The flowable polymer film is formed on the first metal liner on the
bottom. A portion of the first metal liner is selectively removed from the top surface
and the at least one sidewall. The flowable polymer film is removed. In some embodi-
ments, the cycle of depositing a metal liner, forming a flowable polymer film, remov-
ing a portion of the metal liner, and removing the flowable polymer film is repeated at
least once. A metal layer is deposited on the plurality of metal liners (e.g., first metal
liner and the second metal liner) and the metal layer is free of seams or voids.
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BOTTOM-UP GAP FiLL PROCESSES FOR SEMICONDUCTOR SUBSTRATES

TECHNICAL FIELD

{00017 Embodiments of the present disclosure pertain 1o methods of selective
deposition facilitated by a Howable polymer. More particularly, embodiments of the
disclosure are directed 1o methods of seleclively depositing a melal after use of a
flowable polymer to profect a substrate surface within a fealure.

BACKGROUND

{0002] Gap fill processes are inlegral io several semiconducior manufaciuring
processes. A gap fill process can be used to fill a gap {or feature} with an insulating or
conducting material. For example, shallow french isolation, inter-metal dielectric layers,
passivation layers, dummy gate, are all typically implemented by gap fill processes.
{00031 As device geometries continue 1o shrink {e.g., critical dimensions < 20 nm,
< 10 nm, and beyond) and thermal budgets are reduced, defect-iree filling of spaces
becomes increasingly difficull dus 1o the limitations of conventional deposition
DIOCESSes.

{00041  Physical vapor deposition (PVD) processes have been widely used for liner or
gap fill applications. However, it remaing a chalienge 1o deposit high sidewall coverage
PV films without causing overhang due to continuous scaling. Both overhang and low
sidewall coverage limit the effectiveness of chemical vapor deposition (CVD) or atomic
layer deposition (ALD) gap §ill or filling a feature entirely by PVD. The effectiveness of
CVD or ALD is also limited for gap fill or filling a feature entirely by PVD when there is
a liner deposiied prior to gap il due o overhang and low sidewall coverage.

[0005] Processes for selective metal gap fill, such as tungsten fill, have been
implemented wherein fungsten can be selectively depaosiied on a tungsten seed layer.
Unfortunately, these processes require a minimum seed layer thickness. Known PVD
processes can provide the necessary seed layer thickness, but the selective ungsien
fill process will deposit tungsten material on any exposed seed layer. Additicnally, thers
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are no known selective metal deposition methods on metal or melal silicide without
causing damage to the underlying metal or metal silicide.

{00081 Accordingly, there is a need for methods o protect the metal or metal silicide
within a feature in order 1o enable bottom-up fill by selective depaosilion processes.

SUMMARY

{00071 One or more embodiments of the disclosure are directed 1o a method
manufacturing a semiconductor device. The method comprises: depositing a first metal
liner by physical vapor deposition (PVD) on a semiconductor subsirate surface with ai
least one fealure tormed thereon. The at least one feature has at least one opening at
a top surface with an opening widih, at least one sidewall, and a bottom. The at least
one fegture exiends a feature depth from the top surface to the botlom. The first melal
finer forms on the top surface, on the at least one sidewall, and on the bollom. The
method comprises forming a first iowable polymer film on the first metal liner within the
at least one fealure. The first flowable polymer film forms on the first metal liner on the
bottom and has a polymer depth less than the feature depth. The method comprises
selectively removing at ieast a portion of the first metal liner from the top surface and
the at least one sidewall. The method comprises removing the first flowable polymer
film to expose the first metal liner on the botiom of the at least one feature. The method
comprises depositing a second metal liner by physical vapor deposition (PVD) on the
top surface of the at least one feafure, and on the remaining portion of the first metal
finer on the at least one sidewall and on the botiom. The method comprises selectively
depositing a metal laver on the first metal liner and the second metal liner {o fill the al
least one feature.

00081  Additional embediments of the disclosure are directed 1o a method of
manufacturing a semiconductor device. The method comprises depositing a first melal
liner comprising tungsten (W) by physical vapor deposition (PVYD)} on a semiconductor
substrale surface with al least one feature formed thereon. The alleast one featurg has
at least one opening at a top surface with an opening width, at least one sidewall, and
a botiom. The at least one fealure comprises an overhang or an undercut within the
opening width, and the atl least one feature extends a feature depth from the top surface
to the botiom. The first metal liner forms on the top surface, on the overhang or the
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undercut, on the at least one sidewall, and on the botiom. The method comprises
forming a first Howable polymer iiim on the first metal liner within the at least one feature.
The first flowable polymer film forms on the first metal liner on the botiom and has a
polymer depth less than or egual to the feature depith. The meihod comprises
seleclively removing at least a portion of the first metal liner from the top surface and
the at ieast one sidewall. The method comprises removing the first flowable polymer
film to expose the first metal liner on the botiom of the at least one feature. The method
comprises deposiling a second metal liner comprising tungsten (W) by physical vapor
deposition {PVD) on the top surtace of the atl least one fealure, on the overhang or the
undercut, and on the remaining portion of the first metal iner on the at least one sidewall
and on the botiom. The method comprises seleclively deposiling a meial layer on the

first metal liner and the second metal liner 1o fill the at least one feature.
BRIEF DESCRIPTION OF THE DRAWINGS

{0009] Sothatthe above reciled features of the preseni disclosure can be understood
in detail, a more particular description of the disclosure, briefly summarized above, may
be had by reference 1o embodiments, some of which are illustrated in the appended
drawings. itis o be noted, however, that the appended drawings illustrate only typical
embodimenis of this disclosure and are therefore not 0 be considered limiling of its
scope, for the disclosure may admit to other equally effective embodiments.

{00101  The embodiments as described herein are iHlustrated by way of example and
not Emitation in the figures of the accompanying drawings in which like references
indicate similar elemenis.

00111 FIG. 1A iHustrates a cross-sectional view of a semiconductor subsirate
according o the prior art;

00121 FiG. 18 iHuslrales a cross-sechional view of a semiconductor substrale
agecording to the prior art;

{00131 FIG. 10 Hlustrales a cross-ssctional view of a semiconductor substrate
according o the prior art;

{0014] FIG. 2A illustrates a process flow diagram of a method according to one or

more embodiments;
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[0015] FIG. 2B illustrates a cross-seclional
according 1o one or more embodiments;
{00181 FIG. 20 illusirates a cross-sectional
according 1o one or more embodiments;
00177 FiG. 20 illustrates a cross-sectional
according to one or more embodiments;
008 FIG. 2E iHusirates a cross-seclional
according to one or more embodiments;
00197 FIG. 2F illusirates a cross-sectional
according 1o one or more embodiments;
{00207 FIG. 2CG iHusirates a cross-sectional
according 1o one or more embodiments;
{00217 FiG. 2H illustrates a cross-sectional

according to one or more embodiments;
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{00221 FIG. 3A illustrales a process flow diagram of a method according 1o one or

more embodiments;

{00237 FIG. 38 iHustrates a cross-seclional
according 1o one or more embodiments;

{00241 FIG. 3C illusirates a cross-sectional
according 1o one or more embodiments;

{00257 FiG. 30D illustrates a cross-sectional
according to one or more embodiments;

{00261 FIG. 3E iHusirates a cross-seclional
according 1o one or more embodiments;

{00277 FIG. 3F illusirates a cross-sectional
according 1o one or more embodiments;

{00281 FiG. 3G #Huslrates a cross-sectional
according to one or more embodiments;

00297 FiG. 3H iHlustrales a cross-sectional

aecording to one or more embodiments;
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{00301 FIG. 3 Hlustrales a cross-sectional view

according 1o one or more embodiments;

of

of

of

of

of

of

of

a

of a

semiconductor

semiconductor

semiconducior

semiconductor

semiconductor

semiconducior

semiconducior

semiconducior

subsirale

subsirate

subsirate

substrale

subsirale

subsirate

substrale

substrate



10

15

20

3¢

WO 2025/006364

{00311 FIG. 3J Hiustrales a cross-sectional view of a semiconductor substrate
according 1o one or more embodiments;

{00321 FIG. 3K illustrates a cross-sectional view of a semiconductor subsirate
according 1o one or more embodiments; and

{00331 FIiG. 4 is a schematlic top-view diagram of an example multi-chamber
processing system according to one or more embodiments.

DETAILED DESCRIPTION

[0034] Before describing several exemplary embodiments of the disclosure, it is to
be understood that the disclosure is not limited o the details of construction or process
sieps set forth in the lollowing description. The disclosure is capable of other
embodiments and of being practiced or being carried oul in various ways.

{0035] The term "about” as used herein means approximately or nearly and in the
context of a numerical value or range set forth means a variation of £15% or less, of the
numerical value. For example, g value differing by £14%, £10%, 5%, £2%, £1%,
£0.5%, or £0.1% would salisly the definition of aboui.

[0036] As used in this specification and the appended claimsg, the term "substrate” or
"wafer” refers 10 a surface, or portion of a surface, upon which a process acts. # will
also be undersiood by those skilled in the art thal reference 1o a substrate can refer 1o
only a porlion of the subsirate unless the confext clearly indicates otherwise.
Additionally, reference 1o depositing on a substrate can mean both a bare substrate and
a substrate with one or more films or features deposited or formed thereon.

{00377 A "substrate” as used herein, refers {0 any subsiraie or material surface
formed on a subsirate upon which film processing is performed during a fabrication
process. For example, a substrate surface on which processing can be performed
include materials such as silicon, silicon oxide, strained silicon, silicon on insulator
(SO, carbon doped silicon oxides, amorphous silicon, doped silicon, germanium,
gallium arsenide, and any other materiais such as metals, metal nitrides, melal alloys,
and other conductive materials, depending on the application. Substrates include,
without imitation, semiconductor walers. Substrates may be exposed 1o a pretreatment
process to polish, etch, reduce, oxidize, hydroxylate, anneal and/or bake the subsirate
surface. In addition to film processing directly on the surface of the substrate ifself, in
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the present disclosure, any of the film processing sleps disclosed may also be
performed on an under-layer formed on the substrate as disclosed in more detall below,
and the term "substrate surface” is intended to include such under-layer as the contexi
indicates. Thus, for exampie, where a film/layer or partial film/ayer has been deposited
onto a subsirale swrface, the exposed surface of the newly deposited film/ayer
becomes the substrate surface.

{00381 As used herein, the term "subsirate surface” refers {0 any substrate surface
upon which a layer may be formed. The substrate surface may have one or more
features formed therein, one or more layers formed thereon, and combinations thereof.
The shape of the fealure can be any suitable shape including, but not limited {0, peaks,
frenches, holes and vias {circular or polygonal). As used in this regard, the term
“feature” refers {o any intentional surface irreqularity. Suitable examples of features
include but are not limited to trenches, which have a top, two sidewalls and a botiom
extending into the subsirale, vias which have one or more sidewall extending into the
substrale to a boltom and siof vias.

[0039] As used in this gpecification and the appended claims, the term "selectively”
refers to a process which acts on a lirst surface with a greater effect than another
second surface. Such a process would be described as acting "selectively” on the first
surface over the second surface. The lerm "over” used in this regard does not imply a
physical orientation of one surface on fop of another suriace, rather a relationship of the
thermodynamic or kinetic properties of the chemical reaction with one surface relative
to the other surface.

{00401 The term "on” indicates that there is direct contact between elements. The
term “direclly on” indicates that there is direct contact belween slemenis with no
intervening elements.

{00417 As used in this specification and the appended claims, the lerms “precursor,”

o

“reactant,” “reactive gas” and the like are used interchangeably o refer {0 any gaseous
species that can react with the substrate surface.

[0042] Lmbodiments of the disclosure advantageously provide methods for
salectively depositing polysilicon afier use of a Howable polymer o protect a substrale
surface within a feature. One or more embodiments advaniageocusly provide for the

removal of a metaliic material from the field and sidewalis of a feature without removal
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of a flowable polymer from the botlom surface of the substrate. The remaining flowable
polymer has a smooth suriace. Further embodiments advantageously provide methods
for selechively depositing a metallic gap fill in a bottom-up fashion. More particularly,
embodiments advantageously provide methods for botiom-up metal gap fill that is free
of seams or voids.

{0043} The embodiments of the disclosure are described by way of the Figures, which
fliusirate processes and substrates in accordance with one or more embodiments of the
disclosure. The processes, schemes, and resuliing substrates shown are merely
flusirative of the disclosed processes, and the skilled artisan will recognize that the
disclosed processes are not limied 1o the illustrated applications.

{00447  In the following description, numerous speciiic details are set forth in order to
provide g thorough understanding of embodiments. | will be apparent to one skilled in
the art that embodiments may be practiced without these specific details. In other
instances, well-known aspecis are not described in defail in order o not unnecessarily
obscure embodiments. Furthermore, it is 1o be undersivod that the various
embodiments shown in the accompanying drawings are iliustralive represeniations and
are not necessarily drawn o scale.

{00457 FIGS. 1A-10 illustrate cross-sectional views of a semiconductor substrate
according 1o the prior art. In FIG. 1A, an incoming semiconducior device 10 includes a
feature 11 having an opening 12 with an opening widih 75. The opening 12 is formed
in a top surface 15 of the device 10. The feature 11 also has one or more sidewall 14
and extends a feature depth D from the top surface 15 1o a boltormn 186, The one or more
sidewalls 14 include an overhang or undercut 20 near the top surface 15 of the opening
12.

{00461 In one or more embodiments, the device 10 illusirated is comprised of a
material 19 on a malerial 18. Those skilled in the art will recognize that the top surface
15, sidewail 14, and botiom 16 may each be comprised of ong or more similar or
different materials. For example, the lower portion of sidewall 14 may be formed from
a first material while the upper portion of the same sidewall 14 {e.g., the overhang or
undercut 20} may be comprised of a second materigl. Similarly, a thin layer may be
deposiied on the top surface 15 without forming an appreciable portion of the sidewali
4. In one or more embodiments, the bottom 16 may be comprised of a different
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material than the sidewall 14. In one or more embodiments, the malerial 18 comprises
silicon nitride (SiN). In one or more embodiments, the material 19 comprises silicon
oxide {(Si0Ox).

{00471 In FIG. 1B, a metal liner 30 is deposited on the top surface 15, the overhang
or undercut 20, the sidewall 14, and the botlom 18 using a conventional PVD process.
In FIG. 10, a metal material 40 is deposited on the metal liner 30 to fill the fealure 11
by a conventional CVD process. As shown in the illusirated embodiment, the melal
material 40 includes a seam in the cenier as the metal material 40 forms from the
sidewall and meets in the center. As used herein with reference o a substrate feature,
the term "center” refers 1o a region that includes a middie portion of the opening width
and a middie portion of the depth of the fealure, and is not a fixed point. As shown in
the Hlustrated embodiment, the metal material 40 also includes a plurality of voids
{denoted by the ovals in FIG. 1C). The seam and the voids in the metal material 40 may
lead {0 a higher line resistance and/or an open circuil, Le., device fallure or delects.
{0048] FIGS. 1A-1C iliusirate the PVD liner related overhang and weak sidewall
coverage issues for feaiure gap Bl I the incoming struciure, such as device 10 has an
overhang or undercut 20, i will further amplify the PVD liner overhang and weak
sidewall coverage issues. As a result, conformal CVD gap fill, such as the metal malerial
40, would have 1) many sidewall voids due to discontinuous liner {e.g., metal liner 30},
and 2} a center seam due to amplified overhang or undercut. Without intending to be
bound by theory, it has been found that the seam and voids can merge and form open
lines, which would cause device fallure. Subsequent processing, such as a chemical
mechanical planarization (CMP) process also will aitack the metal liners {e.g., melal
finer 30) from the seam and voids, causing device failure. As such, sidewall thickness
and overhang are limiting factors o extend PVD processing to structure having a critical
dimension less than or equal 1o 15 nm or 10 nm nodes and bevond.

{00481 Referring io the Figures, the disclosure relates o methods 100 and 300 of
seleclive deposition of a gap fill material. FIG. 2A llustrates a process flow diagram of
a selective deposition method 100 in accordance with one or more embodiments of the
present disclosure, FIGS. 2B-2H depict a device 200 having a substrate surface with
at least one feature formed therein during processing according o one or maore

embodiments of the present disclosure. FHG. 3A illustrates a process flow diagram of a

PCT/US2024/035186



10

20

25

36

WO 2025/006364

selective deposition method 100 in accordance with one or more embodimenis of the
present disclosure. FIGS. 3B-3K depict a device 1000 having a substrate surface with
at least one fealure formed therein during processing according to one or more
embodiments of the present disclosure. FIG. 4 is a schematic {op-view diagram of an
example multi-chamber processing system for performing the methods according to ong
or more embodiments.

{00501 FIG. 2B illusirates a semiconductor device 200 with a subsirate surface. As
identified above, the substrale surface refers to the exposed surface of the substrale
upon which a process may be performed. The substrate surface has at least one
feature 210 formed therein. While only one feature is shown in the Figures, one skilled
int the art will recognize that a pluralily of features will each be affecied by the disclosed
methods in a similar manner.

{00511 The at least one feature 210 has an opening 212 with an opening width 205,
The opening 212 is formed in a top surface 215 of the device 200. The feature 210 aiso
has one or more sidewall 214 and extends a feature depth D from the top surface 215
to a botiom 216. The one or more sidewalis 214 include an overhang or undercut 230
near the top surface 215 of the gpening 212, The overhang or undercut 230 may have
any suitable shape. Stated differently, the overhang or undercut 230 may be any
suitable shape such that the sidewall 214 does not vertically exiend from the top surface
215 1o the bottom 216, While the present disclosure is described with respect fo
incoming substrates having an overhang or undercut, the skilled artisan will appreciate
that the disclosed processes can be implemented on substrales that do not have an
overhang or undercul and extend veriically entirely from lop surface o bottom.

{00527  In one or more embodiments, the device 200 Hiustrated in FIGS. 2B-2H is
comprised of a material 221 on a matenal 220. In one or more embodiments, each of
the materials {material 220 and material 221) comprise a dieleciric material. Those
skilled in the art will recognize that the fop surface 215, sidewall 214, and botiom 216
may each be comprised of one or more similar or different malerials. For example, the
lower portion of sidewall 214 may be tormed from a first material while the upper portion
of the same sidewall 214 (e.g., the overhang or undercut 230} may be comprised of a
second material. Similarly, a thin layer may be deposited on the top surface 215 without
forming an appreciable portion of the sidewall 214, In one or more embodiments, the
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bottom 218 may be comprised of a different material than the sidewall 214. In one or
more embodiments, the material 220 comprises silicon nitride (SiN). In one or more
embodiments, the material 221 comprises silicon oxide (SiOx). In one or more
embaodiments, each of the material 220 and the materigl 221 comprises silicon nitride
{SIN). In one or more embodiments, each of the material 220 and the material 221
comprises silicon oxide {SI0xX).

[0053] In one or more embodiments, the opening widih 205 of the opening 212 is
less than or egual to about 50 nm, less than or equal to about 30 nm, legs than or egual
to about 20 nm, less than or equal fo about 10 nm, or less than or equal to about 7 nm.
It one or more embodiments, the opening width 205 is in a range of about 8 nm o about
20 nm.

{00541 In one or more embodiments, the feature depth D of the feature 210 is greater
than or equal to about 5 nm, greater than or equal to about 10 nm, greater than or equal
o about 20 nm, greater than or equal to about 50 nm, greater than or egual to aboui 60
nm, greater than or equal to about 75 nm, greater than or eqgual to aboul 100 nm, greater
than or equal to about 200 nm, greater than or equal 1o about 300 nm, greater than or
equal 1o about 400 nm, or greater than or egual to about 450 nm.  In one or more
smbodiments, the feature depth D is In a range of about 5 nm {o about 500 nm. In one
or mare embodiments, the feature depth D is in a range of about 10 nm {0 about 300
nm. In one or more embodiments, the feature depth D is in a range of about 80 nm fo
about 100 nm.

{005858] As used herein, the term "fealure” means any intentional surface irregularniy.
Suitable examples of features include but are not limited to Irenches or vias which have
a top, two sidewalls and a bottom, peaks which have a top and two sidewalls. Fealures
can have any suitable aspect ratio {ratio of the depth of the feature I the width of the
feature). In one or more embodiments, the aspect ralio of the at least one feature 210
is greater than or equal 1o about 1:1, 5:1, 10:1, 15:1, 20:1, 25:1, 30:1, 35:1, or 40:1.
{00561 For simplicity, reference will be made 1o parts of the feature 210 flustrated in
FiGG. 2B while referring to FIGS. 2C-2H. For example, the device 200 shown in FIG.
20 will be referred 1o as having a bottom 216. For clarity of the illusirations provided,
the reference numerals of the parts of feature 210 are not shown in FIGS. 20-2H.
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{00871 Referring to FIGS. 2A-2H, in one or more embodiments, the method 100
beging with optional operation 105 to pre-treal the substrate. The pre-treatment at
operation 105 can be any suitable pre-treatment known io the skilled artisan. Suilable
pre-freatments include, bui are not limited 1o, pre-heating, cleaning, scaking, native
oxide removal, or deposition of a contact layer {e.q., fitanium silicide {TiSi)}, or capping
layers {e.g., TISIN). In one or more embodiments, a layer such as titanium silicids or
ttanium silicon nitride (TiSIN), or other metal silicide is deposiled at operation 105 to
form & silicide contact.

{00581 The skilled artisan will recognize that the disclosed processes are not limited
to the silicide contact and liner/gap fill applications. Generally, front-end of line {FEOL)
refers io the first portion of integrated circuit fabrication, including transisior fabrication,
middie of line (MOL) connects the transistor and interconnect parts of a chip using a
series of contact shruciures, and back-end of line {BEOL) refers 1o a series of process
steps after transistor fabrication through completion of & waler. One or more
embodimenis of the disclosure arg directed to methods of forming devices that are
useful for one or more FEOL, MOL, and/or BEOL processes known o the skilled artisan.
{00581 An exemplary device 200 is shown in FIG. 2B after optional operation 105.
Those skilled in the art will recognize that the disclosed processes may be performed
on different materials and/or thal the #lustraled layers may be arranged in different
Ways.

{00607 The method 100 continues with cycle 110, The cycie 116 forms at least ong
metal iner at the botlom 2186 of at least one feature 210 of the device 200. The cycle
110 includes a series of operations which are each performed in seguence and may be
repeated. Some of the operations are optional within each cycle. A given optional
operation may be performed during each cycle, periodically {every other, every fifth, or
every hundredih cycle), as needed based on predetermined parameters, or even not at
all.

{0061} As shown in FIG. 2C, the cycle 110 begins with operation 112, Al operation
112, a first metal liner 240 is deposited on the top surface 215, on the overhang or
undercut 230, on the al least one sidewall 214, and on the bottom 216 of the at least
one feature 210. The firsi metal iiner 240 has a bottom thickness on the botlom 218
and a top thickness on the top surface 215 and/or a sidewal thickness on the sidewali
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214, The metallic material of the first metal liner 240 may comprise any suifable material
kKnown o the skilled artisan. In some embodiments, the first metal liner 240 comprises
ong or more of tungsten (W), molybdenum (Mo), ruthenium (Ru), or cobalt {Co). In some
embaodiments, the first melal liner 240 comprises fungsien (W). In one or more
embodiments, the first metal liner 240 comprises an alloy of one or more of ungsten
(W), molybdenum (Mo}, ruthenium (Ru), or cobalt (Co}.

{00627 The first metal liner 240 may be deposited by any suitable method. In one or
more embodimenis, the first metal liner 240 is deposited by physical vapor deposition
(PVD). in these embodiments, as shown in FIG. 2C, the sidewall thickness is less than
the top thickness and the bottom thickness. in one or more embodiments, the fop
thickness is greater than the botlom thickness.

{00631 Those skilled in the art will recognize that the disclosed methods may begin
with a first metal liner 240 already formed, and the device 200 is then provided. As
used in this specification and the appended claims, the term "provided” means that the
substrale is made available for processing (e.g., positioned in a processing chamber).

{00641 The cycle 110 continues with operation 114. As shown in FIG. 2D, at operation
114, a flowable polymer film 250 is formed on the first metal liner 240 within the feature
210 of the device 200. The polymer film 250 has a pelymer thickness less than or equal
to the feature depth D. Stated differently, as a flowable film (described below), the
polymer film 250 is contained entirely with the fealure 210 and is not present on the top
surface 215 of the device 200. Accordingly, inthis regard, the polymer may be described
as having a "thickness” or may interchangeably described as having a "depth.” Staled
differently, the polymer "thickness” is measured in a Z-direction within the feature 210
ot the device 200, such that the thickness/depth is less than or equal o feature depth
0 In one or more embodiments, the polymer film 250 has a thickness in a range of
about 1 nm to about 50 nm, or in a range of about 1 nm o 10 nm, or in a range of about
2 nm to about 5 nm. In some embodimenis, the thickness of the polymer film 250 is in
a range of from 1% to 29%, or in a range of from 1% to 80%, or in a range of from 2%
0 20% of the depth D of the at least one feature 210.

{0065 In the disclosed methods, processing paramelers and reacianis may be
selected fo limit conformalily of deposited materials, which may allow the deposiied
material 1o better fill features on the substrate. A flowable malerial is one which, under
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the proper conditions, will flow by gravity 1o the low point of a substrate surface and/or
by capiliary action to narrow CD spaces of trenches or other features.

{0088] In one or more embodiments, forming the polymer film at operation 114
comprises exposing the surface [0 one or More monomers.

00677 In some embodiments, the one or more monomers comprise, consist
essentially of, or consist of a single monomer selecied from the group consisting of a
methyl group, a methacrylate group, a styreneg group, a benzyl alcohol group, a benzyl
chioride group, an aldehyde group, and an amine group. In some embodiments, the
one or more monomers consist of a single monomer selected from the group consisting
of a meihyl group, a methacrylate group, a styrene group, a benzyi alcohol group, a
benzyl chioride group, and an aldehyde group.

{00681 In one or more embodiments, the monomers comprise, consist essentially of,
or consist of a single, bi-functional monomer, with each functional group in the bi-
functional monomer being different.  In this way, one functional group of a monomer
molecule will react with the other functional group of a different monomer molecule.
Those skilled in the art may recognize this as an “A” polymer.

{00681 In one or more embodiments, the one or morg monomers comprise, consist
essentially of, or consist of one or more of amines with bi-functional groups, aldehydes
with bi-functional groups, ketones with bi-funclional groups, and alcohols with bi-
functional groups.

00707  In one or more embodimaents, the monomers comprise, consist essentially of,
or consist of two monomers, such as two bi-funchonal monomers, sach functional group
being the same. in this way the functional groups of one monomer react with the
functional groups of a second monomer. Those skilled in the art may recognize this as
an “AB” polymer.

{00711 In one or more embodiments, the one or more monomers comprise, consist
egsentially of, or consist of three monomers, whergin fwo of the monomers
independently comprise one or more of an amine with a single functional group, an
aldehyde with a single funclional group, a ketone with a single functional group, or an
aglcoho! with a single functional group, and al least one of the monomers is
independently selected from the group consisting of amines with bi-functional groups,
aldehydes with bi-functional groups, ketones with bi-funclional groups, and alcohols
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with bi-functional groups. Those skilled in the art may recognize this as an "ABC”
polymer.

{00721  In one or more embodiments, the flexible monomers used for producing the
seleclive protection polymer film 250 are capable of forming oligomers in a higher
percettage during polymerization compared with stiff monomers. Thus, in one or more
ermbodiments, the polymerization process is through monomer, oligomer, and polymer
stages. The polymer formation depends on its local concentration of monomers. Inone
or more embodiments, A and B monomers are used, which can only bond between A
and B, not between A's or B's. Therefore, during the purge and pumping stage, the A
concentration is greatly reduced, especiaily on the field/wall areas 214, 215. In this
case, when B monomers come in, it only forms oligomers on the field/wall areas 214,
215 with very low concentration of A monomer. Due to pumping and purge efficiency
difference between field/wall 214, 218 and bottom 216 of the feature 210, the A
monomer concentration in the botlom 216 of the feature 210 is higher compared with
the concentration on the field/wall 214, 215, Since A monomer concentration is higher
at the boltom 216 of the feature 210, it forms higher molecular number oligomer or
polymer with incoming B monomers. These oligomers and polymers will continually
grow with process cycles at bottom 216 of the feature 2106, In one or more embodiments,
a lower molecular weight B monomer is used, when it forms B-A-B oligomer on field/wall
214, 215 with low conceniration of A, it is still volatile compared with higher oligomers
formed at bottom 216 of the feature 210, B-A-B-A-B, efc., which decreases the amount
of polymer residue on field/wall 214, 215 as much as possible.

{00731 A benzene ring has an electrical advaniage to activate the aldehyde functional
group during bonding with amine. When two aldehyde groups are in the 1,4 positions
of a benzene ring, the monomer is a stiff or rigid monomer. When the monomer reacts
with 1,4-diamingcbenzene, it forms a stiff polymer with a rough surface in the fealure.
[0074] Accordingly, in one or more embodiments, if two aldehyde groups are in the
1,3 positions of benzene, which is a flexible monomer, a flexible polymer film 250 with
is formed. The flexible polymer film 250 has a lower glass transilion temperaiure
compared with a film formed from a shiff polymer. Thus, in one or more embodimenis,

a polymer film 250 is advantageously formed having a smooth polymer surface,
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flexibility, and a lower glass transition temperature (Tg), especially when the Ty is below
the process temperature.

{00751 In one or more embodimenis, when a flexible monomer is used, the
opportunity o form oligomers, such as ABAR or ABABAB, is increased. Flexible
monomers also make possible a smooth surface in the feature 210 with easy packing
and packing density. Flexible monomers aiso reduce polymer residue on fleld/wall 214,
215 area due to the oligomers volalility and flowability into the fealure. By this
improvement, the residue of polymer on field 215 and on the sidewall 214 is eliminated,
enhancing process efficiency. In one or more embodiments, the semiconducior device
gquality is improved when there is substantially no residue or no residue on the hield 215
and wall 214 areas.

{00761 Without intending o be bound by theory, it is thought thal the polymer thatl is
formed and deposited as the polymer film 250 has the Hexibility to fill the bottom 216 of
the feature 210, in one or more embodiments, the polymer has liquidity during
deposition and further processing.

{00771  As stated previously, the polymer film 250 is flowable. In order to control the
"Howability” of the resuiting polymer film 250, it has been found that it is necessary o
conirol the size of the resulling oligomers.

{0078] Accordingly, in one or more embodiments, the formation of the polymer film
250 is performed on a substrate maintained at a temperature in a range of 8 °C to 400
°(Z. In some embodiments, the substrate is maintained at a tlemperature in a range of
30 °C 1o 400 °C.

{00791 Further, other process parameters may be controlied during the formation of
the polymer film 250, Examples of parameters which may be controlled include, but are
not fimited to processing chamber pressure, monomer selections, the use of an inert
diluent or carrier gas, partial pressures of monomers, pulse seguence of monomers,
and pause periods to permil flow of the polymer material.

{00807 After forming the flowable polymer film 250 at operation 114, the cycle 110
continues with operation 116, As shown in FIG. 2E, al operation 116, at least a portion
of the first metal liner 240 is selechively removed. In one or more embodiments, the first
metal liner 240 is selectively removed from the fop surface 215, the overhang or
undercut 230, and a portion of the at least one sidewall 214, The first metal liner 240 is
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removed from the top surface 215 without substantially affecting any material beneath
the polymer film 250. As used in this regard, a process which does not “substantially
affect” material lavers does nol cause any decrease in volume, thickness, or
composition. One skilled in the art will recognize that the polymer film 250 is acting as
an etch stop laver during the removal of a portion of the first metal liner 240.

{0081}  In one or more embodiments, operation 116 also removes a portion of the first
metal liner 240 from the sidewall 214. In specific embodiments, operation 116 removes
a portion of the first metal liner 240 that is deposited on the sidewall 214 of the material
221 {e.g., siicon oxide (SiOx)}. In specific embodiments, operation 116 removes a
portion of the first metal liner 240 that is deposited on the sidewall 214 of the matenal
220 (e.g., silicon nitride (SiN)). In one or more embodiments, operation 116 removes g
portion of the first metal liner 240 that is deposited on the sidewall 214 of the malerial
220 {e.g., silicon nitride (SiN}} and a portion of the first metal liner 240 that is deposited
on the sidewsall 214 of the malerial 221 (2.g., silicon oxide (SIOx)}). In one or more
embodiments, any portion of the first metal iiner 240 which is present on sidewall 214
below the upper surface of the polymer fiim 250, such as on the material 220 {silicon
nitride (SN}, for example, may remain intact without being removed.

{00827 In one or more embodiments, the selective removal of the portion of the first
metal liner 240 at operalion 116 is performed on a substrale maintained at g
temperature in a range of 100 °C to 400 °C.

00831 In one or more embodiments, the selective removal of the first metal liner 240
is performed by exposing the substrate surface 1o a Huorine-based plasma or a chiorine-
based plasma. Any suilable fluorine-based plasma or chiorine-based plasma known 1o
the skilled artisan that seleclively removes the first metal lingr 240 may be used.
f00841  In one or more embodiments, the selective removal of the first metal liner 240
al operation 116 is performed by exposing the substrale surface 1o NFs radicals. Inone
or more embodiments, the substrate is maintained at a temperature in a range of 80 °C
to 150 °C.

[0085]1  In one or more embodiments, the selective removal of the first metal liner 240
at operalion 116 is performed by exposing the substrate surface 1o a chiorine-containing
gas or an alkylchloride gas. in some embodiments, the alkyichioride gas includes, but
is not limited to, methylchioride, 2-chloropropane, or 1,2-dichioroethane. In one or more
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embodiments, the substrate is maintained at a temperaiure in a range of 80 *C o 150
°C.

{0088] The cycle 110 conlinues with operation 118.  As shown in FiG. 2F,
at operation 118, the polymer film 250 is removed i expose the remaining portion of
the first metal liner 240, e.q., the portion of the first metal liner 240 on the botiom 216
beneath the polymer film 250, In one or more embodiments, the removal of the polymer
film 250 is compleie and leaves substantially no residue or no residue.

{00871  In one or more embodiments, the polymer film 250 is removed by exposing
the substrate surface tov a hydrogen (Hz) plasma treatment. In one or more
embodiments, the polymer film 250 is removed by exposure to a thermal O:
environment at an slevated temperaturs.

{00881 Inone ormore embodiments, the removal of the polymer film 250 is performed
by exposing the substrate surface to one or more of a thermal process or a hydrogen
{Hz) plasma treatment. In one or more embodiments, after removing the first metal liner
240 from the top surface 215 and sidewall 214, the polymer film 250 can be removed
thermally by heating it fo 350 °C to 500 °C under vacuum. In other embodiments, after
removing the first metal liner 240 from the fop surface 215 and sidewall 214, the polymer
fiim 250 may aiso be removed by hydrogen {Hz) plasma at temperature in a range of
from 100 °C to 300 °C for a time period in a range of from 2 seconds to 30 seconds.
{00891  In one or more embodiments, the removal of the polymer film 250 at operation
118 comprises a first step including exposing the subsirate surface to hydrogen (Hz)
plasma and oxygen {Oz) plasma and a second step including exposing the substrale
surface to hydrogen (Hz) plasma only.

{00807 The first step may be performed at a chamber prassure in a range of from
aboui 1 Torr io about 10 Torr, for example, about 5 Torr, at a flow rate of the hydrogen
{H2) plasma in a range of from about 1000 scom 1o about 10000 scom, for example,
6000 scom and a flow rate of the oxygen (Oz) in a range of from about 100 scem to
about 1000 scem, for example, 300 scom.

{00817  The second step may be performed at a chamber pressure in a range of from
agboul 10 Torr to gboul 50 Torr, for example, aboul 20 Torr, al a flow rale of the hydrogen
{Hz) plasma in a range of from about 10 scom 1o about 10000 scom.
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{00821 The polymer removal process of operation 118 may be performed in a
processing chamber, such as a Volta® CVD/ALD chamber available from Applied
Materials of Santa Clara, Calif.

[0083] After removing the polymer film 250, at operation 118 shown in FIG. 2F, the
cycle 110 continues with operation 119, At operation 119, a second metal liner 260 is
deposited on the top surface 215, on the overhang or undercut 230, on the at least one
sidewall 214, and on the remaining portion of the first metal liner 240 on the boltom 216
of the at least one feature 210. The second metal liner 260 may be deposited by the
same or similar process as the deposition of the first metal liner 240, operation 112
shown in FIG. 2C. The metallic material of the second metal liner 260 may comprise
any suitable material known {o the skilled artisan. In some embodiments, the second
metal liner 260 comprises one or more of tungsten (W), molybdenum (Mo}, ruthenium
{Ru), or cobalt (Co). In some embodiments, the second metal liner 260 comprises
tungsten (W), In some embodiments, each of the first metal liner 240 and the second
metal iner 260 comprises one or more of tungsten (W), molybdenum (Mo), ruthenium
{Fu), or cobalt (Co). In some embodiments, each of the first metal liner 240 and the
second metal liner 260 comprises tungsten (W),

f00841  In one or more sembodiments, the first metal liner 240 and the second metal
liner 260 form a continuous layer. One or more of the layers deposited on the subsirate
or subsirate surface may be confinuous. As used herein, the ferm "continuous” refers
to a layer that covers an entire exposed surface without gaps or bare spots that reveal
material underlying the deposited layer.

{00851 In some embodiments, the first melal liner 240 does not form a continuous
layer. In some embodiments, the second metal liner 260 does not form a continuous
layer.

{00961 In one or more embodiments, at the end of cycle 110, the surface of the first
metal liner 240/second metal liner 260 does not contain any contaminants or residues
of the polymer film 250. Specifically, in one or more embodiments, there are no carbon
or oxygen residues on the suriace of the irst metal liner 240/second metal liner 260, In
one or more embodiments, when the method 100 includes repeated cycles 110 (see
below), there are no contaminants or residues between amounis of first metal liner

240/second metal lner 280 deposited in subsequent cycles. In one or more
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embodiments, when the method 100 includes the deposition of a metal layer 270 {(see
below), there are no contaminants or residues between the first metal liner 240/second
metal liner 260 and the metal layer 270.

{00871 In one or more embodiments, the monomers are selected 50 as not {0 contain
any oxygen atoms which may oxidize the surface of the first metal liner 240/second
metal liner 260 during removal of the polymer film 250,

{00881 The method 100 continues o decision point 120, Al point 120, the substrale
is evaluated to determine whether or not first metal liner 240/second metal liner 260 has
reached a predetermined thickness or a predetermined number of cycles 110 have
been performed. If the conditions are mel, the method 100 continues to operation 130.
if the conditions are not met, the method 100 returns o the beginning of cycie 110 with
operation 112, In those embodiments in which the cycle 110 is repeated to form
additional material, those skilled in the art will appreciate that operation 112 is often
performed o deposit the requisite additional metal material {e.g., the first meial liner
240/second melal liner 260}, In one or more embodiments, the predetermined thickness
ig in a range of from about 1 nm 1o about 20 nm, or in a range of from about 2 nm o
about 10 nm.

f008%81 In one or more unillustrated embodiments, one or more of the first metal liner
240 or the second metal liner 260 may be opticnally siched. In one or more
embaodiments, one or more of the first metal liner 240 or the second metal liner 260 is
etched to remove the portions of the first metal liner 240 or the second metal liner 260,
respectively, which extend up the sidewall 214, When etched, one or more of the first
metal liner 240 or the second meial liner 260 is also thinned on the bottom 216 of the
feature 210, Accordingly, one skilled in the art will recognize that one or more of the
first metal liner 240 or the second metal liner 260 may be deposited to a greater bottom
thickness than desired in a final product io provide for sacrificial material which will be
remaved when eiching the metal maierial from the sidewall 214,

0010081 The method 100 includes operation 130 after depositing the second metal
liner 260 at operation 119 shown in FIG. 2G. In FIG. 2H, at operation 130, a metal layer
270 is selectively deposited on the first metal liner 240/second metal liner 260. The
metal layer 270 may be deposiled by any suitable deposition process known o the
skilted artisan such that the metal layver 270 forms selectively 10 the surface of the first
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metal liner 240/second meial liner 260 over other subsirate surface materials. In one or
more embodiments, selectively depositing the metal layer 276 comprises chemical
vapor deposition (CVD). The seleclive deposition process provides a gapfill malerial
comprising the metal layer 270 which is formed in a bottom-up fashion without lateral
deposition from the sidewall 214, Advantageously, the substrate that is processed
according to method 100 has fewer voids in the metal layer 270 and a smaller seam in
the center than the subsirale processed according o the prior art shown in FIGS. 1A~
1C. In one or more embaodiments, the metal layer 270 is deposited without forming any
voids within the metal layer 270. Accordingly, the substrate that is processed according
to method 100 has a lower volume of voids/seams in the metal layer 270 than the
subsirate processed according o the prior art shown in FIGS. 1A-1C.

001017 The method 100 may end afier operation 130 (selectively depositing the metal
laver 270}, or it may continue with optional post processing at optional operation 140.
The optional post-processing operation 140 can be, for example, a process to modify
film properties {e.g., annealing or plasma realment), a further film deposition process
{e.q., additional ALD or CVD processes) o grow additional films, or a further sich
process to form a desired predetermined device architecture. In one or more
smbodiments, the optional post-processing operation 140 can be a process that
modifies a property of the deposiled film. In one or more embodimenis, the optional
posi-processing operation 140 comprises annealing the device 200. In one or more
embodiments, annealing is performed at a temperature greater than or equal to about
300 °C, greater than or equal to about 400 °C, greater than or equal to about 500 °C,
greater than or equal to about 800 *C, grealer than or equal to gbout 700 °C, greater
than or equal to about 800 °C, greater than or equal to about 800 °C or greater than or
equal to about 1000 *C. The annealing environment of one or more embodiments
comprises one or more of an inert gas (e.g., molecular nitrogen (N2}, argon (An)) or a
reducing gas {e.g., molecular hydrogen {Hz) or ammonia {NHa)) or an oxidant, such as,
but not limited fo, oxygen {Oz), ozone {Os), or peroxides. Annealing can be performed
for any suitabie length of time. In one or more embodiments, the substrate is annealed
for a predetermined time in the range of about 15 seconds to aboul 90 minutes, or in
the range of about 1 minute 1o about 80 minutes.
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[00102] In one or more Hllusirated embodiments, like references indicate similar
elements, unless specified otherwise. As noted herein, the disclosure relales to
methods 100 and 300 of selective deposition of a gap fill material to §ill a feature formed
in a substrate. FIG. 2A illustrates a process flow diagram of a seleclive deposition
method 100 in accordance with one or more embodiments of the present disclosure.
FiGS. 28-2H depict a device 200 having a substrate surface with at least one feature
formed therein during processing according to one or more embodiments of the present
disclosure. FIG. 3A illustrates a process flow diagram of a selective deposition method
100 in accordance with one or more embodiments of the present disclosure. FIGS. 3B~
3K depict a device 1000 having a substrale surface with at least one fealure formed
therein during processing according 1o one or more embodiments of the present
disclosure.

001031 For exampie, some of the operations of method 300 include the same or
similar elements as the operations of method 100. in one or more embodiments,
operation 105 of method 100 and operation 305 of method 300 include optionally pre-
trealing the semiconductor subsirate. The cyele 110 of method 100 includes depositing
a first metal liner by PVD (operation 112}, torming a flowable polymer film {operation
114), selectively removing a portion of the first metal liner (operation 116}, removing the
polymer film (operation 118}, and depositing a second metal liner by PVD {(operation
115}, as described elsewhere herein. The method 100 further includes decision point
120, selectively deposiling a metal layer {operation 130}, and optional post-processing
operation 140.

[00104] The cycle 310 of method 300 includes depositing a first metal liner by PVD
{operation 312}, forming a flowable polymer film (operation 314), seleclively removing
a portion of the first metal liner (operation 316}, removing the polymer Bim {(operation
318). In some embodiments, the cycle 310 corresponds 1o operation 112, operation
114, operation 116, and operation 118 of cycle 110 of method 100, in method 300,
operation 319 includes repeating the cycle 310 al least once, whereas operation 118 of
cycle 116 of method 100 includes depositing a second metal liner by PVD. The method
300 further includes decision point 320, selectively depositing a melal layer {operation
330}, and optional post-processing operation 340. In some embodimenis, decision point
320, selectvely deposiling a metal layer {(operation 330}, and optional post-processing
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operation 340 are the same operations as decision point 120, seleclively depositing a
metal layer (operation 130), and optional post-processing operation 140 of method 100,
{00105] FIGS. 3B-3K depict a device 1000 having a substrate surface with at least
one fealure formed therein during processing according io one or more embodimenis
of the present disclosure. The device 1000 includes the same or similar elements as
the device 200 manufactured by method 100, uniess indicated otherwise. As an
example, al least one fealure 210 of device 200 corresponds 1o the at least one fealure
1010 of device 1000,

{00108] The at least one feature 1010 has an opening 1012 with an opening width
1005, The opening 1012 is formed in a top surface 1015 of the device 1000. The
feature 1010 also has one or more sidewail 1014 and extends a feature depth D from
the op surface 1015 o0 a boltom 10186, The one or more sidewalls 1014 include an
overhang or undercut 1030 near the fop swrface 1015 of the opening 1012, The
overhang or undercut 1030 may have any suilable shape. Stated differently, the
overhang or undercut 1030 may be any suilable shape such that the sidewall 1014 does
not vertically extending from the top surface 1015 1o the bottom 1016.

{00107} In one or more embodiments, the device 200 Hiustrated in FIGS. 2B-2H is
comprised of a material 227 on a material 220 and the device 1000 ilustrated in
FIGS. 3B-3K is comprised of a malerial 1021 on a material 1020. In one or more
embaodiments, the material 220 and the malerial 221 of device 200 are the same as the
material 1020 and the material 1021, respeciively, of the device 1000. in one or more
embodiments, the malerial 1020 comprises siiicon nitride (SiN). In one or more
embodiments, the material 1021 comprises silicon oxide (SIOx). In one or more
embodiments, each of the material 1020 and the material 1021 comprises silicon nitride
(SiN). In one or more embodiments, each of the material 1020 and the material 1021
comprises silicon oxide (SIOx).

{00108} In one or more embodiments, the opening widih 1005 of the opening 1012 is
less than or equal to about 50 nm, less than or equal to about 30 nm, less than or equal
to about 20 nm, less than or equal to about 10 nm, or less than or equal 1o about 7 nm.
In one or more embodiments, the opening width 1005 is in a range of about 8 nm {0
aboui 20 nm.
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[00108] In one or more embodiments, the feature depth D of the feature 1010 is
greater than or equal 10 about § nm, greater than or equal to about 10 nm, grealer than
or equal to about 20 nm, greater than or equal to about 50 nm, greater than or egual to
about 60 nm, greater than or equal 1o about 75 nm, greater than or equal o about
100 nm, greater than or equal to about 200 nm, greater than or egual to about 300 nm,
greater than or equal to about 400 nm, or greater than or equal 1o about 450 nm. In
one or more embodiments, the fealure depth D is in a range of about 5 nm to about 500
nm. In one or more embodiments, the feature depth D is in a range of aboul 10 nm 1o
aboui 300 nm. In one or more embodiments, the teature depth D is in a range of about
50 nm to about 100 nm.

{00110 H has been advantageously found that repeating the cycle 310 al operation
319 provides for improved botiom-up gap fill depth. More particularly, a metal layer 1080
advantageously filis the depth D of the feaiure 1010 with no voids or seams by repeating
the cycle 310 at least once.

[00111] Advantageously, the subsiraie thal is processed according to method 100 has
fewer voids in the metal layer 270 and a smaller seam in the center than the substrate
processed according to the prior art shown in FIGS., 1A-1C. Stated differently, the
subsirate that is processed according to method 100 has alower volume of voids/seams
in the metal layer 270 than the substrate processed according to the prior art shown in
FIGS. 1A-1C. Advantageously, the substrate that is processed according to method 300
has no voids or seams in the metal layer 1080.

[00112] FIG. 4 illustrates a schemalic top-view diagram of an example of a mulli-
chamber processing system 400 according to embodiments of the present disclosure.
The processing system 400 generally includes a factory interface 402, load lock
chambers 404, 4086, fransfer chambers 408, 410 with respective transfer robots 412,
414, holding chambers 416, 418, and processing chambers 420, 422, 424, 426, 428,
430. As detailed herein, wafers in the processing system 400 can be processed in and
transterred between the varicus chambers without expoasing the wafers 1o an ambient
environmeant exterior o the processing system 400 {e.g., an ailmospheric ambient
environment such as may be present in a fab). For example, the walers can be
processed in and ransferred between the various chambers in a low pressure {e.g.,

less than or equal to about 300 Tom) or vacuum environment without breaking the low
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pressure or vacuum environment belween various processes performed on the wafers
in the processing system 400, Accordingly, the processing system 400 may provide for
an integrated solution for some processing of walers.

{00113] Examples of g processing system that may be suifably modified in accordance
with the teachings provided herein include the Endura®, Producer® or Centura®
integrated processing systems or olher suitable processing systems commerdcially
available from Applied Materigls, Inc., located in Sania Clara, California. |t is
contemplated that other processing systems (including those from other manufacturers)
may be adapted 10 benefit from aspects described hergin.

{00114} In the iHlustrated example of FIG. 4, the {factory interface 402 includes a
docking station 440 and factory inferface robots 442 1o faciiitale transfer of walers. The
docking station 440 i3 configured fo accept one or more front opening unified pods
{(FOUPs) 444, In some examples, each factory interface robot 442 generally comprises
a biade 448 disposed on one end of the respective faclory interface robot 442
configured 1o transfer the walers from the faclory interface 402 {o the load lock
chambers 404, 408.

[001158] The load lock chambers 404, 406 have respective ports 450, 452 coupled o
the factory interface 402 and respeclive poris 454, 458 coupled to the transfer chamber
408. The transfer chamber 408 further has respeclive ports 458, 480 coupled to the
holding chambers 416, 418 and respective poris 462, 464 coupled {0 processing
chambers 420, 422, Similarly, the transfer chamber 410 has respective ports 466, 468
coupied fo the holding chambers 416, 418 and respective ports 470, 472, 474, 475
coupled to processing chambers 424, 426, 428, 430, The poris 454, 456, 458, 460, 462,
464, 468, 488, 470, 472, 474, 476 can be, for example, slit valve openings with slit
valves for passing waflers therethrough by the ranster robots 412, 414 and for providing
a seal between respeciive chambers o prevent a gas from passing between the
respective chambers. Generally, any port is open for transferring a wafer therethrough.
Ctherwise, the port is closed.

{00118} The load lock chambers 404, 406, transfer chambers 408, 410, holding
chambers 418, 418, and processing chambers 420, 422, 424, 428, 428, 430 may be
fluidly coupled i a gas and pressure control system {(not specifically iliusirated). The

gas and pressure control system can include one or more gas pumps {e.g., furbo
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pUMPS, Cryo-pumps, roughing pumps), gas sources, various valves, and conduits fluidly
coupled o the various chambers. In operation, a factory interface robot 442 translers a
waler from a FOUP 444 through a port 450 or 452 to a load lock chamber 404 or 408.
The gas and pressure confrol system then pumps down the load lock chamber 404 or
408. The gas and pressure conlrol system further maintains the transfer chambers 408,
410 and holding chambers 416, 418 with an inlerior low pressure or vacuum
environment (which may include an inert gas). Hence, the pumping down of the load
lock chamber 404 or 406 facilitales passing the wafler between, for example, the
atmospheric environment of the factory interface 402 and the low pressure or vacuum
environment of the fransfer chamber 408.

001177 With the wafer in the load lock chamber 404 or 406 that has been pumped
down, the fransfer robot 412 transfers the wafer from the load lock chamber 404 or 406
inte the transfer chamber 408 through the port 454 or 456, The transfer robot 412 is
then capable of transferring the waler 1o and/or between any of the processing
chambers 420, 422 through the respective poris 482, 464 for processing and the holding
chambers 416, 418 through the respective poris 458, 480 for holding to await further
transfer. Similarly, the transfer robot 414 is capable of accessing the wafer in the holding
chamber 416 or 418 through the port 466 or 468 and is capable of transferring the waler
to and/or belween any of the processing chambers 424, 428, 428, 430 through the
respective poris 470, 472, 474, 476 for processing and the holding chambers 416, 418
through the respective ports 466, 468 for holding to await further transfer. The fransfer
and holding of the wafer within and among the various chambers can be in the low
pressure or vacuum environment provided by the gas and pressure control system.
{00118] The processing chambers 420, 422, 424, 426, 428, 430 can be any
appropriate chamber for processing a wafer. In some embodiments, the processing
chamber 420 can be capable of performing an annealing process, ihe processing
chamber 422 can be capable of performing a cleaning process, and the processing
chambers 424, 428, 428, 430 can be capable of performing epitaxial growth processes.
in some examples, the processing chamber 422 can be capable of performing a
Cleaning process, the processing chamber 420 can be capable of performing an eich
process, and the processing chambers 424, 426, 428, 430 can be capable of performing
respective epitaxial growth processes. The processing chamber 422 may be a SiCoNi™
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Preclean chamber available from Applied Materials of Santa Clara, Calif. The
processing chamber 420 may be a Selectra™ Eich chamber available from Applied
Materials of Santa Clara, Calif. The processing chamber 422 may be a Volta® CVD/ALD
chamber available from Applied Materials of Santa Clara, Calif.

001181 A system controller 480 is coupled to the processing system 400 for controlling
the processing system 460 or components thereol. For example, the system coniroller
490 may control the operation of the processing system 400 using a direct control of the
chambers 404, 406, 408, 418, 418, 410, 420, 422, 424, 426, 428, 430 of the processing
system 400 or by controlling controliers associated with the chambers 404, 408, 408,
416, 418, 410, 420, 422, 424, 428, 428, 430. In operalion, the system coniroller 480
enables daia collection and feedback from the respective chambers o coordinate
performance of the processing system 400,

[00120] The system controller 480 generally includes a central processing unit (CPU}
492, memory 494, and support circuiis 498, The CPU 492 may be one of any formof a
general-purpose processor that can be used in an industrial setting. The memory 484,
or non-transitory computer-readable medium, is accessible by the CPU 492 and may
be one or more of memory such as random-access memaory (RAM), read only memory
(ROM), floppy disk, hard disk, or any other form of digital storage, local or remote. The
support circuits 496 are coupled to the CPU 4892 and may comprise cache, clock circuits,
input/ouiput subsystems, power supplies, and the like. The varicus methods disclosed
herein may generally be implemented under the control of the CPL 482 by the CPU
482 executing compuier instruction code siored in the memory 484 (or in memory of a
particular process chamber) as, for example, a software routine. When the computer
instruction code is executed by the CPU 482, the CPU 4982 controls the chambers to
perform processes in accordance with the varicus methods.

{00121] Other processing systems can be in other configurations. For example, more
or fewer processing chambers may be coupled to a transfer apparatus. in the illustrated
example, the transfer apparatus includes the transfer chambers 408, 410 and the
holding chambers 416, 418, In other examples, more or fewer transter chambers (.9,
one iransfer chamber} and/or more or fewer holding chambers {e.g., no holding

chambers) may be implemenied as a iransfer apparatus in a processing system.
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[00122] Processes may generally be siored in the memory of the system controller
1190 as a software routine that, when executed by the processor, causes the process
chamber to perform processes of the present disciosure. The software routine may also
be stored and/or executed by a second processor {noif shown) that is remotely located
from the hardware being controlied by the processor. Some or all of the methods of the
present disclosure may also be performed in hardware. As such, the process may be
implemenied in software and executed using a computer system, in hardware as, e.9.,
an application specific integrated circuit or other type of hardwareg implementation, or as
a combination of software and hardware. The soltware routine, when executed by the
processor, iransiomms the general-purpose computer inlo a specific purpose computer
{coniroller) that controls the chamber operation such thal the processes are performed.
{00123} Embodiments of the disclosure are directed i0 a non-transitory computer
readable medium. In one or more embodiments, the non-transitory computer readable
medium includes instructions that, when execuled by a controller of a processing
chamber, causes a processing chamber to perform the operations of any of the methods
{e.g., method 100 and/or method 300) described herein.

{00124] Spatially relative terms, such as "beneath,” "below,” "lower,” "above,” "upper,”
"near,” and the like, may be used herein for ease of description 1o describe one element
or feature’s relationship o another element(s) or fealure(s) as illustrated in the figures.
it will be understood that the spatially relative terms are intended 10 encompass different
orieniations of the device in use or operation in addition {0 the orientation depicted in
the figures. For example, if the device in the figures is turned over, elements described
as "below,” or "beneath” other elemenis or features would then be oriented "above” the
other elements or features. Thus, the exemplary term "below” may encompass both an
orientation of above and below. The device may be ctherwise oriented {rotated 90
degrees or at olher orientations) and the spalially relalive descripiors used herein
interpreted accordingly.

00125] The use of the terms "a" and "an” and "the" and similar referents in the context
of describing the materials and methods discussed herein {especially in the context of
the following claims) are (o be construed {o cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. Recitation of ranges of

values herein are merely intended o serve as a shorthand method of referring
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individually io each separate value falling within the range, unless otherwise indicated
herein, and each separate vaiue is incorporated into the specification as # it were
individually recited herein. All methods described herein can be performed in any
suitable order unless cotherwise indicated herein or otherwise clearly contradicted by
context. The use of any and ali examples, or exemplary language (e.g., "such as™
provided herein, is intended merely 1o betler illuminate the malerials and methods and
does not pose g limitation on the scope uniess olherwise claimed. No language in ihe
specification shouid be consirued ag indicating any non-claimed element as essential
to the practice of the disclosed materials and methods.

[00126] Reference throughout this specification it "one embodiment,” "certain
embodiments,” "one or more embodiments” or "an embodiment” means that a particular
feature, struciure, material, or characteristic described in connection with the
embodiment is included in at least one embodiment of the disclosure. Thus, the
appearances of the phrases such as "in one or more embodiments,” "in certain
embodimenis,” "in one embodiment” or "in an embodiment” in various places
throughout this specification are not necessarily referring o the same embodiment of
the disclosure. In one or more embodiments, the particular fealures, structures,
materials, or characieristics are combined in any suitable manner.

001271 Although the disclosure herein has been described with reference fo particular
embaodiments, it is to be understood that these embodiments are merely llusirative of
the principles and applications of the present disclosure. It will be apparent to those
skilled in the art that various modifications and variations can be made 1o the method
and apparatus of the present disclosure without departing from the spirit and scope of
the disclosure. Thus, it is intended that the present disclosure include modifications and

variations that are within the scope of the appended claims and thelr equivalents.
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What is claimed is:

A method of manufgcturing a semiconductor device, the method comprising:

depositing a first metal liner by physical vapor deposition (PVD) on 3
semiconductor subsirate surface with at least one feature formed thereon, the at
least one fealure having at least one opening at a top surface with an opening
width, at least one sidewall, and a boltom, the at least one feature exiending a
feature depth from the top surface io the botiom, the first metal liner forming on
the fop suriace, on the atl least one sidewall, and on the bottom;

forming a first flowable polymer film on the first metal liner within the at
least one feature, the first Howable polymer film forming on the first metal liner
on the bottom and having a polymer depth less than the feature depth;

selectvely removing at least a portion of the first metal liner from the top
surface and the at least one sidewall;

removing ihe first flowable polymer film 10 expose the first metal liner on
the botiom of the al least one feature;

depositing a second metal liner by physical vapor deposition (PVD) on the
top surface of the at least one feature, and on the remaining portion of the first
metal liner on the at least one sidewali and on the botiom; and

selectively depositing a metal layer on the first metal liner and the second
metal liner to fill the al least one feature.

The method of claim 1, wherein the al least one fealure comprises an overhang

or an undercut within the opening width.

The method of claim 1, wherein the first metal liner comprises one or more of

tungsten (W), molvbdenum (Mo}, ruthenium (Ru), or cobalt {Co).

The method of claim 1, wherein the second metal liner comprises one or more

of tungsten (W), molybdenum (Mo}, ruthenium (Ru), or cobalt (Co).
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13.
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The method of claim 4, wherein the first metal liner and the second metal liner
are the same.

The method of claim 1, comprising forming the first flowable polymer film at a
temperature in a range of from 30 °C to 400 °C.

The method of claim 1, whersein forming the first flowable polymer film comprises

expasing the semiconductor substraie surface {0 one or more Mmonomers.

The method of claim 1, comprising selectively removing the portion of the first
metal liner at a lemperalure in a range of from 100 °C 1o 400 °C,

The method of claim 8, wherein selectively removing the portion of the first metal
iner comprises exposing the semiconducior substrate surface o a fluorine-

based plasma or g chiorine-based plasma.

The method of claim 1, wherein the first flowable polymer film is removed without

substantially affecting any maierial beneath the first flowable polymer film.

The method of claim 1, wherein removing the first flowable polymer film
comprises exposing the semiconducior substrate surface o one or more of a

thermal process or a hydrogen {He) plasma treatment.

The method of claim 1, comprising repeating the operations of: depositing a first
metal liner by PVD, forming a first flowable polymer film on the first metal liner,
selectively removing al ieast a portion of the first metal liner from the top surface
and the at least one sidewall, and removing the first flowable polymer film.

The methed of claim 1, further comprising forming a second flowable polymer
film on the second metal liner, selectively removing at least a portion of the
second metal liner from the top surface and the at least one sidewsll, and

removing the second flowable polymer film.
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The method of claim 13, further comprising selectively depositing a metal laver
orn the first metal liner and the second metal liner to fill the al least one feaiure.

The method of claim 1, wherein the feature depth is in g range of about 10 nm io
about 300 nm.

The method of claim 14, wherein the feature depth is in a range of about 80 nm
o about 100 nm.

The method of claim 1, wherein the polymer depth is in a range of about 1 nm io
about 50 nm.

A method of manufgcturing a semiconductor device, the method comprising:

depositing a first metal liner comprising tungsten (W) by physical vapor
deposition (PVD) on a semiconductor substrate surface with at least one feature
formed thereon, the at least one fealure having at least one opening at a top
surface with an opening width, at least one sidewall, and a boltom, the gt least
one feature comprising an overhang or an undercut within the opening width, the
at least one feature extending a feature depth from the top surface to the bottom,
the first metal liner forming on the top surface, on the overhang or the undercut,
o the at least one sidewall, and on the botlom;

forming a first flowable polymer film on the first metal liner within the at
least one fealure, the first flowable polymer film forming on the first metal liner
on the bottom and having a polymer depth less than or equal to the fealure depth;

seleclively removing al least a portion of the first metal liner from the top
surface and the af least one sidewall;

removing the first flowable polvmer film 10 expose the first metal liner on
the boltom of the at least one feature;

depositing a second metal liner comprising tungsten (W) by physical vapor
deposition (PVD) on the top surface of the at least one fealure, on the overhang
or the undercut, and on the remaining portion of the first metal liner on the at
least one sidewall and on the botlom; and
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seleclively depositing a metal layer on the first metal liner and the second
metal liner {o fill the al least one feature.

The method of claim 18, further comprising forming a second flowable polymer
film on the second metal liner, selectively removing at least a portion of the
second metal liner from the 1op surface and the at least one sidewsll, and
removing the second flowable polymer film prior to seleciively depositing the
metal layer on the first metal liner and the second metal liner.

The method of claim 18, wherein the metal layver on the first metal liner and the

second metal liner is free of seams or voids,
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