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SELECTIVE DEPOSITION PROCESSES ON SEMICONDUCTOR SUBSTRATES

TECHNICAL FIELD

{0001] Embodiments of the present disclosure pertain to methods of seleclive
deposition facilitated by a flowable polymer. More particularly, embodiments of the
disclosure are directed to methods of selectively depositing polysilicon after use of a
flowable polymer to protect a substrate surface within a feature.

BACKGROUND

[0002] Gap 1ill processes are integral lo several semiconductor manufacturing
processes. A gap Till process can be used o fill a gap {or feature) with an insulating or
conducting material. For example, shallow trench isolation, inter-metal dielectric
layers, passivation layers, dummy gate, are ail typically implemented by gap fill
processes.

{0003} As device geometries continue to shrink {e.g., critical dimensions < 20 nm,
< 10 nm, and beyond) and thermal budgets are reduced, defect-free filling of spaces
becomes increasingly difficult due fo the limitalions of conventional deposition
processes.

{0004] Polysilicon may be used in a varisty of semiconductor applications, such as
a tin film transistor, due to ils unique electronic character. However, selective
deposition of high quality silicon {8} remains a challenge. Known physical vapor
deposition (PVD) processes can provide high quality {(Si} but are noi selective.
Additionally, there are no known processes for selectively depositing silicon (Gi) on
metal or metal silicide without causing damage o the underlying metal or metal
sificide.

{0005] Accordingly, there is a need for methods 1o protect the metal or metal silicide
within a feature in order to enable bottom-up fill by selective polysilicon deposition
processes.
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SUMMARY

{00081 One or more embodiments of the disclosure are directed 10 a method of
selactively depositing polysilicon. The method comprises: depositing a first silicon (80
layer by physical vapor deposition (PVD) on a semiconductor substrate surface with at

5 least one feature formed thereon, the at least one feature having at least one opening

at a top surface with an opening width, at least one sidewall, and a bottom, the at least
one feature extending a feature depth from the top surface 1o the botiom, the first
silicon (8i) layer forming on the top surface, along the at least one sidewall, and the
bottorm; forming a flowable polymer film on the first silicon (Si) layer within the al least

10 one feature, the flowable polymer film forming on the first silicon (8i) layer on the
bottom and having a polymer depth less than or egual {o the feature depih; selectively
removing at least a portion of the first silicon (S} layer from the top surface and the at
least one sidewall; and removing the flowable polymer film {0 expose the first sificon
{Si) fayer on the bottom of the at least one feature.

15 [0007] Additional embodiments of the disclosure are directed o a method of
seleclively depositing polysilicon. The method comprizses: depositing a first silicon {81
layer by physical vapor deposition (PVD) on a semiconducior substrate surface with at
least one feature formed thereon, the at ieast one feature having at least oneg opening
at a top surface with an opening width, at least one sidewall, and a bottom, the at least

20 one fealure exltending a fealure depth from the top surface to the boltom, the first
silicon (&i) layer forming on the top surface, along the at least one sidewall, and the
bottom; forming a flowable polymer film on the first silicon (i) layer within the at least
one feature, the flowable polymer film forming on the first silicon (8i) layer on the
bottom and having a polymer depth less than or egual lo the fealure depih; selectively

25  removing at least a portion of the first silicon (81} layer from the top surface and the at
least one sidewall without substantially affecting any malgrial beneath the Howable
polymer fitm; removing the flowable polymer film 1o expose the first silicon (81) tayer
on the bottom; and oxidizing the remaining portion of the first silicon (S1) layer to form
a first silicon oxide (Si0Ox) layer on the bottom.

30 BRIEF DESCRIPTION OF THE DRAWINGS
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{0008] So that the above recited fealures of the present 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
Hlustrated in the appended drawings. 1t is {0 be noted, howsver, that the appended
drawings llustrate only typical embodiments of this disclosure and are therefore not to
be considered limiting of ils scope, for the disclosure may admit 1o other equally
gfiective embodiments.

{0009] The embodiments as described herein are iHustrated by way of example and
not limitation in the figures of the accompanying drawings in which like references
indicate similar elements.

[0010] FIG. 1 illustrates a process flow diagram of a method according to one or
more embodiments;

{0011]  FIG. 2 illustrates a cross-sectional view of a semiconductor substrate
according {o one or more embodiments;

{00121 FIG. 3 illustrates a cross-seclional view of a semiconductor substrate
according to one or more embodiments;

{00131 FIG. 4 iHustrates a cross-sectional view of a semiconductor substrate
according o one or more embodiments;

{0014] FIG. 5 iHustrates a cross-sectional view of a semiconductor subsirate
according 1o one or more embodiments;

{0015] FIG. ¢ iHustrates a cross-sectional view of a semiconductor substrate
according to one or more embodiments;

[0016] FIG. 7 iHustrales a cross-seclional view of a semiconducior substrate
according o one or more embodiments;

{00171 FIG. 8A illustrates a cross-sectional view of a semiconductor substrate
according 1o one or more embodiments;

{0018] FIG. 8B illustrates a cross-sectional view of a semiconductor subsirate
according o one or more embodiments;

{0019]  FIG. 8C iiustrates a cross-sectional view of a semiconductor substrate
according to one or more embodiments; and

{00207 FIG. 2 is a schematic fop-view diagram of an exampie multi-chamber
processing system according 1o one or more embodiments.

PCT/US2024/035185
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DETAILED DESCRIPTION

{0021] Before describing several exemplary embodiments of the disclosure, i is {o
be understood that the disclosure is not limited to the details of construction or
process steps set forth in the following description. The disclosure is capable of other

5  embodimenis and of being practiced or being carried oul in various ways.

{0022} 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, a value differing by $14%, $10%, 5%, £2%, £1%,
10.5%, or £0.1% would satisly the definition of about.

10 (00231  As used in this specification and the appended claims, the term "subsirate”
or "wafer” refers {0 a surface, or portion of a surface, upon which a process acts. it will
also be undersiood by those skilled in the art that reference 10 a substrate can refer to
only a porlion of the subsirate uniess the context clearly indicates otherwise.
Additionally, reference o depositing on a substrate can mean both a bare substrate

15 and a substrate with one or more films or features deposited or formed thereon.

{00241 A "substrate” as used herein, refers to any substraie or material surface
formed on a substrate 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

20 (8O0, carbon doped silicon oxides, amorphous siHicon, doped silicon, germanium,
gallium arsenide, and any other materials such as metals, metal nitrides, metal alioys,
and g¢ther conductive materials, depending on the application. Substrates include,
without Himitation, semiconductor wafers. Substraies may be expossed 1o a
prefreatment process to polish, efch, reduce, oxidize, hydroxylale, anneal and/or bake

25  the substrate surface. In addition to film processing directly on the surface of the
substrate itself, in the present disclosure, any of the film processing steps disclosed
may also be performed on an under-layer formed on the substrate as disclosed in
more detail below, and the term "subsirate surface” is inlended to include such under-
layer as the context indicates. Thus, for example, where a filmAayer or partial

30 film/layer has been deposited onie a substrate surface, the exposed surlace of the
newly deposited film/layer becomes the substrate surface.
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{0025] As used herein, the term "substrate surface” refers {o any subsirate surface
upon which a laver 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 feature can be any suitable shaps including, but not limited
to, peaks, trenches, holes and vias (circular or polygonal). As used in this regard, the
term “feature” refers 1o any intentional surface ireqularity.  Suitable examples of
features include bul are not limited 1o trenches, which have a top, two sidewalis and a
bottom extending into the subsirate, vias which have one or more sidewall exiending
into the substrate {o a bottom and slot vias.

{0026] As used in this specification and the appended claims, the term "selectively”
refers lo g process which acts on a first 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 term "over” used in this regard does not imply a
physical orientation of one surface on top of another surface, rather a relationship of
the thermodynamic or kinetic properties of the chemical reaction with one surface
relative to the other surface.

f0027F  The term "on" indicates that there is direct contact between elements. The
term “directly on" indicates that there is direct contact belween elements with no
intervening elements.

{00281 As used in this specification and the appended claims, the terms “precursor,”

N

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

{00297 Embodiments of the disclosure advantageously provide methods for
selectively depositing polysilicon after use of a flowable polymer to protect a substrate
surface within a feature. Cne or more embodiments advaniageously provide for the
removal of a metallic material from the field and sidewalis of a feature without removal
of a Howable polymer from the botlom surface of the substrate. The remaining
flowable polymer has a smooth surface. Further embodiments advantageously
provide methods for selectively depositing a metallic gap il in a bottom-up fashion.
{00301 The embodiments of the disclosure are described by way of the Figures,
which illustrate processes and substrales in accordance with one or more

embodiments of the disclosure. The processes, schemes, and resulling substrates
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shown are merely illustralive of the disclosed processes, and the skilled artisan will
recognize that the disclosed processes are not limited o the illustrated applications.
{00311  In the following descriplion, numerous specific details are set forth in order to
provide a thorough understanding of embodiments. It will be apparent to one skilled in

§ the art that embodimenis may be practiced without these specific details. In other
instances, well-known aspecis are not described in detail in order 10 not unnecessarily
obscure embodiments. Furthermore, it is o be undersiood that the various
embodiments shown in the accompanying drawings are illustralive representations
and are not necessarily drawn to scale.

10 [0032] Helerring to the Figures, the disclosure relates o a method 100 of selective
deposition of a gap fill material. FIG. 1 depicis a process flow diagram of a selective
deposition method 100 in accordance with one or more embodiments of the present
disclosure. FIGS. 2-8C depict a device 200 having a substrate surface with at least
one feature formed therein during processing according to one or more embodiments

15  of the present disclosure. FIG. 9 is a schematic fop-view diagram of an example mulli-
chamber processing sysiem for performing the methods according to one or more
embodiments.

{0033] FIG. 2 dllustrates a semiconductor device 200 with a substrate surface 205.
As identified above, the subsirate surface refers o the exposed surface of the

20 substraie upon which g process may be performed. The substrale surface 205 has at
least one fealure 210 formed therein. While only three features are shown in the
Figures, one skilled in the art will recognize that a plurality of teatures will each be
affected by the disclosed methods in a similar manner.
{0034] The at least one feature 210 has an opening 212 with an opening width 202,

25  The opening 212 is formed in a top surface 215 of the device 200. The fealure 210
also has one or more sidewall 214 and exiends a feature depth D from the top surface
215 to a bottom 216, While straight, vertical sidewalls are shown in the Figures, the
disclosed methods may also be performed on slanied, irregular, or reentrant
sidewalls.

30 {00351 In one or more emboediments, the device 200 lustrated in FIG. 2 is
comprised of a material 220 on the feature 210. Those skilled in the art will recognize
that the top surface 215, sidewall 214, and boltom 216 may each be comprised of one
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or more similar or different materials. For example, the lower portion of sidewall 214
may be formed from a first material while the upper portion of the same sidewall 214
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 bottom 216 may be comprised of a different material than
the sidewall 214. In one or more embodiments, the material on the boltom 218
comprises silicon (8i). In one or more embodiments, the sidewall 214 comprises a
dielectric malerial. The dielectric material may be any suilable dielectric material
known to the skilled artisan.

{0038] In one or more embodiments, the opening width 202 of the opening 212 is
less than or equal to about 50 nm, less than or equal to about 30 nm, less than or
equal o about 20 nm, less than or equal 10 about 10 nm, or less than or egual 1o
about 7 nm. in one or more embodiments, the opening width 202 is in a range of
about 8 nm to about 20 nm.

{00371  In one or more embodiments, the fealure depth D of the feature 210 is
greater than or equal o about 5 nm, greater than or equal to about 10 nm, greater
than or equal to about 20 nm, greater than or equal to about 50 nm, greater than or
equal to about 80 nm, grealer than or equal to about 75 nm, grealer than or equal to
about 100 nm, greater than or equal 1o about 200 nm, greater than or equal 1o about
300 nim, greater than or equal {0 about 400 nm, or grealer than or egual 1o about
450 nm. In one of more emboediments, the feature 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
agboul 10 nm 1o about 300 nm. In one or more embodiments, the feature depth D is in
a range of about 60 nm o about 100 nm.

{0038] As used herein, the ferm "feature” means any intentional surface irreqularity.
Suilable exampies of fealures include but are not limited fo irenches or vias which
have a fop, two sidewslls and a botiom, peaks which have g top and two sidewalls.
Features can have any suitable aspect ratio {ratic of the depth of the feature 1o the
width of the feature). In one or more embodiments, the aspedt ratio of the at least
one feature 210 is greater than or egual to about 51, 1011, 151, 20:1, 25:1, 30:1,
35:1, or 40:1.

PCT/US2024/035185
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{00391 For simplicity, reference will be made 1o paris of the feature 210 iHllustrated in
FIG. 2 while referring to FIGS. 3-8C. For example, the device 200 shown in FIG. 3 will
be referred {0 as having a boltorn 216, For clarily of the Hlustralions provided, the
reference numerals of the parts of feature 210 are not shown in FIGS. 3-8C.

{00401 Referring 1o FIG. 1 and FIGS. 2-8C, in one or more embodiments, the
method 100 begins with optional operation 105 {o pre-treat the subsirate. The pre-
treatment at operation 105 can be any suitable pre-ireatment known (o the skilled
artisan. Suitable pre-treatments include, but are not limited to, pre-heating, cleaning,
soaking, native oxide removal, or deposition of a contact layer (e.g., titanium silicide
(Ti8i}), or capping layers {e.g., TiSIN}. In one or more embodiments, a layer such as
titanium silicide or titanium silicon niiride (TiSIN), or other metal silicide is deposiied at
operation 105 to form a silicide contact.

{0041] 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 (FEGL)
refers to the first portion of integrated circuit fabrication, including transistor
fabrication, middie of line (MOL) connects the transistor and interconnect parts of a
chip using a series of contact structures, and back-end of line (BECOL) refers to a
series of process steps after transistor fabrication through completion of 3 wafer. One
or more embodiments of the disclosure are directed {o methods of forming devices
that are useful for one or more FEOL, MOL, and/or BEOL processes known to the
skilled artisan.

{00427 An exemplary device 200 is shown in FIG. 3 after optional operation 105.
The device 200 comprises a botiom formed from the at least one fealure 210 and
sidewalls and a top surface formed from layer 220. In one or more embodiments, the
at ieast one feature 210 comprises a conductive material and layer 220 comprises a
diglectric. Those skilied in the art will recognize that the disclosed processes may be
performed on different malerials and/or that the Hlusirated layers may be arranged in
different ways.

{0043} The method 100 continues with cycle 110, The cycle 110 forms g first silicon
{Gi) layer 240 at the bottom 218 of at least one {eature 210 of the device 200. The
cycle 110 includes a series of operations which are each performed in sequence and
may be repeated. Some of the operations are oplional within each cycle. A given

PCT/US2024/035185
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optional operation may be performed during each cycle, periodically {every other,
svery fifth, or every hundredth cycle), as nesded based on predetermined parameters,
or even not at all.

[0044] As shown in FIG. 3, the cyele 110 begins with operation 112, Al operation
112, a first silicon {8 layer 240 is deposited on the substrate surface 205 of the
device 200. The first silicon (Si) layer 240 has a bottom thickness on the botiom 218
and a top thickness on the top surface 215 and/or a sidewall thickness on the sidewall
214. In some embodiments, the first silicon (Si) layer 240 forms on the bottom of the
at least one feature 210.

{0045] The first silicon (51) layer 240 may be deposited by any suitable method. In
one or more embodiments, the first silicon (8i) layer 240 may be deposited by physical
vapor deposition (PVD). In these embodiments, as shown in FIG. 3, the sidewall
thickness is less than the top thickness and the bottom thickness. In one or more
embodiments, the top thickness is greater than the botiom thickness.

{0048} Those skilled in the art will recognize that the disclosed methods may begin
with a Tirst silicon (Si) layer 240 already formed on the substrale surface 205 of the
device 200, 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.q., positioned in a processing chamber).

{00477 The cycle 110 continues with operation 114. As shown in FiG. 4, at
operation 114, a flowabie polymer film 250 is formed on the first silicon (51 laver 240
within the feature 210 of the device 200. The polymer film 250 has a polymer
thickness less than or equal to the feature depth D. Staled differently, as a flowable
film {described below), the polymer film is contained entirely with the feature 210 and
is not present on the top surface 215 of the device 200. Accordingly, in this regard, the
polymer may be described as having a "thickness” or may inferchangeably described
as having a "depth.” Stated differently, the polymer "thickness” is measured in a Z-
direction within the feature 210 of the device 200, such that the thickness/depth is less
than or equal to feature depth D In one or more embodiments, the polymer film 250
has a thickness in a range of about 1 nm fo about 50 nm, or in a range of about 1 nm
to 10 nm, or in a range of about 2 nm 1o about 5 nm. In some embodiments, the

thickness of the polymer film 250 is in a range of from 1% 10 89%, or in a range of
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from 1% 10 80%, or in a range of from 2% io 20% of the depth D of the at least one
feature 210.

{00481 In the disclosed methods, processing parameters and reactants may be
selected to Hmit conformality of deposited materials, which may allow the deposited
material to better fill features on the subsirate. A flowable material is one which,
under the proper conditions, will flow by gravily 1o the low point of a substrate surface
and/or by capillary action 1o narrow CD spaces of trenches or other features.

{0049] In one or more embodiments, forming the polymer film comprises exposing
the surface 1o one or More MoNoMers.

{00501 In some embodimentis, the one or more monomers comprise, consist
essentially of, or consist of g single monomer selected from the group consisting of &
methyl group, a methacrylate group, a slyrene group, a benzyl alcohol group, a benayl
chloride group, an aidehyde 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 methyl group, a methacrylale group, a styrene group, a benzyl akcohol
group, a benzyl chioride group, an aldehyde group, and an amine group.

{08511 I one or more emboediments, the monomers comprise, consist essentially
of, or consist of a single, bi-lunctional 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.

{0052] In one or more embodiments, the one or more moenomers comprise, consist
essentially of, or consist of one or more of amines with bi-funchonal groups, aldehydes
with bi-functional groups, ketones with bi-functional groups, and alcohols with bi-
functional groups.

[0053] In one or more embodiments, the amines have a formula of HzN-{CHx)n-NHz,
where n is an integer in a range of from 1 1o 20 and x is 1 or 2. In ong or more
embodiments, the aldehydes have a formula of OHO-{CHm-CHO, where m is an
integerinarange of rom 210 20 and x is 1 or 2. In one or more embodiments, the
ketones have a formula of ROC-(CHy)o-COR, where q is an integer in a range of from
210 20, xis 1 or 2, and R is an alkyl group. In one or more embodiments, each R in
the formula ROC-{CHY-COR is the same alkyl group. In one or more embodiments,
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each R in the formula ROC-{CH)¢-COR s a different alkyl group. In one or more
smbodiments, the alcohels have a formula of HOC-(CH-COH, where ¢ is an integer
inarange offrom2 o 20 andxis 1 or 2.

{00841 In ons or more embodiments, the amines, the aldehydes, the keiones, and
the alcohols comprise carbon atoms. In one or more embodiments, the monomers
described herein may be linear, branched, cyclic, saturated, or unsaturated. The
monomers described herein do not contain groups which are reactive in the chemical
polymerization process described herein.

{08851 In specilic embodiments, the monomers may be selected from cne or more
of:

NHg
HQN/\/\” HENMNHg HQN\/\NHz

{0056] In one or more embodiments, the monomers comprise, consist essentially
of, or consist of two monomers, such as two bi-functional monomers, each 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.

{00877 In one or more embodiments, the one or more moenomers comprise, consist
essentially of, or consist of three monomers, wherein two of the monomers

independently comprise one or mors of an amine with a single functional group, an
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aldehyde with a single funciional group, a ketone with a single functional group, or an
alcoho! with a single functional group, and at least cne of the monomers is
independently selected from the group consisting of amines with bi-functional groups,
aldehydes with bi-functional groups, ketones with bi-functional groups, and alcohols
with bi-functicnal groups. These skilled in the art may recognize this as an "ABC”
polymer.

{0058] In one or more embaodiments, the flexible monomers used for producing the
selective protection polymer film 250 are capable of forming oligomers in & higher
percentage during polymerization compared with stiff monomers. Thus, in ong or more
embodiments, the polymerization process is through monomer, oligomer, and polymer
stages. The polymer formation depends on its local conceniration of monomers. In
one 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
siage, the A concentration is greally reduced, especially 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 conceniration of A monomer. Due to pumping and purge
sfficiency difference between field/wall 214, 215 and bottom 216 of the feature 210,
the A monomer conceniration in the botiomn 216 of the feature 210 is higher compared
with the conceniration on the field/wall 214, 215, Since A monomer conceniration is
higher at the bottom 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 210, In one or more
embodiments, a lower molecular weight B monomer is used, when it forms B-A-B
oligomer on fisld/wall 214, 215 with low concentration of A, it is still volatile compared
with higher oligomers tformed at bottom 216 of the feature 210, B-A-B-A-B, elc., which
decreases the amount of polymer residue on field/wall 214, 215 as much as possible.
{00591 A benzene ring has an elecltrical advaniage 1o aclivate the aldehyde
functional group during bonding with amine. When two aldehvde groups are inthe 1,4
positions of a benzene ring, the monomer is a stiff or rigid monomer. When the
monomer reacis with 1 4-diaminobenzene, it forms a shiff polymer with a rough

surface in the feature.
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{0060] 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 transition temperature
compared with a film formed from a stiff polymer. Thus, in one or more embodiments,
a polymer film 250 is advantageocusly formed having a smooth polymer surface,
flexibility, and a lower glass fransition temperature (Tg), especially when the Tg is
below the process lemperaiure.

{0061} In one or more embodiments, when a flexible monomer is used, the
opportunity 1o form oligomers, such as ABAB or ABABAB, is increased. Flexible
monomers also make possible a smooth surface in the feature 210 with easy packing
and packing density. Flexible monomers also reduce polymer residue on field/wall
214, 215 area due 1o the oligomers’ volatility and flowability info the feafure. 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
semiconductor device quality is improved when there is substantially no residue or no
residue on the field 215 and wall 214 areas.

{00621 Without intending to be bound by theory, it is thought that the polymer that is
formed and deposited as the polymer film 250 has the flexibility to fill the boltom 218
of the feature 210. in one or more embodimenis, the polymer has liquidity during
deposition and further processing.

{0063] As stated previously, the polymer film 250 is flowable. In order to control the
“flowability”™ of the resulting polymer film 250, it has been found that it is necessary o
control the size of the resulting oligomers,

{00641 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 0 °C to 400
°C. In some embodiments, the subsirate is maintained at a temperaturg in a range of
30 °C 10 400 °C.

{0065] Further, other process parameters may be controlled during the formation of
the polymer film 250, Examples of parameters which may be controlled include, but
are not limited o processing chamber pressure, monomer selections, the use of an
inert diluent or carrier gas, partial pressures of monomers, pulse sequence of

monomers, and pause periods o permit flow of the polymer material,
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{0066] After forming the flowable polymer film 250 al operation 114, the cycle 110
continues with operation 118, As shown in FIG. 5, af operation 116, at least a portion
of the first silicon {Si} layer 240 is seleclively removed. The first silicon (Si) layer 240
is 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 layers does not 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 layer during the removal of a portion of the first silicon
(8 layer 240.

{00671 I one or more embodiments, operation 1186 also removes a poriion of the
first silicon (Si) layer 240 from the sidewali 214, In one or more embodiments, any
portion of the first silicon (81} layer 240 which is present on sidewall 214 below the
upper surface of the polymer film 250 may remain intact without being removed.
{0088] In one or more embodiments, the selective removal of the portion of the first
silicon (8i) layer at operation 116 is performed on a substrale maintained at a
temperature in a range of 100 °C 10 400 °C.

{00681 In one or more embodiments, the selactive removal of the first silicon {8i)
layer 240 is performed by exposing the substrate surface 205 fo a fluorine-based
plasma or a chiorine-based plasma. Any suilable fluorine-based plasma or chiorine-
based plasma known to the skilled artisan that selectively removes the first silicon (81
layer 240 may be ussed.

{00707 In one or more embodiments, the selective removal of the first silicon (8§
layer 240 at operglion 116 is performed by exposing the substraie surface 205 of
device 200 to NFz radicals. In one or more embodiments, the substrate is maintained
at a ternperature in a range of 80 °C to 150 °C.

[0071] In one or more embodiments, the selective removal of the first silicon (8i)
layer 240 at operalion 116 is performed by exposing the subsirate surface 205 of
device 200 to a chiorine-confaining gas or an alkyichloride gas. In some
embodiments, the alkylchioride gas includes, but is not limited to, methyichloride, 2-
chioropropane, or 1,2-dichlorosthane. In one or more embodiments, the subsirale is
maintained al a temperalure in a range of 80 °C 1o 150 °C.

PCT/US2024/035185



10

20

25

30

WO 2025/006363 PCT/US2024/035185

{0072] The cycle 110 continues with operation 118,  Ags shown in FIG. &,
at operation 118, the polymer film 250 is removed io expose the remaining portion of
the first silicon (Si) layer 240, e.g., the portion of the first silicon (Si) layer on the
bottom 216 bensath the polymer film 250. In one or more embodiments, the removal
of the polymer film 250 is complete and leaves substantially no residue or no residue.
{00731 In one or more embodiments, the polymer film 250 is removed by exposing
the substrate surface 205 of the device 200 to a hydrogen (Hz) plasma treatment. In
one or more embodiments, the polymer film 250 is removed by exposure to a thermal
Oz environment at an elevated temperature.

{0074] In one or more embodiments, the removal of the polymer film 250 is
performed by exposing the substrate surface 205 of device 200 1o one or more of &
thermal process or a hydrogen {Hz) plasma freatment. In one or more embodiments,
after removing the first silicon {Si) layer 240 from the top surface 215 and sidewall
214, the polymer film 250 can be removed thermally by heating it to 350 °C to 500 °C
under vacuum. In other embodiments, after removing the first silicon (G} layer 240
from the top surface 215 and sidewsali 214, the polymer film 250 may also be removed
by hydrogen (Hz) plasma at tlemperature in a range of from 100 *C to 300 °C for a time
period in a range of from 2 seconds 1o 30 seconds.

{00751 In one or more embodiments, the removal of the polymer film 250 ai
opergtion 118 comprises a first step including exposing the subsirate surface to
hydrogen {(Hz) plasma and oxygen (Og) plasma and a second step including exposing
the substrate surface to hydrogen (Hz) plasma only.

[0076] The first step may be performed at a chamber pressure in a range of from
about 1 Torr to about 10 Torr, for example, about 5 Torr, at a flow rate of the hydrogen
{H2) plasma in a range of from about 1000 scem fo about 10000 scem, for example,
8000 scom and a flow rate of the oxygen (O2) in a range of from about 100 scom o
about 1000 scom, for example, 300 scom.

{00777 The second step may be performed at a chamber pressure in a range of
from about 16 Torr to about 50 Torr, for example, about 20 Torr, at g flow rate of the
hydrogen (H2} plasma in a range of from about 10 scem {o about 10000 scom.
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{0078] The polymer removal process of operalion 118 may be performed in a
processing chamber, such as a Volta® CVIVALD chamber available from Applied
Materials of Sania Clara, Calif.

{00791 After removing the polymer film 250, at operation 118 shown in FIG. §, the
cycle 110 optionally continues with operation 119. Atoperation 119, the remaining
portion of the first silicon (81} layer 240 is oxidized {o form a first silicon oxide (SIOX}
layer on the botiom 216. In one or more embodiments, oxidizing the remaining portion
of the first silicon (5i) layer 240 at operation 119 includes g thermal oxidation process
and/or a plasma oxidation process. In one or more embodiments, the thermal
oxidation process includes oxidizing the remaining portion of the first silicon (Si) layer
240 in a range of from about 500 °C fo about 800 °C in a process chamber or &
furnace. In one or more embodiments, the plasma oxidation process includes
exposing the remaining portion of the first silicon (Si) iayer 240 fo an oxygen-
containing plasma in a range of from about 200 °C to about 500 °C. The oxygen-
containing plasma may include any suitable oxygen-containing plasma known io the
skilled artisan.

{00801 I embodiments where the cycle 110, after removing the polymer film 250
at operation 118 shown in FIG. 8, oxidizes the remaining portion of the first silicon {Si)
layer 240 1o Torm a first silicon oxide {SIOx} layer 242 on the botlom 216 (operation
118), the cycle 110 then continues 10 operation 130 as discussed in further detail
below.

{0081] In one or more embodiments, al the end of cycle 110, the surface of the first
silicon (81} layer 240 does not contain any contaminants or residues of the polymer
layer 250. Specifically, in one or more embodiments, there are no carbon or oxygen
residues on the surface of the first silicon (5§ layer 240. In one or more
smbodiments, when the method 100 includes repealed cycles 110 (see below), there
are no contaminants or residues between amounts of the first silicon (Si) layer 240
deposited in subsequent cycles. In one or more embodiments, when the method 100
includes the deposition of a second silicon (8} layer 2680 (see below), there are no
contaminanis or residues between the first silicon (Si) layer 240 and the second
silicon (i) layer 260.
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{00821 In one or more embodimenis, the monomers are selecied so as not to
contain any oxygen atoms which may oxidize the surface of the first silicon (Si) laver
240 during removal of the polymer layer 250,

{00831 The method 100 continues 1o decision point 120. At point 120, the subsirate
is evaluated o determine whether or not the first silicon (Si) layer 240 has reached a
predetermined thickness or a predetermined number of cycles 110 have been
performed. If the conditions are met, the method 100 continues to operation 130. I
the conditions are not met, the method 100 returns {o the beginning of cycle 110 with
operation 112, In those embodiments in which the cycle 110 is repeated 1o form
additional material, those skilled in the art will appreciate that operation 112 is often
performed {o deposit the requisite additional metal malertal {e.q., silicon {&i)). In one
or more embodiments, the predetermined ihickness is in a range of about 2 nm to
about 10 nm.

{0084} In one or more unillustrated embodiments, the first silicon (Si} layer 240 may
be optionally etched. In one or more embodiments, the first silicon (8i) tayer 240 is
etched 1o remove the portions of the first silicon (81} layer 240 which extend up the
sidewall 214. When eiched, the first silicon (Si) layer 240 is aiso thinned on the
bottorm 218 of the fealure 210, Accordingly, one skilled in the art will recognize that
the first silicon (Si) tayver 240 may be deposited {0 a grealer botiom thickness than
desired in a final product 10 provide for sacrificial material which will be removed when
etching the metal material from the sidewall 214,

{0083} The method 100 includes optional operation 130. As shown in FIG. 7, In
some embodiments, the optional operation 130 occurs after removing the polymer film
250, at operation 118 shown in FIG. 6.

{0088] In FIG. 7, at operation 130, a second silicon (Si) layer 260 is selectively
deposited on the first silicon (8i) layer 240. The second silicon (Si) layer 260 may be
deposited by any suitable deposition process known 1o the skilled artisan such that the
second silicon {8i) layer 260 forms selectively to the surface of the first silicon (3i}
layer 240 over other substrate surface materials {e.q., layer 220). In one or more
embodiments, seleclively depositing the second silicon (Si) layer 260 comprises
chemical vapor deposition (CVD). The seleclive deposition process provides a gapfill
material comprising the second silicon (8 layer 260 which is formed in a boltom-up
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fashion without lateral deposition from the sidewall 214. In one or more embodimenis,
the second silicon (Si} layer 260 is deposited without forming any voids or seams
within the second silicon (Si) layer 280.

{00871 As shown in FIG. 8B, in some embodiments, the optional operation 130
occurs after removing the polymer film 250, at operation 118 shown in FIG. 6, and
after the cycle 110 oxidizes the remaining portion of the first silicon (81} layer 240 1o
form a first silicon oxide (SiOx) layer 242 on the boltom 216 {operation 118}, the cycle
110 then continues to operation 130. in one or more unillusirated embodiments, a
second silicon {Si) layer 260 is selectively deposited on the first silicon oxide {SiOy)
layer 242, While not shown, the skilled artisan will appreciaie that the second silicon
(81) layer 280 would be selectively deposited on the first silicon oxide {80} layer 242
at operation 130, after oxidizing the remaining portion of the first silicon (81} layer 240
to form the first silicon oxide (3i0x) layer 242 on the bottom 216 at gperation 119,
shown in FIG. 8A. In specific embodiments, the deposilion process is seleclive 1o the
surface of the first silicon oxide (SO« layer 242 over other substrate surface materials
{e.g., layer 220}, The seleclive deposition process provides a gaphill material
comprising the second silicon (S1) layer 260 which is formed in a bottom-up fashion
without lateral deposition from the sidewall 214. In one or more embodiments, the
second silicon (S layer 260 is deposiied without forming any voids or seams within
the second silicon (Si) layer 260.

{0088 In FIG. 7, at operation 130, a second silicon (8i) layer 260 is selectively
deposited on the first silicon (81} layer 240. The deposition process is selective 1o the
surface of the first silicon (81} layer 240 over other subslrate surface materials (e.g.,
layer 220). The selective deposition process provides a gapfill material comprising the
second silicon (30} layer 260 which is formed in a boltom-up fashion without ateral
deposition from the sidewall 214, In one or more embodiments, the second silicon
(S layer 260 is deposited without forming any voids or seams within the second
silicon {8} layer 260,

{0089] FIG. 88 illustrates operation 130 of the cycle 110. In FIG. 8B, at operation
130, a second silicon {8i) layer 260 is selectively deposited on the first silicon oxide
{SIOx) layer 242, The second silicon (Si) layer 260 may be deposited by any suitable
deposition process known fo the skilled artisan such that the second silicon (Si) layer
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260 forms selectively 1o the surface of the first silicon oxide (S0} layer 242 over other
substrate surface materials {e.g., layer 220). In one or more embodiments, selectively
depositing the second silicon (Si) layer 280 comprises chemical vapor deposition
{CVD). The selective deposition process provides a gapfill maierial comprising the
second silicon (Si) fayer 280 which is formed in a boftom-up fashion without lateral
deposition from the sidewall 214. In one or more embodiments, the second silicon
(Si) layer 260 is deposited without forming any voids or seams within the second
silicon (Si) layer 260.

{00807 FIG. BC illusirates operation 119 after selectively depositing the second
silicon (81} layer 260 on the first silicon oxide {SiCx) layer 242 at operation 130 in FIG.
8B. In one or more embodimenis, the selectively second silicon (8i) layer 260 layer is
oxidized, at operation 119, to form a second silicon oxide (SiOx) layer 262 on the first
silicon oxide (SiO«) layer 242. In one or more embodiments, the second silicon oxide
{SIOx) layer is selectively deposited on the first silicon oxide (SiOx) layer by
performing an etching process, and the second silicon oxide {SiOx) layer forms as a
result of the elching process. The efching process may be any suilable efching
process known 0 the skilled artisan.

{0081] The method 100 may end after operation 130 (selectively depositing the
second silicon (S layer 260) or operation 119 after selectively deposiiing the second
silicon (5i) layer 260 on the first silicon oxide (Si0x) layer 242 af operation 130 in FIG.
8B, or it may continue with opticnal post processing at optional operation 140. The
optional post-processing operation 140 can be, for example, a process to maodify film
properties {e.g., annealing or plasma freatment), a further film depostion process
{e.q., additional ALD or CVD processes) to grow additional films, or a further eich
process to form a desired predeiermined device architecture. In one or more
smbodiments, the optional post-processing operation 140 can be a process that
modifies a property of the deposited film. In ong or more embodiments, the oplional
post-processing operation 140 comprises annealing the device 200. In one or more
embodiments, annealing is performed at a lemperature grealer than or equal o about
300 °C, greater than or equal to about 400 °C, greater than or equal to about 500 °C,
greater than or egual to about 600 °C, greater than or equal to about 700 °C, greater
than or equal 1o about 800 *C, greater than or equal to about 800 °C or greater than or
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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 (Noj, argon (Ar)) or a
reducing gas {e.g., molecular hydrogen (Hz2) or ammonia (NHa)) or an oxidant, such
ag, bui not limited fo, oxygen (Qz), czone (Os), or peroxides. Annealing can be
performed for any suitable length of time. In one or more embodiments, the subsirate
is annealed for a predetermined time in the range of about 15 seconds o about 90
minutes, or in the range of about 1 minute to about 80 minutes.

{0082} Additional embodiments of the disclosure are directed 1o methods of
selectively depositing a dielectric malerial, such as a high-x dielectric matgrial
including but not imited o hafnium oxide (HfOx) or zirconium oxide (ZrCy). it has been
advantageously found that use of a flowable polymer 1o protect g subsirate surface
within a fealure can be used 1o selectively deposit a metal material, such as silicon
and polysilicon, as well as dielectric materials, such as hafnium oxide (HIOx) or
zirconium oxide (ZrCx).

{00831  In one or mare embodiments, hafnium oxide {HEG)) may be deposited by the
method 100 including cycle 110. In some embodiments, hafium oxide (HfOJ is
directly deposited on the substrate surface 205 of the device 200 by atomic laver
deposition (ALD)} or chemical vapor deposition (CVD). After the halnium oxide {HfOy)
is deposiied, the method of selectively depositing the dielectric malerial includes
forming a flowable polymer film on the hafnium oxide (HfOx) within the at least one
feature to protect the hafnium oxide (HfG) on the bottom and remove the halium
oxide (HIOX) on the field 215 and wall 214, Accordingly, in one or more embodiments,
the method 100 of seleclively depositing the dieleciric material includes: optionally,
pre-treating the substrate {operation 105), cycle 110, including depositing a first
dielectric layer {e.q., hainium oxide {HIOy) or zirconium oxide (£r()) {operation 112},
forming a flowable polymer film (operation 114), selectively removing a portion of the
first diglectric layer {operation 116}, removing the polymer film (operation 118},
decision point {operation 120}, optionally, selectively depositing a second dislectric
fayer {e.g., hafnium oxide (HIO«) or zirconium oxide (Zr0y)) on the remaining portion of
the first dielectric layer, and optlionally, post-processing (operation 140).

{0084] FIG. ¢ llustrates a schemalic top-view diagram of an example of a multi-
chamber processing system 400 according to embodiments of the present disclosure.

PCT/US2024/035185



10

20

25

30

WO 2025/006363 PCT/US2024/035185

21

The processing system 400 generally includes a factory interface 402, load lock
chambers 404, 4086, transfer chambers 408, 410 with respective transfer robots 412,
414, holding chambers 418, 418, and processing chambers 420, 422, 424, 426, 428,
430. As detailed herein, wafers in the processing systen 400 can be processed in and
transferred between the various chambers without exposing the wafers to an ambient
environment exterior to the processing system 400 (e.g., an almospheric ambient
environment such as may be present in a fab). For example, the wafers can be
processed in and transferred between the various chambers in a low pressure {(&.g.,
less than or equal to about 300 Torr) or vacuum environment without breaking the low
pressure or vacuum environment between various processes performed on the waters
in the processing system 400, Accordingly, the processing sysiem 400 may provide
for an integrated solution for some processing of wafers.

{0085] ELxamples of a processing system that may be suitably medified in
accordance with the teachings provided herein include the Endura®, Producer® or
Centura® integrated processing sysiems or other suitable processing systems
commercially available from Applied Materials, Inc., located in Santa Clara, California.
it is contemplated that other processing systems {(including those from other
manufacturers) may ve adaplted to benefit from aspects described herein.

{00881 In the ilusirated example of FIG. 9, the factory interface 402 includes g
docking station 440 and faciory interface robots 442 o facilitate fransfer of wafers.
The docking station 440 is configured to accept one or more front opening unified
pods (FOUPs) 444, In some examples, each factory interface robot 442 generally
comprises a blade 448 disposed on one end of the regpective factory interface robot
442 configured o fransfer the wafers from the factory interface 402 fo the load lock
chambers 404, 406.

{00871 The load lock chambers 404, 406 have respective ports 450, 452 coupled to
the factory interface 402 and respeclive poris 454, 456 coupled to the iransfer
chamber 408. The transfer chamber 408 further has respective porls 458, 460
coupled o the holding chambers 416, 418 and respective ports 462, 464 coupled 1o
processing chambers 420, 422, Similarly, the itransfer chamber 410 has respeciive
ports 466, 468 coupled to the holding chambers 418, 418 and respective ports 470,
472, 474, 476 coupled 1o processing chambers 424, 426, 428, 430. The poris 454,
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456, 458, 480, 462, 464, 466, 468, 470, 472, 474, 476 can be, for example, slit valve
openings with slit valves for passing walers therethrough by the transfer robots 412,
414 and for providing a seal belween respective chambers o prevent a gas from
passing between the respective chambers. Cenerally, any port is open for ransferring
a wafer therethrough. Ctherwise, the port is closed.

{0098] The load lock chambers 404, 406, transier chambers 408, 410, holding
chambers 418, 418, and processing chambers 420, 422, 424, 426, 428, 430 may be
Huidly coupled o a gas and pressure control system {nol specifically illusirated). The
gas and pressure control system can inciude one or more gas pumps {e.g., twbo
pumps, cryc-pumps, roughing pumps), gas sources, various valves, and conduils
fluidly coupled to the various chambers. In operation, a factory interface robot 442
transfers a wafer from a FOUP 444 through a port 450 or 452 1o a load lock chamber
404 or 406. The gas and pressure contral system then pumps down the load lock
chamber 404 or 406. The gas and pressure control systemn further maintains the
transier chambers 408, 410 and helding chambers 416, 418 with an interior low
pressure or vacuum environment {which may include an inert gas). Hence, the
pumping down of the bad lock chamber 404 or 406 facilitates passing the wafer
between, for example, the almospheric environment of the factory interface 402 and
the low pressure or vacuum environment of the transfer chamber 408,

{00891 With the wafer in the load lock chamiber 404 or 408 thal has been pumped
down, the transfer robot 412 transfers the waler from the load lock chamber 404 or
406 info the transter chamber 408 through the port 454 or 456, The transfer robot 412
is then capable of transferring the waler 1o and/or belween any of the processing
chambers 420, 422 through the respective ports 462, 464 for processing and the
holding chambers 416, 418 through the respective ports 458, 460 for holding 1o await
further transfer. Similarly, the transfer robot 414 is capable of accessing the wafer in
the holding chamber 418 or 418 through the port 466 or 468 and is capable of
transferring the wafer {0 and/or between any of the processing chambers 424, 426,
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 lo await
further transfer. The transfer and holding of the waler within and among the various



10

20

25

30

WO 2025/006363

23

chambers can be in the low pressure or vacuum environment provided by the gas and
pressure control system.

{00100} 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, the processing
chamber 422 can be capable of performing a cleaning process, and the processing
chambers 424, 426, 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 etch process, and the processing chambers 424, 426, 428, 430 can be
capable of performing respeclive epitaxial growth processes. The processing chamber
422 may be a SiCoNi™ Preclean chamber gvailable from Applied Materials of Santa
Clara, Calif. The processing chamber 420 may be a Selecira™ Eich chamber
available from Applied Malerials of Santa Clara, Calif. The processing chamber 422
may be a Volia® CVI/ALD chamber available from Applied Materials of Santa Clara,
Calif.

{001017 A system controller 490 is coupled to the processing system 400 for
confrolling the processing system 400 or components thereof. For example, the
system confroller 480 may conirol the operation of the processing system 400 using a
direct control of the chambers 404, 406, 408, 416, 418, 410, 420, 422, 424, 424, 428,
430 of the procsssing system 400 or by controlling controliers associated with the
chambers 404, 406, 408, 416, 418, 410, 420, 422, 424, 426, 428, 430. In operation,
the system controller 480 enables dala collection and feedback from the respective
chambers o coordinate performance of the processing system 400,

{00102] The system controller 480 generally includes a central processing unit {CPL)
492, memory 494, and support circuils 498. The CPU 482 may be one of any form of
a general-purpose processor that can be used in an industrial setling. The memaory
494, or non-transitory computer-readable medium, is accessible by the CPL} 492 and
may be one or more of memory such as random-access memory (RAM), read only
memory (ROM), floppy disk, hard disk, or any other form of digital storage, local or
remote. The support circuits 498 are coupled fo the CPU 492 and may comprise
cache, clock circuits, input/output subsysiems, power supplies, and the like. The
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various methods disclosed herein may generglly be implemenied under the control of
the CPU 492 by the CPU 492 executing computer instruction code siored in the
memory 494 (or in memory of a particular process chamber) as, for example, &
software routine. When the computer instruction code is executed by the CPU 492,
the CPU 492 conirols the chambers to perform processes in accordance with the
various methods.

[00103] Other processing systems can be in other condigurations. For example, more
or fewer processing chambers may be coupled 1o a transfer apparatus. In the
flusirated example, the transfer apparatus includes the transfer chambers 408, 410
and the holding chambers 416, 418. In other examples, more or fewer fransfer
chambers (e.4., one transfer chamber) and/or more or fewer holding chambers (e.g.,
no holding chambers) may be implemented as a transfer apparatus in & processing
system.

{00104] Processes may generally be stored in the memory of the system controller
1190 as a sofiware rouling thal, when executed by the processor, causes the process
chamber o perform processes of the present disclosure. The software routine may
also be stored and/or executed by a second processor {not shown) that is remotely
focated 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.g., an application specific integrated circuit or other type of hardwars
implementation, or as a combination of software and hardware. The software routine,
when execuled by the processor, ransforms the general-purpese computer info a
specific purpose computer {controlier) that controls the chamber gperation such that
the processes are performed.

{00105] Embodiments of the disclosure are directed o a non-transitory computer
readable medium. In one or more embodiments, the non-transitory computer readable
medium includes instructions that, when executed by a controller of a processing
chamber, causes a processing chamber o perform the operations of any of the
methods (8.g., method 100) described herein.

[00106] Spatially relalive terms, such as "beneath,” "below,” "lower,” "above,” "upper”
and the like, may be used herein for ease of description o describe one slement or
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feature’s relationship 1o another element{s) or feature(s) as illustrated in the figures. It
will be understood that the spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition o the orientation depicted in
the figures. For example, if the device in the figures is iurmed over, elemenis
described as "below,” or "beneath” other elements 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 otherwise
oriented (rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[00107] The use of the terms "a" and "an” and "the" and similar relerenis in the
context of describing the materials and methods discussed herein {(especially in the
coniext of the following claims) are 1o be construed o cover both the singular and the
plural, unless otherwise indicated hersin or clearly contradicted by context. Hecitation
of ranges of values herein are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated info the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by
coniext. The use of any and ali examples, or exemplary language (e.g., "such as")
provided herein, is infended merely to better lluminate the materials and methods and
does not pose a limitation on the scope unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential
o the practice of the disclosed malerials and methods.

{00108] Reference throughout this specification to "one embodiment,” "certain
embodiments,” "one or more embodiments” or "an embodiment” means that a
particular feature, structure, material, or characteristic described in conneclion 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
embodiments,” "in one embodiment” or "in an embodiment” in various places
throughout this specification are not necessarily referring 1o the same embodiment of
the disclosure. In one or more embodiments, the particular features, structures,

materials, or characieristics are combined in any suitable manner.
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{00108} Although the disciosure herein has been described with reference 1o
particular embodiments, it is fo be understood that these embodiments are mersly
Hlustrative of the principles and applications of the present disclosure. I will be
apparent to those skilled in the art that varicus modifications and varialions can be
made to the method and apparatus of the present disclosure without departing from
the spirit and scope of the disclosure. Thus, it is inlended that the present disclosure
include modifications and varigtions that are within the scope of the appended claims

and their equivalents.
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What is claimed is:

1.

A method of selectively depositing polysilicon, the method comprising:

depositing a first silicon {8} layer by physical vapor deposition (PYD) on
a semiconductor substrate surface with at least one feature formed thereon, the
at least one feature having at least one opening at a fop surface with an
opening widih, at least one sidewall, and a boitom, the at least one feature
extending a fealure depth from the iop surface to the bollom, the first silicon
{31} layer forming on the top surface, along the at least one sidewall, and the
bottom;

forming a flowable polymer film on the first silicon (Si) layer within the at
least one feature, the flowable polymer film forming on the first silicon (Si) layer
on the bottomn and having a polymer depth less than or equal to the feature
depih;

selectively removing af least a portion of the first silicon (81) layer from
the top surface and the at least one sidewall; and

removing the flowable polymer film o expose the first silicon (3} layer
on the bottom of the at least one feature.

The method of daim 1, comprising forming the flowable polymer #ilm at a
temperature in a range of from 30 °C 10 400 °C.

The method of claim 1, wherein forming the fowable polymer film comprises

exposing the semiconductor substrate surface 10 one or More MoNCMeErs.

The method of claim 3, wherein the one or more monomers includes a single
monomer selected from the group consisting of a methy! group, a methacrylate
group, a styrene group, a benzyl alcohol group, a benzyt chioride group, and an
aldehyde group.

The method of claim 3, whersin the one or more monomers includes two

monomers, gach monomer independenily selected from the group consisting of
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amines with bi-functional groups, aldehydes with bi-funclional groups, kefones
with bi-functional groups, and alcohols with bi-functional groups.

The method of claim 5, wherein the one or more monomers includes three
mongmers, wherein two of the monomers independently comprise one or more
of an amine with a single funclional group, an aldehyde with a single functional
group, a kefone with a single functional group, or an alcchol with a single
functional group, and at 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-functional groups, and alcohols with bi-

functional groups.

The method of claim 1, comprising selectively removing the portion of the first
silicon (81} layer at a temperature in a range of from 100 °C to 400 °C.

The method of claim 7, wherein selectively removing the portion of the first
silicon (Si layer includes exposing the semiconductor substrate surface to a
Huorine-based plasma or a chiorine-based plasma.

The method of claim 1, wherein the flowable polymer film is removed by
exposing the semiconductor substrate surface o one or more of a thermal

process or a hydrogen (Ha) plasma treatment.

The method of claim 9, wherein the flowable polymer film is removed without
substantially affecting any material beneath the flowable polymer film.

The method of claim 1, comprising repealing the operations of: forming 3
flowable polymer film on the first silicon (8} layer, selectively removing at least
a portion of the first siticon (1) layer from the top surface and the atl least one
sidewall, and removing the flowable polymer film.
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12.

13.

14.

15.

18.

29

The method of claim 1, wherein the feature depth i3 in a range of about 10 nm
to about 300 nm.

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

A method of selectively depositing polysilicon, the method comprising:

depositing a first silicon {&i) layer by physical vapor deposition (PVD) on
a semiconductor substrate surface with at least one feature formed thereon, the
at least one feature having at least one opening at a fop surface with an
opening widih, al least one sidewall, and a boitorm, the al least one feature
extending a fealure depth from the top surface to the bottom, the first silicon
{31} layer forming on the fop surface, along the at least one sidewall, and the
bottom;

forming a flowable polymer film on the first silicon (Si} layer within the at
least one feature, the flowable polymer film forming on the first silicon (Si) layer
on the bottom and having a polymer depth less than or equal 1o the feature
depih;

selectively removing at least a portion of the first silicon (S layer from
the top surface and the al least one sidewall without substantially affecting any
material beneath the flowable polymer film;

removing the flowable polymer film 1o expose the first silicon (Si} layer
on the bottom; and

oxidizing the remaining portion of the first silicon (8i) fayer to form a first
silicon oxide (SiOx) laver on the boltom,

The method of claim 14, wherein forming the flowable polymer filim comprises

axposing the semiconductor substrale surface {0 one or more monoemers.

The method of claim 14, wherein the Hlowable polymer film is removed by
exposing the semiconductor substrate surface o one or more of a thermal
process or a hydrogen (Hz) plasma treaiment.
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17.

19.

20.

30

The method of claim 186, wherein the flowable polymer film is removed without
subsianiially affecting any material beneath the flowable polymer film.

The method of claim 14, comprising repeating the operations of: forming the
flowable polymer film on the first silicon (81} layer, seleclively removing at least
a portion of the first silicon (81 layer from the top surface and the at least one
sidewall, removing the flowable polymer film, and oxidizing the remaining

portion of first silicon (&) layer.

The method of claim 14, further comprising selectively deposiling a second
siicon {Si) layer an the first siicon oxide (SIOx) layer to fili the feature depth
after removing the flowabile polymer film.

The method of claim 19, further comprising oxidizing the second silicon (Si)
tayer 1o form a second silicon oxide (SiOx) layer.



