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SCHEMES FOR SELECTIVE DEPOSITION FOR PATTERNING APPLICATIONS

FIELD

[0001] Embodiments of the disclosure generally relate to methods of selectively
depositing a film. More particularly, embodiments of the disclosure are directed to
methods of selectively depositing a film using self-assembled monolayers and an

optional treatment reactant.

BACKGROUND

[0002] Selective deposition processes are gaining a lot of momentum mostly
because of the need for patterning applications for semiconductors. Traditionally,
patterning in the microelectronics industry has been accomplished using various
lithography and etch processes. However, since lithography is becoming exponentially
complex and expensive the use of selective deposition to deposit features is
becoming much more attractive. Another potential application for selective deposition
is gap fill. In gap fill, the fill film is grown selectively from the bottom of a trench
towards the top. Selective deposition could be used for other applications such as
selective sidewall deposition where films are grown on the side of the fin. This would
enable the deposition of a sidewall spacer without the need for complex patterning

steps.

[0003] Therefore, there is a need in the art for methods of depositing a film onto one

surface selectively over a different surface.

SUMMARY

[0004] One or more embodiments of the disclosure are directed to selective
deposition methods comprising providing a substrate having a first metal surface and
a first dielectric surface. A second metal film is selectively deposited on the first metal
surface to form a second metal surface. The second metal surface is passivated by
forming a cross-linked self-assembled monolayer comprising in the range of about 5
to about 20 carbon atoms to form a passivation layer. A second dielectric film is

selectively deposited on the first dielectric surface to form a second dielectric surface.
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The passivation layer is removed from the second metal surface. The dielectric
surface is not passivated during deposition of the second metal film.

[0005] Further embodiments of the disclosure are directed to selective deposition
methods comprising (a) providing a substrate having a metal surface and a dielectric
surface; (b) passivating the metal surface with a cross-linked self-assembled
monolayer to form a passivation layer, wherein passivating the metal surface
comprises exposing the metal surface to a compound having a head group, carbon
chain and tail group that forms a self-assembled monolayer, the carbon chain having
in the range of about 5 to about 20 carbon atoms and the tail group including a
hydrophobic moiety; (c) depositing a second dielectric film selectively on the first
dielectric surface to form a second dielectric surface; (d) removing the passivation
layer; (e) depositing a second metal film selectively on the first metal surface to form a
second metal surface; and (f) repeating (b) through (e) to grow the second dielectric
film and the second metal film to form a second dielectric film of a predetermined
thickness and a second metal film of a predetermined thickness. The dielectric
surface is not passivated during deposition of the second metal film.

[0006] Further embodiments of the disclosure are directed to selective deposition
methods comprising providing a substrate having a first metal with a first metal
surface and a first dielectric with a first dielectric surface. A film of a second metal is
selectively deposited on the first metal surface to form a second metal film with a
second metal surface. The second metal is different from the first metal. The second
metal surface is passivated by forming a cross-linked self-assembled monolayer
comprising a carbon chain having in the range of about 5 to about 20 carbon atoms to
form a passivation layer. The cross-linked self-assembled monolayer is formed by
exposing the substrate to a SAM precursor and a cross-linking process comprising
one or more of a chemical reaction, UV light, electron beam or heat. A film of a
second dielectric is selectively deposited on the first dielectric surface to form a
second dielectric film with a second dielectric surface. The second dielectric is
different from the first dielectric. The passivation layer is removed from the second
metal surface. The dielectric surface is not passivated during deposition of the

second metal film.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.

[0008] FIG. 1 illustrates a processing method in accordance with one or more

embodiment of the disclosure; and

[0009] FIG. 2 illustrates a processing method in accordance with one or more

embodiment of the disclosure.

DETAILED DESCRIPTION

[0010] As used in this specification and the appended claims, the term “substrate”
and “wafer” are used interchangeably, both referring to a surface, or portion of a
surface, upon which a process acts. It will also be understood by those skilled in the
art that reference to a substrate can also refer to only a portion of the substrate,
unless the context clearly indicates otherwise. Additionally, reference to depositing on
a substrate can mean both a bare substrate and a substrate with one or more films or
features deposited or formed thereon.

[0011] A "substrate" as used herein, refers to any substrate 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
(SOI), carbon doped silicon oxides, silicon nitride, doped silicon, germanium, gallium
arsenide, glass, sapphire, and any other materials such as metals, metal nitrides,
metal alloys, and other conductive materials, depending on the application.
Substrates include, without limitation, semiconductor wafers. Substrates may be
exposed to a pretreatment process to polish, etch, reduce, oxidize, hydroxylate (or
otherwise generate or graft target chemical moieties to impart chemical functionality),
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anneal and/or bake 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 underlayer formed on the substrate as
disclosed in more detail below, and the term "substrate surface" is intended to include
such underlayer as the context indicates. Thus for example, where a film/layer or
partial film/layer has been deposited onto a substrate surface, the exposed surface of
the newly deposited film/layer becomes the substrate surface. What a given substrate
surface comprises will depend on what films are to be deposited, as well as the
particular chemistry used. In one or more embodiments, the first substrate surface
may comprise a metal, metal oxide, or H-terminated SiGeix, and the second
substrate surface may comprise a Si-containing dielectric, or vice versa. In some
embodiments, a substrate surface may comprise certain functionality (e.g., -OH, -NH,

etc.).

[0012] As used in this specification and the appended claims, the terms “reactive

gas”, “precursor”, “reactant”, and the like, are used interchangeably to mean a gas
that includes a species which is reactive with a substrate surface. For example, a first
“reactive gas” may simply adsorb onto the surface of a substrate and be available for

further chemical reaction with a second reactive gas.

[0013] Embodiments of the disclosure provide methods of selectively depositing a
film onto one surface over a second surface. As used in this specification and the
appended claims, the term “selectively depositing a film on one surface over another
surface”, and the like, means that a first amount of the film is deposited on the first
surface and a second amount of film is deposited on the second surface, where the
second amount of film is less than the first amount of film, or no film is deposited on
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. For example, selectively depositing a cobalt film onto a copper
surface over a dielectric surface means that the cobalt film deposits on the copper
surface and less or no cobalt film deposits on the dielectric surface; or that the
formation of the cobalt film on the copper surface is thermodynamically or kinetically
favorable relative to the formation of a cobalt film on the dielectric surface.
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[0014] In recent decades, the semiconductor community has made attempts to
improve integrated circuit (IC) processing by replacing lithography steps with
alternatives that translate to lower cost, reduced processing time, and smaller feature
sizes. Many of these alternatives fall under the blanket category of “selective
deposition.” In general, selective deposition refers to a process for which the net
deposition rate is higher on the target substrate material relative to other substrate
materials, such that the desired film thickness is achieved on the target substrate
material with negligible deposition on the other substrate materials (where “negligible”

is defined by process constraints).

[0015] One strategy to achieve selective deposition employs the use of blocking
layers. ldeally, this strategy involves (1) formation of a blocking layer on substrate
materials on which deposition is to be avoided with negligible impact to the target
substrate material, (2) deposition on the target substrate material (where deposition
on other substrate materials is “blocked” by the blocking layer), and (3) removal of the

blocking layer without net adverse effects to the deposited film.

[0016] Embodiments of the disclosure incorporate a blocking layer called a self-
assembled monolayer (SAM). A self-assembled monolayer (SAM) consists of an
ordered arrangement of spontaneously assembled organic molecules adsorbed on a
surface. These molecules are typically comprised of one or more moieties with an
affinity for the substrate (head group) and a relatively long, inert, linear hydrocarbon

moiety (tail group).

[0017] In this case, SAM formation happens through fast adsorption of molecular
head groups at the surface and slow association of molecular tail groups with each
other through van der Waals interactions. SAM precursors are chosen such that the
head group selectively reacts with the substrate materials to be blocked during
deposition. Deposition is then performed, and the SAMs are typically removed
through thermal decomposition (with desorption of any byproducts) or an integration-
compatible ashing process. Successful selective deposition through this idealized
formation and use of SAMs has been demonstrated for a number of systems;
however, success is essentially limited to a solution-based approach for SAM

formation (i.e., wet functionalization). Wet functionalization approaches are not only



10

15

20

25

30

WO 2018/144381 PCT/US2018/015709

incompatible with vacuum-based integration schemes but also require sonication post-
SAM formation to eliminate physisorbed SAM precursor. This suggests successful
selective SAM formation (on one substrate versus another) cannot rely on the
functionalization process alone to yield the overall selective chemisorption result with

no physisorption.

[0018] Referring to FIG. 1, one or more embodiment of the disclosure is directed to
a processing method 100 for selective deposition. A substrate 105 is provided with a
first dielectric film 110 and a first metal film 120. The first metal film 120 has a first
metal surface 122 and the first dielectric film 110 has a first dielectric surface 112.

[0019] A second metal film 125 is selectively deposited on the first metal surface
122 of the first metal film 120 to form a second metal surface 127. In some
embodiments, the second metal film 125 is a different metal than the first metal film
120. In some embodiments, the second metal film 125 is the same metal as the first
metal film 120.

[0020] According to some embodiments, the second metal film 125 is selectively
deposited on the first metal film 120 without passivation or protection of the first
dielectric film 110 or first dielectric surface 112. In some embodiments, the first
dielectric film 110 or first dielectric surface 112 is passivated or protected before

deposition of the second metal film 125.

[0021] After formation of the second metal film 125, the second metal surface 127 is
passivated. The passivation layer 130 is a cross-linked self-assembled monolayer
(SAM). The cross-linked self-assembled monolayer is formed by exposing the
substrate to a SAM precursor and a cross-linking process. The SAM precursor can be
a single compound or sequential exposures to form a self-assembled monolayer 130.
For example, the second metal surface 127 may be exposed to a single compound
that assembles on the surface in an ordered or semi-ordered manner. In some
embodiments, the self-assembled monolayer 130 is formed by exposing the surface to
a first SAM precursor and a reactant that creates the self-assembled monolayer 130.

[0022] The SAM precursor of some embodiments comprises a composition with a
head group and a tail group. As used in this manner, the "head group" is a chemical

moiety that associates with the second metal surface 127 and the "tail group" is a
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chemical moiety that extends away from the second metal surface 127. In some
embodiments, the head group comprises one or more of a silyl group (SiRs), a
phosphate group (-POsH) or a thiol group (-SH). The silyl group can be a halogenated
silyl, for example, trimethylsilyl. The head group of some embodiments adsorbs to the
second metal surface 127 relatively quickly.

[0023] The self-assembled monolayer 130 and/or cross-linked self-assembled
monolayer 135 of some embodiments have in the range of about 5 to about 20 carbon
atoms. The carbon chain can be branched or unbranched, or substituted or
unsubstituted. In some embodiments, there are greater than about 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17 or 18 carbon atoms. In some embodiments, there are in the
range of about 6 to about 18 carbon atoms, or in the range of about 7 to about 17
carbon atoms, or in the range of about 8 to about 16 carbon atoms, or in the range of
about 9 to about 15 carbon atoms or in the range of about 10 to about 14 carbon
atoms. In some embodiments, the tail groups associate with each other through
relatively slow van der Waals interaction. The tail groups can be the same or different
so that a homogeneous or heterogeneous SAM can be formed.

[0024] In some embodiments, the SAM precursor comprises more than one head
group that can chemisorb onto the substrate surface. In some embodiments, at least
one head group does not chemisorb onto the substrate surface and is available to
react with a co-reactant. In one or more embodiments, exposing the substrate to the
SAM precursor further comprises exposing the substrate to a co-reactant to form the
self-assembled monolayer. The co-reactant can be co-flowed into the process
chamber with the SAM precursor; either mixing prior to the process chamber or within
the process chamber. In some embodiments, the co-reactant and the SAM precursor
are exposed to the substrate surface sequentially so that there is no, or little, gas
phase mixing of the SAM precursor and the co-reactant.

[0025] In some embodiments, the SAM precursor comprises one or more of
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where A is the head group and n is in the range of about 1 to about 20, or in the range
of about 2 to about 15.

5 [0026] In some embodiments, the SAM precursor comprises one or more of
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where n is in the range of about 4 to about 20, or in the range of about 5 to about 15.

[0027] Once formed, the self-assembled monolayer 130 can be exposed to a cross-
linking process to form the cross-linked self-assembled monolayer 135. The cross-

10  linking process can be any suitable process including, but not limited to, a chemical
reaction, UV light exposure, electron beam exposure and/or heat. Examples of
cross-linking reactions are illustrated in Schemes | and II.
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[0028] After formation of the cross-linked self-assembled monolayer 135, a second
dielectric film 115 is deposited on the first dielectric surface 112 of the first dielectric
film 110 selectively over the second metal film 125. The cross-linked self-assembled
monolayer 135 provides a protecting group to prevent or minimize deposition of the
second dielectric film 115 on the first metal film or second metal film or surfaces. In
some embodiments, the second dielectric film 115 is a different metal than the first
dielectric film 110. In some embodiments, the second dielectric film 115 is the same

dielectric as the first dielectric film 110.

[0029] After selective deposition of the second dielectric film 115 on the first
dielectric film 110, the cross-linked self-assembled monolayer 135 passivation layer is
removed from the second metal surface. In some embodiments, the cross-linked self-
assembled monolayer 135 is removed from the surface by oxidation. In some
embodiments, the cross-linked self-assembled monolayer 135 is etched from the
surface. In some embodiments, the cross-linked self-assembled monolayer 135 is

dissolved in a suitable solvent (e.g., ethanol).
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[0030] In some embodiments, the process is repeated to deposit additional second
metal film 125 on the second metal surface 127 to grow a thickness of the second
metal film to a predetermined amount. Stated differently, some embodiments further
comprise repeating deposition of additional second metal film, passivating the second
metal surface, depositing additional second dielectric film and removing the
passivation layer to grow a second metal film of a predetermined thickness and a

second dielectric film of a predetermined thickness.

[0031] In some embodiments, the final thickness of the second metal film is in the
range of about 1 nm to about 1000 nm, or in the range of about 10 nm to about 500
nm, or in the range of about 50 nm to about 250 nm. In some embodiments, the
process is repeated to deposit additional second dielectric film 115 on the second
dielectric surface 117 to form a second dielectric film 115 of a predetermined
thickness. In some embodiments, the final thickness of the second dielectric film 115
is in the range of about 1 nm to about 1000 nm, or in the range of about 10 nm to

about 500 nm, or in the range of about 50 nm to about 250 nm.

[0032] Each cycle of deposition of the second metal film 125 and the second
dielectric film 115 can form a layer of any suitable thickness. In some embodiments,
each cycle of the second metal film 125 and/or second dielectric film 115 results in
deposition of a film with a thickness in the range of about 1 nm to about 100 nm, or in
the range of about 5 nm to about 50 nm, or in the range of about 10 nm to about 50

nm.

[0033] FIG. 2 shows another embodiment of a selective deposition method 200. A
substrate 105 having a metal surface 122 and a dielectric surface 112 is provided.
The metal surface 122 is passivated with a self-assembled monolayer 130 which is
cross-linked to form a cross-linked self-assembled monolayer 135 to form a
passivation layer. Passivating the metal surface comprises exposing the metal
surface to a compound having a head group, carbon chain and tail group that forms a
self-assembled monolayer 130. The carbon chain of some embodiments has in the
range of about 5 to about 20 carbon atoms and the tail group includes a hydrophobic
moiety. The carbon chain can be linear, branched, substituted or unsubstituted.
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[0034] A second dielectric film 115 is deposited selectively on the first dielectric
surface 112 of the first dielectric film 110 to form a second dielectric surface 117. The
passivation layer is then removed from the first metal surface 122 and a second metal
film 125 is deposited on the first metal surface 122 selectively over the second
dielectric surface 117 or second dielectric film 115. The second metal film 125 has a
second metal surface 127. The formation of the passivation layer, deposition of the
second dielectric film, removal of the passivation layer and deposition of the second
metal film can be repeated to continue to grow the thicknesses of the second dielectric
film and the second metal film.

[0035] Although the invention herein has been described with reference to
particular embodiments, it is to be understood that these embodiments are merely
illustrative of the principles and applications of the present invention. It will be
apparent to those skilled in the art that various modifications and variations can be
made to the method and apparatus of the present invention without departing from the
spirit and scope of the invention. Thus, it is intended that the present invention
include modifications and variations that are within the scope of the appended claims

and their equivalents.
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What is claimed is:

A selective deposition method comprising:

providing a substrate having a first metal surface and a first dielectric
surface;

depositing a second metal film selectively on the first metal surface to
form a second metal surface;

passivating the second metal surface by forming a cross-linked self-
assembled monolayer comprising in the range of about 5 to about 20 carbon
atoms to form a passivation layer;

depositing a second dielectric film selectively on the first dielectric
surface to form a second dielectric surface; and

removing the passivation layer from the second metal surface,

wherein the dielectric surface is not passivated during deposition of the

second metal film.

A selective deposition method comprising:

(a) providing a substrate having a metal surface and a dielectric surface;

(b) passivating the metal surface with a cross-linked self-assembled
monolayer to form a passivation layer, wherein passivating the metal
surface comprises exposing the metal surface to a compound having a
head group, carbon chain and tail group that forms a self-assembled
monolayer, the carbon chain having in the range of about 5 to about 20
carbon atoms and the tail group including a hydrophobic moiety;

(c) depositing a second dielectric film selectively on the first dielectric
surface to form a second dielectric surface;

(d) removing the passivation layer;

(e) depositing a second metal film selectively on the first metal surface to
form a second metal surface; and

(f) repeating (b) through (e) to grow the second dielectric film and the
second metal film to form a second dielectric film of a predetermined
thickness and a second metal film of a predetermined thickness,
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wherein the dielectric surface is not passivated during deposition of
the second metal film.

3. The method of claim 1 or 2, wherein forming the cross-linked self-assembled
monolayer comprises exposing the substrate to a SAM precursor and a cross-

5 linking process.

4. The method of claim 3, wherein the SAM precursor comprises a composition

with a head group and a tail group.

10 5. The method of claim 4, wherein the head group comprises one or more of a
silyl, phosphate or thiol group.

6. The method of claim 5, wherein the SAM precursor comprises one or more of

3 5 5 32

"X ; X T
A or A

where A is the head group.

15
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12.

13.

14.

15.
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The method of claim 4, wherein the head group adsorbs to the second metal
surface relatively quickly.

The method of claim 4, wherein the tail groups associate through relatively slow

van der Waals interaction.

The method of claim 3, wherein the cross-linking process comprises one or
more of a chemical reaction, UV light, electron beam or heat.

The method of claim 1, further comprising:

depositing additional second metal film selectively on the second metal
surface to grow a thickness of the second metal film;

passivating the second metal surface to form a passivation layer;

depositing additional second dielectric film selectively on the second
dielectric surface to grow a thickness of the second dielectric film; and

removing the passivation layer.

The method of claim 10, further comprising repeating depositing additional
second metal film, passivating the second metal surface, depositing additional
second dielectric film and removing the passivation layer to grow a second
metal film of a predetermined thickness and a second dielectric film of a
predetermined thickness.

The method of claim 2 or 11, wherein the second metal film is different from the

first metal surface

The method of claim 2, 11 or 12, wherein the second dielectric film is different
from the first dielectric surface.

The method of claim 1 or 2, wherein the cross-linking process comprises one or
more of a chemical reaction, UV light, electron beam or heat.

A selective deposition method comprising:
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providing a substrate having a first metal with a first metal surface and a
first dielectric with a first dielectric surface;
depositing a film of a second metal selectively on the first metal surface
to form a second metal film with a second metal surface, the second metal
5 different from the first metal;
passivating the second metal surface by forming a cross-linked self-
assembled monolayer comprising a carbon chain having in the range of about
5 to about 20 carbon atoms to form a passivation layer, the cross-linked self-
assembled monolayer formed by exposing the substrate to a SAM precursor
10 and a cross-linking process comprising one or more of a chemical reaction, UV
light, electron beam or heat;
depositing a film of a second dielectric selectively on the first dielectric
surface to form a second dielectric film with a second dielectric surface, the
second dielectric different from the first dielectric; and
15 removing the passivation layer from the second metal surface,
wherein the dielectric surface is not passivated during deposition of the

second metal film.

20
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