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CONFORMAL AND SELECTIVE SIN DEPOSITION

BACKGROUND
Field

{6001} Embodiments of the present disclosure generally relate to manufacture of
semiconductor components and devices. More specifically, embodiments described
herein provide methods for forming silicon nitride film layers on a semiconductor

surface.

Description of the Related Art

{06002} Silicon nitride has been extensively employed in the semiconductor and
microelectronics industries. Silicon nitride films exhibit high temperature resistivity,
high electrical resistivity, high conformality, and excellent etch-resistance. Thin silicon
nitride films deposited by plasma enhanced chemical vapor deposition (FECVD) or
conventional chemical vapor deposition (CVD) processes provide a number of
funclions, including serving as a charge storage layer, a siress liner, a masking layer,

a diglectric layer, and a passivation layer.

{0003} Sselective depaosition of silicon nitride can be accomplished through the use
of temporary mask structures. While temporary masks can be removed through sither
wet or dry processing, the use of wet chemicals is becoming less attractive due to
particie control concerns and other challenges. The removal of masks using dry
processes can alter the underlying layers, provoke charge-induced damage, and
contaminate underlying layers. Thus, there is a need in the microelectronics and
semiconductor industries for selective silicon nitride deposition methods that avoid the

use of temporary mask structures.

SUMMARY

{6004} implementations described herein generally relate (o method for selectively
depositing a conformal silicon nifride film on a surface of a subsirate. The method
includes providing a substrate comprising a silicon oxide surface and a non-silicon

oxide surface; depositing a first silicon film layer on the non-silicon oxide surface of
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the substrate for a time duration of about 1 {0 about 4 minutes; and nitriding the first

silicon film layer to form a first silicon nitride film layer.

[6005] in another implementation, a method of selectively depositing a multi-layer
conformal silicon nitride film on a surface of a substrate is provided. The method
includes providing a substrate comprising a silicon oxide surface and a non-silicon
oxide surface; selectively depositing a first silicon film laver on the non-silicon oxide
surface of the substrate for a time duration of about 1 to 4 minutes; nitriding the first
silicon film laver o form a first silicon nitride film layer; selectively depositing a
subsequent silicon film layer on the first silicon nitride film layer; and nitriding the
subsequent silicon film layer o form a multi-layer conformal silicon nitride film

disposed directly on the non-silicon oxide surface of the substrale.

{0006} in yvet another implementation, a method of seleclively depositing a bulk
conformal silicon nitride film on a surface of a subsirate is provided. The method
includes providing & substrate comprising a silicon oxide surface and & non-silicon
oxide surface; performing a selective thermal CVD process to selectively deposit a
silicon film layer on the non-silicon oxide surface of the substrate for a time duration
of about 1 to 4 minutes; performing a plasma nitridation of the silicon film layer to form
a silicon nitride film layer; performing a selective thermal CVD process {o selectively
deposit a silicon film layer on the silicon nitride film layer, performing a plasma
nitridation of the silicon film layer o form a silicon nitride film layer; and repeating the
selective thermal CVD and plasma nitridation processes from 10 to 1,000 times to

provide a bulk conformal silicon nitride film.

BRIEF DESCRIPTION OF THE DRAWINGS

{00071 So that the manner in which the above-reciled features of the present
disclosure can be undersicod in detail, a more particular description of the
implementations, briefly summarized above, may be had by reference io
implementations, some of which are illustrated in the appended drawings. His o be
noted, however, that the appended drawings illustrate only typical implementations of
this disclosure and are therefore not o be considered limiting of ifs scope, for the

disclosure may admit to other equally effective implementations.
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[0008] Figure 1is a schematic illustration of a processing system that can be used
for the practice of the method depicled in Figure 2, according to certain embodiments

of the present disclosure;

{6006} Figure 2 depicts g flow diagram of a method for selectively depositing a
conformal silicon nitride film on a surface of a substrale, according to cerfain

embodiments of the present disclosurs;

{0010} Figures 3A through 3F show cross-sectional views of a conformal silicon
nitride film being formed by the method of Figure 2, according o certain embodiments

of the present disclosure; and

{0011} Figure 4 is a graph depicting the deposition incubation delay of amorphous

silicon deposition on oxidized silicon surfaces.

{00123 To facilitate understanding, identical reference numerals have been used,
where possible, {o designate identical elements that are common to the figures. His
contempilated that elements and features of one implementation may be beneficially

incorporated in other implementations without further recifation.

DETAILED DESCRIPTION

{0013} Embodiments of the present disclosure generally relaie {o apparatus and
methods for the deposition of thin films to form structures on a substrate. Certain
details are set forth in the following description and in FIGS. 1-4 {o provide a thorough
understanding of various implementations of the disclosure. Other details describing
well-known methods and sysiems often associated with the deposition of thin films
are not set forth in the following disclosure to avoid unnecessarily obscuring the

description of the various implementations.

0014} Many of the details, componenis and other features described herein are
merely llustrative of particular implementations. Accordingly, other implementations
can have cther details, components, and features without departing from the spirit or
scope of the present disclosure. In addition, further implementations of the disclosure

can be practiced without several of the details described below.
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{0015] implementations described herein will be described below in reference to a
PECVD process that can be carried out using any suitable thin film deposition system.
Examples of suilable systems include the Precision™ systems, commercially
available from Applied Materials, inc,, of Santa Clara, Calif. Other tools capable of
performing PECVD processes may also be adapted o benefit from the
implementations described herein.  In addition, any system enabling the PECVD
processes described herein can be used to advantage. The apparatus description
described herein is llustrative and should not be construed or interpreted as limiting

the scope of the implementations described hersin.

{0016} FIG. 1is a schematic illustration of an example substrate processing system
132 suitable for conducting a deposition process according o at least one
embodiment. Suitable chambers may be obtained from Applied Materials, inc. located
in Santa Clara, Calif. it is to be understoond that the system described below is an
exemplary processing chamber and other chambers, including chambers from other
manufacturers, may be used with or modified to accompiish embodiments of the
present disclosure (2.g., method 200 described below). In some embodiments, the
substrate processing system 132 may be configured o deposit thin films onto a

substrate using a chemical vapor deposition process.

{0017} The substrate processing system 132 includes a process chamber 100
coupled 10 a gas panel 130 and a controlier 110, The process chamber 100 generally
includes a top wall 124, a sidewall 101 and a boftom wall 122 that define a processing
volume 126, A substrate support assembly 148 is provided in the processing volume
126 of the process chamber 100. The substrate support assembly 146 generally
includes an electrostatic chuck 150 supported by a stem 180, The electrostatic chuck
150 may be typically fabricated from aluminum, ceramic, and other suitable materials.
The electrostatic chuck 150 may be moved in a vertical direction inside the process

chamber 100 using a displacement mechanism (not shown).

{6018} A vacuum pump 102 is coupled fo a port formed in the bottom wall 122 of
the process chamber 100. The vacuum pump 102 is used o maintain a desired gas
pressure in the process chamber 100, The vacuum pump 102 also evacuates post-

processing gases and by-products of the process from the process chamber 100
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[0018] The substrale processing system 132 may further include additional
aquipment for controlling the chamber pressure, for example, valves (e.g., throtlie
valves and isolation valves) positioned between the process chamber 100 and the

vacuum pump 102 to control the chamber pressure.

{0020} The gas distribution assembly 120 having a plurality of apertures 128 is
disposed on the fop of the process chamber 100 above the electrostatic chuck 150.
The apertures 128 of the gas distribution assembly 120 are utilized to infroduce
process gases into the process chamber 100. The apertures 128 may have different
sizes, number, distributions, shape, design, and diameters {o facilitate the flow of the
various process gases for diffsrent process requirements. The gas distribution
assembly 120 is coupled {o the gas panel 130 that allows various gases {o supply 1©
the processing volume 128 during processing. A plasma is formed from the process
gas mixiure exiting the gas distribution assembly 120 to enhance decomposition of
the process gases resulting in the deposition of material on a surface 191 of the
substrate 190. In some embodiments, the gas distribution assembly 120 is a concave

or dome-shaped gas plate with the plurality of apertures 128 formed therethrough.

{0021} in one embodiment, the gas panel 130 includes a precursor gas such as a
silicon-containing gas for forming films on a substrate 120 supporied on the substrate
support assembly 146. in some embodiments, the silicon-containing gas is silane
(SiHa), disilane (SihHe), trisilane (SiaHsg), or other higher order silanes, for example, but
not limited to tetrastlane (SiaHig) or a combination thereof. Higher order silanes, such
as tetrasiiane (SisHig) may not be in gaseous form, but rather in liquid form, but may
be delivered to the process chamber 100 by use of a carrier gas such as argon or

nitrogen gas.

{0022} The gas distribution assembly 120 may be coupled 0 a remotle plasma
source (not shown). The remote plasma source may be a capacilively coupled
plasma source or an inductively coupled plasma source. The remote plasma source
may also be coupled o a cleaning gas source for providing cleaning gases to the
processing volume 126 formed inside the process chamber 100, in one embodiment,
cleaning gases are provided through a central conduit formed axially through the top

wall 124 of process chamber 100, In another embodiment, cleaning gases are
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provided through the same plurality of apertures 128, which direct the flow of the
precursor gas. Example cleaning gases include oxygen-containing gases such as
oxygen and/or ozone, as well as fluorine containing gases such as NFs, or

combinations thereof.

{0023} in addition 1o, or as an alternative to, the remole plasma source, the gas
distribution assembly 120 is also coupled to a first or upper radio frequency (RF)
power source 140, in other words, the gas distribution assembly 120 and the
electrostatic chuck 150 may form a pair of spaced apart elecirodes in the processing
volume 128. The one or more RF power sources provide a bias potential through a
matching network 138, which is optional, 1o the gas distribution assembly 120 to
facilitate generation of plasma between the gas distribution assembly 120 and the
electrostatic chuck 150. Alternatively, the RF power source 140 and the maiching
network 138 may be coupled o the gas disiribution assembly 120, the electrostatic
chuck 180, or coupled to both the gas distribution assembly 120 and the electrostatic
chuck 150, or coupled to an antenna (not shown) disposed exterior to the process
chamber 100. The first RF power source 140 facilitates maintenance or generation
of plasma, such as a plasma generated from a cleaning gas. In one embodiment, the
remote plasma source is omitled, and the cleaning gas may be ionized into a plasma
in situ via the first RF power source 140, The substrate support assembly 148 may
be coupled io a second or lower RF power source (not shown). In some
implementations, the RF power sources may produce powsr at a frequency of 350
KHz, 2 MHz, 13.56 MHz, 27 MHz, 40 MHz, 60 MHz, 100 MHz, or 120 MHz. For
example, first RF power source 140 may produce power at a frequency of about 13.58
MHz to about 120 MHz and the second RF powser scurce may be a low frequency RF
power sowrce {for example, about 2 MHz to about 13.56 MHz). Itis {o be noted that
other frequencies are also contemplated. In some implementations, the second RF
power source may be a mixed frequency RF power source, providing both high
frequency and low frequency power. Utilization of a dual frequency RF power source,
particularly for the second RF powser source, improves film deposition.  In some
examples, ulllizing a second RF power source provides dual frequency powers. In

some embodiments, a first frequency of, e.q., about 2 MHz to about 12.56 MHz,



WO 2024/177734 PCT/US2024/011008

improves the implantation of species into the deposited film, while a second frequency

of, e.g., about 13.58 MHz to about 120 MHz, increases ionization and deposition rate.

{6024} Cne or both of the first RF power source 140 and the second RF power
source can be ulilized in creating or maintaining a plasma in the processing volume
126, For example, the second RF power source may be utiized during a silicon
nitridation process and the first RF power source 140 may be utilized during a cleaning
process {(alone or in conjunction with the remote plasma source). In some nitridation
processes, the first RF power source 140 is used in conjunction with the second RF
power source. During a nifridation process, one or both of the first RF power source
140 and the second RF power source can provide a power of, e.¢., about 100 Watls
(W) to about 20,000 W in the processing volume 126 to facilitation ionization of a
precursor gas. In some embodiments, at least one of the first RF power source 140

and the second RF power source are puised,

{0025} The substrate support assembly 148 can include a heater element 1706,
such as a resistive selement, embedded therein. The heater element 170 is coupled
1o a power source 106 regulated by the controller 110 {o control the heat generated
by the heater slement 170. The heater element 170 can be disposed within the
substrate support assembly 148 and can be used o controllably heat the substrate
support assembly 148 and the substrate 190 positionad on the upper surface of the
slectrostatic chuck 150 to a predetermined temperature, for example between about
50 °C and about 800 °C. A temperature sensor 172, such as a thermocouple, may
ve embedded in the electrostatic chuck 150 o monitor the temperature of the
electrostatic chuck 150 in a conventional manner. The measured temperature is used
by the controller 110 to control the power supplied to the healer glement 170 to

maintain the substrate at a desired temperature.

{0026} The controller 110 includes a central processing unit (CPU) 112, a memory
118, and & support circuit 114 utilized to control the process sequence and regulate
the gas flows from the gas panel 130. The CPU 112 may be of any form of a general-
purpose computer processor that may be used in an industrial setling. The software
routines can be stored in the memory 116, such as random access memory, read only

memory, floppy, or hard disk drive, or other form of digital storags. The support circuit
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114 is conventionally coupled to the CPU 112 and may include cache, clock circuits,
input/ouiput systems, power supplies, and the like. Bi-directional communications
between the controlier 110 and the various components of the subsirate processing
system 132 are handled through numercus signal cables collectively referred o as

signal buses 118, some of which are illustrated in FIG. 1.

{00271 Cther deposition chambers may also benefit from the present disclosure
and the parameters listed above may vary according to the particular deposition
chamber used to form the amorphous silicon and conformal silicon nifride films. For
example, other deposition chambers may have a larger or smaller volume, utilizing
gas flow rates that are larger or smaller than the gas flow rates recited for deposition
chambers available from Applied Materials, Inc. In addition, while a PECVD chamber
is described above, it is contemplated that thermal CVD chambers may be utilized to

in aspects of the present disclosure,

o028} FIG. 2 is a flow diagram of an exemplary method 200 for forming a
conformal silicon nitride film on a substrate using the process chamber 100 depicted
in FIG. 1, according to certain embodiments described hersin. In an embodiment, the
method 200 begins at operation 202 by positioning a substrate, such as the substrate
302 shown in FIG. 3, in an interior processing volume 126 of the process chamber
100 for processing. in an embodiment, the substrate, e.g., subsitrate 302, is
transferred info the process chamber 100 and onto the substrate support assembly
148 by any suitable means, such as by a substrate transfer port (not shown) on
sidewall 101. The subsirate support assembly 148 can be adjusted {o a processing
position by a lift actuator (not shown). The substrate 190 can be secured io the

substraie support assembly 148 by the electrostatic chuck 150,

{00297 in the example shown in FIG. 3A, the substrate 302 has a silicon oxide
surface 306 and a non-silicon oxide surface 304 {e.g., fealures). Examples of the
non-silicon oxide surface include, but are not limited to, silicon, silicon nitride, and
carbon. Atoperation 204, a first deposition process is performed on the substrate 302
in the process chamber 100 to selectively deposit a first amorphous silicon iayer 310

on the substrate non-silicon oxide surface 304, as shown in FIG. 3B.
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[0030] in an embodiment, the process chamber 100 can be a plasma enhanced
chemical vapor deposition (FECVD) chamber as shown in FIG. 1. The first
amorphous silicon layer 310 can be deposifed on the substrate non-silicon oxide
surface 304 using a thermal CVD process, for example, within a thermal CVD
chamber or a PECVD chamber. [t is noted that performing thermal processes in a
PECVD chamber allow subsequent plasma-based processes to be performed on the
substrate without the need for transferring a substrate o a different chamber, thereby
improving throughput. The thermal CVD process o deposit the first amorphous silicon
layer 310 includes flowing a silicon-containing precursor gas from the gas panel 130
into the interior processing volume 126 of the process chamber 100, In an
embodiment, a silicon-containing precursor gas for forming the first amorphous silicon
layer 310 can include silane, disitane, trisifane, letrasilane, higher order silanes, or
any combination thereof. In an embodiment, the thermal CVD process is performed
between about 1 minute 1o about 4 minutes, and between about 2 minutes {0 about 3
minutes. The source-containing precursor gas is provided {o the processing volume
126 through, e.g., the plurality of apertures 128 such that the sowrce-containing
precursor gas uniformly distributed in the processing volume 126,

{0031} The source-containing precursor gas can then be thermally decomposed in
the interior processing volume 126 o depoesit the first amorphous silicon layer 310 on
the subsirate non-silicon oxide surface 304, The first amorphous silicon layer 210 is
selectively deposited on the substrate non-silicon oxide surface 304 over the substrate
silicon oxide surface 308, The method takes advantage of the difference bebwveen
silicon deposition nucleation times required on various surface compositions.
Comparing the different nucleation rates of silicon on non-silicon oxide surface
compared to that on a silicon oxide surface, it has been found that deposition by use
of silane precursor based gases results in a longer nucleation time needed for silicon
o start growing on silicon oxide surface than that on a non-silicon oxide surface. By
employing a substrate that includes both silicon oxide and non-silicon oxide surfaces,
the difference between silicon deposition nucdleation time can be harnessed o

selectively deposit amorphous silicon on a non-silicon oxide surface.

{0032} For deposition of the first amorphous silicon layer 310, the temperature of

the subsirate support assembly 148 in the process chamber 100 can be sef to
9
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between about 50 degress Celsius and about 600 degress Celsius, e.¢g., between
about 50 degrees Celsius and about 80 degrees Celsius when {etrasilans is used as
the source-containing precursor gas or between about 400 degrees Celsius and about
800 degress Celsius when lower order silanes are used as the source-containing
precursor gas, and the pressure in the chamber may be between about 10 mTorr and
about 760 Torr, e.g., about 300 Torr, during the thermal deposition process. The
source-containing precursor gas flow rate is about 3 scom to about 3000 scem. The
as-deposited amorphous silicon layer can have a thickness betwsen about 2 A and
about 5,000 A, such as, for example, about 2 A to about 4000 A, or about 2 A to about
3000 A, or about 2 A to about 2000 A, or about 2 A to about 1000 A, or sbout 2 A to
about 500 A, or about 2 Ato about 250 A, or about 5 A to about 100 A, or about 5 A to
about 50 A, or about 5 A to about 25 A, or about 5 A to about 10 A,

{0033] At operation 206, an amorphous silicon nitridation process is performed on
the substrate 302 in the process chamber 100 to treat the first amorphous silicon layer
310 and convert the first amorphous silicon layer 310 into a first silicon nitride layer
214. The nitration process is achieved by a plasma-based nitridation process. In an
embodiment, plasma-based nitridation process includes performing a radical species
nifridation in the processing voiume 126 of the process chamber 100 using a plasma
source {not shown). The silicon nitridation performed using plasma processing can
freat a layer of amorphous silicon to form a conformal layer of silicon nitride having a
thickness that is from about 5 A to about 80 A The thickness of the amorphous silicon
layer is selected 1o achieve a predetermined conversion {o a nilridated laver, for
example, greater than 99 percent nifridation. As a resuit of controlled deposition of
the amorphous silicon layer to within the limitation of the silicon nitridation process,
the amorphous silicon layer is optimally converted in entirety o the conformal layer of
silicon nitride.  Should the amorphous silicon layer thickness exceed the silicon
nitridation process limitations, the amorphous silicon layer beyond the limitation will

remain amorphous silicon with a silicon nitride layer disposed on top.

{0034} The plasma-based nilridation process includes flowing a nitrogen-
cortaining process gas, including but not limited to Ny, NH3, hydrazine (NoHa), or

combinations thereof, into the processing volume 126 for generation of a plasma. in

10
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some embodiments, the nifrogen-containing processes gases may be combined with
argon or other inert gases. In other embodiments, the nitrogen-containing process
agas further comprises hydrogen gas (Hz). The plasma can be generated by
infreducing process gas inio the processing volume 128 and energizing the process
gas to ignite the plasma. In general, the RF powsr generated to ignite and or maintain
the plasma can be about 50 Wto about 10 kW when processing a 300mm substrate,
however other power levels are also contemplated such as, for example, about 50 W
{o about 100 W, or such as about 1 kW to 1.5 kKW, or about 1 KW to about 3 kW, or
abeut 1 kW to about 5 kKW, or about 2 KW to about 6 kKW, or about 3 KW to about 8kW,
or gbout 5 KW o 10 kW,

{6035] When the plasma is ignited, radical nitrogen containing species formed from
the nitrogen-containing process gas flow about the processing volume 126 and react
with the first amorphous silicon layer 310. Such radical nitrogen containing species
can include N and/or NH, for example, N- and/or NH-. During the nitridation process,
radical nitrogen containing species saturate on the surface of the first amorphous
silicon layer 310, The radical nitrogen-containing species react with and convert
silicon atoms in the first amorphous silicon layer 310 into silicon nitride {SIN). Reaction
between the radical nilrogen-containing species and silicon atoms in the first
amorphous silicon layer 310 leads to the formation of the first silicon nitride layer 314,
as shown in FIG. 3C.

{6036} in operation 208, the substrate 190 temperature is from about 100°C to
about 850°C, such as from about 180°C {0 about 850°C; and/or a pressure that is
from about 0.025 Torr (25 millitorr (mTorm)) to about 3 Torr, such as from about 0.050
Torr (80 mTorr) to about 2 Torr. Howsver, other temperatures and pressures are
contemplated. The RF power may be controlled at between about 100 Watts and
about 800 Walts, for example, about 400 Waits. The plasma forming gas, such as Nz
gas, may be supplied at between about 1000 scom and about 5000 scom, such as
about 2000 scem.  In another embodiment, an NHs plasma forming gas may be

supplied at between about 500 scom and about 2000 scom, such as about 1000 scom.

{0037} At operation 208, operations 204 and 208 are repetitively performed on the

substrate 302 in the process chamber 100 {o selectively deposit a second amorphous

11
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silicon layer 318 on the first silicon nitride laver 314, as shown in FIG. 3D, The second
amorphous silicon deposition process can be performead using the same conditions
as oullined above for the deposition of the first amorphous silicon layer 310 by
selectively depositing the second amorphous silicon on a non-silicon oxide swrface,
i.e. the resulling first silicon nitride layer 314, In some embodiments, conditions for
deposition of the second amorphous silicon layer, including but not limited o
temperature and pressure within the deposition chamber, can be different from the
conditions used for the deposition of the first amorphous silicon layer 310, A second
amorphous silicon nitridation process is performed o treat the second amorphous
silicon layer 318 and convert the second amorphous silicon layer 318 into a second
silicon nitride layer 318, The sscond amorphous silicon nitridation process can be
performed using the same conditions as outlined above for the creation of the first
amorphous silicon nitride layer. In some embodiments, conditions for creation of the
second amorphous silicon nitride layer, including but not limited o temperature,
prassure, RF power, and flow rate, can be different from the conditions used {o create

the first amorphous silicon nitride layer.

{60381 Deposition of an amorphous silicon layer and subsequent nitridation of the
amorphous silicon fayer can be repeatad to provide a plurality of silicon nitride layers.
in some embodiments, each layer of the silicon nitride layers fuses with the
subsequent layer to form a single silicon nitride layer. In other embodiments, the
plurality of silicon nitride layers are in a stacked arraignment, as shown in FIG. 3E. In
some embodiments, each cycle of amorphous silicon layer deposition and subseqguent
nitridation provides a silicon nitride layer of approximately 10 angstroms in thickness.
Deposition of an amorphous silicon layer and subsequent nitridation of the amorphous
silicon layer can be repeated until the desired silicon nitride layer thickness is reached.
Deposition of an amorphous silicon layer and subsequent nitridation of the amorphous
silicon layer can be repeated any one of, less than, orgreaterthan 1, 2,3, 4,5, 6,7,
8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 30,
31, 32, 33, 34, 35, 38, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, B4, 55, 56, 57, 58, 59, 80, 61, 62, 63, 64, 65, 68, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 83, 88, 90, 91, 92, 83, 94, 95, 98,

12



WO 2024/177734 PCT/US2024/011008

97, 88, 99, 100, 110, 120, 130, 140, 150, 1680, 170, 180, 180, 200, 300, 400, 500, 600,
700, 800, 500, and 1,000 times to produce the final nitridation layer 340 of FiG. 3F.

[6039] FIG. 4 shows the difference between silicon deposition nucleation rates on
a silicon oxide surface and a non-silicon oxide surface, €.q., a silicon surface. The
initial nucleation deposition rate of amorphous silica on a silicon oxide surface is zero,
and this zero deposition rate increases after approximately four minutes. By contrast,
the initial nucleation deposition rate of amorphous silicon on a silicon surface {(i.e., a
nor-silicon oxide surface) is greater than zero. Deposition of amorphous silicon on a
nor-silicon oxide surface occurs while deposition of amorphous silicon on a silicon
oxide surface is delayed. The difference between the initial nucleation deposition rales
can be harnessed {o selectively deposit amorphous silicon on a non-silicon oxide

surface, such as on a silicon surface.

{0040} i summary, some benefits of some implementations of the present
disclosure provide methods for achieving selectively deposition of conformal silicon
nifride films. The conformal silicon nitride films may comprise a single silicon nitride
layer or g plurality of silicon nitride layers. Using aspects described herein, in cerlain
embodiments, it has been found that by using the amorphous silicon deposition and
subsequent silicon nilridation processes disclosed herein, conformal silicon nitride
layers can be built upon a surface of a substrate. In an embodiment, the silicon
deposition and subsequent silicon nitridation processes disclosed herein may be
performed in situ in the same process chamber 100, making transfers of the substrate
and use of costly cluster systems unnecessary. Furthermore, because the deposition
process utilized herein employ low cost sificon-precursor gases such as silane and
disilane and low-cost nitrogen gases like nitrogen and ammonia, the iofal cost of
silicon nifride deposition is less expensive than other deposition methods that employ

higher-cost materials.

{0041} When introducing elemenis of the present disclosure or exemplary aspecis
or implementation(s) thereof, the articles "a” “an,” “the” and “said” are intended f©

mean that there are one or more of the elements.
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[0042] The terms “comprising,” “including” and “having” are infendsd fo be
inclusive and mean that there may be additional elements other than the listed

elements.

{6043} While the foregoing is directed to implementations of the present disclosure,
other and further implementations of the present disclosure may be devised without
departing from the basic scope thereof, and the scope thereof is defermined by the

claims that follow.
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Claims:

1. A method of selectively depositing a conformal silicon nitride film on a surface
of a substrate, comprising:
providing a substrate comprising a silicon oxide surface and a non-silicon
oxide surface;
depositing a first silicon film layer on the non-silicon oxide surface of the
substrate for a time duration of about 1 {o about 4 minutes; and
nitriding the first silicon film layer fo form a first silicon nitride fiim layer.

2. The method of claim 1, further comprising depositing a second silicon film layer

on the first silicon nitride film layer.

3. The method of claim 2, further comprising nitriding the second silicon film layer

{o form a second silicon nitride film layer.

4, The method of claim 1, wherein depoesiting the first silicon film layer comprises

depositing the first silicon film layer by a CVD process.

5. The method of claim 4, wherein the CVD process uses a silane gas as a silicon
source.
8. The method of claim 5, wherein the silane gas comprises SiHa, SizHe, SisHs,

SidH+o, or @ combination thereof,

7. The method of claim 1, wherein the time duration is 2 {0 3 minutes.

8. The method of claim 1, wherein nifriding the first silicon film layer comprises

freating the first silicon film layer with a nitrogenous plasma comprising Ny, NHs, NaHg,

of any combination thereof,
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9. The method of claim 1, wherein the non-silicon oxide surface is selected from

the group consisting of silicon, silicon nitride, and carbon.

10, A method of seleclively depositing a multi-layer conformal silicon nitride film
on a surface of a substrate, comprising:
providing a substrate comprising a silicon oxide surface and a non-silicon
oxide surface;
selectively depositing a first silicon film laver on the non-silicon oxide surface
of the subsirate for a time duration of about 1 t© 4 minutes;
nitriding the first silicon film layer fo form a first silicon nitride film layer;
selectively depositing a subseguent silicon film layer on the first silicon nitride
film layer; and
nitriding the subsequent silicon film layer to form a multi-layer conformal
silicon nitride film disposed directly on the non-silicon oxide surface of the

substrate.

11.  The method of claim 1, wherein depositing the first silicon film layer comprises

depositing the first silicon film layer by a CVD process.

12.  The method of claim 11, wherein the CVD process uses & silane gas as a

silicon source.

13.  The method of claim 12, wherein the silane gas comprises SiHa, SizHs, SisHs,

SigH1o, o a combination thereof,

14, The method of claim 10, wherein nitriding the first silicon film layer comprises

treating the first silicon film layer with a nifrogenous plasma.

15.  The method of claim 14, wherein the nitrogencus plasma comprises a source

gas, wherein the source gas comprises N», NHs, NaoHa, or combinations thereof.

18.  The method of claim 10, wherein the non-silicon oxide surface is selected
from the group consisting of silicon, silicon nitride, and carbon.
16
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17.

A method of selectively depositing a bulk conformal silicon nitride film on a

surface of g substrate, comprising:

18,

providing a substrate comprising a silicon oxide surface and a non-silicon
oxide surface;

performing a selective thermal CVD process o selectively deposit a silicon
filmn layer on the non-silicon oxide surface of the substrate for a time duration
of about 1 to 4 minuies;

performing a plasma nitridation of the silicon film layer {o form a silicon nitride
film layer;

performing a selective thermal CVD process o selectively deposit a silicon
film layer on the silicon nitride film layer,

performing a plasma nifridation of the silicon film layer to form a silicon nitride
filmn layer; and

repeating the selective thermal CVD and plasma nitridation processes from

10 to 1,000 times {o provide a bulk conformal silicon nitride film.

The method of claim 17, wherein the selective CVD process uses a silane gas

selected from the group consisting of SiHa, SialHs, SisHs, SidHie, or a combination

thereof as a silicon source.

19.

The method of claim 17, wherein the plasma nitridation process employs a

nitrogenous source gas selected from the group consisting of N, NHa, NoHs, or

combinations thereof

20.

The method of claim 17, wherein the non-silicon oxide surface is selected

from the group consisting of silicon, silicon nitride, and carbon.



